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APPLICATION FOR RESOURCE CONSENT UNDER SECTION 88 OF THE RESOURCE
MANAGEMENT ACT 1981

Otago Regional Council
70 Stafford Street
Private Bag 1954
Dunedin 9054

Port Otago Limited applies for resource consents to autherise the disposal of dredged material within
the Otago Harbour.

1

The type of resource consent sought is as follows:
Coastal permit.
Description of the activity to which this application relates:

The disposal into the sea of up to a maximum of 450,000m® per year of dredged material for the
purpose of disposal of material derived from dredging the channel and berth areas in and about
the Otago Harbour in accordance with the following specific maximum annual discharge quantities
at each location:

(i) Heyward Point 200,000m*
(i) Aramoana Spit 200,000m*
(iii) Shelly Beach 50,000m?

A term of 3 years is sought for this coastal permit. The proposed activity is the same as that
permitted by Consent No. 2000472, A detalled description of the activity is included in the
attached application.

The owners and occupiers of land to which the application relates are:
The land to which the application relates is Crown land.

The location to which this application relates is:

The locations to which this application relates are:

(i) Heyward Point, being an area of approximately 38.2 hectares.
45°45.07'S 170°42.09'E
45°44 95'S 170°42.2TE
45%44 44'S 170°41.78'E
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45° 44 63'5 170°41.60E

(il ~ Spit Beach, being an area of approximately 28.3 hectares.
45°45.18'S 170" 42, 74'E
45°46.058'S 170" 42.93E
45°45.72'5 1707 42 ATE
45°46.04'S 170" 42 ATE

{iiiy  South Spit Beach (Shelly Beach), being an area of approximately 14.5 hectares.
45" 46.82'S 1707 42.56'E
45°46.65'S 170°42.79E
45" 46.75'S 170°42.968'E
457 46.95'S 170°42.77TE

The following additional resource consents are required in relation to this proposal:

Nil. This consent will replace Consent Mo. 2000.472 which is due to expire on 1 December 2011,
or alternately any substitution of Consent No. 2000.472 as a result of the current application to
amend that consent (as part of the Project Next Generation suite of consents).

The following information is attached:

In accordance with the Fourth Schedule of the Resource Management Act 1891, an assessment
of environmental effects in sufficient detail that coresponds with the scale and significance of the
effects that the proposed activity may have on the environment has been attached.

Furthermore, any information reqlired 40 be, included/in this application by the Otago Regional
Plan: Coast, the New Zealand Coaslg at t 2010 and the Resource Management Act
1891, or any regulations made unden n attached.

Lincoln Coe

30 May 2011

Address for service: PO Box8

15 Beach Street
Port Chalmers
Attenticn: Lincoin Coe
Telephone: (03) 472 7880
Fax: (03) 472 781
Email: Icoe@portotago.co.nz
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2. Introduction

Port Otago Limited is seeking a short-term replacement consent to allow for the continued disposal into
the sea of up to 450,000m® per year of dredged material. This will extend the current coastal permit,
2000.472, which expires in December 2011, or alternately any substitution of Consent No. 2000.472 as a
result of the current application to amend that consent (as part of the Project Next Generation suite of
consents), Port Otago is seeking to continue to dispose of dredged material in accordance with the
terms and conditions currently applying to coastal permit 2000.472 or as amended by the current change
of conditions application to incorporate material derived from capital dredging, in addition to that arising
from permitted maintenance and incremental improvements,

A term of three years is being sought for the consent. After this time, it is intended that a 35-year disposal
consent will be sought. This will allow for a suitable long-term consent framework and monitoring
programme to be developed which takes full account of both the historic maintenance dredging disposal
and disposal associated with maintaining the deeper channel sought through the Project Next
Generation resource consents (consent numbers 2010.183-200, 2010.202-203, RM10.193.01 and
2000.472-\V1) which are currently under consideration by Otago Regional Council {ORC).
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3. Existing environment

31 Otago Harbour

Otago Harbour is a long and narrow inlet aligned SW-NE. The harbour is approximately 21km long, 2km
wide and has a mean surface area at high spring tides of 46km?.

Peninsulas at Port Chalmers and Portobello and their adjacent islands divide the harbour into an upper
and lower basin. The harbour is relatively shallow with an average depth of 3.3m below mean sea level.
Outside the main channels water depths are mostly less than 2m and nearly 30% of the harbour
comprises exposed sediment flats at low spring tides,

The main channel between Port Chalmers and Dunedin is maintained to a depth of 7.5m below Chart
Datum but from Port Chalmers to the entrance the channel depth is maintained at 12m with a 14.5m
depth outside the Mole (depths relative to Chart Datum).

The only other naturally deep areas (>20m) are several holes in the main navigation channel from
Harrington Bend to the Mole and between Quarantine and Goat Islands (up to 30m in depth). The
shipping channel extends along the western shore for much of the harbours length,

3.2 Disposal sites

Dredged material is disposed of at three sites.

3.21 Heyward Point

Heyward Point is the northern most disposal site. The site lies in waters varying from 2 to 23 metres
deep off the cliffs and rocky reefs of the Heyward Point headland. Approximately 437,484m? of material
has been deposited at Heyward Point over the last 10 years, with 1.5M m? in total having been deposited
here over the past 26 years.

3.3 The Spit

The Spit site is also known as the Aramoana site. It lies in waters varying from 6 to 12 metres in depth
and is seaward of the Aramoana beach and “The Spit” surf break. “The Spit" is a nationally recognised
surf break in the New Zealand Coastal Policy Statement 2010,

Approximately 745,369m* of material has been deposited at The Spit ground over the last 10 years, with
nearly 3.3M m? in total having been deposited here over the past 26 years.

3.3.1 South Spit (Shelly) Beach

The South Spit (Shelly) Beach site is the inner-most disposal site in Otago Harbour. It'is a shallow
disposal site in around 3-8 metres of water.
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A number of sand beaches in the Dunedin area are subject to either long-term or short-term natural
erosion of sediment volume. At present Port Otago Ltd places dredged material in the nearshore off
Shelly Beach to offset losses of sediment from the narrow dune system of the South Spit.

The quantity of sand placed off Shelly Beach is resulting in gradual shoaling of the nearshore,
maintenance of a small foredune and some growth of the dune system. The work to date is fulfilling the
desired purpose of mitigating erosion that was prevalent during the 1980s and early 1890s. Over the last
10 years, some 237,092m? of dredged material has been deposited at the Shelly Beach site.

3.4 Coastal processes and environment

A map showing the disposal areas is attached as Appendix A and a detalled discussion of the coastal
environment surrounding the 3 disposal sites is contained within Appendix C.

3.5 History of disposal in Otago

The first dredging in Otago Harbour occurred just after the Otago gold rush in 1865 when convict
labourers manned a small travelling grab dredge to deepen alongside of jetties in the Dunedin basin.
Since that time, the harbour has undergone major development including the dredging of shipping
channels, basins and berth pockets, the reclamation of large areas of foreshore and the construction of
many wharves and jetties. Other works such as the stabilisation of the entrance channel with the
construction of the Mole and placement of various rock groynes to train the tidal flow have also been
carried out to assist in maintaining channel position. All of this work has been carried out to service the
region by enabling shipping to progressively continue to meet the demands for world trade.

The initial development of the channels and berth areas involved dredging large guantities of material.
Much of this material was able to be utilised to form reclamations around the foreshore of Dunedin, with
reclaimed land now encompassing the shoreline from Anderson's Bay to Logan Park. As reclamations
were completed, the only other economical option for disposal of dredged material was to take it out to
sea to deposit it back to where much of the material had come from. This practice has been carried out
since at least 1882 when attempts were first made to deepen the sand bar at the entrance to the
harbour,

Prior to 1985 all dredged material was placed at the Heyward Point site. This included material derived
from both development and maintenance dredging. In 1985, the Spit disposal site was first used and this
has since become the preferred location in recent years because it is closer, resulting in the dredge
spending less time going to and from the disposal site and it reduces the amount of material needing to
be disposed of at the Heyward Point site. However the Heyward site continues to be preferred in rough
weather as it can often be calmer than the Spit site due to the greater depth of water available.

A third location, South Spit (Shelly) Beach was added as a further option in 1987. Sediment was placed
here to assist in re-nourishing Shelly Beach which was suffering from erosion. The site has a limitation in
that only sand from claims seaward of and including Taylers Bend is able to be disposed of there to
ensure that material moving onto the beach is of a similar composition to the sand that already exists
there. Shelly Beach has been a useful location when the weather has been too rough to take the suction
dredge out to sea, although this only occurs on a few days each year. There is also a limit to the quantity
of sand that can be disposed at this site, as whilst the sand does get gradually moved onto the beach

8
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during calmer weather, it is moved eastwards along the beach during pericds of more extreme events
leading to erosion. Some sand placed at Shelly Beach eventually gets camied across the rock groyne at
the eastern end of the beach on the flood tide to be deposited further up the harbour. Therefore this site
has been used sporadically at times as the beach dunes have stabilised and also because the site is
limited to disposing at or near high water to maintain a safe under keel clearance for the dredge.

As with other tidal ports all around the world, the channels and basin areas within Otago Harbour need
ongoing dredging to maintain the depths obtained. Disposal at sea is the key economically viable way to
dispose of dredged material. A detailed discussion on altematives is provided in Section 4.4 of this
report.

3.6 The siltation process

The littoral drift system sees sediment transported up the coast of the South Island by the prevailing
currents. A proportion of the sediment being transported past the harbour is ducted into the harbour on
the flood tide and whilst some of this material is also transported out of the harbour on the ebb tide, there
is a net retention of material within the harbour. This sediment is moved progressively up the harbour
channel towards Dunedin, with deposition cccurring on the insides of the bends and also within areas
where the channel is wider and the current strength is thereby reduced.

Another factor in the siltation process is wave action which is responsible for putting into suspension fine
siit and clay sediments from the large area of shallows. Tidal and wind generated currents carry this
suspended material, some of which is deposited into the upper Dunedin basin area where tidal and wave
action is weak, Where the sea bed gradients are steep around the harbour basin perimeter, there is a
secondary means of moving sediment by gravity into the basin and berth areas.

Fine silts also enter the harbour during periods of heavy rainfall via the Leith River and the many small
creeks and stormwaler drains that also discharge into the harbour.

It should be noted that whilst not part of the natural siltation process, the sides of dredged channels also
contribute some material that needs to be dredged to maintain an efficient channel. It has been noted
that any development phase of dredging has generally always been followed by increased maintenance
dredging requirements until the side slopes settle to their natural angle.

Port Otago carries out at least annual hydrographical surveys to identify areas of sedimentation which
then determines its annual maintenance dredging program.

10
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4. The proposal

4.1 The proposed activity

Port Otago Limited is seeking a short-term replacement consent to allow for the continued disposal into
the sea of up to 450,000m? per year of dredged material. This will replace the current coastal permit,
2000.472, which expires in December 2011, or alternately any substitution of Consent No. 2000.472 as a
result of the current application to amend that consent (as part of the Project Next Generation suite of
consents). Port Otago is seeking to continue to dispose of dredging material pursuant to the terms and
conditions applying to coastal permit 2000.472.

The material is derived from dredging of the channel and berth areas in and about the Otago Harbour. It
is proposed to be carried out in accordance with the following specific maximum annual discharge
guantities at each location:

Heyward Point, being an area of approximately 38.2 hectares, to receive up to 200,000m? of material
45°4507'S 170°42.09°E
45°44.95'S 170°42.27E
45°44 44'S 170°41.78'E
45°44 63'S 170°41 6O'E
Spit Beach, being an area of approximately 28.3 hectares, to receive up to 200,000m? of material
45°45 18'S 170° 42 74'E
45°46.05'S 170° 42.93'E
45°45.72'S 170° 42.4TE
45°46.04'S 170° 42.4T'E

South Spit Beach (Shelly Beach), being an area of approximately 14.5 hectares, to receive up to
50,000m* of material

45°46.82'S 170" 42.56'E
45°4B.65'S 170°42 79E
45°4B.75'S 170°42.96'E
45°46.95'5 170°42.77'E

4.2 Disposal records

The actual volume of material deposited at each of the sites has varied over the years. Disposal records
for the last 26 years are attached as Appendix B. Earlier disposal records are detailed in a report
prepared by David Lusseau in October 1999, entitled A Review of Dredging Activities in Otage Harbour
and their Relocation: 1899 — 1998", Key facts from the Lusseau report are:

» Records do not clearly quantify where material was disposed of prior to 1914, although we know
much was relocated to reclamations or otherwise taken to sea.

11
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» Between 1914 and 1871, material dumped at sea was described under various hearings, i.e. "Heads",
“At Sea’, or Heyward Point, although it is thought that most of this material was disposed in the
vicinity of Heyward Peint (13.5M m® 1914 — 1998).

b Until the early 1870s much of the dredge material was relocated to reclamations in Dunedin, which
also includes volumes listed as "Vulcan's Pit” (8.7M m® 1914 — 1998).

» The significant quantity disposed of, to a dump site at sea, was in 1876 when 3.3M m® of material was
dumped at Heyward Point, following development dredging of the lower harbour channel. This
disposal site was subsequently moved seaward to allow this large volume of material to disperse.

» Following the 1976 development of the lower harbour channel and berths, the disposal quantities was
high for a number of years, as side slopes stabilised, with a maximum quantity of 0.63M m® disposed
of at Heyward Point in 1982.

» The Spit disposal site was established and first used in 1885 as an alternative and closer site.

» The South Spit (Shelly) Beach site was established in 1987 after discussions with the Depariment of
Conservation to address the erosion {or lack of sand supply) at this site.

The information contained in Appendix B is a summary of the last 26 years of disposal (i.e. from 1985 to
2010). It has been observed, that whilst the main dredge has worked out of port on several cccasions
over recent years and had several periods of extended layup, there has been a decrease in the amount
of dredging carried out in the most recent 10 year period. The key facts are summarised below:

» The average annual quantity of material disposed of at sea (over the 3 disposal sites) over the last 26
years is 203,852m”. Over the last 10 years the total average was 141 995m*.

¥ The maximum annual volume disposed was 367 116m” in 1988. The maximum annual volume
during the term of the last consent was 257,524m” in 2000.

» Over the last 26 years, the breakdown of material going to each of the sites was on average:
— Heyward Point = 29%
— The Spit = 62%
— South Spit (Shelly) Beach = 9%
» Over the recent 10 year period the amount of material disposed of at the Shelly Beach site has
increased, which has altered the split, as follows:
— Heyward Point = 31%
— The Spit = 52%
- South Spit (Shelly) Beach = 17%
Disposal quantities at Shelly Beach have been up and down over the last 20 years that it has been used.

With the more recent disposal to this site combined with the calmer weather (less NE winds), the beach
is currently in very good condition, indicating that this beach re-nourishment is working well.

4.3 Dredging and disposal methodology

There are five main areas that require dredging in the Otago Harbour: the entrance Channel; the lower
harbour channel: the Port Chalmers Inner Basin and Berths; Victoria Channel and the Dunedin Basin
and Berths.

12
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The dredging is able to be carried out almost entirely with the trailer suction dredge New Era, which has
been owned and operated by Port Otago since 1986. This dredge has a large suction pump and trailing
dredge pipe with a drag-head containing a rotating visor at ifs base. The operation is similar to that of a
vacuum cleaner. The drag-head is lowered to the sea floor and dragged along the bed as the dredge
moves forward. A mixture of sand, silt and sea water is pumped up through the dredge pipe and this
mixture is deposited into the dredge hopper. In the hopper the solids quickly settle out, and the water
and some of the finer material such as silt that remains in suspension flows back overboard through the
discharge chute, into the harbour channel. A full load of sand is firm encugh to walk on in the hopper
and is very close to the natural or in-situ density of undisturbed sand on the sea bed.

Figure1 Port Otago suction dredge New Era

Port Otago also uses a barge mounted grab dredge Vulean to dredge less accessible areas and for
materials which tend to be more difficult to remove, including clays and weathered rock. The Vufcan
operation is supported by two dumb barges towed by a small workboat.

13
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Figure 2  Port Otago grab dredge Vulcan

The time taken to dredge the various channel areas is generally proportional to the amount of silt and
clay within the dredge material. A load of clean sand from the entrance area can be dredged in 1 hour
whereas it may take up to three hours to obtain a full load from the Leith claim near the Dunedin basin,
which has a higher silt content. The higher propertion of silt results in slower settlement of material in the

hopper.

The vessel containing the dredge material is motored or tfowed to within the disposal ground boundaries
and the vessel is then split in half using the onbeoard hydraulic system. As the vessel continues moving
through the water, the dredged material falls from the hopper from a height of about 1-2 metres below
surface water level with any remaining material being washed from the hopper sides. All of the current
dredging plant is the split hopper variety which generally discharges the entire load.

The trailer suction dredge has differential GPS to navigate to the disposal grounds, whereas the
workboat that tows the barges works from shore based transit marks to ensure the discharge ocours in
the correct location.

A discussion of the five main areas that require dredging in the Otago Harbour is provided below.

4.3.1 Entrance Channel

The entrance channel is bounded along its eastern edge by a large accumulation of sand forming a bar.
The tidal currents on the ebb tide assist in maintaining the position of this channel.

However, once seaward past the outer end of the Mole, the ebb tide strength decreases and sand is
constantly being deposited along the eastern channel toeline. This accretion or build up of sand is
further exacerbated during easterly storms as the increased wave height and energy deposit large
guantities of material over the bar.

14
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The dredging of the entrance channel is a significant component of the dredging effort required to
maintain the lower harbour with an estimated 60,000m’ per annum removed in order to maintain a
channal toe line design depth of 14.5 metres. The material dredged from the entrance channel is
generally clean fine to medium grained sand.

4.3.2 Lower Harbour Channel

The areas within the Lower Harbour Channel where deposition occurs and which particularly require
regular maintenance are |located along the inner edge of the bends. This is primarily due to the currents
being considerably weaker in this region with the result that they are no longer able to transport the
sediments either in suspension or as bed load.

The material dredged from the Lower Harbour Channel comprises predominantly fine grained sand,
although some areas contain a compenent of shell. The proportion of silt contained within the dredged
material increases with distance from the harbor entrance. Floating seaweed is at times collected by the
dredge althouah this tends to be seasonal and is particularly prevalent following a period of strong winds,
Sea tulips can become established in the areas that are less frequently dredged.

The areas within the channel that require dredging amounts to approximately 5% of the total area of the
channel invert area, the remaining areas being deeper than the design depth of 13.0 metres as a resuit
of the natural scour of the tidal currents.

4.3.3 Port Chalmers inner Basin and Berths

The material within the Port Chalmers inner basin and berths varies from clayey silt at the container
berths to rock at the Beach Street berth on the eastern side of the basin.

The dredging of these areas is carried out using the grab dredge suspended off a barge mounted crane.
The suction dredge is unable to dredge the silt, clay and rocky bed and has difficulty manoeuvring within
the confined areas of the basin.

Deepening adjacent to the Beach Street berth was carried out in the early 1990°s. This required drilling
and blasting to fracture and dislodge the rock. Some isolated areas that were not taken down to the
permitted design depth at that ime continue to be worked on using the grab dredge progressively as the
rock becomes more weathered.

434  Victoria Channel

The natural scour of the channel means that limited areas require dredging, particulary where sediment
builds up on the bends of the channel.

4.3.5 Dunedin Basin and Berths

The sediment within the Dunedin Basin which extends to the end of Victoria Channel near the mouth of
the Leith River is predominantly silt. The material has a low density and cnce mixed with water takes a
long time to settle out. Its removal is not well suited to the use of a trailing suction dredge and the grab
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dredge is predominantly used to lead the material into a dumb barge, which is then towed to sea for
disposal.

Because of the distance to the disposal grounds from the upper harbour the trailing suction dredge New
Erais at times used as a barge when grab dredging this area. This method of dredging is slow.

As in Port Chalmers, the currents within the basin and berth area are quite low and whilst the natural
scour of the channel penetrates some distance into the basin, the siltation occurs over a wide area and
requires exact posifioning to dredge the correct spots,

4.4 Disposal site selection

The South Spit Beach (Shelly Beach) site has been chosen in order to provide nourishment to the
adjoining beach and dunes. In addition, disposal at this location also benefits the Aramoana saltmarsh
that the spit shelters. Other locations and methods would not provide these ecological and amenity
benefits.

The other two sites have been used for many years without any identified adverse effects. These two
sites have been selected for their naturally moving sandy beltoms and they are of sufficient area to
ensure that the additional disposition is absorbed into the natural coastal movement of material.

All three sites are specifically recognised and provided for under the Otago Regional Plan: Coast, as
sites for the disposal of dredged material.

4.5 Consideration of alternatives

Alternatives to the disposal of dredged matenal at the three existing disposal sites are outlined below.

4.51 Off-shore disposal

An offshore site ("AQ") which is currently the subject of a consent application proposed to be used for the
capital dredging project (Next Generation) is generally less suitable for the disposal of material from
maintenance dredging once the capital work on the channel is completed. Its distance from shore both
restricts access by the New Era when seas are rough and also increases the cost of disposal.

Altermative sites to the south-east of Taiaroa Head are often too rough for safe passage of the
dredge/barges and significant steaming out into open water would be required to clear the flood tide
movement into the Otago Harbour. This would be both expensive and an additional hazard for a fully
laden dredge or barge to use for regular day-to-day disposal work. The disposal sites must be clear of
the natural venturi into the harbour in respect of deposited material. This is difficult to achieve to the
south of Taiarca. Other sites to the west of Taiaroa that avoid the flood tide movement are little different
to thosa for which consent is sought.

4.5.2 Lower harbour disposal

There could potentially be other suitable inner harbour disposal sites, however to date, these have not
been identified and are not considered necessary, given the suitability of the sites historically used for the
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disposal activity. Retaining the existing sites is considered preferable as the monitoring of these areas is
now well established, which assists with management of the effects. Such long term monitoring
information is invaluable and can not be automatically applied to other harbour locations, making other
lower harbour locations less suitable.

4.5.3  Upper harbour disposal

Suggestions have previously been made by interest groups for a series of man-made islands to be
constructed within the upper harbour, as a means of disposing of dredged material and creating habitat
areas. Islands could be planted out to support wildlife. Other suggestions have raised the possibility that
silt material could be used to reclaim intertidal portions of the Upper Harbour area to restore muddier
inter-tidal habitats that have been lost as a result of development works in the past.

Any reclamation or harbour restoration disposal for the benefit of the community and/or environmental
enhancement would need to have detailed engineering design work carried out and environmental
feasibility studies completed, before this could be pursued further. Adverse effects on recreational
boating (e.g. sailing and board sailing) from any upper harbour reclamation are possible, given the
shallower waters are important for these activities. Also, access for the dredge could be difficult,
potentially creating additional transportation constraints and costs. Furthermore, given the small
volumes of material likely to be required to create habitat areas, such options are not considered viable
for the disposal of all of the dredged material, thus the need for the ability to continue to dispose of
material in the manner proposed in this application.

Further reclamation within the harbour is not permitted without a resource consent and whilst there are
groups who support this option, it is not an available option at this time as others, such as Otakou
Runanga, oppose any large scale reclamation of any sort in the harbour. This was outlined in evidence
presented by iwi at the Project Next Generation hearing.

4.5.4 Land based disposal

Trucking materal to a landfill has been assessed as being cost prohibitive, due to the transportation
costs involved in moving material to any existing landfills. Further, there would be costs and
environmental effects associated with establishing new disposal sites capable of taking the volumes of
dredging material necessary.

4.5.5 Use for concrete aggregate

Port Otago is open to providing dredged sand to other places and uses, if a demand is identified.

The fotal ready mixed concrete production in the Dunedin region is approximately 40-50,000m per
annum, of which approximately 40% volume is sand. The sand used in ready mixed concrete is graded
with the very fine dredged sand representing approximately 14% of the total sand requirement,
amounting to approximately 2,500 m* per annum. This is a very small fraction of the total quantity that is
dredged from the harbour and as such is not considered to be a suitable method for total disposal.

The use of aggregate for construction is inappropriate due to the comparatively small amount of material
required within the region, relative to that which is produced by Port Otago's dredging programme. In
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addition, recovery, unloading and transport costs would be likely to make consumers of aggregate
outside of Dunedin conclude that this is an ecocnomical unviable proposition. Consequently, the
requirement for disposal to sea would still exist.

4.5.6 Use for sand aggregate

There is a commercial use for sand although the annual volume is small. Use of sand in the region
includes:

» Foundry mounding sand — less than 1,000m® per manth or 10,000m* per annum, This sand generally
is supplied from Waldronville.

» Concrete aggregate sand —about 1-2,000m? per annum supplied from Tomahawk lagoon entrance.
» Building concrete slab fill - less than 1,000m?* per annum.
» Road aggregate — blended mix.

The use of dredged material for sand aggregate is impractical due to the comparatively small amount of
material required within the region, relative to that which is produced by Port Otago's dredging
programme. We also note that recovery, unloading and transport costs would make the supply of sand
to areas outside Dunedin uneconomic for the end user of the material. Consequently, the requirement
for disposal to sea remains.

4.5.7 Reclamation

Port Otago is unaware of any commercial, community or private plans for major reclamation works in the
vicinity of Port Chalmers or along the margins of Otago Harbour that would benefit from receipt of
significant portions of dredged sand material. \While there has been interest expressed for additional
community land resources along the margin of the harbour in Careys Bay and Debarah Bay, there is no
immediate requirement for reclamation fill. In terms of the current roading works around the harbour, it is
noted that the volumes of material for this work are small and dredge access would not be available due
to shallow depths, therefore it would be fairly impractical to use the material for this work.

Although such small reclamations may offer community benefits, they would also result in associated
environmental and economic costs, and disposal of the remaining majority of the dredged material by
another means would still be required. Consequently, the requirement for disposal to sea would still
exist.

4.5.8 Beach re-nourishment

A number of sand beaches in the Dunedin area are subject to either long-term or short-term erosion of
sediment volume. For example, the existing South Spit disposal site places dredged material in the near
shore off Shelly Beach to offset losses of sediment from the narrow dune system of the South Spit,

Small bays within Otago Harbour have been replenished with sand in the past to restore and protect
local recreational resources and some property. Beach re-nourishment requires sand of an appropriate
size, texture, colour and cleaniiness to be effective and acceptable to the beach users. In assessing the
potential use of the dredged material for beach re-nourishment in the Dunedin area, these factors have
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been considered and areas of suitable sand identified. In addition, the total volume required for possible
beach re-nourishment projects has been estimated.

» Ocean Beach re-nourishment

Dredged sand from the harbour channels has proven to be salisfactory sand for beach renourishment of
Ocean Beach (St Clair, Middle and St Kilda Beaches). According to the emergency response plan of the
Dunedin City Council, the estimated volume required to mitigate the adverse effects of erosion could be
approximately 100,000m? every 5 years.

The method used previausly in 2007 is suited to Port Otago’s current dredging operation, An excavator
at a city wharf can extract 400-450 m® of sand from the New Era hopper while the vesseal is laid up over
night. The sand is then trucked the short 4km distance across South Dunedin to Ocean Beach. In 2007
the sand was stored near the beach and placed as necessary along the foreshore and dunes.
Approximately 1,000 to 2,000m* of sand was stockpiled at a time.

Referming to the disposal records in Appendix B, the quantity of sand historically provided to the Dunedin
City Council for Ocean Beach renourishment is:

»  11,528m" in 2007:
» 9.622m” in 2008: and
» 5,045m" in 2009.

As there is a limit to the amount of sand required at any one time for Ocean Beach, an area would be
required to stockpile the material and the stockpile would require management to avoid wind blown sand
and sediment runoff. Accordingly, this option is best undertaken at the time that re-nourishment is
needed. This current consent application will not limit this alternative from taking place in the future, as
has been demonstrated during the term of the existing consent,

» Te Rauone Beach

The Te Rauone community is concemed about the erosion of the beach frontage at Te Rauone, Re-
nourishment using dredged sand is a possible sclution to erosion at the northern end of the beach, and
concept design plans prepared by Port Otago in conjunction with the Te Rauone Beach Coast Care
Committee indicate a maximum of 90,000m* of sand would be required. Further work would be required
to hold the sand in place, and so re-nourishment would be a part of an integrated management
programme including engineering work, dune fencing, planting and regular renourishment over time.

Design and consultation work for the Te Rauone Beach community project is currently being resourced
by Port Otago as a separate exercise. Current channel bathymetry shows that it would not be possible
to deposit sand onto the beach directly from the dredge-hopper, as there is insufficient depth of water to
manoeuvre the dredge inshore. The likely solution would be to pump the sand onto the beach and then
spread with a bulldozer once the sand settles out and the excess water drains. A temporary mooring for
the dredger would be required in conjunction with either a pumping system to move the dredged material
from the hopper or low point in the channel and along a pipeline to the beach site. These pump out
operations are time consuming and relatively expensive. However, Port Otago is pursuing this project.
As itis a new activity, it will be separately consented.,
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The renewal of the disposal consent will not impede the use of sand for community beach re-
nourishment projects and while a reasonable amount of sand can be disposed of through such projects,
there remains a requirement for Port Otago to have the ability to use the existing off-shore dredge
disposal grounds also.

4.5.9 Conclusion

There are some viable alternatives to using the historic disposal sites. Port Otago has in the past, and
will continue to keep an open mind regarding alterative methods of dredge material disposal. However,
these alternatives are able to accommodate only some small volumes of the material which has to be
dredged to maintain access to the Port. There is no practical alterative which can handle the total
dredged material voluma on an ongaing basis, thus retaining the ability to dispose dredged material to

the three disposal sites is crucial to ongoing use of the Port and for providing access for other users of
the harbour channel.
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5. Activity status

51 Otago Regional Plan: Coast

The relevant statutory document is the Regional Plan: Ceoast for Otago (RCP). The RCP was made
operative on 1 September 2001. The sites for dredging disposal are specially idenfified in Schedule 5 of
the RCP as "Dredge Spoll Grounds®, There are no other notations applicable to the disposal areas.

The relevant rules are contained within Chapter 9: Alteration of the Foreshore and Seabed of the RCP.

51.1 Dredging
The activity of dredging is a Permitted Activity under the RCP pursuant to Rule 9.5.3.2 which states:

The disturbance of the seabed for the purposes of maintenance dredging of the existing channel
and berths within Otago Harbour is a permitted activity provided:

{a) It is for the purposes of maintaining water deplh in the following areas to the following
depths:

i The upper berths and swinging areas: 10 mefres

() The upper channel: 8.5 melres

(i) Port Chalmers berths and swinging areas: 14.5 melres
{v) Lower channel: 13 metres; and

(b) It is for the purposes of ensuring the safe and convenient navigation of ships in navigation
channels and at berthing and moaring facilities.

Note: The depths are based on the Chart Dalum on the falest navigational chart NZ6612, of Ofago
Harbaur published by the Hydrographic Office of the Royal New Zealand Navy.

The requirements of this rule are satisfied by the ongoing maintenance dredging activity.

Capital dredging and dredging to maintain the depths at the new permitted levels are covered by the
consents sought for Project Next Generation.

5.1.2 Disposal of dredged material

The disposal of dredged material derived from a maintenance dredging operation is a Discretionary
Activity under the RCP pursuant to Rule 9.5.4.1 which states:

The deposition of sand, shell, shingle, or other natural material from a maintenance dredging
operation in any 12 month period s a discretionary activity if:
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fa)  The sand, shel, shingle, or other nalural malerfal is deposited at the sites as shown in
Schedule 5 and described below:

{n Heyward Point
(i)  Spit Beach
(i)  South Spit Beach (Shelly Beach).

The disposal of dredged material derived from incremental and capital dredging is a Discretionary
Activity under the RCP pursuant to Rules 8.5.4.2 and 5.5.4.3 which state:

Excepl as provided for by Rule 9.5.4.1, any aclivity involving the deposition of any sand, shell,
shingle, or other natural material on the fareshore or seabed in quantities greater than 50,000
cubic metres in any 12 month period is a discretionary aclivity and a restricted coastal activity.

Except as provided for by Rules 9.5.4.1 and 9.5.4.2, any activity invalving the deposition of sand,
shell, shingle, or ofher natural materal in the coastal marine area is a discretionary aclivity.

Rule 9.5.4.2 requires, except as provided for by Rule 9.5.4.1, that the deposition of material in quantities
greater than 50,000m® in any 12 month period, Is a discretionary and restricted coastal activity (RCA).
Policy 29 of the recently gazetted New Zealand Coastal Policy Statement 2010 (NZCPS) revokes the
requirement for all restricted coastal activities. The NZCPS requires that the RCP be amended to reflect
this and where the regional plan has not been updated (as in this case) provides interim effect in
remaoving the RCA status for existing rules within the RCP. Accordingly, only the discretionary activity
status applies to this proposal.

513 Discharge of water or other contaminants

The discharge of water from maintenance dredging of the Otago Harbour to the coastal marine area as
permitted by 9.5.3.2 is a Permitted Activity pursuant to Rule 10.5.6.1(g) of the RCP.

Any other discharge of water or contaminants into the coastal marine area associated with the activity is
a Discretionary Activity pursuant to Rule 10.5.6.2 of the RCP.

514 Overall status
The application to dispose of dredged material must be considered as a Discretionary Activity.
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6. Assessment of environmental effects

6.1 Introduction

Under Section 104 of the RMA, when considering an application for resource consent the consent
authority must, subject to Part 2, have regard to any actual and potential effects on the environment.
The actual and potential effects of the proposed activily have been evaluated as required by Section 88
of the RMA.

6.2 Positive effects

It is legitimate to consider positive effects of the proposal as the definition of “effect” in the Resource
Management Act includes positive effects.

This application seeks the ability fo continue to provide for ongeing disposal to sea of dredged material.
This activity has significant positive effects for the port company and in turn the wider community in terms
of social and economic wellbeing, created through direct and indirect economic outputs and through the
retention of jobs within the local community.

The activity provides for the renourishment of Shelly Beach, which was subject to erosion pricr to 1987
when disposal at this location commenced. The proposal potentially assists with preventing erosion of
other beaches, for example Aramoana Beach and the beaches o the north of this. Further detail on
beach health effects are included in the report prepared by Martin Single in Appendix D.

The proposed activity is intrinsically linked with a number of monitoring programmes within the harbour
which assist with improving knowledge and understanding of sediment transport, waves and benthic
habitats., Accordingly, the proposal has positive effects in terms of scientific knowledge,

Research undertaken to date indicates that the disposal activity has positive effects in terms of the
Aramoana surf break. Further detail is provided in Section 6.7 below.

It is imporiant that these positive effects are fully taken account of in forming an overall judgement under
Section 104(1). To ignore the substantial benefits that arise from the continuation of dredging disposal
would create an unbalanced picture of the overall effects of the activity,

6.3 Effects on coastal processes

The disposal of sediment can lead to a number of potential consequences related to coastal processes,
including:

» Concentrations of sediment and seabed deposition from suspended-sediment plumes;
» Changes to coastal shorelines and margins from differences in waves and currents;
» Changes in wave height arising from the physical size and shape of the disposal mound; and

» Long term sediment transport.
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The effects of the 3-year continuation of the dredging disposal activity interms of sediment transport and
beach morphology have been addressed by Martin Single of Shore Processes and Management Ltd. Dr
Single's report s attached as Appendix C. This report provides a defailed description of the physical
coastal environment and describes the processes and effects of the disposal activity, which has been
subject to detailed monitoring over a number of years.

Dr Single's report draws on his earlier study of the beaches and shereline morphology of Blueskin Bay
from the entrance to Otago Harbour north to Karitane. The "beach morphology” report, which has
information on long-term change, as well as shorl-term beach change described from beach profile
surveys, is included as a background report, in Appendix D.

Within the report attached as Appendix C, Dr Single concludes:

“... the overall character of physical coastal environment including beach changes over the long-
term and as a resull of adiustments to variations in wave energy and sediment inpuls also
indicates that the effects of continued placement of drecdged sediment at the existing disposal sites
will not result in adverse effects fo the environmenf. Indeed, ongoing disposal of dredged
sediment is fikely fo have beneficial effects in providing sediment fo the nearshore and beaches
that mitigate erosional effects of storm events.

The sediment character of the nearshore, beaches and wider Blueskin Bay is near homogenous.
The dredge disposal sites do not show as anomalies to the adjacent seabed and beaches.
Shoaling within the disposal sites has resulted in an improved wave break for surfing at Aramoana,
and a reduction in erosion of Shelly Beach, There is no evidence thal wave energy is focussed on
to the beaches, generaling siles of increased erosion during storms. Aramoana and Shelly
Beaches appear to respond naturally to storm events and perfods of more quiescent wave energy.
The beaches adfust naturally to storm events with some erosion of the dunes and movement of
sand from the beach fo the nearshore, and they accrele again during lower energy swelf
conditions. Beaches north of Heyward Foint also appear to respond naturally to variations in wave
energy, and do not show any adverse effect from the presence of the disposal sifes.

Renewal of the disposal consent for up lo three years should result in no effects that are different
fo those that have been experenced in the past However moniloring through annual
measurement of the seabed topography in the viciniy of the disposal sites, beach surveys and
observations related lo the resource use of the beaches will provide a means to further assess the
sustainabiity of the disposal operation. In particular the shor-tem and longer-term cumuiative
effects of the dredge spoil placement can be quantified.”

The data obtained through the monitoring recommended by Dr Single will provide a means to assess the
sustainability of the disposal operation and prepare an operational management plan to apply to the
long-term consent which is intended to be sought within the next 3 years.

Wave, current and sediment effects are also addressed in the report prepared by Peter McComb of Met
Ocean Solutions Lid attached as Appendix E. Dr McComb has developed a model to study the
hydredynamic and sedimentary processes operating within the entrance to Otage Harbour, to assist with
understanding and predicting the effects associated with dredging and disposal activity within the
Harbour. Dr McComb does not identify any concerning effects from past disposal activity. In addition, Dr
McComb also addresses the predicted effects of disposal at the maximum volumes sought for each site
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(which are higher than recent disposal rates, as detailed in Section 4.2 of this report). The predicted
effects of higher rates of deposition are discussed in detail in Section 6.8 below.

On the basis of the specialist reports prepared, we conclude that the coastal processes have not been
adversely affected by the disposal activity in the past and this is not expected to change as a result of
this short-term consent. The environment appropriately responds to and accommadates the mechanical
movement of sediment within the harbour that is necessary to maintain access to the port.

6.4 Effects on water quality

There is no ongoing monitoring of water quality in terms of suspended sediments or turbidity in the Otago
Harbour but three months of monitoring by NIWA for Port Otago at two sites, one in the Lower Harbour
and one In the Upper Harbour, found that turbidity vared between 1 and & NTU with highest
concentrations of 6.4 NTU and 8.5 milligrams per litre (mg/l) suspended sediments during a storm event.
Kd (a measure of the rate of reduction of light with depth) varied from 0.11 m-1 to 0.33 m-1 but rose to
2.14 m-1 during the storm event. Occasional measurements in the past have recorded concentrations in
the range 5.6-215 mg/l in the Lower Harbour and up to 1146 mg/l in Sawyers Bay in the Upper Harbour.

Dredging disposal is associated with a temporary reduction in water clanty, when the vessel discharges
its load. The effects of dredging on water quality at disposal sites is described by Mark James in his
statement of evidence for Project Next Generation on behalf of Port Otago, dated March 2011. Dr James
stated that the main effects at the disposal site (in that case AQ) and immediately downstream are
predicted to be the direct effects of smothering of the benthic community, increased levels of suspended
sediments and reduced water clarity. Dr James stated that the increased levels of suspended sediments
and reduced clarity will affect the immediate disposal site but the levels of suspended sediments will be
rapidly diluted away from the site. Dr James stated that with New Era dredging, the predicted suspended
sediment concentrations for all silt classes are estimated to be less than 11 mg/l in surface water layers
and less than 57 mg/l in the bottom layers, even in the immediate vicinity of the disposal site. Therefore
turbidity effects are low and effects on water quality are confined.

Dr James did not highlight any species that would be unable to persist during dredging disposal. Overall,
effects on water quality will continue to be the same or similar to those experienced in relation to this
activity in the past.

It is noted that the environment in which the activity takes place is dynamic and natural coasial
processes (for example larger wave events and wind) will at times cause material to be resuspended in
the water column. In addition, pericds of high rainfall can lead to high turbidity associated with runoff
from land. These natural effects are not dissimilar to the water quality effects associated with dredging
disposal.

6.5 Contamination

Sediments predominantly in the swinging basin adjacent to Port Chalmers and the middle to lower
harbour were analysed for a wide range of contaminants in 2010 by GHD Limited for Project MNext
Generation. The results of that investigation were summarised by Christopher Wayne Hickey in his
statement of evidence for Project Next Generation on behalf of Port Otago (dated April 2011). Dr Hickey
concluded that there is very low concern for chemical contaminant related adverse effects associated
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with the proposed dredging and disposal operation for Project Next Generation. Sediments at the
dredge sites have been tested and apart from slightly elevated arsenic in a few locations, all are below
the Australia New Zealand Envirenment and Conservation Council (ANZECC) guidelines for fresh and
marine water quality and the New Zealand Guidelines for Sea Disposal of Waste (NZGSDW) low level
guidelines for concentrations that are known to impact on biota,

Dr James {(March 2011) stated that any contaminants that were released into the water column would be
rapidly diluted and dispersed. Therefore, in the absence of any contamination issues being identified by
Drs Hickey or James, there is no contamination effect expected to arise as a result of the continuation of
dredging disposal.

6.6 Benthic effects

The main benthic effects within and around the disposal sites relate to the direct effects of smothering of
the benthic community, increased levels of suspended sediments and reduced water clarity.

The benthic environment in the vicinity of the disposal sites has been studied by Brian Paavo of Benthic
Science Ltd and the results are discussed in the report included in Appendix F. Dr Paavo's work has
focused on the benthic environment around the Heyward Peint and Spit Beach sites. The Scuth Spit
(Shelly) Beach site has not been studied in detail, given that disposal here is acknowledged as being
necessary for conservation reasons.

Dr Paavo reports that the disposal related effects of the sites studied are limited as follows:

» Heyward Point — effects are limited to the central portion of the site and an area 100-500 metres west
of its shoreward boundary.

» Spit Beach (Aramoana) — effects are limited to the inshore portion and not more than 250 metres
beyond.

There are no areas of significant conservation value within the areas identified by Dr Paavo. Dr Paavo
reports that “there is no evidence that dumping has deleterious ecological effects beyond these areas”,
He goes on to confirm the following:

*Dredge-related effects at Aramoana appear spatially stable in comparisons belween 2005 and
2010 and the area retains a ‘buffer zone' of animals well-suited to colonise sandy spoil. Dredge-
refalad effects also appear spatially stable at Heyward Point in comparisons between 2005 and
2010..."

On the basis of Dr Paavo's assessment, we cenclude that effects on the benthic environment from the
continued disposal of dredged material at the three disposal sites will continue to be minor and will
impact upon a relatively small area, of historically modified seafloor within the coastal environment.

6.7 Effects on recreation

Otago Harbour and the coastal environment are used for a number of waterbased recreational activities,
including boating, fishing, diving, swimming and surfing.

Recreational boating activity within Otago Harbour includes sailing, motor boats, kayaking and rowing.
Fishing from boats occurs within the harbour and the entrance channel is a particularly popular site for
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salmon and other species. Fishing from the Mole and Taiaroa Head near the entrance channel is also
popular as is surfcasting from many beaches and rocky headlands. The ongeing disposal of dredged
material is unlikely to cause any conflict with boating and recreational fishing activities within the coastal
marine area, as no conflicts have been identified to date. Meither the dredge movements nor the
disposed material are considered to be a danger to navigation.

Recreational diving is very popular at the Mole which is a voluntary marine reserve. This area is not
directly affected by the disposal activity. Reduced water clarity could have a minor impact on some
recreational activity, however, reduced water clarity is a temporary effect and the popular swimming and
diving areas are not close to the actual disposal sites.

Surfing is a popular pastime at many locations along the Otago coastline including a number of beaches
from Aramoana through to Karitane, Of parficular note are northem coast beaches. The Aramoeana surf
break ("The Spit”) is specifically recognised in the New Zealand Coastal Policy Statement 2010 and is
located close to the Spit Beach disposal ground. Dr Single confimed in the report in Appendix C, that
shoaling in recent years within the disposal sites has resulted in an improved wave break for surfing at
Aramoana. The research undertaken to date by Dr McComb confirms there is a relationship between the
disposal mound and the waves generated at Aramoana. The effect of continued disposal activity at the
Spit Beach disposal ground on wave generation at Aramoana could be both positive and negative. So
Port Otago intends to work with local surfers during the term of the 3-year consent to get a better
understanding of the relationship between disposal and "surfability” at Aramoana, in order to develop a
management plan which minimises any long term negative effects on this surf break.

In the meantime, on the basis of the specialist work undertaken, the effects on surfing from the ongoing
disposal activity will not be adverse and is expected to continue to be a positive effect within the term of
the consent sought.

Overall, the continuation of the dredging disposal activity is expected to generate less than minor
adverse effects on recreational activity.

6.8 Effect of disposing at greater volumes than recent years

The historic rates of disposal were outlined in Section 4.2 of this report. The maximum annual volume of
material disposed of in the Blueskin Bay area occurred in 1976 with 3.3M m” of material deposited at the
Heyward site. Since detailed disposal records have been prepared, the highest annual disposal
occurred in 1988, with 367,116m” of material disposed of that year (acrass the three sites).

The maximum annual volume disposed of during the term of the current consent (the last 10 years) was
less than those earlier volumes, at 257,524m". Consent is sought for the same volume which applies on
the current consent, being 450,000m” per annum. Accordingly, it is appropriate to comment on the
potential effects that might arise from disposal carried out at this maximum volume, within the term of this
short-term renewal consent.

Dr McComb considers the effects of disposing at greater volumes than recent years, based on the
predictive modelling work undertaken. The key conclusions are summarised below.
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6.8.1  Heyward

For the Heyward site, sediments within the shallow parts can become mobilised by wave action and tend
to migrate westward, while the deeper regions (i.e. greater than about 15 m) are clearly retentive.
Accordingly, the effects deposition at the full consent volume will depend on the areas used for disposal
within the ground. Over the term of this consent it is proposed to manage the disposal volumes within
discrete regions of the Heyward ground in order te conclusively define the retentive and dispersive
quantities.

682  Spit

Sediments deposited at the Spit site have long residence times. Significant transport beyond the
immediate area (i.e. the wider Aramoana Beach system) is likely to occur infrequently and only during
high storm conditions.

Material placed at the Spit ground will slowly migrate shoreward and gradually disperse along the wider
Aramoana Beach system. While the region into which this material will disperse is relatively broad, it is
considered that a deposition rate of 200,000 m*® per year is not a sustainable practise over the long term.
Approximately 750,000 m® of material has been deposited at the Spit ground in the last 10 years and
nearly 3.3M m? in total over the last 26 years. It is considered that the effects from a maximum of
200,000 m® per year for the next three years (i.e. 600,000 m® in total) will be similar to the effects of the
last 10 years. Fuiure studies over the next three years will determine the optimum sites and volumes for
the deposition of dredged sediments. A possible consequence if the maximum volume of 600,000 m® is
deposited over the next 3 years at the Spit may be a delay in fuiure depositions to allow the system to
adjust.

In the short term, the presence of the disposal mound will modify the incoming wave field producing
subtle differences in the wave height gradients along the beach in the surf zone. The mound acts as a
secondary focusing feature, redistributing wave energy into zones of slightly increased and decreased
wave height. This has a slight effect on the local coastal processes, and influences surfing wave guality.
Focussing effects that increase the local wave heights along the adjacent beach are likely to confer
positive cutcomes for surfing. However, the wave focussing process is highly dependent on the mound
shape. Therefore as the mound erodes over time and the sediments are distributed shoreward and
eventually spread along the beach and nearshore regions, the effects will also change.

Over the term of this consent it is proposed to manage the disposal within the Spit in a way which
enables effects on the surf break to be maonitored, involving local surfers in the qualitative assessment of
surfability. This will be used to develop an operational management plan which minimises negative
effects on the surf break being developed in the future, in the event that disposal Is continued at this site.
The key finding reparted by Dr McComb is that effects for the next 3 years will be similar to the last 10
years, even with a deposition rate of 200,000 m® per annum.

6.8.3 Shelly

At the Shelly Beach ground, the effect of disposal to 50,000 m® per year is not expected to produce
outcomes that differ from the past 10 years. The exercise of the full consent volume for this ground over
the three-year period will continue to provide a short term sediment supply to Shelly Beach,
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6.9 Cultural matters

The disposal sites are not within any area identified in the RCP lists as having Kai Tahu cultural and
spiritual values. Notwithstanding this, Port Otago recognises that the entire Otago Harbour and Blueskin
Bay are of special significance to iwi,

The Cultural Impact Assessment' prepared for Project Next Generation provides detailed information on
the resources and significance of Harbour and Blueskin Bay to iwi. Tangata whenua have a long
association with this area in terms of travel, sefilement and fishing, Key species and ecosystems of
significance to tangata whenua include tuaki, flat fish, seagrass and kelp. Restricting the disposal activity
to the existing disposal sites should minimise effects on these resources.

Consultation with iwi in relation to dredging disposal has been continuing throughout the term of the
existing consent. Iwi are represented on the existing working party established to discuss and review the
annual monitoring report, pursuant to condition 10 of the existing consent. The monitoring reports
required by condition 11 of the existing consent are also presented to the working parly. In addition, iwi
have been specifically consulted in relation to this renewal application.

Consultation is being carried out through Kai Tahu Ki Otago Ltd (KTKO Ltd) and the working party to
address any matters of significance to tangata whenua. Mo issues have been identified in relation to the
short-term renewal application, to date. Initial feedback on the shori-term consent has been favourable
and the indication is that iwi are not concerned about this consent but wish to be involved in the
preparation of the application for the long-term disposal consent. In this regard, it was suggested that
the initial 2-year pericd sought for the short-term consent may not be sufficient to complete technical
work and provide for comprehensive consultation prior to lodgement. Accordingly, Port Otago adjusted
the short-term consent to 3-years, to allow for adequate consultation time prior to lodgement of the long-
term consent.

Given the proposal relates to a continuation of a long established activity and that both the dredging
areas and the disposal grounds have been subject to significant disturbance for decades, it is unlikely
that any cultural artefacts or other material will be encountered.

6.10 Economic effects

Maintaining an efficient Port has positive implications for economic efficiency and for regional income
and employment.

The value of export cargo shipped through Port Chalmers in the 2008-2009 financial year was $5.35
billion, or 14% of New Zealand's total export value. Port Chalmers is the country’s third largest export

port (by cargo value).

Port Otago itself currently generates direct economic output of $53 million per annum, $41 million of
which is business and household income (including $21 million in wages & salaries), and 320 jobs. The
inclusion of downstream multiplier effects means that the operation of Port Otago currently generates
regional output of $85 million per annum, $56 milion of which Is regional business and housshold

' Cultural Impacl Assessment Project Naxt Generation Otago Harbour 2010, prepared by Tim Vial, KTKO Lid
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income (including $26 million in wages and salaries), and generates 480 jobs in the region. In addition to
this is all the employment and income generated by land freight taking cargo to and from Port Chalmers.

Should the required dredging and associated disposal required to maintain the operation of the Port not
be carried out, the ships would have restricted access to the harbour and the above figures would be
significantly impacted.

Restriction on access to the Port could cause shipping companies to review their options of calling at
Port Chalmers in favour of other ports, thereby significantly increasing the costs for local producers and
manufacturers to export their products to competitive global markets. As an example of the significance
of the costs associated with carge having to move through another Mew Zealand port if access to Port
Chalmers was not maintained, additional freight costs to ship dairy produce from Otago and Southland
would add approximately $7 milion to annual supply chain costs for the dairy industry alone.
Manufacturing profits would potentially decline by 10 — 20%. These negative effects would reduce
farming profitability and rural land values, and would affect manufacturers' location choices, with
conseguential flow on effects to other sectors of the economy.

Accordingly, retaining access to Port Chalmers is reliant on regular dredging, which in turn requires the
disposal of dredged material to sea. The continuation of the dispasal activity has significance economic
benefits for Otago and Southland, and the wider New Zealand economy also.

6.11 Conclusion

This assessment has demonstrated that the adverse effects of continuing dredging disposal in the
manner allowed for historically, for a further 3 years will be minor and there are a number of positive
effects associated with the activity.

We note that the ORC compliance team confirmed to us that there have been no complaints received in
relation to the operation of the existing disposal consent and there have been no compliance issues with
the existing consent. This indicates that Port Otago is a responsible consent holder.
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7. Objectives and Policies

A discussion of the objectives and policies of the RCP is provided below. A discussion of the other
relevant planning decuments, being the Mew Zealand Coastal Policy Statement 2010, the Otago
Regional Policy Statement and the , is also provided.

71 The New Zealand Coastal Policy Statement

The New Zealand Coastal Policy Statement 2010 (NZCPS) was made operative on 3 December 2010.
The following provisions are considered to be relevant to the dredging disposal activity:

711  Objectives
Objective 1

To safeguard the integrity, form, functioning and resilience of the coastal environment and susfain
its ecosystems, including marine and infertidal areas, esluaries, dunes and land, by:

s maintaining or enhancing natural biological and physical processes in the coastal
environment and recognising their dynamic, complex and interdependent naftire;

» profecting representative or significant nalural ecosystems and sites of biological importance
and maintaining the diversily of New Zealand's indigenous coastal flora and fauna; and

» maintaining coastal water quality, and enhancing it where it has deferiorated from what would
otherwise be its natural condition, with significant aclverse effects on ecology and habitat,
because of discharges associated with human acfivity.

The safeguarding of coastal processes and ecosystems is of upmost importance when considering this
proposal in relation to the NZCPS. Based on the specialist reports appended to this report, it is clear that
the 3-year continuation of the dredging disposal activity in the same manner as the past 10 years, will
maintain coastal processes and ecosystems, consistent with Objective 1 of the NZCPS.

Objective 6

To enable people and communities to provide for their soclal, economic, and cuwltural wellbeing
and their health and safety, through subdivision, use, and devefopment, recognising that:

o (he protection of the values of the coastal envionment does not preclude use and
development in appropriate places and forms, and within appropriate fimils;

= some uses and developments which depend upon the use of natural and physical resources
in the coastal environment are important fo the social, economic and cultural welibeing of
people and communities;

o functionally some uses and developments can only be located on the coast or in the coastal
marine area...

H
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The continuation of dredging disposal within the existing disposal sites is essential in maintaining social,
economic and cultural wellbeing. It is considered that the significant portion of disposal activity is only
practicable within the coastal marine area.

7.1.2 Policies
Policy 9: Ports

Recognise that a sustainable national fransport system requires an efficient national network of
safe ports, servicing national and intemmational shipping, with efficient connections with other
transport modes, including by:

s ensuring that development in the coastal environment does not adversely affect the efficient
and safe operation of these ports, or their connections with other transport modes; and

s considering whers, how and when to provide in regional policy statements and in plans for the
efficient and safe operation of these ports, the development of their capacity for shipping, and
thair connections with other tfransport modes.

This application is necessary for the maintenance of a safe and efficient port within Otago Harbour. The
application is in accordance with the disposal grounds identified in the RCP providing for the operation of
the Port.

Policy 16: Surf breaks of national significance
Protect the surf breaks of national significance for surfing listed in Schedule 1, by:
s ensuring that activities in the coastal environment do not adversely affect the surf breaks; and

s avoiding adverse effects of other activities on access to, and use and enjoyment of the surf
breaks,

“The Spit” is listed as a surf break of national significance in Schedule 1 of the NZCPS. This surf break
is immediately inshore of the Spit Beach disposal site. The effects on this surf break are addressed in
the reports prepared by Drs Single and McCombs. Dr Single confirms that “shoaling within the disposal
siles has resulted in an improved wave break for surfing at Aramoana”. On the basis of the monitoring
work undertaken, effects on surfing from the ongoing disposal activity will not be adverse, and is
expected to be a positive effect for surfing activity within the term of the consent sought. On this basis, it
is considered that the proposal will protect the surf break of national significance, in line with this policy.

Policy 23: Discharge of contaminanis
... (8) In managing discharges from ports and other marine facilities:

o require operators of ports and other marine facilities to take all practicable steps to avoid
contamination of coastal walers, substrale, ecosysterns and habitals that is more than minor;

s require that the disturbance or relocation of contaminated seabed material, other than by the
movement of vessels, and the dumping or sforage of dredged maleral does not result in
significant adverse effects on water quality or the seabed, substrate, ecosystems or habitats;
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s require operalors of porls, marinas and other relevant marine facilities to provide for the
collection of sewage and waste from vessels, and for residues from vessel mainlenance to be
safely contained and disposed of; and

s consider the need for facilities for the collection of sewage and ofher wastes for recreational
and commercial boaling.

The proposal will not result in significant adverse effects on water quality or the seabed, substrate,
ecosystems or habitat as addressed in Section 6 of this report, so satisfies this policy.

Policy 29: Restricted Coastal Activities

1. The Minister of Conservation does not require any activity to be specified as a restricted
coastal activity in a regional coastal plan,

2. Local authorities are directed under sections 55 and 57 of the Act to amend documents as
necessary lo give effect to this policy as soon as practicable, without using the process in
Schedule 1 of the Act, with the effect that:

» any activily specified as a discretionary activity and a restricted coastal activity becomes a
discretionary activity only;

» any activity specified as a non-complying activily and a restricted coastal activity becomes
a non-complying activity only.

3. Any application for a coastal permit for an activily specified as a restricted coastal aclivity that
has been publicly notified before the dale the amendments in clause (2) are made shall
confinue to be trealed as an application for a restricted coaslal activily for the purposes of
section 117 of the Act.

4. Any other application for an activily specified as a restricled coastal activity made before the
date of the amendments in clause (2}, shall be considered as a discretionary or non-complying
activity in accordance with the regional coastal plan or proposed regional coastal plan's
classification and section 117 of the Act does not apply.

In relation to Policy 28, we understand that scenario 4 applies in this case and the application will not be
dealt with as a restricted coastal activity. Accordingly, it is a discretionary activity under the RCP.

T2 Otago Regional Policy Statement

The purpose of a Regional Policy Statement is to promote the sustainable management of natural and
physical resources. Otago's Regional Policy Statement (RPS) does this by giving an overview of the
resource management issues facing Otago, and by selting policies and methods to manage Otago's
natural and physical resources.

The Regional Policy Statement contains no rules but rather establishes the framewoark for the regional
plans. The objectives and policies of the RPS are also given effect to by the RCP. The provisions of the
RPS have been reviewed and no conflicts have been identified.
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7.3 Otago Regional Plan: Coast
The following provisions are taken from the RCP, Chapter 9: Alteration of the Foreshore and Seabed.

7.3.1 Objectives
89.3.1 To recognise and provide for values associated with:

fa) Areas of cultural significance; and
{b) Areas of conservalion value; and
{c) Areas of public ameniy;

when considering any alteration of the foreshore or seabed within the coastal marine
area,

9.3.2 To preserve the nalural character of Olago's coaslal marine area as far as practicable
from the adverse effects associated with any alteration of the foreshore or seabed.

9.3.3 To take into account the effects of natural physical coastal processes when considering
activities which alter the foreshore or seabed in the coasfal marine area.

8.3.4 To restrict the disturbance of the foreshore and seabed fo those activities which require a
coastal locatfon,

The proposal will not adversely affect any areas of cultural significance or conservation value. Effects on
amenity values, in this case recreational uses, have been considered, along with effects on coastal
processes. The coastal processes are assessed as being stable and no adverse responses have been
observed through monitoring. A coastal location is deemed necessary, as detailed in the earlier
discussion of altematives.

7.3.2 Policies

9.4.1  In order that any proposed alteration of the foreshore or seabed that will, or is likely to,
have an adverse effect on cultural values, can be identified by kaitiaki runanga, Kai Tahu

will be:

(a) Trealed as an affected pary for non-nolified resource consent applications to after the
foreshore or seabed within areas, or adjacent to such areas, identified in Schedules 2
and 3 of this Plan as having cultural or spiritual values to Kai Tahu; and be

fh) Netified about notified resource consent applications to alter the foreshare or seabed
within the coastal marine area.

None of the disposal sites are within areas identified in Schedules 2 or 3 as having cultural or spiritual
values to Kai Tahu. However, the Shelly Beach site is adjacent to Coastal Protection Area 15,
Aramoana, which is recognised within Schedule 2 of the Plan as being an area of cultural and spiritual
significance to Kai Tahu.
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As required by condition 10 of the previous consent, 2000.472, a working party including representatives
of Te Runanga Otakou and Kati Huirapa Runanga ki Puketeraki was established in 2003. This group
has met at least annually, with the most recent meeting being held on 24 March 2011.

It is considered that the involvement of iwi in the working party and the consultation undertaken with
KTKO Ltd in relation to this consent application fulfils the aim of the above policy.

9.4.2  For activifies involving the alteration of the foreshore or seabed, prionty will be given to
avoiding adverse effects on values associated with any area identified in Schedules 2
and 3 of this Flan as being a coastal protection area, a coastal recreation area, an area
of outstanding natural features and landscapes or an area important to marine mammals
or birds.

The disposal areas are in the vicinity of the following Coastal Management Areas identified in Schedules
2 and 3

» Ceastal Protection Area 15 Aramoana - Kai Tahu cultural and spiritual values.

» Coastal Development Area 4 Otago Harbour - Commercial port facilities

» Coastal Recreation Area 8 Spit Beach - Swimming, walking and surfing,

» Outstanding Matural Features and Landscapes 8 Heyward Point - Outstanding headland, sand
beaches, and spit at the entrance to Otage Harbour,

» Coastal Hazard Area 5 The Spit - Sandy beach erosion (spit and saltmarsh at risk)

The disposal activity appropriately responds to the above matters. Cultural and spirilual values are
addressed through Port Otage's consultation with iwi and the iwi representatives on the working party.
The proposal is a core part of the commercial port activity recognised by the Coastal Development Area
4 notation in the RCP. Effects on recreation have been considered in Section 8.7 of this report and the
activity will not have any visual or other effects on landscape values. The disposal at Shelly Beach is
aimed at reducing erosion to The Spit and saltmarsh.

8.4.5 The area lo be disturbed during any operation altering the foreshore or seabed will be
limited as far as practicable to the area necessary to carry out that operation.

The depositing of material will be limited to the specific areas provided for within Rule 9.5.4.1 of the Plan.

9.4.6  The integrity of nalural fealures such as beaches, sand dunes, salt marshes, wetfands,
and barrier islands, and their ability to protecl areas above the line of mean high waler
springs from natural physical coaslal processes will be maintained and enhanced
wherever practicable,

The specialist reports, in particular the report prepared by Dr Single in Appendix C, demonstrate that
natural physical coastal processes will be maintained.

9.4.8  For the following aclivities, consideration will be given to the reasons for underlaking the
aclivity in the coastal marine area, the public benefil lo be denived and to any other
avaifable attermatives:

(a) Any reclamation; or
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(b) The removal of sand, shingle, shell or other nalural malerals for commercial
purposes; or

(c) Any deposition of material.

...In some situations, such as the deposition of material associated with the maintenance
dredging of Otago Harhour, there are very few other practicable options for disposing of
the dredged material,

As acknowledged within the explanation to Policy 9.4.8, disposal at sea still remains the only sustainable
way to dispose of continuous volumes of dredged material.

9.4.10 Alterations of the foreshore and seabed should blend as far as is practicable with the
adjoining landscape to minimise the visual impact of the alteration on the character of the
area.

Disposing the material to the seabed will ensure that it does not impact on the visual qualities of the
surrounding landscape.

7.4 London Convention & NZ Guidelines for Sea Disposal of Waste

The New Zealand Guidelines for Sea Disposal of Waste® ("the NZ Guidelines”) have been jointly
prepared by the Maritime Safety Authority of New Zealand and the Ministry for the Environment. They
are New Zealand's way to give effect to the London Convention (1972) ("the London Corvention”) and
the Convention on the Prevention of Marine Pollution by Dumping of Wastes and other Matter {1988)
("the 1996 Protocol”).

The NZ Guidelines were modelled on the guidelines produced by Environment Australia in 2002. The
Australian 2002 guidelines were subsequently updated in 2009 but the NZ Guidelines have not been
updated.

It is notable that the London Convention, the 1986 Protocel, and other Eurcpean guidelines which also
give effect to the London Convention, were largely designed around considering disposal of material with
high concentrations of contaminants, which is far more common in that part of the world.

The NZ Guidelines aim to assist applicants to safely dump waste at sea (including dredged material).
Section 4 of the NZ Guidelines describes a process for characterising waste including dredged materials.
The guidelines refer to a four-stage process of characterisation, increasing in detail and complexity
depending on the nature of the material from Level 1 to Level 4.

The NZ Guidelines provide guideline concentrations for contaminants that may be present in waste
proposed for dumping at sea (referred to as the 'Action List’). The Action List is largely based on the
ANZECC 1998 Guidelines for Fresh and Marine Water Quality ("the ANZECC Guidelines"”). The
ANZECC Guidelines are primarily based on biolegical effects guidelines developed overseas, with
madifications to reflect New Zealand conditions.

? New Zealand Guidelines for Sea Disposal of Waste (Advisory Circular, Maritime Safety Authority of New Zealand), 30 June 1989
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There is no obligation for regional councils to have regard to the guidelines, but they are available to
assist councils, if required. Under Section 104(1)(c) of the RMA the NZ Guidelines contain relevant
provisions that may be considered as "any other matter the consent authonty considers refevant and
reasonably necessary to determine the application”. While the NZ Guidelines are most relevant, in our
view, the relevance of these guidelines to this short-term 3 year consent is limited. Notwithstanding this,
as detailed in Section 6.5 above, sediments at the dredge sites have been tested and apart from slightly
elevated arsenic in a few locations, all are below the ANZECC guidelines for fresh and marine water
quality and the NZGSDW low level guidelines for concentrations that are known to impact on biota.

7.5 Kai Tahu ki Otago Natural Resource Management Plan

The KTKO Natural Resource Management Plan (MRMP) 2005 is relevant to the consideration of this
application pursuant to Section 104(1)(c) of the RMA. The NRMP is divided into catchments, with
specific provisions for the whole Otago area and for each catchment. The current proposal is located
within the Otago Harbour Catchment.

The 2005 Natural Resource Management Plan contains objectives and paolicies for the coastal
environment., The particularly relevant provisions are discussed below.

Objective 5.8.3 — The spiritual and cultural significance of taku fai moana me te wai mdori is
recognised in alf management of the coastal environment.

Policy 5.8.12 - To require that dredging and reclamation warks avoid physical damage to kai
moana sites, habitat and the integrity of the seabed.

Policies 8.2.3 - To encourage research and monifonng inlo sediment depaosition at Blueskin Bay
and Phrakaunt.,

- To encourage the dumping of all dredging malerial beyond the continental shelf.
- Dredging activily should not impact on tuaki and other marine life.

Consultation with iwi is being undertaken to ensure that the spiritual and cultural significance of this
location is recognised and provided for in this application. The disposal activity relates only to the
historic disposal sites so no physical damage to kai moana sites, habitat or seabed will result from this
proposal. The applicant has been engaging with fwi through the working party established in relation to
the existing consent, which provides input into the research and monitoring of sediment deposition in and
around Blueskin Bay.

In relation to the policy which seeks that all sediment deposition be carred out beyond the continental
shelf, it is noted that the Cultural Impact Assessment prepared for Project Next Generation accepted that
this was not economically viable for that project. This applies to the current application also.

In terms of effects on tuaki and other marine life, marine biota and sediment paths have been the subject
of ongoing monitoring during the term of the existing consent and no adverse effects have been

identified.
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7.6 Conclusion

Overall it is considered that the proposal is consistent with the objectives and policies of the New
Zealand Coastal Policy Statement, the Otago Regional Policy Statement, the Otago Regional Plan:
Coast, the London Convention & MZ Guidelines for Sea Disposal of Waste and KTKQO's Natural
Resource Management Plan.
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8. Part 2 of the RMA

Part 2 of the RMA sets out the purpose and principles of the RMA, which is relevant to this proposal.

8.1 Section 5

The purpose of the RMA (Section 5) is to promote the sustainable management of natural and physical
resources. The Act defines "sustainable management” as:

“managing the use, development, and protection of natural and physical resources in a way, or at
a rate, which enables people and communities to provide for their social, economic, and culfural
wellbeing and for their health and safely while

(a) Sustaining the potential of natural and physical resources (excluding minerals) to meet the
reasonably foreseeable needs of future generations; arid

(b) Safeguarding the life-supporting capacity of air, water, soil, and ecosystems; and
{c) Avoiding, remedying, or mitigating any adverse effects of activities on the environment.”

Applying Section 5 involves an overall judgement of whether a proposal would promote the sustainable
management of natural and physical resources. In practice, there are two general elements that must be
considered when assessing the resource consent application. They are:

» Enabling people and communities to provide for thelr social, economic and cultural wellbeing.
» Safeguarding environmental quality and avoiding, remedying or mitigating adverse effects.

Section 6 of this report addressed the contribution that this activity will continue to make to enabling
people and communities to provide for their social, economic and cultural wellbeing and health and
safety, in particular through the economic benefits that dredging disposal offers.

The specialist reports and other discussion in Section 6 of this report have addressed how the proposed
development will sustain the potential of natural and physical resources to meet the reasonably
foreseeable needs of future generations, and how the life supporting capacity of the envirenment will be
safequarded. It is noted also that the port facilities are a significant physical resource in their own right,

In terms of the requirement to avoid, remedy or mitigate adverse environmental effects, we consider the
effects of the ongoing dredging disposal activity have been comprehensively studied and assessed
through the monitoring work carried out over the last 10 years and in preparation for this application. All
adverse effects have been identified and can be appropriately avoided, remedied or mitigated through
the use of appropriate conditions.

8.2 Sections 6,7 and 8

Sections B, 7 and 8 of the RMA set out the principles to be applied in achieving the purpose of the Act.
These principles are subordinate to the overriding purpose of the Act, Potentially relevant matters
include:
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» Section 6(a) natural character of the coastal environment;

¥ Section 6(d) maintenance and enhancement of public access;

# Section 7{c) maintenance and enhancement of amenity values;

p Section 7{d) intrinsic values of ecosystems;

» Section 7(f) the quality of the environment; and

» The Maori provisions contained in Sections 6(e), 7(a) and Section 8.

Based on the assessment of effects undertaken, we conclude that there to be no matters within these
sections that would suggest the ongoing disposal of dredged material, undertaken in accordance with the
proposed conditions, will be inappropriate in terms of the relevant Section 6, 7 or 8 matters.

8.3 Section 107 of the RMA

Section 107 of the RMA, is designed to protect water quality after reasonable mixing. As discussed in
Section 6.4 of this report, this proposal will have very minor and localised turbidity effects which will
quickly dissipate after disposal. Accordingly, it is concluded that the effects identified in Section 107 of
the Act will not arise after reasonable mixing.
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9. Consultation and notification

9.1 Requirement to consult

Pursuant to Section 36A(a) of the RMA, neither the applicant nor the Council are required to consult over
resource consent applications, however, a discussion of the consultation that has been carried out is
provided below.

9.2 The working party

Condition 10 of resource consent 2000.472 required that a formal working party be established and meet
at least annually to discuss and review the annual monitoring report that was required by Condition 11.

The condition required that the working party include representatives of Te Runanga Otakou, Kati
Huirapa Runanga ki Puketeraki, the Department of Conservation and Otago Regional Council.

The working party has met at least annually since its first meeting in January 2003, with 10 meetings
having been carried out to date. As well as those parties required by the consent, members of the
University of Otago Marine Science Department have been involved with the working party. The minutes
of mestings have been forwarded to Otago Regional Council each year, in accordance with the consent
requirements.

The following briefly discusses the activities of the working party to date.
27 January 2003

This was the first meeting of the party. Progress reports from Land and Water Studies Intemational Lid
and from Drs Probert and Paavo (University of Otago Benthic Study) being prepared to fulfil conditions 5,
6 and 7 of the consent were considered. Mo monitoring had been undertaken at this stage as the reports
were still being worked on.

The party agreed that in upcoming meetings, Barry Strong (ORC Compliance Manager) would update
the group on other ORC coastal studies that were being carried out in order for the group to have a more
holistic understanding of Port Otago's activities in relation to the coastal environment.

23 January 2004

Progress reports from Land and Water Studies International Ltd and from Drs Probert and Paavo were
again considered. The Probert and Paavo study was 50% complete when the working party met, with
the sampling and counting phase having been completed.

Dr Single advised the group that the Land and Water Studies International Ltd report was complete. The
effects of the disposal of dredged material on Heyward, Aramoana and Shelly Beach were discussed.

Alan Sutherland of Port Otago Ltd advised that the dredging figures were being finalised and would be
circulated to the working party. It was discussed that 2003 was an unusual year in that the New Era was
away from the harbour on contract for 4 months.
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Based on the information presented at the first two meetings, the working party agreed that Port Otago
Ltd was disposing in accordance with the resource consent and that all the requirements in terms of the
menitoring studies were being met.

26 January 2005

A follow on report to the Land and Water Studies International Ltd report was presented and discussed.
This report looked at the sediment retention at each of the three sites however was not complete at the
time of the meeting.

A progress report was presented on the University of Otago study. The final data on species diversity
and numbers was being processed however guidance was sought from the working party on the
indicators with which to recommend on-going biological manitoring.

A general discussion followed, the conclusion being that the need for on-going monitoring could only be
determined once the assessment of effects on diversity and numbers was available, It was discussed
that there may not be an applicable New Zealand indicator or bench mark and so the University may
need to formulate its recommendation on on-going monitoring based upon overseas examples.

30 November 2005

The working party considered the following final reports:

¥ Sediment transport pathways around Otago Harbour and north to Karitane Peninsula. Kat Bunting, Dr
Martin Single and Professor Beb Kirk, November 2003.

v Effects of the disposal of dredge spoll at Shelly Beach, Otago Harbour. Kat Bunting, Dr Martin Single
and Professor Bob Kirk, Movember 2003.

» Infaunal assemblages in coastal sediments at dredge spoil disposal sites of Otago, New Zealand.
Brian L. Paavo and Keith Probert, 2005.

¥ Coastal evolution of Shelly Beach 2005. Javier Leon, March 2005,

» Change in seabed elevation of dredge spoil disposal sites at Heyward Point, Aramoana and Shelly
Beach. Javier Leon, March 2005.

13 April 2007

A report on stormwater discharges from Brian Tumner of Dunedin City Council was considered by the
group and it was agreed that no further action was required on this matter.

On-going monitoring was discussed, with funding for indicator species monitoring to be confirmed by Port
Otago Ltd. The Otago Regional Council Compliance Officer also undertook to report back to the party on
the availability of guidelines for the evaluation of the comprehensive monitoring.

Disposal data was discussed, as was the potential for a new disposal site. It was concluded that there
was no foreseeable future need for a new disposal site for maintenance dredging, and that the Heyward
site should instead be used more often.

It was suggested that a specific study be carried out into the different effects of sand and mud disposal.
Consideration will be given to including this in the benthic study for the renewal application.
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31 January 2008

It was agreed at this meeting that the working party would review the existing conditions of consent and
consider their relevance for the renewal application. Conditions 1, 3 and 8-13 were considered by the
working party as being appropriate to impose on the new consent. The remaining conditions were
commented on as follows:

2. It was raised whether the wording of the consent could cover dredging areas outside of the main
shipping channels. It was agreed that any additional areas would need a consent for the
dredging and under this process the testing for contaminants may be required to ensure such
material would not be taken to disposal sites.

4, It was suggested that rock and clay type material be disposed at Heyward rather than the Spit,
as material would be in deeper water and away from possible dispersion onto nearby beaches,
as could potentially happen at the Spit.

5. The report by Kat Bunting and Martin single has fulfilled this condition.
B, The report by Javier Leon has fulfilled this condition.
7. The report by Brian Paavo and Keith Probert has fulfilled this condition.

Discussion was had regarding whether the current consent should be amended to allow for the disposal
of sand ashore for the re-nourishment of the Dunedin Beaches as undertaken at times during 2007. Port
Otago Ltd advised that any consents that would need to be sought separately and could be done so by
Dunedin City Councll. Port Otago Lid agreed to keep all members of the working party informed of
updates/progress on this matter.

Dredging records were discussed, as was the need for early preparation of the reports for the 2011
application so that all parties could be aware of any issues that need further consideration,

22 January 2009

The proposed work scope and programme of works to be undertaken in advance of the renewal of the
existing consent in December 2011 was discussed. It was stated that the scope and program would
build on the works undertaken since the start of the consent in 2001, and would include and incorporate
the discussions and work of the working party.

Mo specific effects over the past 12 months were identified by the working party that would require
additional mitigation measures,

28 January 2010

Discussion was had by the working party regarding the differences in the Next Generation consent and
the cansent that is required for the on-going disposal of maintenance dredging material. Discussion was
also had regarding the reports that would be completed for each application,

27 January 2011

Progress was reported on the monitoring work programme since the last meeting.
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24 March 2011

An extraordinary meeting was held to consult on the 3-year renewal application. Draft specialist reports
were presented by Drs Single, Paavo and McComb. The feedback from the working party was to
support the 3-year consant. Members noted it provides the opportunity to complete monitoring work in
anticipation of seeking a 35-year consent based on adaptive management principles. Port Otago
indicated that a draft copy of the application would be circulated to members in due course.

9.3 Other interested parties

Fort Otago staff and Dr McComb met on 24 March 2011 with representatives of South Coast Board
Riders group to discuss the monitoring work undertaken in relation to effects on wave formation. This
was an informal meeting which was essentially a precursor to future meetings and involvement with
monitoring surfability at The Spit.

Port Otago is corresponding directly with the Department of Conservation and local iwi through KTKO
Ltd. General feedback on the activity and the appropriateness of the approach of seeking a short-term
consent has been favourable to date. The only issue identified was concemn whether the term for the
short-term consent was sufficient to allow the monitoring work to be completaed and an adaptive
management programme to be developed, with sufficient time for consultation as a part of this also. This
feadback has been taken accepted by Port Otago, and the initial 2-year period proposed has amended to
3-years. Consultation with the Department of Conservation and KTKO Ltd is ongoing.

Consultation is being undertaken as a matter of courtesy. These parlies are not considered by the
applicant to be adversely affected by the proposal, given the short-term nature of the consent sought.

9.4 Notification

The criteria for the consenting authority in making a decislon whether it is necessary to notify an
application are outlined in Section 95 of the RMA. In accordance with Section 95A of the RMA, the
applicant considers the application can be processed on a non-notified basis due to the fellowing
reasons:

» The adverse effects of the proposal will be no moere than minor.

» There is no rule in a national environmental standard that requires public notification.

» The applicant does not request notification.

» ltis considered that there are no special circumstances warranting the need for public notification.
Section 6 of this report has outlined that the adverse effects of the activity will be minor. It is considered
that the first notification test required by Section 95A of the RMA has been met. Following this, section

85B of the RMA requires that under Section 95E(1) the consent authority is to determing whether there
are any affected perscns.

Overall, no persons are considerad to be adversely affected to a degree greater than the public in
general, as the effects relate to the public coastal environment. Therefore, as no persons are affected
beyond the public generally, it is considerad that the proposal meets the tests of Seclion 95E.
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10. Monitoring

This application essentially seeks a short extension to an existing consent. In this regards, a term of
three years is being sought for the consent. After this time, it is intended that a 35-year disposal consent
will be sought. For the long term consent manitoring framework, Port Otago intend to work with key
stakeholders and the ORC to develop a suitable long-term consent framework and monitoring
programme, which is intended to be based on the principles of adaptive management, i.e. adjusting the
disposal activity in respense to any issues identified through regular monitoring activilies. Suitable
biclogical monitoring indicators will be determined during the next 3 years to feed into this long term
monitoring framework.

The key monitoring work intended to be carried out by Port Otago over the next 3-years includes
sediment transport work to report on:

» Completion of long-term shoreline change analysis from aerial photographs;

» Correlation of sediment transport modelling and rollakility results with identified areas of seabed
elevation changes;

» A sediment budget for the inner Blueskin Bay area across the outer harbour channel; and

» A proposal for an adaptive management framework for the long term management of sediment
transport effects associated with disposal activities.

Also proposed is verification of the dominant wave-driven circulation features identified in the work of Dr
McComb, which will include lialsing with the local surfing community on the quality of the Aramoana surf
break at different times.

Additionally, Port Otago intend to commission work to provide recommendations for a long term
ecological monitoring programme (including indicator species) and advice for development of the
adaptive management framework for managing the effects on biota of disposal at and about the disposal
sites. This will take into account the results of biota monitoring undertaken as a condition of the existing
maintenance disposal consent.

Port Otago intend to work with stakeholders and interested parfies on the monitoring work, either through
the current working party, or the Technical Group proposed as part of the Project Mext Generation

development,

Noting the work and effort proposed for the 35 year consent, Port Otago seek that any monitering
required for the 3-year consent sought under this application, be either a continuation of existing
monitaring (as required by the existing consent) or contributing to information required to formulate a
long term monitoring programme for the Port company’s future dredging disposal activity.
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11. Conclusion

Port Otago Limited is seeking a short-term replacement consent to allow for the continued disposal into
the sea of up to 450,000m* per year of dredged material, This will replace the current coastal permit,
2000.472, which expires in December 2011, Port Otago is seeking to continue to dispose of dredging
material pursuant to the terms and conditions applying to coastal permit 2000.472, as appropriate.

This application seeks the ability to continue to dispose of dredged material to sites which are specifically
recognised for this activity within the RCP. Consent is only sought for a short term, being 3-years from
the date that the consent is granted.

The adverse effects of the proposal will be miner, taking into account the specialist reports prepared for
this application, which are based on monitoring undertaken over the last 10 years. The activity has a

number of positive effects also,

The proposal is consistent with the objectives and policies of the NZCPS, the RPS and the RCP. The
proposal is not contrary to the London Convention or the NZ Guidelines for Sea Disposal of Waste,

The proposal represents sustainable management as defined in Part 2 of the RMA. The coastal
processes are stable and no Section 6 or 7 matters will be adversely affected by the continued disposal
activity. Accordingly, the application meets the requirements of the Resource Management Act.

We consider that consent can be granted, subject to appropriate conditions of consent. We would
appreciate the opportunity to comment on conditions, to assist with ensuring conditions of consent are
reasonable and can be met by the applicant.
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1. Intreduction

This report describes aspects of the physical coastal environment of Biueskin Bay. It has been
commissioned in order to provide mformation for a Port Otago Ltd (POL} application for
resource consent to dispose dredged sediment at existing disposal sites between Heyward
Point and Otago Harbour. The aim of this report is to describe the general physical coastal
environinent of Blueskin Bay in order to provide imformation. The report also presents an
assessment of the effects of the POL maintenance dredging disposal activity on the physical
coastal process environment. This report should be read in conjunction with Single (2011)
and MetOcean Selutions Ltd (2011).

1.1 Proposed aetivity

Port Otago Limited (POL) is seeking a short-terin replacement consent to allow for the
continued disposal into the sea of up to 450,000m* per year of dredging spoil. This will
replace the current coastal permit, 2000.472, which expires in December 2011. Port Otago is
seeking to continue to dispose of dredging material pursuant to the terms and conditions
applying to coastal permit 2000.472.

The spoil is dertved from maintenance dredging and incremental improvements to the channel
and berth areas in and about the Otago Harbour. The proposed disposal activity is to be
carried out in accordance with the following specific maximum annual discharge guantities at
each location:

e [ieyward Point, being an area of approximately 38.2ha and fo receive up to
206,000m? of spoil;

e Spit Beach, being an area of approximately 28.3ha and to receive up to 200,600m° of
spoil; and

e South Spit Beach (Shelly Beach), being an area of approximately 14.5ha and to
receive up to 50,000m® of spoil.

A term of two or three years is being sought for the consent. After this time, it is intended that
a 35-year disposal consent term will be sought. This will allow for a suitable long-term
consent framework and menitering programme to be developed which takes account of both
maintenance dredging disposal and disposal associated with capital dredging sought through
the Project Next Generation resource consent that is currently under consideration by the
Otago Regional Council.

1.2 Scope of this report

This report refers to and includes detail from reports prepared as part of the application for
consent for capital dredging in Otago Harbour (Project Next Generation). Rather than re-write
earlier reports, this report synthesises the available information that is directly relevant to the
disposal ot maintenance dredge spoil. Additional information not assembled for the capital
dredging project but necessary to assess the effects of the maintenance disposal is iden{ified
and where possible addressed further, as are potential further work streams that will provide
for an assessment of effects on the physical coastal environment suitable for a 335-year
consent term.

The specitic objectives of the report are to:

e Describe the physical coastal environment of the shores and nearshore of Blueskin
Bay, and to describe the sediment transport patterns for the area offshore of Otago
Peninsula between Taiarca Head and Karitane Point.
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¢ Assess the eftects of the proposed placement of dredged sediment on the physical
coastal environment and processes of Blueskin Bay.

The following section presents a brief description of past studies, including those collated for
Project Next Generation and as a resuit of studies carried out as part of the conditions of
coastal permit 200.472. Section 3 presents a synthesis of that information plus additional
detail specific to the requirements for assessing the effects of the maintenance dredge spoil
disposal. A description of changes to the seabed topography is presented in Section 4. Gaps in
the information on the physical coastal environment and coastal processes are discussed in
Section 5.

Section 6 of this report addresses the effects of the proposed activity on the physical coastal
environment. This includes the effects on the shores, sediment characteristics, and sediment
transport and shore processes adjacent to the disposal sites, and for the wider Blueskin Bay
area. Assessment of the effects has used an approach consistent with international practice
(for example PIANC EnviCom Working Group reports on Environmental risk assessment of
dredging and disposal operations, Dredging managenen! practices for the environment and
Dredged material as a resowrce), the requirements of the RMA and NZCPS (2610).

2. Basis of existing knowledge on the physical coastal process
environment of Blueskin Bay

Single and Benn (2007) provide a summary of the existing information on the physical
coastal environment of Otago Harbour and the wider Blueskin Bay area. In preparing that
work, a review of literature on coastal and continental shelf processes of Otago Harbour and
Blueskin Bay was undertaken (Bean and Single 2007). The review provided a summary of
the main understandings of coastal and shelf processes in the study area, and also identified
significant gaps in the current knowledge base.

Relevant research carried out before 1990 was summarised in previous reports written as part
of the technical assessment of effects of maintenance dredging (Kirk 1980, Single and Kirk
1994, Bunting er «f, 2003a, 2003b}. Smith {1994, 1999), Lusseau {1999a) and Tonkin and
Taylor Lid (2000} also present substantial bibliographic reference lists relating to the Otago
Coastal environment.

Benn and Single {2007) dentified and referred fo three main sources of relevant material: A)
Papers published in scientific journals; B} Client based fechnical reports produced by
consulting companies, university staff and post graduate students, and C} Post graduate
research theses, diplomas and dissertations. Some information was also gathered from general
history accounts.

The general physical coastal environment of Otago Harbour and Blueskin Bay are described in
Single and Benn (2007). The findings include:

o The process eavironment is dominated by high-energy, southerly swell waves,
and a south to north current {oceanic, tidal and wave generated) with an
anticlockwise eddy in Blueskin Bay.

o Sand on the seabed comes from the Clutha River via the nearshore shelf. The
sediment transport rate past Taiarca Head is moving north at rate of about 1.1
mitlion tonnes per year.

o Approximately 250,060 m3 to 450,000 m3 of sediment is transported into
Otago Harbour each year, and is dredged from the shipping channel and
deposited onto disposal sifes off Heyward Peoint, Aramoana Beach and Shelly
Beach. In effect, the maintenance dredging operation works to bypass the
sediment across the harbour inlet.

L]
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Leon (2005a, 2003b) carried out studies on the processes of Shelly Beach. His work is of
direct relevance to the maintenance dredging consent renewal. The tirst study investigates the
physical coastal processes around Shelly Beach and the Spit disposal site. The second study is
based on an analysis of soundings of the Spit, Aramoana and Heyward disposal sites, and
assesses the retention and loss of sediment in these areas in relation to the volume of sediment
placed there from maintenance dredging. Marshall and Single (2010} update this work to
include seabed surveys and analysis to 2610.

Shears (2009) provides an analysis of sediment accumulation in Otago Harbour, with a
subsequent development of a sediment budget for the harbour, She concludes that the harbour
is no longer infilling, but is maintained in a slight sediment deficit due to changes to the tidal
bypassing processes and dredging of the shipping channel.

3. The Physical Coastal Environment of Otago Harbour and
Blueskin Bay

3.1 General geography of the area

Figures 2.1 and 2.2 locate places referred to in the text, and show the general location of
Otago Harbour and the adjacent coastal area. The two coastal areas at the focus of this report
are the harbour and the offshore area from Taiaroa Head to Karitane Peninsula. This arca of
open coast is often referred to as Blueskin Bay, a name also used for the estuary southwest of
Warrington. In this repori, the estuary will always be referred to as Blueskin Bay Estuary,
while the general open coast area will be referred to as Blueskin Bay.

Otago Harbour is approximately 23km long and averages 2.3km in width. The harbour is
bounded to the south and east by Otago Peninsula, and to the north and west by the hills of Mt
Cargill. The harbour is effectively divided into upper and lower sections by Quarantine [sland
located between Port Chalmers and Point Quarantine. The harbour has extensive areas of
intertidal sand flats, located mainly on the southern side of the harbour, but also extending
south from Aramoana (Figure 2.2).

In effect, the harbour is a long, narrow, shallow inlet, with the mouth only 400 metres wide.
Near the mid-way point of the harbour, Quarantine and Goeat Isiand (sometimes referred to as
The Halfway Islands) together with the Portobello Peninsular physically restrict the harbour
width to 480 metres, effectively separating the harbour into an upper and lower harbour. Port
Chalmers is in the lower harbour, and the Port of Dunedin city is at the upper end of the upper
harbour.

The port areas of both Port Chalmers and Dunedin are serviced by an artificially maintained
shipping channel. Sediment dredged from the channel is deposited at receiving grounds
outside the harbour at Heyward Point, off Aramoana Beach {Spit Beach site) and at Shelly
Beach.

Apart trom Port Chalmers, the other main communities located around the lower harbour are
Careys Bay and Deborah Bay, just north of Port Chalmers, Aramoana, which lies at the
northern side of the entrance to the harbour, the settlements of Otakou and Te Rauone Beach,
on the shore of the eastern side of the harbour south of Harington Point, and Harwood, to the
southwest of Te Rauone Beach {Figure 2.2).

Areas of mterest in Blueskin Bay include the settiements of Purakanui, Waitati, Warrington
and Karitane, and the shores of Kaikai Beach, Wharcakeake (Murdering Beach), Long Beach,
Purakanui Bay, Warrington Spit, the rocky shore from Warrington to Karitane.

Shore Processes and Management Lid 6
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Figure 3.2 The lower harbour (from NZMS 260 Series via TopoMap).
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3.2 Regional Setting

3.2.1 Geology

Figure 3.3 presents a generalised regional map of the geological make-up of the study area
and the wider hinterland. The Dunedin volcanic complex and modern alluvial deposits
dominate the shorelines of Otago Peninsula and Blueskin Bay. The coastline north of
Blueskin Bay estuary to Karitane is characterised by Tertiary Sediments and remnants of the
volcanic flows that now form the sea cliffs along this section of shore.

Quaternory ailuvium

Ly . '
E{"qj Dunedin volconic complex

Figure 3.3 A peneralised map of regional geology of Blueskin Bay and surrounding
hinterfand (Source: Nicholson, 1979).

Otago Peninsula, Dunedin and Otago Harbour are located on what is thought to be the centre
of the Dunedin Volecano. Alluvium was laid down over the volcanic rocks during the
Quaternary (last 1.8 million years). Locss deposits are also present. The source is likely to be
the area that is now seabed, as during glacial periods sea level was at a significantly lower
elevation than today.

The glacial and interglacial periods that featured during the Late Quaternary through to the
Holocene were the main controlling factors of the morphology of the Otago Shelf and the
sedimentary deposits on the shores. The area has been subject to prolonged periods of
sediment supply from offshore, progradation of the shores and infilling of the harbour and
estuarics. Sand deposits on the shores are relatively voung, and probably reflect processes and
sediment supply to the shore since the last glaciation,

Share Processes and Management Lid 8



3.2.2 Bathymetry
FFigures 3.4 and 3.5 show the bathymetry of the area offshore from Qtago Harbour.

The width of the continental shelf out from Talarca Head is approximately 30km. The seabed
slopes gently out to depths of 106-250m at the edge of the shelf. The seabed of Blueskin Bay
slopes to a depth of 30m at a distance of about {7k from Warrington Spit, The contour at
30m forms a near straight line from south to north starting from about 5.5km offshore of
Taiaroa Head.

A submarine feature in the form of a submerged spit is situated off Otago Peninsula (referred
10 as 'Peninsula Spit' by Carter and Carter, 1986), 1t is a product of the inner continental shelf
sand-wedge. The submerged spit can be seen in Figure 3.5. It is approximately 25 kilometres
long, tapering trom 3 to 4 kilometres width where it abuts the northern shore face of Cape
Saunders and fades out northwards on the mid shelf off Karitane. Separate to this submarine
feature, is the ebb-tide delta of Otago Harbour. The shipping channel truncaies the ebb-tide
delta. There is also a prominent accumulation of sediment mumediately to the east of the
shipping channel. This feature takes the form of a bar, trending north from Taiaroa Head for
approximately 2km.

The dredged sediment disposal grounds at Heyward Point and Aramocana form small sand-
hills on the general seabed topography. Leon (2005b) investigated the changes in bathymetry
of the maintenance dredge spoil disposal grounds. Marshall and Simgle (2010) updated this
work to include surveys of the scabed topography up to May 2010, Changes to the seabed in
the vicinity of the disposal sites include the accumulation of sediment at these sites as a result
of placed sediment and sediment passing through the area naturally due to nearshore sediment
transport processes,

3.2.3 Seabed sediments

The quartz sands of the nearshore zone off Otago are derived from Otago Schists, They are
made up of quartz, sodic plagioclase, chlorite, epidote, zoisite, garnet, wollastonite, and
biotite. The dominant sowrce for the modern sediment (yvounger than 6,500 vears) is the
Clutha River, which delivers in the order of 3.14 million tonnes of sediment to this coastal
system each year. Smaller sources of sediment include the Taieri River, which provides about
(0.6 million tonnes per year, and nearshore and biogenic productivity, which provide about 6.4
and 0.25 million tonnes of sediment per year respectively. Carter (1986) proposed that of all
the sand and gravel sized material delivered to the Otago coast by the Clutha River;
approximately half is stored within the large nearshore sand-wedge, with approximately 1.1
million tonnes per year transported north under the influence of wave processes and nearshore
cuwrrents.

The textural characteristics of the nearshorc sediments (size, shape and arrangements) can be
deseribed as medium to fine sand, with a mean diameter between 0.125mm and 0. 1dmm, well
to very well sorted, and strongly positively (finely) skewed. The only exception to this
textural trend is that of the ¢bb tide delta situated at the harbour entrance. The sediments in
this area are very coarsely skewed. The relatively homogenous nature of the seabed sediments
is consistent with a single dominant source for the material.

The sediments present on the inner shelf have important implications with regard to the type
of material found at the beaches of Blueskin Bay, as the source of the beach sediments is
almost entirely from offshore. Figures 3.4 and 3.5 show that although fine sands dominate the
area, very fine sands and silts dominate the central region of the bay, with slightly coarser fine
sand dominating sediments in shallower nearshore areas.
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Figure 3.4 New Zealand Hydrographic Chart NZ661 Approaches to Otago Harbour
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Figure 3.5 POL seabed sounding lines (2 km spacing offshore) and contours at 1 m
increments and annotated every 5 m increments (m Chart Datum), illustrating the bathymetry
coverage within Blueskin Bay and the inner shelf (Source: Figure 3.1 Bell ef al. 2009).
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Figure 3.6 Distribution of fine sand (grain size 125-250 pm) content (%) in the sediments of
Blueskin Bay (Source: Willis ef al. 2008).
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Figure 3.7 Distribution of silt (grain size < 63 pm) content (%) in the sediments of Blueskin
Bay. Depth contours are at 5 m intervals from 10 m to 30m (Source: Willis et al. 2008).

The sediment of the nearshore is predominantly very well sorted, but reflects the varying
degrees of energies acting upon the shoreline between Karitane and Taiaroa Head, with
anomalies away from the general trend of very well sorted sediment confined to localised
areas.

Bunting ef al. (2003a) found that the sediments of the beaches and nearshore between Taiaroa
Head and Karitane range from 0.15mm to 0.33mm, corresponding to descriptive
classifications of fine sand to medium sand respectively. A large proportion (85% of all
samples) of the sediments are fine sand size that is 0.17mm to 0.24mm.
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The physical nature of the sediments of the coastal system between Taiaroa Head and
Heyward Point have not changed significantly over the period since they were first studied by
Elliott (1958). The findings of Bunting ef a/. (2003a) also show that the disposal of the
sediment dredged from the shipping channel of Otago Harbour offshore at the Shelly,
Aramoana, and Heyward Point has not changed the textural nature of the beach and nearshore
sediments. These areas do not appear to stand out as anomalies from the surrounding seabed.

3.24 Wave Environment

Many studies have shown that the East Coast of the South Island is dominated by oceanic
southerty swell waves, with local waves playing a secondary role. The southerly swell
component is generally a longer period wave when compared to other waves that are
generated locally. An assessment of sea state conditions at Taiaroa Head recorded over a 40-
year period (1961 - 20081) showed that swell waves predominantly propagate from the
northeast, and these waves are generally low in height. Southerly swell waves are the second
most dominant wave, and are larger than those propagating from the northeast. The data also
showed a seasonal trend with occasional large wave encrgy events with wave heights greater
than five metres typically experienced during the autumn and winter months. Such waves
propagate from the south and southeast and refract around Taiaroa Head into Blueskin Bay.

The most frequent wind directions for the area offshore of Otago Peninsula and Blueskin Bay
are from the north / northeast and south / southwest. As a result of the local geography, the
direction of wave propagation inte the bay is modified such that waves approach
predominantly from the northeast and southwest.

MetOcean Solutions Ltd (2011} describes the wave environment of Blueskin Bay in detail,
and discusses modelling of waves across the nearshore and sediment disposal sites, In
summary, the wave climate of Blueskin Bay is less energetic than the outer Otago shelf and
those beaches south of Otago Peninsula, with the bimodality in local wind conditions being
reflected also in the wave eavironment in Blueskin Bay. Of the waves that do cnter the bay,
strongly refracted southerly swell dominates but refraction lessens its intensity. The
northeasterly locally generated waves are unimpeded within the bay, although they are
generally less powerful than the southerlies affecting the outer-shelf. Overall the regime
within Blueskin Bay can be described as a low energy coastal environment that experiences
periodic high-energy storm waves propagating from the south.

3.2.5 Sediment Transport Paths

Work for previous maintenance dredged sediment disposal consents by Kirk (1980), Single
and Kirk (1994) and Bunting et al. (2003a, 2003b) determined sources, sinks and transport
reutes of the nearshore and beach sediments from Taiaroa Head to Heyward Point using a
concept of “rollability”. This method considers the sediment from the whole environment in a
relative manncr. Sources and sinks of sediment can be identified. These indicate where
sediment is travelling from and to, respectively. This method can be used to infer transport
pathways but not rates or volumes of sediment movement. The inferred transport pathways of
sediment are from ‘sources’ to ‘sinks’.

Sediments collected by NIWA (Willis et «/ 2008} were also analysed in the Geography
Department, University of Canterbury, using the same rollability method as used by Kirk,
Single and Bunting. The inferred transport pathways are shown in Figure 3.8.

The results of the studies from 1980 through to 2008 are relatively consistent in that the main
sources and sinks of sediment and major pathways show the same pattern tor all studies. The
main sediment source areas identified are the shelf south of Taiaroa Head, and areas around
Mapoutahi Point (between Purakanui Bay and Blueskin Bay Estuary), Warrington Spit and
Potate Point (north end of Long Beach). There are two secondary source areas of sediment.
These arc the area offshore and the beach at Karitane and the offshore area between
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Warrington Spit and Brinns Point. The main sink areas are the entrance channel and
nearshore area off Aramoana Beach, and the distal end of the Peninsula Spit.
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Figure 3.8 Sediment transport paths inferred from rollability analysis of samples (red crosses)
collected by NIWA for Willis ef al. (2008) (Source: Single ef al. 2010).

Sediment sinks dominate the coastal area south of Heyward Point to Taiaroa Head, including
the entrance to Otago Harbour. Two strong sink areas exist, one being located between
Heyward Point and the Heyward Point dredge placement site, and the other north of Taiaroa
Head, east of the harbour channel. This latter sink is likely to be the product of sediment
being deposited as part of the general northward transport of sediment and the deposition of
sediment that has been flushed out from Otago Harbour by the ebb tide.

Overall, both rollability and sediment textural characteristics show that the inner Blueskin
Bay area acts as a source of sediment to the central and southern part of the bay in
conjunction with sediment delivered from the south by the southern current. The two dredged
sediment receiving areas (Heyward Point, Spit ) do not appear to supply sediment north into
the central area of Blueskin Bay, nor do they appear to supply sediment back into the entrance
channel, The Shelly Beach site will under some energetic wave conditions with a flood tide
lose some sediment back into the entrance channel, however it is likely that most of the sand
entering the entrance channel from Shelly Beach will have travelled in the surf-zone or along
the beach, whereas dune sand is also lost to the backshore as a result of NE winds.

The rollability assessment is consistent with the findings from analysis of current and wave
measurements and modelling of sediment transport potential from a hindcast wave field.
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3.2.0 Shores

Single (2011) presents a description of the beach and shoreline morphology of Blueskin Bay.
The shoreline is separated into a series of infilled bay-head beaches within hard rock
headlands, Kaikai Beach, Murdering Beach, Long Beach, Doctors Point and Karitane. There
are also three spit beaches, Aramoana/Shelly Beach, Purakanui and Warrington Spit. All of
the beaches are composed of fine to medium sand, sourced from the nearshore seabed, but
derived from Otago schist predominantly brought to the coast down the Clutha and Taieri
Rivers. Vegetated dune tields back all of the beaches except Karitane.

The beaches are subject to adjustment to changes in the wave environment. In response to
storm events, the beaches erode, presenting lowered beach surfaces and scarped dunes.
During periods of quiescent wave energy, the beaches accrete, dunes reform and sand-binding
vegetation colonises the seaward face of the dunes,

Surveys of beach change show that the present state of the beaches can be considered as
healthy, in that they are able to readily respond to changes in the wave environment with no
net retreat of the shoreline. The net shoreline position appears stable to slightly accreting.
There 1s no evidence to suggest that the beaches are either under-supplied or oversupplied
with sediment.

3.3 Sediments in the Lower Otago Harbour

Sediments in Otago Harbour range from silt to coarse sand containing shell fragments. Finer
grained sediments including mud and silts can be found with the fine sand in the Upper
Harbour, while coarser sand sizes are [ound with the fine sand in the Lower Harbour.

Geotechnical investigations were carried out by Opus International Consultants (Opus) to
characterise in detail the sediments to be dredged during a proposed Capital Dredging
program and to determine whether or not the dredged sediment would be contaminated.

Subsurface samples were taken from within the area proposed for dredging., The area is
adjacent to and beneath the existing channei, and beside the swing basin at Port Chalmers.

The geological description based on logging of corcs received from all 43 locations is
presented in Table 3.1. Results are summarised according to the channel sections where each
hele was located. Sand is most commonly encountered in the channel sections near the
entrance to the harbour and beyvond, namely from the Harington Bend to the Entrance
sections. Clayey silt is most prominent from the Swinging Basin to the Cross Channel
sections. Silty clay was the least common sediment type encountered and is most prominent
in the area around Acheron Head. Rock was only encountered at Rocky Point and Acheron
Head, and consisted of completely weathered basalt (cobbles and boulders) near the seabed
and moderately weathered basalt at depth.

It can be scen that the sediment to be dredged is predeminantly fine sand, with a secondary
modal volume of clayey silt. Port Otago Ltd propose to disposc to the existing disposal
grounds only sediments similar in character to those dredged during historical maintenance
dredging. The sediment disposed from maintenance dredging has been mainly sand with a
low silt percentage.

Chemical analysis of the sediments was carried out by Opus and by NIWA. Both analyses
found that the samples contained only trace levels of contaminants. None of the parameters
anatysed excecded the guideline values used. Based on these results, it was concluded that the
materials to be dredged are not contaminated
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Table 3.1 Overview of geological description of materials found in borehole grouped by
channel section {After Opus 2008).

Section Name

Geological Description of Materials

Boreholes &

Vibrocores

in Section
Swinging Grey, sandy SILT and fine SAND. $ilf is soft to very soft and non- B1, B2, VCI1,
Basin plastic. Sand is loosely packed VCle, VC3,

VCé, VC38
Deborah Bend SILT in the southern part close to Carey’s Bay and silty CLAY closer B3, VC9, VCI0,
with Rocky to Acheron Head. Sediments soll to very soft and plastic where clay VCi2- 14

Point

present. Completely to moderately weathered basalt in borehole 3
along the north side of the existing channel.

Hamilton Bend
with Acheron
Head and
Pulling Point

Clayey SILT with some sand, soft to very soft, non-plastic to slightly
plastic. Silty CLAY, soft to very soft and plastic close to Acheron
Head. Conipletely to moderately weathered basalt in boreholes 4 at
Acheron Head. Basalt cobbles at Pulling Point

B4, B5, VC15,
VC17, VvCl8,
V€21, Vez22

Taylors Bend

Clayey SILT at Dowling Bay end of section and sandy SIiLT at

V23, V26,

Waipuna Bay, sofl to very Soft, plastic where clay content is high. VC27, V29,
V(32
Cross Channel Clayey SILT, soft to very soft, slightly plastic sand content increasing V34, V3o,
toward eastern end of section. V(39
Harington Fine SAND near Otakou changing to clayey SILT near Harrington Bo, VC41,
Bend Point and the Spit. VC42, V(44 -
46
Howletts Fine SAND with some Silt near the eastern side around Pilot Beach. VC47 - 50
Entrance Fine SANID V54, V56,
VC357, V(59

4. Port Otago harbour development and dredged sediment disposal

The nautical history of Otago Harbowr includes significant developments of the harbour
entrance and shipping channels., This history has been reviewed by a number of auvthors
meluding McLintock {1951), Armstrong (1978), McLean {1985), Single and Kirk (1994),
Goldsmith (1995a, 1995b), Bennett (1995), Wright (1997), Single and Stephenson (1998),
Lusseaw {1999a, 1999b), Leon (2005a, 2005h) and Davis {2049).

Development and maintenance dredging of the main shipping channel have been features of
the management of the harbour entrance since 1865. Dredging of the lower harbour is an
ongoing activily as sand infilling the shipping channel from the entrance to Port Chalmers
necessitates dredging to maintain it at sufficient depth and configuration for ali ships. This
requires large quantities of sediment to be removed from the channel, the turning basin and
berthing areas. Sediment has been used as fill for reclamations in and around Otage Harbour,
for beach nourishment in the harbour and at Ocean Beach (St Clair), and 1t has also been
disposed of outside the harbour entrance.

The Heyward Point site was the sole disposal site fromr 1930 up until the 1970's. Due to the
distance from Otago Harbour, much of the costs incurred were for the transportation of the
sediment to the site. By 1976, that period of capital development and reclamations at the port
had ceased, and alternative sites for the spoil were investigated. In 1983 a second disposal

Shore Processes and Management Led 16



site, offshore from Aramoana, was established and put into regular use in 1985, During the
late 1980's the Aramoana (also known as the Spit) disposal site replaced Heyward Point as the
principal site, In 1987, Shelly Beach became the third location for the dredge spoil. The
disposal off Shelly Beach had a secondary purpose. By 1986 erosion of South Spit Beach had
progressed to such an extent that it was probable that a breach of the spit would occur. To
offset this erosion the dredeed spoil was used to nourish the beach.

Prior to the Resource Management Act. local Catchment Boards (now Regional Councils)
administered the Water and Soil Conservation Act 1967, Pursnant to Section 21 of the Water
and Scil Conservation Act 1967, the act of discharging dredge spoil into natural water
required authorisation from the Caichment Board i the form of a Water Right.

POL held Water Right 0367C dated June 1991 from the Otage Regional Council {ORC),
which authorised POL to discharge up to 450 000m’ of dredged spoil trom in and around
Otago Harbour. This Water Right was granted for a period of ten years, expiring 1 May 2001
and permitted the disposal of up to 200 000m” offshore from Heyward Point and Aramoana,
and up to 50 000m” off Shelly Beach (Note, the beach off Aramoana is called Spit Beach,
while the beach between the North Mole and the Long Mac at the harbour entrance is called
The Spit or sometimes South Spit or Shelly Beach).

The consented volume takes into consideration the need for capacity to clear large intluxes of
sediment to the channel during storms, and the episodic nature of sediment movement north
past the entrance channel.

Subsequent renewai of anthorisation of the activity m the form of a new Resource Consent
under the RMA requesting the right to continue this operation in the exact same manner as
that authorised under the original consent (Water Right 0367C) was applied for in 2001, The
new Resource Consent application {(Coastal Permit 2000.472) was publicly notified and
subsequently heard by ORC on 10 October 2001. The consent was granted for a duration of
1) years, expiring 1 December 2011. The co-ordinates for all three dump sites and their
associated areas are shown in Table 1.

Table 4.1 Co-ordinates of the three disposal sites that receive dredged spoil from the shipping
channels of Otago Harbour.

Site Latitude Longitade Size of Bump Area
4574433764 S 170°41.77148 E

Heyward Point 45°44.52434 § 170 41.58689 & 38.2 ha. Approx.
45°44.85336 S 17074225537 E
4574497036 S 170°42.09000 E

Aramoana 450 45.68547 8 1700 42.45971 E
450 4594576 S 1700 4232239 E 28.3 ha. Approx.
450 4594947 S 1700 4291596 E
450 46.08271 S 17004272763 E

Shelly Beach 450 46.55893 S 1700 42.80550 E 14.5 ha. Approx.
450 46.65761 S 1700 42.97831 E
450 46.73640 S 1700 42.55690 E
450 46.85165 S 1700 42.77227 E

Lusseav (1999b) provides data on historical dredging and disposal for channel development
in Otago Harbour between 1872 and 1998. Data from 1977-1998 is presented in detail,
correlating to the period of channel maintenance. Lusseau found that maintenance dredging
has historically always incrcased after capital dredging stages, but decreased as the area
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(chamnel slopes and basin) stabilised. For maintenance dredging and relocation consents, it
was considered impractical to accurately predict the volumes required as weather and sea
conditions made sediment movements in the harbour highly variable.

Table 4.2 shows the dredge disposal volumes since 1985. The total volumes placed at the
disposal sites varies widely, depending on the dredge demand (the amount of channel infilling
that has occurred), location of dredging (as type of dredged sediment is a factor in where it is
placed), availability of dredge equipment and other uses of the dredged sediment {such as
beach nourishment)., The maximimm consented disposal volume has not been reached for the
period shown, but there have been extended periods when the disposal volumes were
relatively high (such as 1986 through 1991, and 1993 through 1995}

Table 4.2 Dredge demand quantities and disposal 1985 to 2010 {(volumes in m”) (Source:
POL data)

Total Drg Consente | Disposa
Qty Disposal d Sites | fo

Year Yrly Total | Heywards Spit Shelly | Yrly Total Shore Other
1985 150,430 130,752 16,591 0 147,343 2,520 567
1986 268,128 20,088 247,520 0 267,608 0 520
1987 265,047 0 254,703 10,098 264,801 0 246
1988 360,395 72,607 244,613 49,896 367,116 0 23,279
1989 282,888 112,710 148,662 17,409 278,781 0 4107
1890 308,813 163,108 133,679 12,084 308,771 0 142
1991 328,245 120,658 187,066 10,520 328,245 0 0
1992 147,811 57,083 86,525 1,140 144,758 3,053 0
1993 323,582 98,365 175,699 35,0565 309,119 14,463 0
1994 261,226 78,546 155,917 24,295 258,758 2,468 0
1995 236,160 42,563 179,457 12,240 234,260 1,900 0]
1996 222,040 18,865 92,005 1,775 112,845 108,385 0
1987 240,859 41,375 162,106 5,995 200,476 25,840 5,543
1998 172,168 24,638 144,960 2,570 172,168 0 0
1899 224,095 63,123 140,592 15,115 218,830 0 5,265
2000 257,524 58,610 172,979 25,935 257,524 0 0
2001 161,535 24,475 118,427 18,445 161,347 0 188
2002 218,001 47,455 141,406 29,140 218,001 0 0
2003 153,438 39,180 83,789 30,470 153,439 0 0
2004 148,535 35,880 89,750 23,440 149,070 0 465
2005 232,187 35,876 149,684 46,022 231,682 0 605
2006 50,172 980 43,317 5,265 49,572 0 600
2007 120,651 33,525 62,838 12,700 109,083 11,528 0
2008 95,386 55,018 14,665 16,080 85,764 9,622 0
2009 100,085 55,880 18,430 16,680 93,990 3,075 3,000
2010 168,727 108,204 23,083 35,850 168,117 0 610
26 yr

Tot 5,529,245 | 1,540,586 3,208,343 461,219 | 5300148 | 183,964 45137
20 yr

Ave 212 663 59,253 126,869 17,739 203,852 7,075 1,736
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5. Seabed elevation changes at the existing disposal sites

Marshall and Single (2010) presents the results of GIS analysis carried out on bathymetric
survey data collected by POL at the Heyward, Spit (Aramoana) and Shelly Beach disposal
sites from 1976 to 2010, The work updated a study by Leon (2005b) that assessed the changes
o the seabed clevation at the disposal sites over the period 1976 to 2004. Combined, these
studies provide a picture of the changes to the seabed in the vicinity of the disposal sites and
asscss the potential retention and dispersal of placed sediment. Examples of the output of the
surveys are shown in Figure 4.1.

A mound on the surrounding seabed is evident at the Heyward site since the late 1970s. The
position of the mound at the SW corner of the disposal site is fairly constant, but the size of
the mound varies significantly over time. The mound appears to grow between 1978 and 1985
resulting in shoaling of the seabed. However by the late 1980°s the mound appears deflated.
Shoaling and seabed lowering continued through the 1990s and 2800, with the apparent cyelic
trend of growth and reduction approximately coincident with periods of high and low dredge
spoil disposal at the site.

The seabed in the immediate vicinity of the Spit site is also dynamic, with substantial changes
it both the size and position of a raised part of the bed since 1982. Formation and reduction
of the shoal in the northern part of the site, combined with movement toward the nearshore at
Aramoana appears to have happened twice since 1982, Recent deflation of the scabed along
the offshore edge of the disposal site and onshore movement of the sheal may be an effect of
reduction in disposal volumes at the Spit sitc since 2004, However a similar pattern of
deflation otfshore and shoaling in the nearshore occurred in the fate 1980s with no associated
reduction in disposal volumes.

The surveys of the Shelly Beach site from 1987 to 2009 show an area of shoaling in the
southwest corner of the disposal site. This is a common feature of the disposal site until 2002,
when dredged sediment was placed closer to the central area of the site. Patterns of change
are indicative of the location of placement of the dredge spoil within the disposal site, and
movement of the placed sediment within the embayment, onshore and southeast along the
nearshore.

Changes to the wider area of seabed between the Mole and just north of Heyward Point
indicate that the seabed is in a natural net erosional state. Dredge spoil placement appears to
be mitigating (or moderating) this erosion by supplying sediment to the general area adjacent
to the Heyward disposal site.

Historically, the Aramoana area has accreted, resulting in formation ot the spit enclosing
Ctago Harbour. The construction of the Mole caused reorientation of the seabed contours out
to about 8 m depth and stabilisation of the Spit (Shelly Beach) and the Aramoana area.
Dredge spoil placement at the Spit site is likely to have contributed further to accretion of the
nearshore scabed and stability of the backshore and dunes. Recent deflation of the nearshore
seabed is consistent with the sediment loss observed in the vicinity of the Heyward site, and
may be a function of a reduction in sediment input to the wider Blueskin Bay sediment budget
over recent years, and long-term variability in the wave environment. There may also be some
effect of a reduction i placement of dredge spoil at Aramoana and Heyward sites in recent
years.
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Figure 5.1 Examples of plotted surveys of the seabed in the vicinity of the maintenance
disposal sites.

Shelly Beach has been cut off significantly from natural sediment inputs (especially from the
north and west) since the construction of the Mole (Leon 2005b). The beach is therefore
susceptible to changes in the amount of dredge spoil placed at the site. This is evident with
fluctuations in sediment volume in the nearshore associated with periods of decreased dredge
spoil disposal. Although there was a negative sediment balance between 2002 and 2010 for
the broader area around the Heyward and Spit sites, the Shelly area showed accretion through
to 2010,
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6. Gaps in the information on the physical coastal environment and
coastal processes

The work to date is broad in scope and has resulted in an in-depth understanding of the
physical coastal environment of Blueskin Bay. However there are aspects of the
environmental process response system that could be better defined to provide cerfainty in
determining the long-term sustainability of disposal activities at Heyward, the Spit and off
Shelly Beach.

MetOcean Solutions Ltd (2011) identifies gaps in knowledge of the process environment and
changes as a result of the placement of dredge spoil at the disposal sites. Modelling of wave
processes across the disposal grounds has provided information about wave shoaling and the
surfability of the waves at Aramoana. Modelling of sediment transport potential has identified
transport paths along the shore, and on and offshore. These findings are consistent with the
rollability analysis undertaken by Bunting e /. (2003a) and Single et af (2010). Flowever,
while the effects of severe storm events have been modelled in detail. there is a need to model
a wider range of events. This would include the net result of sediment transport due to the
variable long-term wave environment, with storm events, periods of lower eunergy, dilferent
wind and current conditions over time being examined.

The work of Shears {2009) needs to be assessed with regard 1o examining sediment bypassing
at the harbour inlet, as it may be possible to develop a predictive model of future maintenance
dredging demand for the shipping channel.

The amount of retention or dispersal of sediment at the maintenance disposal sites has been
estimated from bathymetric surveys, and is understood at a qualitative level. However the
quantities of sediment remaining at the sites, or dispersed from the sites to be replaced by
naturally moving sediment are not precisely known.

Although it is thought that the placed sediment contributes to the stability and health of the
beaches and dunes of Aramoana, Shelly Beach and beaches north of Heyward Point, the
quantity of sediment from the disposal sifes that nourishes these areas is not known.

7. The direct and indirect effects of the proposal

POL seeks to gain a rencwal of its consent that authorises the disposal of up to 450,000 m3
per year of sediment dredged from Otago Harbour for a term of up to three vears. The likely
effects of the potential disposal on the physical coastal environment have been considered in
light of measured and observed effects on the nearshore seabed and beach topography,
sediment characteristics over the last 30 years of dredging history, and as a result of model
and physical studies that confribute to the understanding of ongoing physical coastal
processes acting on the placed sediment.

The historical record shows that the effects of the sediment disposal at Heyward, Aramoana
and Shelly Beach have not had an adverse effect on the physical coastal environment. The
historical period includes periods of relatively high sediment disposal for prolonged periods,
and a range of wave and current conditions.

MetOcean Solutions Lid present an assessment of the physical sedimentary elfects based on
numerical modelling of the wave environment and sediment transport as a result of waves and
currents. The conclusion is that the effects will be low and are unlikely to be adverse.

This present study of the overall character of physical coastal environment including beach
changes over the long-term and as a resuit of adjustments to variations in wave energy and
sediment inputs also indicates that the effects of continued placement of dredged sediment at
the existing disposal sites will not result in adverse effects to the environment. Indeed,
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ongoing disposal of dredged sediment is likely to have beneficial effects in providing
sediment to the nearshore and beaches that mitigate erosional effects of storm events.

The sediment character of the nearshore, beaches and wider Blueskin Bay is near
homogenous. The dredge disposal sites do not show as anomalies to the adjacent seabed and
beaches. Shoaling within the disposal sites has resulted in an improved wave break for surfing
at Aramoana, and a reduction in erosion of Shelly Beach. There is no evidence that wave
cnergy is focussed on to the beaches, generating sites of increased erosion during storms.
Aramoana and Shelly Beaches appear to respond naturally to storm events and periods of
more quiescent wave energy. The beaches adjust naturally to storm events with some erosion
of the dunes and movement of sand from the beach to the nearshore, and they accrete again
during lower energy swell conditions. Beaches north of Heyward Point also appear to respond
naturally to variations it wave energy, and do not show any adverse effect from the presence
of the disposatl sites.

Renewal of the disposal consent for up to three years should resuit in no effects that are
different to those that have been experienced in the past. However monitoring through annuval
measurement of the seabed topography in the vicinity of the disposal sites, beach surveys and
observations related to the resource use of the beaches will provide a means to further assess
the sustainability of the disposal operation. In particular the short-term and longer-term
cumulative effects of the dredge spoil placement can be quantified. This provides direct input
for the development of an operational management plan applicable to a long-term consent.

8. Recommended studies to provide for a long consent duration

In order to progress a consent application to dispose sediment at, or in the near vicinity of the
existing Heyward, Spit and Shelly Beach sites for a long duration {for example 35 years),
further work is required. Such work should include:

o Completion of long-term shoreline change analysis from aerial photographs

e Correlation of sediment {ransport medelling and rellability results with identified
areas of seabed elevation changes

e [dentification of the components and quantification of a sediment budget for the inner
Blueskin Bay arca across the outer harbour channel. This would include identifying
potential natural volumes of sediment moving north past Taiarca Head, and the
relative distribution of that sediment to the Entrance Chamnel, the harbour and to the
scabed north and west of the channel

e An assessment of measures to achieve adaptive management — use of information
from bathymetric surveys, increased beach survey measurement and observation of
effects on beach resource through assessing beach and dune health, or the surfability
of waves al Aramoana

Shore Processes and Mancagemeni Lid 22



9, References

Armstrong MR (1978): Erosion of Spit Beach, Aramoana, Otago. Post Grad. Dip. (Otago
University, Geography). 29.

Beil RG, Oldman JW, Beamsley B, Green MO, Pritchard M, Johason I, McComb P,
Hancock N, Grant D, Zyngfogel R (2009): Port of Otago dredging project: Harbour
and offshore modelling. NIWA Client Report HAMZ2068-179 prepared for Port Otago
Ltd, 349 p.

Benn J, Single MB (2007): Annotated bibliography: Coastal and continental shelf processes
of Otago Harbour and Blueskin Bay. Report for Port Otago Ltd. Shore Processes and
Management Lid, November 2007, 52 p.

Bennett NM (1995): Otago Harbour: Development and Development control and the effects
of these on the environment. MSc thesis {Marinec Resource Development and
Protection, Institute of Offshore Engineering, Heriot-Walt University, Edinburgh).
138 p.

Bunting K; Single MB; Kirk RM (2003a): Sediment transport pathways around Otago
Harbour and north to Karitane Peninsula. Report for Port Otago Ltd. Land and Water
International £td. 75p.

Bunting K, Single MB, Kirk RM (2003b): Effects of dredge spoil at Shelly Beach, Otago
Harbour. Report for Port Otago Ltd. Land and Water International Ltd. 31p.

Carter L (1986): A budget for modern-Holocene sediment on the South Otago continental
shelf. New Zealand Jowrnal of Marine and Freshwater Research 20 665-676.

Carter L, Carter RM (1986): Holocene evolution of the nearshore sand wedge, South Otago
continental shelf, New Zealand. New Zealand Jownal of Murine and Freshwater
Research 29: 413-424.,

Davis RM (2009): Port Otago Ltd Next Generation - Channel development. Short history of
Otago Harbour development and dredging. Report to Port Otago Litd. Duffill Watts
L, July 2G09. 32p plus Appendices.

Elliot EL (1958): Sandspits of the Otago Coast. New Zealand Geographer 14: 65-74.

Goldsmith MJ (1995a): Morphological change of sandy beaches at the entrance to Otago
Harbour. MSe thesis (Geography, Otage University). 165p.

Goldsmith MJ (1995b): Shoreline changes at the entrance to Otago Harbour. Unpublished
report prepared for the Beach-haven Earth Trust. 15p.

Kirk RM (1980): Sand transport processes at the entrance to Otago Harbour: Report to the
Engineer’s Department, Otago Harbour Board. 57p.

Leon JP (2065a): Coastal evolution of Shelly Beach, Otago Harbour: A composite approach
to examining the morphodynamic behaviour of a human-medified saud spit. MSc
Thesis (Geography, Canterbury University). 21op.

Leon JP (2005b): Changes in seabed elevation of dredge spoil sites at Heyward Point,
Aramoana and Shelly Beach Otago Harbour. Report to Port Otago Ltd, Geography
Department, Canterbury University, 26p plus appendices.

Lusseau I (1999a): Port Otago Ltd. Dredge spoil relocation: A literature review. Report
for Port Otago Ltd. Zoology Departient, Otago University. 38p.

Lusseau D (199%bh): A review of dredging activities in Otago Harbour and their relocation
1899-1998. Report for Port Otago Ltd. Zoology Departinent, Umiversity of Otago. 4p
plus appendices

Shore Processes and Management Lid 23



Marshall C, Single MB (2010): Changes in seabed clevation of dredge spoil disposal sites in
Heyward Point, Aramoana and Shelly Beach, Otago Harbour: 2002 - 2010. Report to
Port Otago Ltd, Shore Processes and Management L.td, November 2010. 12p

McLean, G (1985): Otago Harbour; Currents of Controversy. Otago Harbour Board :
Dunedin. 357p

MeLintock AH (1951): The Port of Otago. Whitcombe & Tombs Limited: Dunedin. 428p

MetOcean Solutions Ltd (2011): Port Otago dredging. Preliminary wave, current and
sediment transport mode! studies for dredge disposal investigations. Unpubfished
report to Port Otago Lid. MetOcean Solutions Ltd March 2011, 62pp

Nicholson DC (1979): Sand beaches in southern Blueskin Bay. MA thesis {Geography,
Canterbury University). 185p.

Opus International Consultants (2008): Factual report of geotechnical investigations: Port
Otago—Project Next Generation. Opus International Consultants Ltd client report
#1230, prepared by Shane Greene for Port Otago Ltd. August 20068. ¢ p. +

appendices.

Shears AE (2009): Characterisation of sediment budget of Otago Harbour: a geophysical and
sedimentological study., MSc Thesis (Department of Environmental Science,
University of Otago).

Single MB (2011): Port Otage maintenance dredging consents — Beach morphology, Otago
Harbour entrance to Karitane. Unpublished report to Port Otago Ltd. Shore Processes
and Management Ltd. 20pp

Single MB, Bell R, McComb P (2010): Physical coastal environment of Otago Harbour and
offshore: assessment of effects of proposed dredging by Port Otage Ltd. Report to
Port Otage Ltd,. Shore Processes and Management Ltd, March 2010, 75pp.

Single MB, Benn J (2007): Port Otago project next generation summary of existing physical
coastal environment information and scoping for further studies. Port Otago Ltd. 65 p

Single MB, Kirk RM (1994): Impact of dredge spoil discharge at the entrance to Otago
Harbour — sand transport processes. Report for Port Otago Ltd. Land and Water
Studies International Lid. 35p.

Single MB, Stephenson WJ (1998): South Spit Beach assessment of erosion mitigation.
Report for Port Otago Ltd. Land and Water Studies international Ltd. 10p.

Smith AM (19%4): Proposed regional ceastal plan for Otago. Background Report 4:
Eastward to the sea: A scientific review of the Otago Coastal Marine Area. Otago
Regional Council. 83p.

Smith AM (1999a): Coastal erosion issues in Otago: Literature review. Report to Tonkin
and Taylor Ltd, Marine Science Department, Gtago University. 8p plus appendix.

Tonkin and Tayloy (2000): Contact Energy Ltd: Clutha consent programme — Coastal
erosion issues. Report for Contact Energy Ltd. 80p.

Willis TJ, Bradley A, Handley 8J, Paavo B, Page M.J, James M (2008): Benthic offshore
surveys of proposcd dredge spoil disposal sites off Otago Penmsula. NIWA Client
Report NEL2008-024, Project POL0O84A01. 53 p.

Wright, FJ (1997): Environment Impact of Harbour Dredgings in New Zealand.
Unpublished BSc Dissertation, University of Otago.

Shore Processes and Management Lid 24



RT
L1 HJ}TGEIDH
zz=

Appendix D

Martin Single, Shore Processes and
Management Ltd - Beach Morphology



Port Otago maintenance dredging consents -
Beach morphology, Otago Harbour entrance

to Karitane
Prepared for
Port Otago Ltd
Martin Single
April 2011

Shore Processes and Management Ltd

Cantact Details: 1/15a Lothian St Christchurch, New Zealand
Phone: (03) 364 2887 ext. 7926 or (03) 351 4041 or (021) 790757
E-mail: beachdr@slingshot.co.nz or martin.single@canterbury.ac.nz



Contents

1. Introduction 4
1.1 Field and Analytical Procedures 4
2. Historic coastal change 5
2.1 Aramoana and Shelly Beach 6
2.2 Kaikai Beach 7
2.3 Murdering Beach 7
2.4 Long Beach 8
2.5 Purakanui Beach 9
2.6 Warrington Spit 9
2.7 Karitane 10
2.8 Summary of historical shoreline change 10
3. Morphology and beach profiles 10
3.1 Beach profiles of Blueskin Bay 11
3.1.1  Aramoana {Spit) Beach (Profiles EO18 and EG19) 12
3.1.2  Kaikai Beach 14
3.1.3 Murdering Beach 14
3.1.4  Long Beach (Profiles EO2G and EQ2 1} 14
3.1.5 Purakanui Beach 16
3.1.6  Warrington Spit (Profiles EQ1 and EO2} 16
3.1.7 Karitane {Profiles EO3 and E04) 17
3.1.8 Shelly Beach (Profile Peg 250) 19
4.  Morphological dynamics 20
5. Conclusions regarding coastal change in Blueskin Bay 20
6. References 21
List of Figures
Figure 1.1 Location of beaches discussed in text (base photograph from GeogleFarth) .......... 5
Figure 3.1 Location of beach profiles established by ORC in 1990 and resurveyed for this
study 7 March 2011 (prepared by Kurt Bowen, Paiterson Pitts Partners Ltd)................ 11
Figure 3.2 Over-lay surveys of Profile EO18 located af the southern end of Aramoana Beach,
approximately 580 from the Mole . |3
Figure 3.3 Over-lay surveys of Profile EO19 located at the northern end of Aramoana Beach
Figure 3.4 Profile of Long Beach as represented by survey line EO20, the southern most
profile of Long Beach ..o ene e eneeeneenes 1D
Figure 3.5 Profile of Long Beach as represented by survey line EO21, the northern most
PrOTIe OF Long Beatl i sine s an s ssnssnrssnaassrbessbesvnsantsssrnens 10
Figure 3.6 Profiles of Warrington Spit Beach as represented by survey line EQl............... 16
Figure 3.7 Profiles of Warrington Spit Beach as represented by survey line EO2, the northern
1105t profile of the beach.. ... 1T
Figure 3.8 Profiles of Karitane Beach as represented by survey line EO3...........coocoevevennen. 18
Figure 3.9 Profiles of Karitane Beach as represented by survey line EO4.....oeie . 18

Shore Processes and Mancgement Lid 2



Figure 3.10 Profiles of Shelly Beach as represented by survey line Peg 250 ... 19

List of Tables

Table 2.1 Rate of shoreline change at Aramoana and Shelly Beach (1830-1985) ..............6
Table 2.2 Rate of shoreline change {measured to the former seacliff} at Kaikai Beach 1863 —
Table 2.3 Rate of shoreline change at Murdering Beach 1863 = 1997, 8
Table 2.4 Rate of shoreline change at Long Beach 1863 — 1997 i 8
Table 2.5 Rate of shoreline change at Purakanui Beach 1863 — 1997, 9
Table 2.6 Rate of shoreline change at Warrington Spit (1967-1997) ..o 10

Executive Summary

This report presents a description of the beaches and shoreline morphology of Blueskin Bay
from the entrance to Otago Harbour north fo Karitane. Information on long-term change is
presented from earlier studies, while short-term beach change is described from beach profile
SHIVEYS.

The shore is separated into a series of bayhead beaches within hard rock headlands. There are
also three spit beaches. All of the beaches are composed of fine to medium sand, sourced
from the nearshore seabed. Dunes back the foreshores. The beaches are subject to adjustment
to changes in the wave envirounment. In response to storm events, the beaches erode,
presenting lowered beach surfaces and scarped dumes. During periods of guiescent wave
energy, the beaches accrete, dunes reform and sand-binding vegetation colonises the seaward
face of the dunes.

The present state of the beaches can be considered as healthy, in that they are able to readily
respond to changes in the wave environment with no net retreat of the shoreline. The
shoreline position appears stable. Further progradation of the beaches may be limited due to
the exposure to greater wave energy beyond the shelter of the headlands. There is no evidence
to suggest that the beaches are either under-supplied or oversupplied with sediment.
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i. Introduction

This report describes aspects of the phiysical coastal environment of Blueskin Bay. It has been
commissioned in order to provide information for a Port Otago Ltd (POL) application for
resource consent to dispose dredged sediment at existing disposal sites between Heyward
Point and Otago Harbour. The aim of this report is to describe the morphology of the
nearshore and beaches of the area between Otago Harbour and Karitane Peninsula, Where
possible, temporal and spatial changes in shoreline position of the beaches of Blueskin Bay
are examined. This work updates work carried out for POL in 2002 & 2003 (Bunting et «l.
2003a). This report shouid be read in conjunction with Single (2011).

1.1 Field and Analyticat Procedures

Three methods were employed to examine the beaches of Blueskin Bay. Firstly, aerial
photographs since 1997 were examined and compared with earlier aerial photographs to
determine long-term coastal change at a broad scale. Few recent aerial photographs are of
sufficient quality and scale from which comparative measures of change can be made, Aerial
photographs from 2006, and LiDAR (Light Detection and Ranging scanning) data provide
baseline information for future reference and comparison, but cannot be used to accurately
quantify changes from earlier dates at this time. The Christchurch carthquake of 22" February
2011 has halted this work due lack of access to Tacilities, software and resource materials.

Secondly, photographs were taken of the different morphological features currently present
upon the foreshores of the beaches of Blueskin Bay so that the present day (February 2011)
state of the foreshores can be compared to photographs of the beach state in July 2002 and
descriptions of the beach state presented in the reports by Kirk (198G), Single and Kirk
(1994), Single and Stephenson (1998) and Bunting et ¢/. 2003a and 2003b).

Thirdly, beach profiles and morphodynamic changes of the beaches of Blueskin Bay were
determined from surveys of shore-normal transects at a number of locations between Taiarca
Head and Karitane. The benchmarks used were those established by Otago Regional Council
(ORC) in 1990, so direct comparison could be made to profile surveys that have been
conducted in previous years. Nine profiles were re-surveyed for this study. Kurt Bowen of
Patterson Piits Partners Lid carried out the surveys for this study on 7 March 2011. The
survey was undertaken at low tide and extended out as far as possible from the backshore and
across the upper, mid and lower foreshore. The profiles are linked to benclimarks and have
been plotted with surveys from 1987, 1990, 1993, 1996, 1998, 2002, 2005 and 2008 where
that data exists.

Figure 1.1 shows the locations of the beaches of Blueskin Bay,
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Figure 1.1 Location of beaches discussed in text (base photograph from GoogleEarth)

2. Historic coastal change

A description of the evolution of the beaches of Blueskin Bay is provided by Single (2011).
The bay-head beaches and spit complexes are recently formed morphological features with
respect to geological time, forming less than 1000 years before present (BP, where present is
generally taken to be ~1953). Unconsolidated fine sands form the beaches that front the once
exposed volcanic sea-cliffs. Sea-cliffs make up the back beach area of most beaches north of
Aramoana. The unconsolidated nature of the fine sand beaches means that they respond
readily to changes in wave energy, and to additions and losses of sediment volume in the
nearshore and beach zones.

Bunting ef al. (2003a) carried out an analysis of historical shoreline change. The following
sections are based on the findings of that work and additional findings from the assessment of
the 2006 aerial photography, This is an area where further work is to be carried out on
completion of orthorectification of aerial photographs.
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21 Aramoana and Shelly Beach

Coastal change that has occurred at the harbour entrance has been the direct response to the
construction of physical structures in the late 1800°s and early 1900°s in order to improve
navigational hazards presented at the entrance to Otago Harbour.

Table 2.1 displays data presented by Goldsmith (1995} that shows measurements of shoreline
change for Aramoana Beach and Shelly Beach. Goldsmith made these measurements from
historical charts and maps of the harbour entrance and from aerial photography.

An offset in the line of the shore between the east and west sides of the Mole has developed
since its construction. Aramoana Beach {also known as Spit Beach} has experienced net
shoreline advance in the order of 157 metres, whereas Shelly Beach has undergone net retreat
of approximately 136 metres. This has produced an offset of 293 metres of the once
continuous shore.

The 25 years immediately following the construction of the Mole were characterised by
Aramoana Beach advancing seaward by 90 metres at an average rate of 3.6 metres per year.
In contrast Shelly Beach retreated by 143 metres for the same period, at an average rate of 5.7
metres per year. This rate of retreat slowed significantly during the period represented by the
position of the 1909 and 1985 shoreline, a pattern that can be altributed to the completion of
Long Mac. Goldsmith (1995) noted from his examination of maps and charts post-dating
1904 (for example, the chart of Mason dated 1904} that a secondary affect of Long Mac was
the build up of Shelly Beach to become a permanent continuous sub-aerial sand spit above the
high water mark.

Recent surveys show that change to the Shelly Beach shorehine has been minor, but the dunes
have prograded since 1985. Aramoana Beach has also prograded since 1985, with the line of
vegetation advancing seaward by about 0.6 m per year since 1996.

Table 2.1 Rate of shoreline change at Arameana and Shelly Beach {1850-1985)

Time Period Measured Change (m) Rate of Change {m/yr)
1850-18847 0 0
Aramoana 1884-1909% +50 +3.6
1509-1985%% +67 +0.88
Net change 1850-1985 +1357 +1.16
Time Period Measured Change (m) Rate of Change {m/yr)
1850-1884+ +78 +2.29
Shelly Beach | 1884-19097 -143 -5.70
1909-19851¢ -71 -0.90
Net change [884-1985 =214 =211
Net change 1850-1985 -136 -0.15

NB: - denotes shoreline retreat, + denotes shoreline advance, T prior to the completion of the
Mole, I after the complietion of the Mole but before completion of Long Mac, i after the
completion of the Mole and Long Mac
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2.2 Kaikai Beach

Kaikai Beach is a small bay-head beach located ini the lee of Heyward Point. Orientated east
west it is bounded by two headlands of volcanic origin. The modern beach is backed by a
moderately vegetated transgressive dune system. A stream that drains a lagoon that is situated
in the hinterland discharges to the coastal system at the western end of the beach.

Table 2.2 Rate of shoreline change {(measured to the former seacliff) at Kaikai Beach 1863 —
1997

Time Period Measured Change (m) Rate of Change (m/yr)
Pre 1863 +321.2

1863-1922 NC’ 0
1922-1942 4 36.037 + 73
1942-1951 -54.5 +0.98
1951-1957 NC” + 3.13
1957-1967 NC’ + 7.5
1967-1972 NC” 0
1972-1975 NC 0
1975-1979 NC” 0
1979-1997 NC 0

Net change 1863-1979 -18.6% -0.16%
Net change 1863-1997 -18.6 -0.15

NB: ~ data presented by Nicholson (1979), - denotes shoreline retreat, + denotes shoreline
advance, NC denotes no measurable change (value obtain was within the margin of error of this
analysis)

Table 2.2 presents results obtained from measurements of shoreline change at Kaikai Beach
both by Nicholson (1979) and Bunting e/ «f. {2003a). Kaikai Beach appears to be a stable
beach system since at least 1863. Only one period of progradation is recorded. This oecurred
during the period 1922-1942 which was subsequently reversed by a period ot erosion that
resulted in the shoreline moving landward of its 1863 position. The fong-term shoreline trend
of Kaikai Beach can be summarised as being stable, while undergoing short-term fluctuations
around this mean stable state,

2.3 Murdering Beach

Murdering Beach is a crescent shaped bay-head beach that is bounded by two rocky
headlands of volcanic origin. The beach is orlentated west — east, and today is backed by a
dune system that is well vegetated with marram grass and established macrocarps. Two
streams drain the backing hinterland, which consists of lowland swamp and steep pastoral
land.

Table 2.3 presents data of fong-term coastal change, and the ratc of this change for different
time periods as calculated by Nicholson (1979) and Bunting er af. (2003a).

The general trend of shoreline change noted by Nicholson (1979} for the periods 1863 to 1979
was one of erosion. Murdering Beach experienced long-term retreat, upon which short
periods of enhanced retreat occurred. The four-year period between 1975 and 1979 was such
a period, when approximately 26.9 meters of shoreline retreat occuwrred at a rate of 6.72
metres per year. That pattern of retreat continued through to 1997 with approximately 70
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metres of erosion occurring during the 18 vear time period between 1979 and 1997 at an
average rate of 3.92 metres per year.

There was no evidence of continued erosion of this beach from the field inspection in
February 201 1. A comparison of photographs taken in 2602 and 2011 shows the beach to be
in a healthy state, with newly formed embryo dunes and seaward movement of the line of
vegetation.

Table 2.3 Rate of shoreline change at Murdering Beach {863 - 1997

Time Period Measured Change {(m) Rate of Change {m/yr)
Pre 1863 347.2

1863-1951 -36.9° -0.42

1951-1957 201 -3.54°

1957-1975 -18.0° 225

1975-1979 -26.9 -6.72

1979-1997 -70.6 -3.92

Net change 1863-1979 -103.1° -0.89°

Net change 1863-1997 -173.5 -1.29

NB: " data presented by Nichoison {1979), - denotes shoreline retreat, + denotes shoreline
advance

2.4 Long Beach

[.ong Beach is the largest of the bay-head beaches sitvated within Blueskin Bay, measuring
2.2 kilometres in length. It extends from Pilots Point in the east to Potato Point in the wesL.
This long sweeping beach is orientated northwest — southeast and directly faces the refracted
southerly swell. The foreshore is backed by an extensive low dune sysiem that is well
vegetated with marram grass. A relatively large stream bisects the beach and drains from a
hinferland that consists of pastoral sheep farmland. A second smaller stream is also present at
the northemn end of the beach.

Table 2.4 Rate of shoreline change at Long Beach 1863 — 1997

Time Period Measured Change {m) Rate of Change {m/yr)
Pre 1863 +376.8

1863-1942 + 72.2° + 0.9t

1942-1951 + 652 + 7.3

1951-1957 + 4.3 + 098

1957-1967 + 313 + 313

1967-1972 + 377 + 75

1972-1997 NC 0

Met change 1863-1979 + 211.8% + 1.83%

Net change 1863-1997 + 206.25 + 1.54

NB: ~ data presented by Nicholson (1979), - denotes shoreline retreat, + denotes shoreline
advance, NC denotes no measurable change (value obtain was within the margin of error of
this analysis)
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Table 2.4 presents measurements of historical shoreline change and rates of change for Long
Beach as calculated by Nicholson (1979) and Bunting et al. (2603a). Long Beach has
undergone uet shoreline advance over the 134 years between 1863 and 1997, However. the
data shows two distinct patterns of shoreline change over this period. Rapid progradation of
the shore occurred from 1863 to 1972, The net shoreline advance as measured from the
position of the shore in 1863 was 211.8 metres, which oceurred at a rate ranging from 0.91 to
7.5 metres per year. Since 1972, there has been no measurable change. This may indicate that
the beach is now “full’ of sediment, and the rate of deposition to this beach is adequate in
holding the shoreline in a stable position. Recent surveys show that this beach has prograded
slightly at the northern end and eroded slightly in the south.

2.5 Purakanui Beach

This beach is a sand spit that encloses Purakanui Estuary. Orientated northwest — southeast
the scaward face of Purakanui beach faces the refracted swell waves from both the northeast
and south. The beach is situated north of the inlet to the Purakanui Estuary, where the inlet
fruncates the southiern end. A rocky headland provides a terminus at its nocthern end. The
foreshore is backed by a wide low dune system that is well vegetated with marram grass.
Extensive dune ridges are present landward of the foredune.

Table 2.5 Rate of shoreline change at Purakanui Beach 1863 — 1997

Time Period Measured Change (i) Rate of Change (m/yr)
1863-1942 +304.17 + 39
1942-1951 + 7.9 + 03
1951-1957 + 3.4 + 0.6
1957-1967 + 399 + 4.0
1967-1972 + 46.5 9.3"
1972-1975 -40.7° -13.6°
1975-1979 14.5° 3.6
1979-1997 NC 0

Net change 1863-1979 + 37047 + 3.2%
Net change 1863-1997 + 358.8 + 2.68

NB: " data presented by Nicholson (1979) - denotes shoreline retreat+ denotes shoreline
advance NC denotes no measurable change

Measurement of shoreline change presented at Purakanui for the period 1863 to 1997 are
shown in Table 2.5, where it can be seen that this section of shore has undergone net shoreline
advance (1863 — 1997). The pattern of long-term change is similar to the trends portrayed in
Table 2.4 for Long Beach, where up until 1972 the shoreline experienced continual seaward
advance, then experienced alternating periods of ercsion and accretion to form a long-term
trend of shoreline stability. Episodic periods of erosion may also ocear at Purakanui,
reflecting a dynamic shorter-term response to the process environment. Erosion scarps along
the beach in early 2003 are evidence of this type of change rather than a longer-term situation
of beach retreaf, By 2011, there is no visible scarp, and dune vegetation was colonising the
upper foreshore.

2.6 Warrington Spit

This beach is a sand spit that encleses Blueskin Bay Estuary. Orientated north-northwest —
south-southeast the seaward face of the spit is exposed (o oblique approach from waves
propagating from the northeast but waves from the south refract to become shore-parallel to
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the Spit. The spit is situated north of the inlet to Blueskin Bay Estuary, where the inlet
truncates the southern end. A rocky promontory forms the northern terminus. The foreshore is
backed by a low, widespread dune system that is extensively vegetated with marram grass.

Table 2.6 shows the stability of the shore for the period between 1967 and 1997, the period of
time that shoreline change has been captured by aerial photography available to Bunting er a/f.
(2003a).

Table 2.6 Rate of shoreline change at Warrington Spit (1967-1997)

Time Period Measured Change (m) Rate of Change (m/yr}
1967-1975 +125.05 +15.63

1975-1997 -28.05 -1.27

Net change 1967-1997 + 97.03 + 323

NB: - denotes shoreline retreat+ denotes shoreline advance

From Table 2.6 it can be seen that during the 30-year period from 1967 to 1997 the net charge
of Warrington Spit has been 97.63 metres in a seaward direction. This corresponds to the
seaward Tace of the spit advancing at an average rate of 3.23 metres per year. The long-term
trend of seaward advance is made up of a period of accretion followed by one of erosion.
Such a pattern is reflective of the dynamic nature of sand spits, which rapidly respond to any
change in sediment supply and external forces from incident waves, currents, and the position
of inlets and rivers.

2.7 Karitane

No aerial photograph assessment has been carried out for Karitane Beach to date.

2.8 Summary of historical shoreline change

Overall, the beaches of Blueskin Bay exhibit a positive sand supply, with most shores
prograding over the observed history. Progradation possibly occurred at a faster rate during
the period up until the 1970s than since that time, with most of the shores appearing stable to
slightly accreting over the last 30 years.

The shoreline change described above is related o observations at snapshots i1 time, giving
long-term differences in beach position. Short-term variations will occur, and may be
encapsulated in the long-term analysis to distort any trend of change. Therefore the snapshots
may not accurately reflect long-term change, but may reflect the envelope of changes that
oceur over shorter time-scales related to beach adjustment to changes in wave energy. These
short-term variations are examined in the following section with the aid of shore-normal
beach profiles spanning periods of 4 to 24 years.

3. Morphology and beach profiles

This section considers the morphology of the beaches of Blueskin Bay. Profiles of the
beaches are examined to give a two dimensional analysis that includes the relative height
above and below mean sea level and the width of the beach.

The beaches of Blueskin Bay have very similar sediment characteristics and are subject to
similar wind and wave conditions. The beaches exhibit spatial similarities in their profiles and
beach morphologies. 1t can also be expected that the beaches of Blueskin Bay will exhibit
comparable temporal variability in morphology due to the relatively consistent wave climate
around the bay and to changes in the supply of sediment.
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3.1 Beach profiles of Blueskin Bay

Infrequent monitoring of the beaches that border Blueskin Bay has been undertaken by ORC
since 1990. This monitoring has been limited to three or four surveys for each site undertaken
between February 1990 and March 2008, The surveys are plotted on plans N12197 and
L13369 and are held by ORC (Dunedin). Figure 3.1 shows the location of the survey lines,
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Figure 3.1 Location of beach profiles established by ORC in 1990 and resurveyed for this
study 7 March 2011 (prepared by Kurt Bowen, Patterson Pitts Partners Ltd)
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All eight profiles established by ORC were resurveyed for this study on 7 March 201 1. These
include two at Karitane, two at Warrington Spit, two at Long Beach and two at Aramoana. An
additional profile was located and surveyed at Shelly Beach (Peg 250). This profile was
installed in June 1987 and resurveyed by ORC periodically through to March 2002 (with a
total of 10 surveys), Measurements from the profiles surveyed for this study, combined with
the data collected by ORC, gives beach change data spanuing 21 years {and 24 years for
Shelly Beach).

Beach profiles are surveyed from fixed, relocatable markers (benchmarks). Ideally,
benchimarks are located on the backshore of the beaches, landward of the maximum run-up of
the waves that act on the shore. The survey lines run perpendicuiar to the shoreline and extend
across the upper, mid and lower foreshores, and out to a depth in the nearshore that is limited
by safety of the survey team. Points on the profile are surveyed at all major breaks in slope.

The elevations of the benchmarks are known, providing a control datum for each survey line.
The surveys are then reduced and the data plotted as overlays on previous surveys of each
respective profile. This enables a direct, quantitative comparison of change of the beach
profile {the beach height, width, slope, overall shape, and velume) between successive
surveys. Over fime the initial survev can be used as a baseline upon which long-term
comparisons of beach profile change can be made. However, it should be noted that the
surveyed profile represents the beach on the day of the survey, and includes adjusiments to
the beach profile that relate to the most recent wave conditions. Extrapolations of long-term
change in beach width and position relate to durable features such as changes in dune position
and vegetation, rather than tc changes across the foreshore.

Further to these surveys, substantial lengths of the shore were inspected and photographed on
17 February, and detailed field notes were made to supplement the profile surveys.

3.1.1 Aramoana (Spit) Beach (Profiles EOI8 and EOQ19)

Aramoana Beach extends from the Mole north to the voleanic headland that forms the base of
Heyward Point. This crescent shaped beach is orientated northwest to southeast and is backed
by an extensive, well-vegetated dune system. North of Lion Rock, the dune system comprises
blown sand ramped against the rock cliffs.

The average width of the upper beach from the dunes to the high tide mark (indicated by a
line of drift wood and sea kelp) is approximately 20 - 25 metres. The sub-aerial beach is made
up of well-sorted, fine sand. The upper beach in the lee of the Mole was hard, compacted, wet
sand. However, within 150 metres north of the Mole the sand of the upper beach was soft
under foot. Winds on this coast are sufficient to pick up and transport the sands inland.

The upper beach is backed by a well-vegetated dune system that has an old large erosion
scarp approximately 1 to 2 metres in height. This erosion scarp is most pronounced at the
southern end of the beach. Approximately 150 metres north of the Mole (within the vicinity
of where the upper beach becomes dry and soft) embryo dunes are forming in front of this
scarp. At the site of Profile EO19, the dune is about 3 m in height, and was not present at all
in 2002. The dunes are vegetated by marram grass. At the very northern end of the beach, the
scarp is no longer visible.

Figures 3.2 and 3.3 present overlay surveys of profiles EOI18 and EQ19 that represent
Aramoana Beach. From these profiles, the typical beach profile of Aramoana can be
described as being of low gradient, backed by a relatively steep dune system with a height of
approximately 5 metres. The dune system appears to be relatively stable in its position.

With respect to Profile EO18 (Figure 3.2), there is little change to the beach profile since
1990, The backshore scarp has remained in a stable position. The level of the beach surface
has lowered mdicating a loss of volume and a potential for higher waves breaking across the
foreshore onto the dune scarp. However there is no indication that the beach is retreating at
this site.
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Figure 3.2 Over-lay surveys of Profile EO18 located at the southern end of Aramoana Beach,
approximately 50 from the Mole
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Figure 3.3 Over-lay surveys of Profile EO19 located at the northern end of Aramoana Beach

Profile EO19 (Figure 3.3) illustrates a larger envelope of change. The most apparent change is
the build-up of the seaward face of the dunes. This observation indicates that since 2002, the
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beach system has been in an accretional state. Photos of the site show a comparatively healthy
dune system, with embryo dunes forming at the top of the foreshore.

3.1.2 Kaikai Beach

Kaikai Beach is a pocket beach between Heyward Point and Purehurehu Point, both of which
are voleanic in origin. The beach is backed by a weli-vegetated (marram grass and established
macrocarp) hummocky dune system unrestraied to landward. This dune system ranges in
height from 1 to 8 metres, being higher in the central part of the bay.

There are no established survey sites in the bay, and access to the bay is by foot across
farmland and was not imspected [rom ground level. The beach appears to be stable to
accreting, with no obvious signs of dune blowouts.

313 Murdering Beach

Murdering Beach is a smatler pocket beach than Kaikai Beach, formed between Purehurehu
Point and Pilot Point. The beach is backed by a well-vegetated dune system similar to that
present at Aramoana. This dune system ranges in height from 1 to 3 metres, being higher at
both extreme ends of the beach. The beach is composed of fine sand, and at time of the
inspection was in an accretional state with embtryo dunes at the northern end. Dune sands
were also blowing up the sidewalls of the northern cliffs. At the southern end of the beach, the
duse has a prominent old erosion scarp bisected by a small stream that has incised into recent
sand deposits of marine origin.

The ORC survey network does not include Murdering Beach, so there is no quantitative
evidence of change in the beach form or position. However from observation it was noted that
the sand was soft under foot, with driftwood and wind sculpted formations. The beach was
convex in profile, indicative of recent accretion. This is in confrast to the 2002 inspection
when the beach was in an erosive state.

A comparison of photographs from 2002 and 2011 shows that the beach form is relatively
unchanged, but there is greater development of embryo dunes along all but the southern
section of the beach.

314 Long Beach (Profiles EQZ0 and E021)

Long Beach is approximately four times the length of Murdering Beach. The beach is backed
by a wetland, and a small community of permanent houses and holiday baches (cribs) are
nestled in the middle of the bay. At the time of inspection, the beach sand was in an
accretionary state with the sand of the upper foreshore very soft, and freely transported by
moderate winds. The dunes are very well vegetated with marram grass. As with Murdering
and Aramoana Beaches, the dunes in places have an old erosion scarp with embryo dunes
development on the upper foreshore. However the beach overall appears in a healthy
condition.

A comparison of photographs form 2002 and 2611 show recent development of the foredune
after a possible erosive phase. The stream and overall appearance of the beach is relatively
unchanged.

Figures 3.4 and 3.5 show the surveys of profiles EO20 and EO21. From these profiles, the
typical beach profile of Long Beach can described as having a dune complex ranging in
height trom 1 to 1.5 metres. This dune complex is then fronted by a relatively flat, dry upper-
foreshore.
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Figure 3.4 Profile of Long Beach as represented by survey line EO20, the southern most
profile of Long Beach
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Figure 3.5 Profile of Long Beach as represented by survey line EO21, the northern most
profile of Long Beach
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From the profiles displayed in Figures 3.4 and 3.5 it is apparent that since the survey in May
1998 the beach surface has lowered. The seaward face of the dunes to the south has retreated
by approximately 5 metres. However the dunes to the north have developed significantly,
with a new dune formed seaward of that present in 1998. The dune face has prograded
approximately 15 metres. It is likely that the long-term state of the beach is slightly
accretional, but with a large short-term envelope of change in response to storm events.

3.15 Purakanui Beach

Purakanui Beach is situated north of the inlet to the Purakanui Estuary, and is terminated by a
rocky headland at its northern end. The upper-foreshore consists of very soft, dry sand and is
absent of any shells or driftwood. An extensive low dune system (in the order of | metre in
height) is densely vegetated with marram grass. At the time of inspection, this dune system
appeared to be undergoing a period of growth with numerous embryo dunes forming in front
of the main dune system. Marram grass has also become established within the embryo dunes.
These observations are confirmed by a comparison of photographs from 2002 with ones taken
in2011.

ORC’s survey network does not include Purakanui Beach, so quantitative changes in the
beach position and form cannot be described.

3.1.6  Warrington Spit (Profiles EO1 and EO2)

The seaward face of Warrington Spit presents a low flat beach bounded by a rocky headland
to the north and the inlet of Blueskin Bay Estuary to the south. The beach is backed by an
extensive dune system that is well vegetated with marram grass, and at the time of inspection,
appears to be in a good state of health with no signs of “blow-outs’, or erosion scarps on its
seaward face. The Warrington Surf Life Saving club, a picnic/play ground, and caravan park
are located within this dune system. The beach consists of soft, dry, loose sand that onshore
winds can easily transport inland to the dunes.
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Figure 3.6 Profiles of Warrington Spit Beach as represented by survey line EO1
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Figure 3.7 Profiles of Warrington Spit Beach as represented by survey line EO2, the northern
most profile of the beach

Figures 3.6 and 3.7 show the typical profile of the spit. These profiles show that the width of
the beach from HWM to the foot of the dune system is approximately 150 metres. The dune
system consists of more than three lines of dunes seaward of the benchmark and three more in
a landward direction, It is apparent from past surveys of Profiles EO1 and EO2 that the dunes
and beach have built up increasing in height during the 21-year period from 1990 to 2011,
with the largest dune having a height of approximately 5 metres above mean sea level, and the
foredune ranging in height from 0.5 to 1 metre.

3.1.7 Karitane (Profiles EO3 and E04)

The beach of Karitane fronts a picnic area and the Karitane community. The upper foreshore
is very similar to the beaches located further south in that the foreshore is of very gentle slope
with a relatively wide inter-tidal area in the order of 30-40 metres.

However, Karitane is different from the rest of the beaches between Taiaroa Head and
Karitane, in that a steep clay bank backs the beach at the northern end, and there is no dune
system. The clay bank has evidence of failure and slumping in the past, producing a scarp
with a height of over 2 metres at the northern end of the beach, and 10 metres at the bluffs
located at the southern end. Erosion of the backshore has been managed in the past by the
placement of rock fill at the base of the bank, and a concrete seawall in front of the picnic

ground.

The concrete wall is no longer visible along the backshore, and sand has built up on the
beach, At the time of inspection in 2011, and from a comparison with the 2002 photographs,
the beach at Karitane appears to have accreted and built up in height. This is also apparent
from the surveyed profiles. However there may have been some human intervention along the
backshore.

Shore Processes and Managemem Lid 17



£03 - KARITANE BEACH {SOUTH) .
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Figure 3.9 Profiles of Karitane Beach as represented by survey line EO4

Profiles E03 and E04 illustrate the typical beach profile of the Karitane foreshore and are
shown here as Figures 3.8 and 3.9. It can be seen that the backshore bank is a dominant
feature of both profiles, and presents a sharp interface between the hinterland and the beach
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system. The beach itself is relatively flat. The survey undertaken in 2011 shows no
development of berms or dunes. The bank appears to be maintaining the position of the
backshore, while the foreshore adjusts in response to episodic periods of erosion and
accretion of the foreshore (as indicated by the presence of a berm in 1998).

3.1.8  Shelly Beach (Profile Peg 250)

Shelly Beach is located southeast of Aramoana Beach between the Mole and the Long Mac
groyne adjacent to the entrance to Otago Harbour, The contemporary seaward face of Shelly
Beach presents a moderately steep beach orientated northwest to southeast. A single line of
sparsely vegetated high dunes backs the beach. The dune vegetation is mainly marram grass.
At the southern end of Shelly Beach, a number of established pine trees are present and three
permanent houses are situated amongst them. Erosion of the dunes through the 1980s and
early 1990s resulted in dredged sediment being deposited in the nearshore of the embayment
to provide sand to nourish the dunes. The beach is the subject of a number of reports
including (Single and Stephenson 1998), Bunting ef al. (2003b) and Leon (2005).

Comparison of photographs taken in 2002 and 2011 show little change to the foreshore of the
beach, and continued instability of the seaward face of the steep, high dunes. The level of the
foreshore appears to be similar, but erosion of the backshore of between | and 2 metres is
evident at the southeastern end of the beach.

Figure 3.10 shows surveys of a profile site near the middle section of the beach. The main
changes since 1987 are the retreat of the dune and upper foreshore from 1987 until 2002, and
then the relative stabilisation of the dune position between 2002 and 2011. It is possible that
the lower foreshore has accreted during the latter inter-survey period.

This beach appears to be sensitive to changes in wave energy, and susceptible to erosion of
the foreshore by storm waves, and of the dunes by wind processes. It is likely that
nourishment of the nearshore with dredged sediment from the harbour channel has enhanced
the stability of the beach since 1987, but dune management is necessary to stabilise the dunes.
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Figure 3.10 Profiles of Shelly Beach as represented by survey line Peg 250
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4. Morphological dynamics

Conclusions made in 2003 by Bunting ef «/. (2003a) are applicable to the findings of the 2011
beach inspection and profile surveys. From the analysis of all the shore-normal beach profiles
displayed in Section 3, it is evident that the dunes continue to grow, but act as buffers against
storm wave attack. This is a normal function of dunes. They erode when attacked by storm
waves, and rebuild during periods of quiescent wave conditions. The vegetation readily grows
to stabilise the older dunes and to capture sand in foredunes. There are changes to the profiles
between 1990 and 2011 that represent the beach response to changes in wave conditions and
longer-term changes such as accretion of dunes after significant storm events, Overalf, dune
and foredune areas of the beach profile have a wide envelope of change, while the foreshore
is more stable. This is indicative of beaches in fong-term stability or accretion. There is no
indication that beach progradation is unusual or specific to any of the beaches, but is part of
the ongoing character of the beaches of Blueskin Bay.

5. Conclusions regarding coastal change in Blueskin Bay

Nicholson (1979) and Kirk {(1980) described the coastline of Blueskin Bay as being in a state
of long-term stability or aceretion. Nicholson calculated the rate of change for the shoreline to
be between —0.89 metres per year at Murdering Beach to +3.2 metres per year at Purakanui
Spit. The surveys undertaken in 2011, and the field inspections do not provide any indications
that contradict Nicholson’s findings of long-term change. However, it is possible that
Murdering Beach has remained stable or accreted slightly over recent years, or that beach
change in response fo changes in the wave environment are such that there are patterns of
change that relate to variability in the process enviromment. with prolonged periods of
erosion, accretion or beach recovery.

Wind transport of sediments is an important process for the beaches of Blueskin Bay. The
majority of the dunes backing the sandy beaches are building up and/or advancing seaward,
and show active recovery from episodes of storm erosion. There is no evidence that the
beaches are over-nourished by sand, and vegetation succession appears to be Keeping pace
with and promoting dune growth.

Bunting ef al. {2003a) concluded that “the energy inputs of the beaches of Blueskin Bay that
arc important to the morphological changes of these beaches are the refracted shoaling waves
that appreach from the south and north-east, and the onshere winds. Beth processes promote
on and offshore sediment transport. Therefore it can be concluded that onshore north and
nortli-easterly winds and refracted shoaling waves are the most important geomorphic agents
in the study area.” These conclusions are still appropriate to the findings of the 2011 work.

In addition, there are no indications from the field inspection or from the survey data, that the
beaches of Blueskin Bay, with the exception of Shelly Beach, show any adverse effects of the
disposal of dredged sediment at the Hevward or Aramoana disposal sites,
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1.

INTRODUCTION

Port Otago Lid is seeking a shorf-ierm replacement consent o allow for the
cantinued disposal into the sea of up to 450,000m? per year of dredging
spoil. This will replace the current coastal permit, 2000.472, which expires
in December 2011. The Port company seeks to continue to disposal of
dredging material pursuant to the terms and conditions applying to coastal
permit 2000.472.

The spoii is derived from maintenance dredging and incremental
improvements to the channel and berth areas in and about the Otago
Harbour. It is proposed to be carried out in accordance with the following
specific maximum annual discharge quantities at each location:

e Heyward Point, being an area of approximately 38.2ha and to
receive up to 200,000m? of spoil;

« Spit Beach, being an area of approximately 28.3ha and to receive
up to 200,000m? of spail, and

s South Spit Beach (Shelly Beach), being an area of approximately
14.5ha and to receive up to 50,000m? of spoil.

A term of three years Is being sought for the conseni. After this time, it is
intended that a 35-year disposal consent will be sought. This will allow for
a suitable long-term consent framework and monitoring programme to be
developed which takes account of both maintenance dredging disposal
and disposal associated with capital dredging sought through the Project
Next Generation resource consent which is currently under consideration
by Otago Regional Council.

The selection of a site for long term dispesal of maintenance dredging
volumes requires a detailed understanding of the wave, current and
segiment dynamics. The entrance to Otago Harbour is a very complex
oceanographic environment, exhibiting considerable spatial gradients in
the wave and current fields, plus significant variabitity over relatively short
time scales. An sffective method to resoive this complexity is by time-
domain simulation of historical events using numerical models of the
hydrodynamic and sedimentary processes.

This report provides preliminary results of a model study of the harbour
entrance region. The purpose of the wark is fo examine the dominant
processes operating in this area, and to interpret these within the context
of the dredge disposal monitoring to date. Ultimately, the model results
presented here will be used to guide the subsequent research and mode!
studies to define the optimum locations and associated volumes for the
sustainable disposal of dredged sediment for the 35-year consent.

MetOcean Solutions Lid 1
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2.

2.1.

2.2.

WAVE MODELLING

The wave climate in the harbour entrance region has been hindcast cver a
12-year period. This is a numerical process that uses computer maodels fo
recreate the wave conditions; in this case hour-by-hour over the period
from 1998 to 2009. In this section, the technical details on the wave
hindcast modelling are presented, along with validation results where the
hindcast wave data are compared with measured values from a wave buoy
that was moored near the entrance. Analysis of the regional and local
wave conditions is also provided.

Wind fieids

A spatially varying wind field was specified from a blended global wind
product developed by MetOcean Sclutions Ltd. These data are 10 m wind
velocity vectors in a 3-hourly gridded format at a resolution of 0.25° of
longitude and latitude. The wind field is a combination of 6-hourly Blended
Sea Winds data' and 3-hourly model wind fields?® from the National Centers
for Environmental Prediction (NCEP) at the United States National Oceanic
and Atmospheric Administration (NOAA). The blended data product
combines the benefits of measured satellite data with the temporal
resolution and continuous coverage of modelled analyses/short range
forecasts. These wind data have been validated at coastal and ofishore
locations around New Zealand.

Wave hindcast model

SWAN (Simulating Waves Nearshore} was used for all of the wave
modelling. SWAN is a third generation ocean wave propagation modsl,
which solves the spectral action density balance equation for wavenumber-
direction spectra. This means that the growth, refraction, and decay of
each component of the complete sea state, each with a specific frequency
and direction, is solved, giving a complete and realistic description of the
wave field as it changes in time and space. Physical processes that are
simulated include the generation of waves by surface wind, dissipation by
white-capping, rescnant nonlinear interaction between the wave
components, bottom friction and depth limited breaking. A detaiied
description of the model equations, paramsterizations, and numerical
schemes can be found in Helthuijsen ef al. {2007) or the online SWAN
documentation®. All 3" generation physics are included. The Collins friction
scheme was used for wave dissipation by bottom friction, with a default
coefficient of 0.015. The solution of the wavefield is found for the non-
stationary (time-stepping) mode. Boundary conditions, wind forcing and
resulting solutions are alf time dependent, allowing the model to capture
the growth, development and decay of the wavefield.

The modelling uses a nested approach that starts with a New Zealand
scale domain with spectral apsn-ocean boundaries obtained from the

" From the NOAA National Climatic data Center (NCDCY), Zhang (2006).

£ These wind fields are used in the NCEP Wavewaich 1ll global wave hindcast (NWW3), and
consist of analyses and 3-hour forecasts from NCEP's operational Global Data Assimilation
Scheme (GDAS) and the aviation cycle of its Medium Range Forecast model.

3 http://swanmodel.sourceforge.net/

MetQcean Sofutions Lid 2
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2.3.

MetOcean Solutions global WW3 hindcast’. A high-resolution regional
Dunedin scale domain at approximately 350 m resolution is then nested
within the NZ grid.

Wave data analysis

The spectral wave parameters were derived as {follows. From the modelled
directional wave spectrum S{f.,8), the 1-dimensional spectrum is

obtained by integrating over directions:
S(f)= [S(f.6)d8 (2.1)
[

From the computed spectral energy density S(f), the peak frequency #, and
peak energy S, = S(f;) of the spectrum are located. Spectral moments

M, =[fisirydf (2.2)

are computed, allowing further statistics 1o be defined:

significant height ~ H, =4./M, (2.3)
: i

peak period T, =— (2.4}
£y

mean period T.=M,/M, (2.5)

Directional moments are:

ca 2

M, = [ [s(f.0)cos8 dodf (2.6)
LR
M, = _js (f.8)sin 8 dO df 2.7)
0o
. . M
The mean direction is 8, = arctan(E/I—"—] {2.8)

5 2JMI+ M .

and the directional spread is A = \/ v

0

* The MetCcean Solutions Ltd (MSL) global WW3 hindcast replicates the NOAA
WaveWatchd (NWW3) hindcast, using the same domain, forcing winds and then assimilating
the NWW3 significant wave heights. The MSL WW3 output is effectively identical in terms of
spectral parameters, but has the advantage of full spectra being available at arbitrary
locations and on nested model boundaries.

MetCcean Solutions Lid 3
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2.4.

2.5.

Table 2.1

Wave hindcast accuracy measures

The validation procass for wave height needs to consider both amplifude
and phase, so both qualitative and quantitative techniques are employed.
For the qualitative assessment, timeseries plots of the measured and
hindcast wave heights are made. Quantitative measures of accuracy are
calcutated from the measured, x, and hindcast, x, , data. These are
defined as:

Mean absolute error: E— {2.10)
RMS error; {v,-x,) 2.11)
Mean relative absolute error: gi (2.12)
Bias: Xy =X, {2.13)

where the line indicates an average over all pairs of measuredfforecast
data. The mean absolute error (MAE) is the maost direct representation of
what the typical deviation of the hindcast from the measured value. The
RMS error exaggerates large differences in measured and hindcast wave
heights. The mean relative absclute errors (MRAE)} are an expression in
ratio terms of the error compared 1o actual. Bias is a useful indicator of the
performance of the hindeast medel within discrete wave height ranges.

Validation

A timeseries validation plot showing measured and hindcast significant
wave heights for the pericd from 7/12/2009 to 11/04/2010 at the wave buay
location (Fig. 2.1) is presented in Figure 2.2. The hindcast timeseries
provides a faithfully replication of the periods of high and low energy. The
measured and hindcast data have similar statistical means (0.88 m and
0.94 m) and medians (0.78 m and 0.85 m). Further quantitative measures
of the accuracy are presented in Table 1.1, showing the hindcast wave
heights are on, average, within +/- 25% of the measured values. The bias,
which represents a constant ‘offset’ in the hindcast significant wave heights
is 0.06 m. Total significant wave heights are very sensitive to local wind
conditions, and the full spatial and temporal variability in the local wind field
is not always captured by the Blended Wind product. Also, some of the
error in the hindcast wave heighis is due to timing of the wave events, as
the hindcasting technigue has an inherent phase resolution of ~3 hours.

Joint accuracy measures for hindcast significant wave heights. MAE: mean
absolute error, RMSE: RMS error, MRAE: mean relative absolute error, BIAS:
hias.

MAE | RMSE | MRAE | BIAS
{m) (m) (%) (m)
0.20 0.26 0.25 0.06

MetOcean Solutions Lid 4
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+  Wave Buoy

AST17r

-45.733%

-45.817F

Figure 2.1 Location of the waverider buoy.

Figure 2.2 Comparison between measured and hindcast significant wave heights near
the harbour entrance,

MetOcean Solutions Lid 5
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2.6.

Figure 2.3

Regional wave climate

The regional wave hindcast has been used to create summary maps of the
wave climate over the wider Dunedin region. The mean significant wave
height map is presented in Figure 2.3, showing clear gradients in the wave
energy. On average, wave heights increase from the south-western region
towards the Cape Saunders. A decrease in mean wave height is then
observed towards the Otago harbour region and Aramaona Beach,
continuing further north towards Warrington and Karitane. The 99"
percentile non-exceedence level exhibits a very similar pattern (Fig.2.3).
The maximum hindcast significant wave height (Fig. 2.4) Is defined from
several storms, and has a similar energy gradient to the mean wave
heights, with the largest wave heights occurring along the coastline just
south of Cape Saunders. Significant wave heights exceeding 8 m are
predicted for the inner shelf regions over the hindcast period. The average
peak spectral wave period is presented in Figure 2.5; this remains uniform
in along the coastline south of Cape Saunders and decreases west of
Tairoa Head. Examples showing wave height patterns during typical wave
events from the southwest and northeast are provided in Figures 2.6 and
2.7, illustrating the effects of wave refraction and topographic sheltering.

Mean significant wave height over the Dunedin region.

MetOcean Solutions Lid
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Figure 2.4

99" percentile non-exceedence significant wave height over the Dunedin
region.

Figure 2.5 Maximum significant wave height over the Dunedin region.
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Figure 2.6 Average peak spectral wave period over the Dunedin region.

Figure 2.7 Example wave height distributions for a characteristic event from the
southwest over the Dunedin region.
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Figure 2.8

27.

Example wave height distributions for a characteristic event from the
northeast over the Dunedin region.

Otago Peninsula wave climate

Summary maps of the wave climate over the harbour entrance region are
presented and discussed in this section. The mean significant wave height
in Figure 2.9 clearly shows sheltering effect of Cape Saunders on
dominant southerly waves, which results in a strong gradient in wave
height directly offshore of the harbour entrance. Local onshore deflection of
the 0.75 m contour is seen near Aramoana Beach and off Heyward Point,
indicating larger waves are observed closer to shore in these zones. This
is related to the process of wave focusing along the bathymetric features
near the harbour entrance.

The 99" percentile non-exceedence level exhibits a very similar wave
height pattern (Fig. 2.10), as does the maximum wave height map (Fig.
2.11). Notably, wave heights up to 4 m were hindcast in the vicinity of
Aramoana Beach. The average peak spectral wave period map presented
in Figure 2.12 shows distinct gradients, particularly along the north coast.
The combined processes of refraction and topographic sheltering act to
filter out the higher frequency sea waves from the spectrum, causing a net
shift to longer period waves in the resultant sea state.

Local wave height distributions during the typical wave events shown in
Figures 2.7 and 2.8 are provided in Figures 5.13 and 5.14, showing the
difference in wave energy reaching the harbour entrance and Aramoana
Beach under the different incident wave directions.

MetOcean Solutions Ltd )
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a 055 110 1568 220 Kilometers

Figure 2.9 Mean significant wave height over the Otago Peninsula region.

Figure 2,10 99" percentile non-exceedence significant wave height over the Otago
Peninsula region.

MetOcean Solutions Lid 10
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Figure 2.11 Maximum significant wave height over the Otago Peninsula region.

L

Figure 212  Average peak spectral wave period over the Otago Peninsula region.
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Figure 2.13 Example wave helght distributions for a characteristic event from the
southwest over the Otago Peninsula region.

helght {m.. 25 o 25 5 75
T | S
a5 a7 082 113 134 Kilometers

Figure 2.14 Example wave height distributions for a characteristic event from the
northeast over the Otago Peninsula region.
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2.8.

Wave climate at the harbour enirance

Wave climate statistics have been analysed at the wave buoy location near
the Landfall Beacon at the harbour entrance (170.7305 2N, 456.7514 95,
Fig. 2.1}. Monthly and annual significant wave height statistics are provided
in Table 2.2, and the exceedence values are reported in Table 2.3.

The wave climate at this location is of relatively moderate energy with a
mean annual significant wave height of only 0.89 m. During the winter
menths of July and August, the mean is 1.1 m, while November is the least
energetic month with a mean significant wave height of 0.77 m. The years
2008 and 2009 were slightly more energetic than the rest of the 12-year
hindcast, as indicated by the higher mean, P20 and P85 values in Table
2.2.

The joint probability distributions of significant wave height and wave
direction are presented for the annual and seasonal conditions in Tables
2.4 — 2.8. The annual table shows that the directional window of incident
wave energy is fram 2702 to 1702 (clockwise). The largest waves tend io
approach from ENE to SE sectors, while a second group of smaller locally-
generated waves approach from the NW-N sector. The seascnal tables
show that north-easterly wave events are more frequent during summer
months while south-easterly waves are more common during winter.

The joint probability distributions of significant wave height and peak wave
period are presented for the annual and seasonal conditions in Tables 2.9
-~ 2.13. The most energetic wave events typically have peak spectral
periods in the range 10-14 seconds. Seasonal decomposition shows a
higher percentage of wave events with longer peak periods {T>10 s) occur
during the winter months compared with summer. Wave heighi extrema
and associated wave periods at 1 to 100 year return periods are reported
in Table 2.14. The omni-directional 100-year retumn period significant wave
height is 7.40 m.

MetOcean Solutions Lid 13
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Table 2.2 Significant wave height statistics at the wave buoy location.

Hs Statistic
(m) Mean | Median | p90 p95 pog Max
January 0.79 0.689 1.37 1.58 2.43 3.20
February .83 0.74 1.48 1.64 2.1 3.08
March (.83 0.74 1.32 1.58 2.52 4.36
April 0.86 0.77 1.45 1.72 2.39 3.81
May 1.00 0.90 1.70 1.99 2.32 2.73
June 0.9z .81 1.8 1.86 2.32 2.88
July 1.08 0.81 1.94 235 3.35 470
August 1.10 0.96 2.00 233 272 3.18
September 0.8 0.79 1.49 1.73 206 3.10
October 0.79 0.73 1.24 1.47 1.88 2.78
November 0.77 0.73 1.20 1.4 1.87 2.52
December 0.81 0.72 1.37 1.52 1.85 2.07
1998 0.81 0.75 1.27 1.44 2.10 2.93
1999 0.87 0.74 1.45 1.70 3.01 3.43
2000 0.85 0.72 1.58 1.80 232 2.76
2001 0.86 0.75 1.42 1.85 2.66 3.90
2002 0.88 0.76 1.59 1.88 2.54 3.20
2003 0.89 0.75 1.55 1.96 2.66 4.36
2004 0.90 0.78 1.54 1.79 2.37 3.08
2005 0.82 0.71 1.46 1.76 2.50 3.09
2006 (.85 0.76 1.43 1.70 233 3.81
2007 0.82 072 1.39 1.69 2.35 470
2008 1.08 1.00 1.69 1.93 2.54 3.98
2009 1.05 0.84 1.63 1.90 2.26 2.51
All 0.89 0.78 1.51 1.80 2.46 4.70

MetOcean Solutions Lid
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Port Olago Dredging — preliminary model siudies for dredge disposal options

Table 2.2 Annual Joint probability distribution (parts per thousand) of significant wave
height and peak wave period at the harbour entrance.
H Peak spectral wave period (s)
s

(m) 0-2| 24 | 4-6 | 6-8 | 810 | 10-12 | 12-14 | 14-16 | 18- 18 | 18- 20 | Total
>0 «=056 062241 15 [13.1| 94 54 62.9 8.8 0.8 0.3 187.1
>0.5<=1 0 | 7051436554 | 77.7 | 843 | 1301 | 27.9 1.3 0.1 500.9
>1 <=1.51 0 | 59 1221|226 | 66 53.2 | 3241 7.2 0.4 0 209.5
>1.5«=2 0 0 41 | 78 | 169 33 8.6 1.5 0.2 0 70.8
»2 <=25] 0 0 01128 2.7 10 6.5 0.4 0.1 0 22.6
»>25<=3 0 0 0 0.5 1.3 1.5 2.5 2.1 0 0 5.9
>3 «=35] 0 0 0 0 0.2 0.5 1.4 0 0 g 2.1
»3.5<=4 0 0 0 0 0.1 0.1 0.3 g 4 0 0.5
»4 «=45] 0 0 0 0 0 0.1 0 0 0 0 04
>4.5<=5 0 0 0 0 0 0.1 0 0 0 0 0.1
Total 06{988|84.9 ;102 | 173.3 | 246.8 | 2444 | 459 2.8 0.2 1000
Table 2.10 Summer Joint probability distribution (parts per thousand) of significant wave

height and peak wave period at the harbour entrance.
H Peak spectral wave period (s)
5

(m) 0-2 2-4 4-6 6-8 | 810 | 10-12 } 12-14 | 14-16 | 16- 18 | 18- 20 | Total
=0 «=05|04| 269 | 262 | 211 | 205 | 786 | 571 7 0.5 0 239.3
=0.5<=1 0 | 875 | 543 | 774 | 96.1 | 911 | 6b.7 9.4 0.2 0 481.7
>1 <=15] 0 8.7 | 245 30 839 | 474 13 1.9 0.4 0 209.8
»1.5<=2 0 0 3.7 7.3 11.8 31 2.9 0.2 0.6 0 57.6
=2 «=25| 0 0 0 1.5 2 2.8 1.3 0 0 0 7.6
»25<=3 0 0 0 0.8 1.5 0.8 0.4 0 0 0 35
=3 =351 0 0 0 0.1 0.3 0 0.2 0 0 0 0.6
»35<«=4 0 0 0 0 0 0 0 0 0 0 0
=4 «=45}| 0 0 0 g 0 0 0 0 0 8] 0
»>45<=5 0 0 0 0 0 0 0 0 0 0 0
Total 0414 123.1 | i08.7 | 138.2 | 216.1 | 252.7 | 1406 | 185 1.7 0 1060

21
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Port Qtago Dredging — preliminary mode! studies for dredge disposal options

Tabie 2.11 Autumn Joint probability distribution {parts per thousand) of significant wave
height and peak wave period at the harbour entrance.
. Peak spectral wave period (s)
s

(m) 0-2| 2-4 | 46 | 6-8 | 810 | 1012 | 12-14 | 14-16 | 16-18 | 18- 20 | Total
>0 «=0D5}14 128|122 | 11.5| 83 50.7 | 73.1 7.7 0.9 0 176.6
>0.5<=1 0 54 | 3781503 | 716 | 861 | 163.6 1 3441 0.9 0 498.4
»1 «=15} 0 | 64 | 292|257 | 64 534 | 39.3 7 0.3 0 2253
»1.5<=2 0 0 331 786 9.7 | 333 | 136 3 0 0 70.5
=2 «<=25| 0 0 04 4 2 7.9 8.5 0.1 0 0 22.6
»>25<=3 0 0 0 04 | 0.6 0.4 3.4 0.6 0 0 5.4
>3 «<=35| 0 0 0 0 0.2 0.4 0 0 0 0 0.6
»3.5<=4 0 0 0 0 0.2 0.3 0 0 0 0 0.5
>4 «=45| 0 0 0 0 0 0.2 0 0 0 0 0.2
»45<=5h 0 0 g 0 0 0 0 0 0 0 0
Total 14 {7321826]995]|154612327 13015 | 525 21 0 1000
Table 2.12 Winter Joint probability distribution {parts per thousand) of significant wave

height and peak wave period at the harbour entrance.
H Peak spectrat wave period (s)
5

(m) 02| 2-4 | 46 | 68 | 8-1Q¢ | 10-12 | 12-14 | 14-16 | i6-18 | 18- 20 | Total
»0 «<=05: 0 | 184183 | 72 | 51 37.1 | 564 8.4 0.3 0 142.9
»>0.5<=1 0 [ B251 32 |308| 57 984 | 143.8 | 3556 2 0 4521
>1 «=15| 0 | 46 {132 | 17 | 585 | 778 | 435 9.1 0.6 0 224.4
>1.5<=2 | 0 | 0 o) 8.7 { 233 | 51.3 | 13.3 2 0.3 0 104.9
»2 «=25| 0 0 0.2 | 3.2 8.5 263 | 153 1.5 0 0 53
»25<=3 0 0 0 0.5 | 28 3.5 6.2 0 0 0 13
*3 <=35| 0 0 0 0 0.5 1.3 52 0 0 0 7
=35<=4 0 0 0 0 0.1 0.2 1.3 0 0 0 1.6
>d «=451 0 G 0 G 0.1 02 0.2 0 0 0 0.5
»>45<=5 0 0 0 0 0 0.3 0 0 0 0 0.3
Total 0 | 76,5 | 60.7 | 67.5 | 153.9 | 296.5 | 284.9 ; 565 3.2 0 1000
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Table 2.13 Spring Joint probability distribution (parts per thousand) of significant wave
height and peak wave period at the harbour entrance.

H Peak spectral wave period (5}
S

(m) 0-2] 24 | 46 6-8 8-10 | 1012 | 12-14 | 14-16 | 16-18 | 18- 20 | Total
>0 <=05|05|309|126}| 126 6 49 65.2 | 12.3 1.7 0.6 181.4
>0.0<=1 0 | 8383 |50.6| 635 | 868 | 10191 1461 | 324 2.3 0.2 | 572.1
>1 «<=156| 0 | 38 |213] 178 [ 578 | 33.8 | 323 | 10.8 0.2 0 177.8
=»15<=2 0 0 3.3 6.8 18.7 | 16.1 4.5 0.9 0 0 50.1
=2 «=25| 0 0 0 2.4 0.5 2.7 0.8 0.2 0.2 4] 6.8
»25<=3 0 0 0 0.2 0.4 1 0 0 0 0 1.6
»3 <=35| 0 0 0 1] 0 0.2 0 0 0 4] 0.2
»3.5<=4 0 0 0 0 0 0 0 0 0 0 0
»4 <=451] 0 0 0 0 0 0 0 o 4] 0 0
=»45<=5 0 0 0 0 0 0 0 0 0 0 0
Tolal 0.5 | 123 187.8 | 103.1 | 170.2 | 204.7 | 248.9 | 56.6 4.4 (.8 1000
Table 2.14 Wave height exirema and associated wave periods at the 1-100 year return

periods for 25 m water depth near the harbour entrance.

Return period in years
Parameter Units 1 5 10 25 50 100
Significant wave height Hs m|3.03] 417 | 477 | 568 | 6848 | 740
Single maximum wave height Hx m ;564 776 | 887 | 10.58 1 12.07 | 13.76
Period of Hx (min) Tassmin | s [ 628 7.36 | 7.87 | 860 | 8.18 | 9.81
Pertod of Hx (max) Tassmax | s | 953 11.18 | 11.96 | 13.07 | 13.85 | 14.90
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3.

3.1.

3.2,

SEDIMENT TRANSPORT AND MORPHOLOGY
MODELLING

Model system

The model system used to undertake the sediment transpori and
morphology studies consists of three modules:

o Nearshore wave propagation model to simulate the transformation
of the incoming wave fiefd.

s Nearshore current model to simulate currents generated by the
incident wave field, including the nearbed currents related to
vertical variation of the current field. Regional scaie tidal and wind-
driven currents are also introduced af the model boundaries.

s Sediment transport and bed level update model to simulaie the
transport of non-cohesive sediment by the aclion of waves and
currents, and calcufate resulting changes in bed level.

The modules are fully coupled with varying update intervals, and in this
work they are set as follows:

s The wave model has one-hour update cycle. Wave fercing and
wave-induced mass fluxes are passed to current module. Near bed
RMS orbital velocities are passed to sediment module.

» The current module has a six-minute update cycle. Currents are
passed to the wave model.

e« The sediment moduie has a six-minute update cycle and the bed
level is updated from a representative sediment flux over the
preceding six minutes. New bed level is passed to wave module
and current module.

The model can be run in a non-updating mode, in which sediment transport
and rate of bed level change is calculated and stored, but the model
bathymetry is left unchanged. This is a useful option for long term
simulations of general sedimentation fransport pathways, without the
unrealistic divergence that can occur due to uncorrected non-linear
feedbacks between waves, currents and morphology.

Wave module

A modified version of SWAN (Holthuijsen et al., 2007) is used as the wave
madel, The code has been changed o alfow update of both bed level and
currents to be passed intc SWAN at each wave model update cycle, The
wave forcing as calculated internally by SWAN is also passed back to the
current module, and the nearbed orbital velocities are used in the sediment
transport calculations. None of the numerics or coding related to the wave
physics has been altered.
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The wave boundary conditions are fully nested spectral boundaries from
the regional wave hindcast described in Seclion 2 to retain the spatial
variability of the incident wave field due to refraction and sheltering effects.
The model parameterizations provided in Table 3.1 have been used
(described in the SWAN manual). The roughness length of 0.01 for the
wave model has been found to be appropriate in several previous wave
modeiling studies.

Table 3.1 Wave mode! parameters
Parameter Value
Friction Madsen, roughness lengih 6.01m
Breaking Depth limited y=0.73
Quadruplet nonlinear transier Nene
Wind None
Diffraction Off
Setup Direct feedback from current module
Currents Direct feedback from current madule
Triad Off

3.3. Current module

The current module solves the eguaticns governing the depth averaged
nearshore current flow in orthogonal curvilinear coordinates,

9% L9 (jyen)=o
gt Jox,
W, 19 (yevep)r v ens =

ot A/ 8o axp,
- ghg? a—_‘5+F“ L9 g o O —i-z;;’

W e ¥ B R}

where V“is the coniravariant depth-averaged velocity vector, ¢ Is the
wave-gveraged surface elevation, F% is the forcing due to the incident

wavefield, T%is the Reynold’s stress tensor, and s is the bottom shear
stress. g0 is the determinant of the metric tensor in the curvilinear

coordinate system, Yo and s is the Christoffel symbol of the second
kind.

The current madule is based on the curvilinear version of SHORECIRC as
described in Shi et al. (2003} and Shi et al. (2007). SHORECIRC solves
the shallow water equations describing the wave and depih-averaged
nearshore current field on a curvilinear grid. The radiation stress gradignts
in the incident wave field are imposed as forcing terms in the equations,
obtained from the wave module. Bottomn friction is parameterized with a
standard drag coefficient approach:
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V:‘X

w — ;f?
Ty =, (3.2)

In the absence of data for calibration, a uniform drag coefficient of

£, =0.005 is applied throughout. The depth-averaged Reynolds stress
tensor is given by,

T% =hv, (g P+ g mz.ff,] (3.3)

with the horizontal eddy viscosity, Vf, approximated by a Smagorinsky type
scheme. The numerical solution of equation 3.1 uses the mode-splitting
AD! method described in Shi et al. (2007). This method renders the gravity
wave mode uncondiionally stable. An adaptive timestep has been
impiemented to keep the vorticity mode Courant number within the stable
limit. The actual code used is loosely based on that distributed as part of
the NEARCOM project”.

For this work, both water levels and regional currents are specified along
all the seaward boundaries of the mode! domain. The time and space
varying conditions were generated from a regional 12-year current hindcast
for the coastal and open-ccean boundaries. The tidal eievation and
currents were generated using astrongmical constituents obtained from the
tidal analysis of the hindcast at half hourly time step and summed with
linearly-interpolated half hourly residual elevation and currents. To faithfully
replicate the tidal flow in and out of the harbour, the tidal elevation and
current conditions along the model boundary within the harbour (see
Figure 3.1) were determined from the high resolution model of the Otago
Harbour implemented in Bell et al., 2009.

For the cross-shore boundaries a wave-induced increase to the base
efevation is estimated by assuming a balance between the cross-shore
component of incident wave forcing and setup so that for a coordinaie axis
x oriented cross-shore:

WF
p(x)=1n,+ J-o—%dx
08 (3.4)

where ) is the tidal elevation at the offshore limit of x = 0.

For velocity, specified current boundaries are introduced at the open
boundaries, and use a Flather type condition. An additional wave induced
component is also specified at the cross-shore boundaries, with the
assumption that locally the friction balances the wave forcing. The

alongshore flow normal to the boundary additional to any tidal an wind-
b

driven compeonent , Y, , i5 then prescribed by:

Vi = £,
i ¢, lv .f;[

i

(3.5)

® http//chinacat.coastal.udel.edu/~kirby/programs/nearcom/
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3.4.

I
In the numerical scheme, the value of v in the denominator is applied
fram the current timestep. Undertow is calculated for use in the sediment
module with the near-bed flow given by:

@ et \uTh
oy O Tl

h 3y, (3.6)

where Qy is the mass flux of the incoming wavefield, “.is the BMS near-

bed orbital wave vsiocity and Vi the vertical turbulent eddy viscosity. The
mass flux is composed of the Stokes drift component and an additional
contribution of the breaking waves.

The breaking wave flux is madelled by a parametric ‘roller’ approach in
which the mass of whitewater travelling with the wave is approximated by a
bore. For any individual wave of height H and period T, the total mass flux
due to breaking is given by,

g, H*
QI»' = h}—
r (3.7)

where g, is a constant ~ 1. The fraction of breaking waves follows the
parameterisation of Battjes and Janssen (1978) used for wave energy
dissipation in the wave module. This allows the breaking wave mass flux to
he related to the breaking dissipation as:

0 = 4q,D

=hr
P8 (3.8)

where the dissipation, D comes directly out of the wave module. The angle
of the breaking wave mass flux vector is assumed tc be the same as the
peak spectral wave direction. Three-dimensional dispersive mixing of the
depth-averaged current due to undertow (Svendsen and Putrevu, 1994) is
not included.

Sediment module

The sediment transport module uses a Bagnold type total load transport
formulation for the total sediment volume flux vector, ¢

— (_',‘.8) l —_ 1~ t: — ot
qg= /T ‘: ub[ i, M[MF}E?}

pls—D!ltang a tan ¢
.Cf 1 £, (1 —&, ) |:‘E{, 3 Jb . £, (1 —&, ) lan ﬁ‘f’-—i‘br:|
pis—1) o @ (3.9)

where u, is the insiantaneous nearbed velocity, ¢ is the bottom friction

coefficient, & and s are the suspended and bedload sificiencies. The
relative sediment density is s, an fis the bottom slope, tan ¢ is the
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sediment friction angle and @is the representative settling velocity. The
upper term represents bedload transport, while the lower term represents
the suspended ioad transport.

Egn. (3.8) can be rewritten as:

G=§-C.Vz
— c g, .. £Ell-&)_ 5.
g = ’ o ”h‘ iy +M”b 3”;;
pls—1] tang tan ¢
Cr gll—g)_ s
C, = ! [ : .‘.r,?h‘SJrMubi }
pls—1) tand @ (3.10)

which splits the expression into the total fransport terms and the bedslope
terms, where V< is the gradient of the bedsiope elevation.

A parametric approach is used to calculate the instantansous nearbed
wave velogity for use in Eqn. {3.9). The {ime variation of orbital velocities
folows the method of Elfrink et al. (2008}, with a single representative
wave period and height corresponding 1o the local spectral values of X,
and 7,,. A local bed siope is also applied for the calcufation of the irribarren
number, which a key parameter in the method. The local spectral U,
value is used as an equivalent orbital velocity and corresponds to 0.5¢ in
Elrink et al.’s formulation.

The bed level update solves the equation:

%4_ 1 a\/g<qfa>= | B{J?Cg{,ﬁi]
ot \E dx, \/g ox, | *° Lo dx (3.11)

where z is the bed level. The terms (q > is the wave-averaged sediment
flux vector, which is calculated by numerical integration over 50 wave
phase steps. The WENO scheme described in Long et al. (2007} is used
for the advection terms in Egn. {3.11), which controls the spurious
oscillations often experienced with numerical solution of the sediment
continuity equation.
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3.5.

Model domain

The curvilinear mode! grid is shown in Figure 3.1. It includes the coastline
from Rerewahine Paoint to Murdering Bay and extends ~ 4.5 km offshore.
The grid dimensions are 200 by 200 cells with sizes ranging from 15 m to
90 m, with the higher resclution in the shallower nearshore zones.

3.5.1. initial bathymetry

The initial bathymetry of the model domain was interpclated from a high
resolution regional bathymetric grid {(~10 by 10 m) used in Bell st al
{2009}. This grid was the result of merging of several datasets including
Port Otago fairsheets and digital soundings, University of Otago
soundings, gridded seabed depth from NIWA ccean bathymetry archives
and digitized LINZ nautical charts. Important bathymetric features includes
the harbour mouth with the deep entrance channel, the large submerged
ebb tidal delta protruding east of the shipping channel, and the disposal
mounds at the disposal sites of Spit and Heyward Point (Figure 3.2}.

MetOcean Solutions Lid
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Port Otfago Dredging — prefiminary modef studies for dredge disposal options

3.6. Sediment transport and morphology resulis
361 Sediment transpott scenarios
Sediment transport and morphology simutations have been undertaken for
the {ull calendar year of 2008. The t-year period was run in non-updating
maode for the seabed to identify general sediment franspori pathways under
ambient and storm conditions. Annual and seasonal periods along with six
discrete energetic wave events with a range of incident direction were
considered. Summary wave statistics of all these periods for the wave
buoy location are given in Table 3.2, while the events are shown on the
timeseries plot in Figure 3.3.
This 1-year simulation was supplemented by morphology modslling of the
six selected energetic wave events, this time using the model in updating
mode for the sea bed level. This allowed qualitative validation of the model
ability 1o reproduce observed changes in the disposal sites region and
further investigate erosion/accretion patterns. These simulations all started
from the same initial bathymetry as used in the long term run (Fig. 3.2).
Table 3.2 Wave statistics at wave buoy location for each of the modelled events.
Period Mean Max Mean wave
Hs (m) Hs (m) direction (degT) |
Year 1/1/2008 to 31/12/2008 0.92 3.82 88.99
Summer 1/1/2008 to 31/3/2008 0.88 2.79 81.80
Auturmn 1/04/2008 1o 31/6/2008 0.88 2.81 98.29
Winter 1/7/2008 1o 30/9/2008 1.47 3.82 88.22
Spring 1/10/2008 to 31/12/2008 0.73 2.40 87.74
Event 1 8/2/2008 10 11/2/2008 1.77 2.23 83.39
Event 2 23/2/2008 io 24/2/2008 2.03 2.79 58.88
Event 3 20/5/2008 to 26/5/2008 2.18 281 84,45
Event 4 23/7/2008 to 28/7/2008 2.37 2.64 111.21
Event & 29/7/2008 to 1/8/2008 2.685 3.92 93.91
Eveni & 30/11/2008 to 1/12/2008 1.89 240 81.55
3.6.2. Model cuiput and post processing

The full set of hydrodynamic variables, including the total depth-averaged
sediment fluxes and bathymeiry are stored every six hours through the
model simulation. Averaged maps of the wave height, depth-averaged
currenis, and depth-averaged sediment transport fluxes were calculated by
vector-averaging the six-hourly cutputs through the duration of events
considered (see Table 3.2 above). Seabed change maps were obtained
subtracting the initial bathymetry from the bathymetry predicted at then end
of each modelled event. Note that ail event durations are multiples of 12
hours to provide an averaged picture without the tidal effects.

Results are first presented for a series of discrete wave events to illustrate
flow patterns and sediment transport pathways experienced during high
wave energy conditions, Often such evenis can dominant the overall
sediment transport regime. Yearly and seasonal averaged maps are then
presented to illustrate the long-term wave climate and sediment flux
patierns.
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3.6.3. Wave and circulation patterns

The underlying patterns of wave, wave-driven circulation and sediment
fluxes are relatively consistent for the different storm evenis presented
(Fig. 3.4 10 3.9, top plots). The large submerged ebb tide delta northeast of
the harbour entrance strongly focuses incident wave heighis towards
Aramoana Beach and the Spit disposal site, where a zone of increased
wave height is clearly evident. A side effect of the focusing process is the
generation a wave shadow zone to the immediate west, and a strong wave
height gradient along the Aramoana Beach region. The region with
maximum wave energy is located mid-beach for a northeast event {e.q.
Event 2, Fig. 3.5) and is progressively shifted to the northwest for
increasing angles of incidence (i.e. more easterly e.g. Events 3 to 5, Figs.
3.6 to 3.8). In contrast, the south-eastern end of the beach receives
relatively low wave energy in these conditions. Similar wave focusing
processes are also apparent from the disposal mound (or bathymetric
feature) af the Heyward ground.

The disposal mound at the Spit disposal site provides additional shoaling
of the incident wave heights, and causes an onshore-directed current flow
to develop over the mound. This flow diverges and interacts with wave-
driven alongshore flows descending from Heyward Point — creating a
strong localised rip current that lies inshore and west of the mound. In the
very energetic conditions, this rip flow deviate to the norihwest and
eventually merges with the strong northwest alongshore flows past
Heyward Paint (e.g. Event 5, Fig. 3.8). It is notable that this feature prevails
in both Evenis 2 and 4 (Figs. 3.4 and 3.7}, which exhibit very different
wave incidence angles and alongshore wave height gradients. To the
southeast of the mound, the onshore-directed flows are generally deviated
alongshore towards the breakwater; progressively losing intensily and
adding to a counter-clockwise circulation cell (e.g. Event 5; Fig. 3.8).

Strong alongshore currents are observed in the east of the modsl domain
flowing from Rerswahine Point to Tairca Head. This flow weakens and is
generally deviated offshore at the harbour entrance. During Events 2 and
6, which have the most northerly incidence angle, an underlying large-
scale flow is directed southeast — opposing and weakening the wave-
driven alongshore flows adjacent te the coast. For Event 2 (Fig. 3.5), a
significant flow into the harbour is evident; this event coincided with strong
northerly winds and a regional-scale coastal current that was direct o the
south. Note that the open boundary conditions at the harbour entrance
ailows continued flow, whereas in reality an opposing pressure gradient
would develop as Otago Harbour filled.

3.6.4. Sediment fluxes

During each of the six Events, the model is predicting strong south-
westwards {onshore) sediment flux from the Spit disposal site and disposal
mound. The flux vectors are primarily aligned with the wave direction,
implying thal wave asymmetry dominates the transport over the mound.

Near the shore, there is a weak transport vecior to the southeast and
toward the breakwatsr. Howsever, there are very strong transport vectors
along the coast immediately south of Heyward Point. These flows bifurcate
at a location that varies slightly with the incident wave angie; one flow is
directed to the south toward Aramoana Beach, and then veers offshore as
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a rip flow. The other tlow is directed north-northwest toward Heyward Point
and then west beyond the Point.

In the vicinity of the bar and channel, the net transport vector is westerly
directed, and in most cases sediment is eroded from the bar and depaosited
in the channel. During the largest event (Event &), it is notable that
sediments are being mobilised over the entire ebb tide delta region,
including active sediment transport across the shipping channel.

A summary of the wave and sediment transport patterns under the easterly
and northerly extremas of wave incidence angles from the evenis is
provided in Figure 3.10.

3.6.5. Annual and seasonal results

Annual and seasonal maps are presented in Figures 3.11 to 3.15. Wave
focusing by the ebb tidal delta and causing a gradient in wave height along
Aramoana Beach is a consistent feature, Additional sheoaling of wave
heights over the Spit meound is clearly evident. Alongshore flows near
Heyward Point and the rip feature at the north-western end of Aramoana
Beach are prevalent throughout the year.

Note that the annual averaged results in particular do not account for any
imitation of sediment supply that might develop, in paricular around
Heyward Point. In reality, the large transport fluxes directed away from the
point in both directions would be restricted by lack of mobile sediment
around the rocky headland. However, this effect would not modify the
general transport patterns seen over the erodable parts of the domain,
including the disposal mounds.
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Event 1: 8-11 February 2008
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Figure 3.4

deg). Disposal sites are shown in white.

Mean significant wave height and circulation (top) and mean sediment flux
magnitude and direction (bottom) during Event 1 (mean Hs = 1.77 m, Dir = 83
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Event 2: 23-24 February 2008
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Figure 3.5 Mean significant wave height and circulation (lop) and mean sediment flux
magnitude and direction (bottom) during Event 2 (mean Hs = 2.03 m, Dir = €0
deq). Disposal sites are shown in white.
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Event 3: 20-26 May 2008
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Figure 3.6 Mean significant wave height and circulation (top) and mean sediment flux
magnitude and direction {bottom) during Event 3 (mean Hz = 2.18 m, Dir = 84
deg). Disposal sites are shown in white.
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Event 4: 23-28 July 2008
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Figure 3.7 Mean significant wave height and circulation (top) and mean sediment flux

magnitude and direction (bottom) during Event 4 (mean Hs = 2.37 m, Dir =
111 deq). Disposal sites are shown in white.
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Event 5: 28 July - 1 August 2008
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Figure 3.8 Mean significant wave height and circulation (top) and mean sediment flux
magnitude and direction (bottom) during Event 5 (mean Hs = 2,65 m, Dir = 94
deq). Disposal sites are shown in white.
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Event 6: 30 November — 1 December 2008
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Figure 3.9 Mean significant wave height and circulation (top) and mean sediment flux

magnitude and direction (bottom) during Event 6 (mean Hs = 1.88 m, Dir = &2
deg). Disposal sites are shown in white.
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Figure 3.10 Comparison of mean wave height, circulation and sediment fluxes for Events
2and 4.
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Figure 3.11 Mean significant wave height and circulation (top) and mean sediment flux
magnitude and direction (bottom) during 2008. Disposal site locations are
shown in white.
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January-March
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Figure 3.12 January — March 2008 mean significant wave height and circulation (top) and
mean sediment flux magnitude and direction (bottom). Disposal site locations
are shown in white.
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April-June
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Figure 3.13 April = June mean significant wave height and circulation (lop) and mean
sediment flux magnitude and direction (bottom). Disposal site locations are
shown in white.
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July-September
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Figure 3.14 July — September mean significant wave height and circulation (top) and
mean sediment flux magnitude and direction {bottom). Disposal site locations
are shown in white.
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October-December
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Figure 3.15  October — December mean significant wave height and circulation (top) and
mean sediment flux magnitude and direction (bottom). Disposal site locations
are shown in white.
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3.6.6. Morphological changes

Events 2, 4 and 5 were simulated using the model in updating mode o
investigate seabed erosion/ accreticn patterns in the vicinity of the Spit
disposal site and Aramoana Beach. Event 5 was the most energetic event,
while Events 2 and 4 were selected for comparison since they had similar
wave energy but different directions {i.e. ~60° and ~110 ° respectively; see
Table 3.1). The results showing the seabed level changes for the 3 events
are provided on Figures 3.18 - 3.18.

Erosion of the Spit mound and accretion directly landward is a consistent
prediction by the model for each of these 3 events, despite the fact that
mean wave-driven currents are more oblique. The modelled onshore
migration frend is consistent with the observed bathymetric changes from
2002 to 2009 (see Fig. 3.19), thereby providing a qualitative validation of
the model predictions, and in particular the parameterisation of wave
asymmetry. A gradual migration of a disposal mound in the shoreward
direction has been observed in other studies {e.g. Douglass, 1996), and
has also been attributed to wave-velocity asymmetry. In contrast, McGomb
and Black (2000) found that suspended sediment transport was the
dominant mechanism for mound erosion in a consistently high energy
envirgnment.

Further inshore, erosion of the beach face and accretion of the longshore
bar are predicted in each of the events. However, it should be noted that
the model only parameterises the complex and time-varying sediment
transport processes that occur in the surf zone. Accordingly. the results
from the surf zone can only be used qualitatively.

The magnitude of seabed level changes near the Heyward disposal site is
much smaller than at the Spit location, primarily due to the increased water
depth, A zoomed in view of the area after Event 5 is shown in Figure 3.20.
The net sedimeni flux is directed west, which is consistent with observed
long-term bathymetric changes shown in Figure 3.18. Another feature of
interest is the strong erosion and accretion patierns adjacent fo the shore
near Heyward Point. It is probable that this area has highly variable
sediment levels and frequent scour fc exposed rock in the shallow zones,

The model provides a useful tool to examine the short-term
morphodynamic response of the shipping channel and ebb tidal delta to
individual storm events. Comparison of the erosion/accretion patterns over
the channel and bar feature is provided on Figure 3.21. Of interest, the
results for Events 2 and 4 show opposing migration trends due to the
incident wave direction. The easterly Event 4 acts to erode the bar and
deposit material into the eastern side of the channel. During Event 2
however, the deposition is primarily on the eastern side of the bar. The
largest event (Event 5) displays the most pronounced patierns, with the
largest area of erosion/accretion occurring at the tip of the bar, and a zone
of accretion in the channel immediately adjacent to Tairoa Head.
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Figure 3.16  Predicted sea-bed level changes and mean sediment flux field over Event 5.
Initial depth contours are overlaid.
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Figure 3.17  Predicted sea-bed level changes and mean sediment flux field over Event 2.
Initial depth contours are overlaid.
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Figure 3.18 Predicted sea-bed level changes and mean sediment flux field over Event 4.
Initial depth contours are overlaid.
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Figure 3.19 Actual sea-bed level changes from 2002 to 2008 determined from historical
bathymetric measuremenis.
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Figure 3.20  Predicted sea-bed level changes and mean sediment flux field in the vicinity
of the Heyward disposal site during Event 5.
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SUMMARY
Existing dynamics

A preliminary modelling study of the wave and sediment dynamics at the
QOtago harbour entrance has been undertaken. The purpose of the work is
to provide improved understanding of fhis environment, with particular
focus on ihe physical cceanographic and sedimentary process that
characterise this area.

The wave climate has been hindcast over a 12-year period; providing an
hour-by-hour re-creation of the historical conditions from 1998-2009, From
these data, climate stafistics and maps of the wave regime have been
produced and analysed. On average, the entrance region has a relatively
moderate energy wave climate, with a mean annual significant wave height
of only 0.88 m. The location of the entrance on the north side of the Otago
Peninsula provides a large degree of fopographical sheltering frem the
predominant waves from the south and scutheast. However, this coast is
exposed to seas and swells that approach from the naorth, northeast and
easterly quarters. Large wave svents do occur throughout the year — the
2.5 m significant wave height level is exceeded for approximately 1% of the
time on an annual basis. These larger events typically approach from the
east-northeast or south-easterly octants, usually with peak spectral pericds
in the range 10-14 seconds, The ebb tide delia and the entrance bar cause
significant modification of the incident wave climate. Combined with
sheltering effects, the net result is wave height focussing at locations along
Arameana Beach and the coast toward Heyward Point.

Sediment transport has been modelled over a one year period during
2008. The high-resolution numerical model domain includes the harbour
entrance and the adjacent coasts plus the existing disposal grounds. The
boundaries to the madel are configured with incoming waves and currents,
plus the tidal flows through the harbour entrance. Within the mode! domain
wave-driven circulation patterns are resolved and sedimeni transport
scenarios were simulated with and without the seabed morphology
updating.

A gualitative interpretation of the resuits from the sediment transport model
is as follows:

1. The modelling system produces similar morphological changes io
the seabed and disposal mounds as those observed between
successive seabed surveys at the Spit and Heyward disposal
grounds.

2. At both locations, there is a net migration of the mound in the
direction of wave advancs, inferring that i} wave-velocity asymmetry
is an important process and i} bed locad sediment fransport
predominates.

3. During energetic storm events, sediments are mobilised throughout
the ebb tide delta region, and active bypassing of the harbour
entrance and shipping channel is evident.
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4.2.

4.3.

4. Characteristic patterns of wave-driven circulation and associated

sediment fransport pathways in the region west of the entrance are
clearly evident. Near Heyward Point there is a strong iransport
vector directed north-northwest toward the Point and then west
heyond the Point. Further soutih there is an opposing flow directed
toward Aramgana Beach, which veers offshore as a rip current near
the western end of the heach. Flows are much lower along
Aramoana Beach, with a net fransport vector directed southeast.
East of the harbour entrance, there is a well-defined westward flow
adjacent to the coast.

The sedimeni moedel resulis do not identily a direct transport
pathway from the Spit disposal ground and Aramoana Beach
system to the coast wast of Heyward Point. It is highly probable that
placed sediments at the Spit ground will experience long residence
times within this sysiem and historical disposal here has led {o
general accretion. This is an important factor when considering the
long term sustainability of the site in the 35 year consent.

The shallow parts of the Heyward ground are mobilised during
storms, and net transport to the west is indicated. The deeper paris
of the ground appear to be retentive and do not show significant
movement.

Future work

It is envisaged that future work will include:

L]

Verification of the dominant wave-driven circulation features that
have been identified in this preliminary study.

Incorporation of other sediment transport formulae in the model o
improve the confidence in the quantitative resuiis.

Long term evolution modelling as a further gualitative validation
that existing systems in dynamic equitibrium are well modelled.

Detailed testing of a range of passible disposal sites to ensure
long term sustainability while maintaining an adequate sediment
supply to the adjacent littoral systems.

Effect of the three-year conseni

The Port Company seeks to continue the disposal of up to 450,000 m?3 per
year of dredging spoll into the existing grounds. A term of three years is
sought, which is sufficient time to allow the studies identified above to be
undertaken and the associated management strategies to be developed.
The likely physical sedimentary effects of the continuation of spoil disposal
are considered in the following seciions.
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4.3.1. Heyward

For the Heyward ground, both the historical survey measurements and
numerical modelling suggest that sediments within the shallow parts can
become mobilised by wave action and tend to migrate westward, while the
deeper regions (ie. greater than about 15 m) are clearly retentive.
Accordingly. the effects will depend on the areas used for disposal within
the ground. The historical survey data indicate a disposal mound has been
slowly accreting in the shallow regions of the ground, which indicates the
supply o these areas over recent years has exceeded the natural
transportation capacity {i.e. waves and currents). Over the term of the
consent there is scope to further manage the disposal volumes within
discrete regions of the ground; defining retentive and dispersive guantities.

4.3.2. Spit

For the Spit ground, the model results indicate that the sediment deposited
here tends to migrate westwards with the incident wave field. No direct
transport vector has been identified from the Aramoana Beach region to
the adjacent coastal cells, and so i is likely that the dredged sedimenis
deposited here will have long residence times. Significant transport beyond
this immediate area (i.e. the wider Aramoana Beach system) is likely to
occur infrequently and only during high storm conditions.

On the basis of the information currently available, it is highly probable that
material placed at the Spit ground will slowly migrate shoreward and
gradually disperse along the wider Aramoana Beach system. While the
region into which this material will disperse is relatively broad, it is
considered that a deposition rate of 200,000 m® per year is not a
sustainable practise over the long term. Note that approximately 750,000
m?® of material has been deposited at the Spit ground in the last 10 years,
and nearly 3.3 Mm? in total over the last 26 years. It is considered that the
effects from a maximum of 200,000 m® per year for the next three years
(i.e. 600,000 m? in total} will be analogous to the previous 10 years.

Future studies over the next three years will determine the optimum sites
and volumes for the deposition of dredged sediments. 1t is highly likely that
considerably lass than 200,000 m® per year will be specified for the
Aramoana Beach system for long term management. Accordingly, a
possible consequence arising from the maximum deposition of 600,000 m®
at the Spit ground may be a delay in future depasitions {o allow the sysiem
to adjust.

In the short term, the presence of the disposal mound will modily the
incoming wave fisld. Wave transformation studies have shown that the
historical disposal mound bathymetries produce subtle differences in the
wave height gradients along the beach in the surf zone. The mound acts
as a secondary focusing feature, redistributing wave energy into zones of
siightly increased and decreased wave height. This has a slight effect on
the local coastal processes, and does influence the surfing wave quality.
Focussing effects that increase the local wave heights along the adjacent
heach are likely to confer positive outcomes for surfing. However, the wave
focussing process is highly dependent on the mound shape. Therefore as
the mound erodes over time and the sediments are distributed shoreward
and eventually spread along the beach and nearshore regions, the effects
witl also change.
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4.3.3. Shelly

Al the Shelly Beach ground, the effects of the continued disposal of up to
50,000 m? per year is not expected to produce outcomes that differ from
the past 10 years. Some 237,092 m” has been placed in the region, with a
relatively low retention rate. The sediment transport has not been modelled
for this ground in the present siudy, However it is highly probable that
sediments are actively flushed from this region during periods of elevated
wave penetration, with subsequent depaosition in the adjacent shipping
channel. Accordingly, exercise of the consent for this ground over the
three-year period will provide a short term sediment supply fo Shelly
Beach, but is not expected to produce outcomes that differ from the
cbservations over the past 10 years.
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Executive Summary

Port Otago Limited (POL} is seeking a short-term replacement consent to allow for the
continued disposal into the sea of up to 450,000 m® per year (the current permit volume) of
dredge spoil into three existing disposal sites off Heyward Point, Aramoana Beach, and Shelly
Beach. This will replace the current coastal permit, 2000.472, which expires in December 2011,
Total annuat disposal volume has surpassed 250,000 m” once since 1995, A substantial amount
of information on the interaction of disposal practices with coastal ecology and physical
processes has been collated since 2000. This report summarises much of the existing
information on the coastal ecology of local macrofauna (small, bottom-dwelling animals) with
respect to maintenance dredge spoil disposal activities.

The coastal subtidal study area between Taiaroa Head and the northern limits of Blueskin
Bay is a dynamic environment where sediments, watcr depth, and hydraulic energy gradients
help shape the animal communities of the benthic (seatloor) habitats (see Fig. 38, page 62). The
benthic ecology of the Shelly Beach dispesal ground has not been investigated due to the
overarching conservation efforts focused on the South Spit shoreline and the Aramoana
saltmarsh 1t shelters. The Aramoana and Heyward Pt. disposal grounds lie inshore of the 12 m
and 22 m isobaths, respectively. A mean 510 m’ of dredge spoil per day was discharged at sea
in 2010 with disposal occurring during most weeks. The sediments discharged to the sites have
generally been medium and fine sand from the Otago Harbour entrance and several lower
harbour claims with fine material from ship berths. approaches, and the upper harbour
contributing a smaller volume.

Disposal-related mounds were observed at Aramoana and Heyward Pt. Separate studies
on coastal water movements (MetOcean Ltd. and others) and sediments (Single ef &/ 2011 and
others) complement the available biological information and validate a relationship between
these mounds and decreases in benthic macrofaunal abundance and species richness. Some
robust species, such as the wheel-shell snail Zethalic zelandica, thrive in the energetic areas
inshorc of the disposal areas while most other taxa are excluded. At Aramoana disposal-related
effects are probably limited fo the inshore portion of the disposal ground and extend not more
than 250 m beyond the disposal ground boundary. The deeper 1/3 of the much larger Heyward
Pt. disposal ground does not appear different from 'background' sampies and disposal-related
elfects appear to be restricted to the central portion of the disposal ground and an area 100-500

m west of its shoreward boundary. Both sites are dispersive with respect to silty sediments and
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retain sand-sized sediments to different degrees. There is no evidence that disposal has
deleterious ecological effects beyond these areas.

A benthic photographic survey ideniified biogenic features associated with animals
living in burrows which were common in waters deeper than 15 m. A one-off investigation
revealed that most of these burrows were probably made by a mantis shrimp (Heterosquilla cf.
fricarinata) known to range from Northland to the subantarctic islands., The investigation also
identified several commensal species living in the burrows which have not previously been
recorded on the Otago coast. These species and burrows are probably common features of
shallow subtidal sands along southeastern coasts which have likely not been reported due 1o a
lack of exploration with equipment and methods capable of detecting them rather than scarcity,

Dredge-related effects at Aramoana appear spatially stable in comparisons between 2005
and 2010 and the area retains a 'buffer zone' of animals well-suited to colonise sandy spoil.
Dredge-related effects also appear spatially stable at Heyward point in comparisons between
2005 and 2010 though fewer historical data are available. Habitats surrounding the Heyward Pt.
disposal ground and large areas within the disposal ground support species suited to rapid
colonisation of sandy sediments. The position of the Heyward Pt. disposal ground in shallow
waters off of a headland which shapes water movements complicates monitoring and
management. Even though dredge-related elffects are currently localised, informed modification
of the disposal area and practices may simplify monitoring and impact an even smaller
proportion of a larger habitat than is presently occurring.

Investigations are proposed to take place during a two-year consent period which aim to
prepare an effective monitoring and management programme for a subsequent 35-ycar consent
application. The key points of the proposed investigations are:

- Continue POL's improved bathymetric survey regimen and disposal location
records

« Use the STFATE model to predict spoil footprints in the Heyward Pt. locale and
inform empirical investigations of the patterns and processes of fine sediment
transport and macrofaunal recolonisation of spoil in existing and alternatc
boundaries

«Improve taxonomic resolution of key macrofaunal taxa, especially gammarid
amphipods

- Evaluate the ubiquity of infaunal taxa

Successful development of practical and effective monitoring and management
procedures requires that further policy benchmarks from the working party and consenting
authority be established within the existing national guidelines and in accordance with

international best practices for review and implementation.
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Introduction

Coastal resource consent application to dispose of dredged material at sea

Port Otago Limited (POL) is seeking a short-term replacement consent to allow for the
continued disposal into the sea of up to 450,000 m?® per year of dredging spoil. This will replace
the current coastal permit, 2000.472, which expites in December 2011, Port Otago is seeking to
continue to dispose of dredging material pursuant to the terms and conditions applying to coastal
permit 2000.472.

The spoil will be derived from maintenance dredging and incremental improvements to
the channel and berth areas in and about the Otago Harbour. Disposal 1s proposed to be carried
out in accordance with the following specific maximum annual discharge quantities at each

location {Fig. 1, Table I):

»  Heywards Point, being an arca of approximately 38.2 ha and to receive up to
200,000 m? of spoil;

= Spit Beach, being an area of approximately 28.3 ha and te receive up to 200,000 m?
ot spoil; and

- South Spit Beach (Shelly Beach), being an arca of approximately 14.5 ha and to

receive up Lo 50,000 m® of spoil.

A term of three years is being sought for the consent. After this time, it is intended that a 35 year
disposal consent will be sought. The short-term consent will allow for a suttable long-term
consent framework and monitoring programme to be developed which takes into account both
maintenance dredging spoil disposal and disposal associated with capital dredging sought
through the “Project Next Generation™ resource consent which is currently under consideration

by Otago Regional Council.
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Fig. 1. Existing dredge spoil disposal areas (red polygons). (Background chart NZ661, depths in metres)

Table 1. Geographic coordinates of existing dredge spoil disposal areas.

Site

Coordinates of corners (WGS84 datum)

Heyward Point

45°45.07" S 170°42,09" E
45°4495' S 170° 4227 E
45°44.44° 5 170°41.78" E
45°44.63° 5 170°41.60" E

Spit Beach (Aramoana)

45°46.18° 5 170°42.74" E
45°46.05" 5 170°42.93" E
45°45.72° S 170°4247' E
45%46.04' 5 170°42.33' E

South Spit Beach (Shelly Beach)

45746.82' 5 170°42.56" E
45%46.65" 5 170°42.79' E
45°46.75' 5 170°42.96’ E
45°46.95" 5 170°42.77" E

The Maritime Safety Authority of New Zealand and the Ministry for the Environment
have produced guidelines ("the guidelines") for the sea disposal of waste (MSA 1999) to aid
regional council decision-making under the RMA (1991) and the Resource Management

(Marine Pollution) Regulations (1998) ("the regulations”). The guidelines were modelled on,
and intended to be regularly updated in accordance with, the National Ocean Disposal
Guidelines for Dredged Material (Environment Australia 2002). The guidelines were created to

aid authority and applicant compliance with the 1996 Protocol to the Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter, 1972 ("the protocol")
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with respect to the London Convention' ("the convention") administercd by the International
Maritime Organtsation. New Zealand is one of 40 signatory nations fo this convention. The
guidelines specifically direct that the regional council must have regard for RMA sections 104
and 138A.

Maintenance disposal operations within Otago Harbour is a large (>100,000 m®) and
complex project according to the guidelines which provide a generic assessment framework.
The present study provides intormation on the imipact of current disposal operations within the
context of the adjacent coastal environment. This is primarily a technical report and no attempt
las been made to provide a comprehensive literature review nor synthesise findings beyond
those data gathered in the included studies.

The guidelines (Part 1 Section 6) outline the disposal site assessment process. In general
they state that the disposal site should be sufficiently removed from ecologically sensitive or
incompatible use areas to avoid or minimise adverse environmental effects. The site selection
process shonld be sutticiently flexible to allow for a variety of waste types and quantities and the
range of effects that may result from their disposal. The information required on the proposed
disposal site is outlined in paragraph 11 of the WAF Annex and clause 6 of Part 1 of Schedule 3

to the reguiations, but can be briefly summarised as:

«  physical, chemical and biological characteristics of the water column and the seabed

> location of amenities, values and other uses of the sea in the area under consideration

- assessment of the consituent fluxes associated with disposal in relation to existing tluxes
of substances in the marine environment

« economic and operational feasibility

This study summariscs biological patterns and processes found during recent surveys of the
seabed with respect to macrofaunal sampling, photographic, and sonar observations only.
Attention has been given to use methods and locations suitable to support future site monitoring
if it i3 required. Mouitoring guidelines are set out in Part | Section 8§ of the guidelines. The
guidelines also recognise that each application for discharge into the coastal marine environment
requires independent study and that the suitability of a disposal site can only be assessed with
respect to matching, sutficiently characterised, spoil (Part 2 of the guidelines) as modified by the

dredging process proposed to be used. Though relevant to the proposed disposal site, spoil

I Thisis a'living' document, the latest version can be accessed at:
http/Awwny. imo. org/OurWork/Environment/SpecialProgrammesAndinitiatives/Pages/London-Convention-and-

Protocol.aspx
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characterisation will be addressed by separate reports (e.g. Single 2011; Pullar & Hughes 2009)
and only briefly mentioned here. For management purposes the Aramoana disposal area falls
within class 124 of the New Zealand Marine Environment Classification system (MFE 2003%)

while the Heyward Pt. disposal area is most similar to class 64 grading to aspects of class 169 .

Why study macrofaunal assemblages?

The term ‘macrofaunal assemblages’ is used throughout this report. This term is used to refer to
relatively large animals (usually over 0.5 mm in their smallest dimension) typically found in
densities of dozens to thousands of individuals per square metre living on or in soti-seafloor
sediments such as clay, mud, or sand. When a number of individual taxa were found together in
any collection they are referred to as an assemblage. The general biological patterns which
emerge when cnough assemblage information covers broad areas and time scales are then
referred to as communities when substantial biological interactions are assumed to exist between
observations. Communities form due to both biological and physical patterns and processes in

an arca.

Any area of the seafloor provides resources of material value called goods (e.g. food)
and process-based rcsources like chemical or biological activities called services {e.g. livable
habitat, storage space, dilution volume, etc.). Goods and services are available to the
communities living within the area and adjacent fo it (including humans). Predicting the
environmental impact of any proposed activity requires an understanding of the goods and
services (G&S) provided in an area and an evaluation of the costs and benefits of affecting
future G&S through the activity. Since all G&S cannot be monitored or managed,
biomonitoring programimes are developed to detect changes in those goods or services most

valued by the involved communities.

Macrofaunal communities have intrinsic value, but they also provide information on
local G&S which are frequently relevant to regional management scales. Assemblages are
usually patchy on the scale of metres and weeks, but community patterns are typically present
over broader areas and longer time scales and thereforc provide a more synthetic view of
conditions. Physical measurements such as temperature, sediment metal contenf, and such
provide detailed information of the environment at the time and point of sampling. Such
parameters may or may not be important to the community living there, they may be changed by
the commumnity, or they may vary over space and time n a way that makes general

characterisation impractically expensive or impossible. Becanse each macrofaunal taxon lives

-100f73 -



and reproduces within its own synergistic environmental constraint tolerances, community
patterns reflect conditions which are ecologically important that may or may not be detected by
physical testing. A comparison of physical and ecological patterns in areas, times, or processes

can reveal or explain changes in overall G&S.

Macrofauna are usetul in G&S impact considerations in this way because of several
general biological characteristics. Macrofauna are typically more sedentary than, for example,
fish species of direct value and can theretore be studied more easily. Their high density on the
seafloor also aids practical study design. While individuals are usually quite sniall, they typically
dominate the collective animal biomass and diversity in benthic habitats and directly provide a
large portion of an area's G&S. Their most obvious product is food for other organisms {e. g
fish, birds, etc,) while many of the services that they provide are less cbvious (e.g. habitat
construction, sediment binding, etc.). While macrofauna are more sedentary than many larger
marine animals, all move in some fashion. Some species maove significant distances only
through reproduction. In the tropics this often occurs throughout the year, but in temperate
Otago waters, most species reproduce once a year or less often. Other species {(often including
those we don't tend to think of as mobile - like bivalves} may move metres or kilometres as
adults and juveniles. Thus macrofaunal reproduction and colonisation can provide information
on how frequently conditions are conducive to normal G&S production. Reproduction and
colonisation abilities thus dictate the recovery of an area from an impact. Each macrofaunal
individual can only die once, therefore, G&S predictions typically look at the maximum degree,
spatial extent, and frequency of acute impacts rather than average values and compare them fo
the ability of the surrounding area to colonise an impacted zone in a given time period. Impacts
which do not dircctly kill or remove species from any area may prohibit reproduction ot
colonisation, thereby producing the same ecological etfect as acute removal depending upon the

individual species’ biology.

FPriov studies

Several authors have provided a general overview of some biological communities and key
physical parameters such as water depth and sediments in the study area prior to the studies
commissioned by POL. Andrews (1973) produced the most comprehensive assessment of
sediment types in the area (Fig. 2). Sediment textural data was primarily based on Agassiz trawl
samples at approximately 2.4 km spacings with undefined geospatial precision. Bardsley (1977)

used mincral tracers to define a northward-moving sand wedge later described by Carter ef «l.

-1tof73-



{1985). Carter & Carter (1986) also described bottom types including a transition from modern
sand to relict gravel/palimpsest sand. Smith (1994} updated and summarised prominent coastal
processes for the Otago Regional Coastal Plan. Andrews (1973) described the benthic fauna
seaward of the disposal sites as a sparsely populated Antisolarium-foraminifera assemblage
based on the dominance of the snail Aniisolarium egenum. Probert ef al. (1979) samples to the
south and north of the study area described this same inner sandy-shelt fauna (Fig. 2) as sparsely
populated by A. egenum, Ommatocarcinus macgillvrayi, Patiriella regularis, Nectocarcinus
antarcticus, Ovalipes catharus, and Sclerasterias mollis.  All of these studies highlight the
special ecological nature of palimpsests (mixture of relict and modern sediments of different
origins) and bryozoan thickets far deeper and southward of the disposal sites. Batson (2000),
Batson & Probert {2000), and Jones (2006} only found such sediments deeper than 56 m, but

anecdotal reports suggested that some pockets of gravel extended inshore fo depths of 40 m.

Several POL-commissioned studies provided information included in the present report.
Willis er al. (2008) collected grab samples, underwater video, and sidescan sonar returns to
characterise the broader area. They found that the continental shelf was dominated by fine and
very fine sand with organically enriched (2-3% by loss on ignition method) silty sediments
toward the cenire of Blueskin Bay. Willis ef af. (2008) broadly confirmed the earlier findings of
other studies (Paavo 2007, Single 2007, Paavo & Probert 2005, Bunting ef of. 2003), but also
suggested that there was a shore-parallel contour near the 30 m isobath which delinated high
densities of tube-dwelling polychaetes shoreward which were rare seaward. They also identified
previously unreported patches of horse mussels (4trina zelandica) several kilometres seaward of
the Heyward Pt. sife at depths near 28 m. Horse mussel shells protruding from soft sediments
provide ecologically significant benthic structre and are associated with increased faunal

diversity and abundance in a complex tashion (Hewiit ef af. 2002, Cummings ef al. 2001).
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Study Area and Methods

Disposal Areas and Recent Disposal History

Lusseau (1999) tabulated the historical use of the existing disposal areas while annual reports by
POL have characterised disposal activities since then. During the 2010 calendar year there were
282 disposal cvents from the M/} New Era’ depositing about 36,000 m® at Shelly beach, 23,000 m’
at Aramoana, and 90,000 m’ at Heywards Pt. Compared to the 2003-2003 ecological investigation
period these 2010 totals represent a 2.75 increase in disposal volume at Heyward Pt., a sixfold
decrease at Aramoana, and a fractional decrease at Shelly Beach. Disposal frequency at the three
sites during the period of 2002-2005 ditfered from the disposal frequency during the 2010 calendar
year (Figs. 3 & 4). Except for three periods of no disposals (totalling about 13 weecks where vessel
was not available) there were no weeks in which Heyward Pt. disposal ground did not receive spoil
while Aramoana and Shelly Beach had seven or more periods of 40 consecutive days without
disposal events each. The Heyward Pt. disposal ground also typically received several disposal
events per day (2—5) whereas Aramoana and Shelly Beach disposal areas usually received only one

or two disposals on any day that disposal occurred.

2 asmall number of additional disposal events were made by barges
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Fig. 3. (Left Panel) Frequency of disposal events between |7 September 2002 and 21 June 2005 (1008 days). The
vertical axes indicate the number of times that the corresponding interval occurred (e.g. Shelly Beach received spoil
with zero or one day's "rest period" 60 times in 1008 days) (Figures from Paavo 1997). (Right Panel) Frequency of
disposal events during the calendar year 2010 (based on M/V New Era logs provided by POL).
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Shelly Beach

The Shetly Beach disposal ground {Tig. 1) is also known as South Spit in some publications, It is a
shallow disposal ground in 3—8 m of water depth seaward of Shelly Beach. The 750 m wide sandy
beach has been in an eresive condition since construction of the adjacent breakwater (c. 1884}
blocked southerly fransport of sediments. In the late 1980s erosion critically threatened the low
dune systern, human dwellings, and the Aramoana Salt Marsh, an area of national ecological
significance (DOC 2011). Since then, POL has disposed of a quantity (approximately 20,000 m’
per annum in 1987-2010) of sand from specific, texturc-matched, claims into the Shelly Beach
disposal ground at the request of regional and national authorities to renourish and stabilise the
shoreline. Other than physical studies {e.g. Leon 2005; Ramsay 2005; Bunting ef «f 2003b) POL

has not commissioned ecological work m this area given the overriding conservation effort
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pertaining to shoreline systems. A shallow seaward shelf, extending about 500 m, and surrounding
features protect the Shelly beach benthos from the mest energetic wave and swell conditions except

those coming from a northeasterly direction.

Aramoana

The Aramoana disposal ground is also known as Spit Beach in some publications. The disposal
ground lies in waters varying from 6 to 12 m in depth seaward of sandy Aramoana Beach. Between
2002 and 2005 Aramoana received approximately 108,000 m° of sediment per annum (Paavo 20607).
Leon (20035) described mound accretion at the site. An average of 52,0000 m® per annum was
rcleased at Aramoana between 2005 and 2010, Recent bathymetry and modelling (MetOcean Lid.
reports) indicates that the spoil mound is a dynamic morphological feature currently shoreward and
north of its 2005 position. Aramoana is the most hydrodynamically energetic of the three disposal

areas with frequent mobilisation of medium-sized sand grains.

Heyward Point

[n the period of 2002-2005, when POL ecological studies began, approximately 40,000 m” of spoil
was released at the Heyward Pt. site per annum. Between 2005 and 2010, approximately 48,000 m’
were disposed of per annum with 109,000 released in 2616 alone. The disposal ground lies in
walers varying from 9 to 23 m deep off the cliffs and rocky reefs of the Heyward Point headland
separating the NE facing Aramoana shore from the more northerly facing southern shores of

Blueskin Bay.

Sainpling Methods

A variety of sampling and analytical methods have been used to collect biological and physical
information in the study area since 2003. Detailed methods are available in each of the cited

documents. Only an overview of each is provided here.

Grab Sampling (Macrofauna, Sediment Texiure, and Carbon Content)

Most of the biological samples in this report were collected by grab sampling. Grab samples collect
the top few centimetres of soft seafloor sediments where many of the epifaunal and shallow-burying
macrofaunal taxa live. Because grab jaws must fully close to collect samples, grabs only collect
soft sandy or muddy samples from unobstructed areas of the seafloor. Pebbles, rocks, or vegetation
may hinder grab collections which are repeated until a successful collection is made. This method

quantitatively samples dense assemblages (c. 10s to 10600s of individuals m™) of small animals well,
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but a wide variety of gear is required to sample the biodiversity present in any given area (Gray and
Elliott 2009). Grab samples were also used collect sediment samples for physical analyses. Grab
samples from 2003-2005 (Paavo & Probert 2005) wide-area efforis were collecied using a Day
grab with a sample area of 0.10 m? while the Aramoana manipulation samples were collected by a
petite ponar grab with a 0.02 m? area. Subsequent grab samples (Willis ef «/. 2008; 2010 samples
reported here, Paavo 2011) were collected using a standard ponar grab of 0.09 m* (290x300 mm).
Becanse of these sampling differences all macrofaunal counts were transformed to densities
(individuals m™) prior to analysis. Sediment texture samples were processed by the University of
Otago Department of Marine Science using standard wet-sieving techniques (e.g. Lewis &
McConchie 1974). The Total Carbon Content (TCC) of 4—6 mg sediment samples was determined
using a Carlo-Erba 1108 CHNS-O analyser (Paavo 2007).

Macrofaunal Sample Processing

Animals were separated from most sediments by a combined elutriation and sieving protocol. This
process was intended to provide a standard level of capture efficiency while minimising mechanical
stress on the biological material to aid identification and curation. A solution of formalin was
added to collections in sufficient quantity, depending upon water contert and apparent organic
content of the samples, for adequate fixation (typically ¢. 4% formalin). Samples were held in a
cool, dark location for 3—4 days prior to further processing. Several litres of freshwater were added
to each sample bag to dilute the fixative and suspend delicate animals. This supernatent was poured
into a pre-wetted 1.0x1.0 mm aperture mesh sieve’ except for samples from the 2004 Aramoana
manipulation experiment where a 0.5x0.5. mm aperfure mesh was used. A comparison of the taxa
recovered from this energetic area indicated that mesh-size effects observed in deeper waters were
not present and therefore these data were retained for analysis. In all cases, the steve residue was
then gently rinsed into a 70% ethanol preservative. The sediments were fransferred to a shallow
pan, agitated to suspend non-calcified animals, and the supernatent poured through the sieve. This
chutriation process was repeated at least six times. If macroalgae was present in the sample it was
manually extracted, washed over the sieve, and stored separately. For studies occurring after 2005,
the entire sample was then also sieved. Where a significant quantity of coarse material (e.g. shell
fragments or pebbles} was present an additional mesh was used and the coarse material was

separated to minunise damage to specimens.

3 Additional information on macrofauna retained on a 0.3 mm mesh and meiofauna from the 2003-2005 wide-area
saniples has been reported by Paavo (2007), but those data are not addressed in this report.
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Samples were manually sorted to the lowest readily identifiable taxon by experienced
technicians in small aliquots using a stereomicroscope. Processing was done blind to sampling
location through the use of sample codes (post-2005 samples). Samples were curated to the
replicate level for subsequent taxonomic analyses and archiving. Any algal and shell surfaces were
examined under a nmiicroscope, buf sessile and colonial epitauna were uncommon. Abundance
values presented in this report represent identitications to the highest practical taxonomic resolution
at the time. For polychaetes and molluscs, this usually represented described species,
morphospecies, or occasionally genera. Other taxa were recorded at various levels of resolution.
The biological material has been stored for more rigorous taxonomic work at a later date if

warranted.

Epibenthic Dredges

Benthic animals living on the seabed's surface which are at least several centimetres in size and
neither affixed to the seabed nor able to swim away were surveyed using a towed dredge. This
method samples taxa which occur at densities too low to be captured by grabs (less than 10
individuals ny?). Variable efficiency makes this method semi-quantitative. The dredge used in this
study had an apening of 680x240 mm with a 5x5 nun mesh cod end which was towed at 1.5-3 kis
for 3-5 minutes on each deployment. Vessel position fixes (1 per second), recorded during positive
ground coatact, were used to quantify over-ground sampling distance. A submersible camera was
attached to the dredge in later collections (Paave 2011) to verify that it operated efficiently. Once
on deck, the dredge was emptied, animals were photographed, and then identitied to the lowest
practical taxon. Several voucher specimens were collected, fixed in formalin, and stored in 70%

cthanol but most amimals were discarded after enumeration.

Benthic Imagery (Still and Video)

Photographs of the seatloor have provided both qualitative and quantitative information about the
study area (Willis e al. 2008; Paavo 2011; present study). Formal analysis of physical features
provided information on the density of large animals affixed to the scabed (such as sea tulips) and
signs of animals (frails, mounds, and burrows) which burrow too deeply to be sampled by the
methods mentioned above.  Stll and video images also provided qualitative information on
sediment type, patch size, movement, and short-term (minutes to weeks) hydraulic energy
indicators like sand ripples. Still cameras were deployed to the seafloor in a steel frame from a
surface vessel. The vessel was allowed to drift over a ground distance of approximately 50 m at

each photo site. While drifting, the system was set down on the seafioor five to ten times fo capture
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plan-area views each encompassing 0.09 m* (280%310 mm). One or more video cameras mounted
on the same trame allowed operators to compile notes on the area or record the deployment.

A number of parameters were cstimated or enumerated from still and video images to
characterise the substratum type, small-scale bedforms (see Amos & Friend 2005; Allen 1968),
epifauna, and biological features indicating the presence of animals not sampled by other study
methods (Table 2). No siphons of deeply burrowing bivalves were observed though use of the
system within the Otago Harbour indicated that they were likely to be detected if they were present
(Paavo & Probert 2008; Paavo 2009). Regularly shaped, presumably biogenic, holes observed fell
into three apparently discrete size classes (Fig. 5). The smallest holes were typically 1-3 mm in
diameter and were consistent in construction and distribution with polychaete and macrofaunal
crustacean tubes. The origin and occupants of the mid-sized (<5 mm in diameter) and big holes (c.
10-20 mm in diameter) could not be conclusively proven in any one particular case, but a subset

were sampled using an air-lift (see below).

Fig. 5. Portion of a benthic image showing the three size classes of bicgenic burrows, a hizgh density of the snail
Antisolariunt egenum, and a ripple wavelength of about 12 cm. Each white and black band is 20 mm wide.
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Table 2. Parameters enumerated ov estimated from benthic still images.

Parameter Description
Sediment fabric {(G)ranutar or {C)ohesive apparent biological or physical binding of grains to each other
Texture Apparent bulk sediment texture amaong the following classes: (Bloulder, (Cob)bles,

(G)ravel, (C8} Coarse Sand, (MS) Medium Sand, (FS} Fine Sand, (MudS) Muddy sand,
(SHlt, and {(Packed clay or silt

Dominant bedform Dominanl bedforms among the following classes : (PYarallel ripples, {S)innsoidal ripples,
(Clatenary ripples, (Lunate ripples, or (M)ounds and pits.

Waveiength (em) Wavelength (mean crest-to-crest distance) of vipples when present and <300 mm {lowe
nicasurement limit)

Small holes Presence or absence of holes approximately |3 mm in diameter, thought to be made by
tube-building polychaetes and crustaceans. Indicate sediment binding and colonisation

Medium holes Number of apparently biogenic holes ¢. 3 mm i diameter. Indicate that deeper-dwelling
infauna have colonised area

Big holes Number of apparently biogenic holes > 10 mim in diameter. Indicate that deeply burrowing
infauna, unlikely to be sampled by grabs or trawls, have colonised the area

Biogenic pits Feeding pits formed by burrowing animals or demersal fish

Biogenic mounds Mounds apparently formed by burrowing animals

Fecal casts Coils of sediment and organic maiter extruded from the burrows of many types of worms
and cchinoderms

Floculent layer Presence or absence of mobile tloculent material in the benthic boundary layer

Algae Presence or absence of macrothallus algae

Zethalia zelandica Number of the wheel shell snails abserved

Antisolarivm egenum Number of individuals of this snail species obseyved.

Notes Observations not categorised above

Air-lift Sampling

Many deeply-burrowing species may leave little or no visual sign of their presence on the sediment
surface, but the presence of large, well-maintained burrows in photographs indicates the presence of
infaunal species unlikely to be sampled using the methods mentioned above. Rhoads and Germano
(1982) used such features to infer the ecologically dominant successional stage present and the
associated disturbance frequency (Fig. 6). An airlift sampler similar in construction to that
described by Barnett and Hardy (1967) was used {without the bore cylinder) by divers to suction-
collect sediments and animals from scveral holes in the study area. Sediments were winnowed by
the sampler and animals were retained in a collection mesh bag with apertures of approximately 2
mm diameter. These samples provided qualitaiive information on animals found in and near

burrows.
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Fig. 6. Fcological successional stages as indicated by soft-sediment infaunal burrowing activities. (From Rhoads and
Germano 1982)

Sidescan Sonar Survey

Sidescan sonar {SSS) uses a pair of sonar transducers towed near the seafloor behind a vessel.
Sound transmitted to either side of the vessel track provides information on the fopography of the
seabed, such as ripple patterns and mounds, and composition (acoustically reflective or absorbtive
surtaces). Most features observed during SSS surveys must be 'groundtruthed’ using visual or
physical sampling methods. SSS allows comparatively large areas (100s to 1000s of m?) of the
seafloor to be examined in moderate detail relatively quickly. Once SSS data are processed and
geospatially resolved (e.g. methods described by Blondel 2009) thematic maps of seabed features
can be produced. Low frequency SSS {c. 100 kHz) provide low-resolution information over great
distances (100s of m) while higher frequency SSS8 {c. 600 kHz) provide higher resolution imagery
over shorter distances (<50 m). As an example, Fig. 7 shows a calibration run near medium sand,
rock, gravel, shell hash, and larger features around the Harbour entrance using a 450 kHz S85. The
Aramoana disposal area was similarly examined using a digital 675 kHz SS8S in 2004 while the

Heyward Pt. disposal ground was coarsely examined with an analog 100 kHz SSS in 2002,
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Fig. 7. Sample sidescan sonar mosaics from known benthic features collected near the Otago Harbour Entrance
(overlaid on NZ Chart 661). A= Mole rock structure with overlying algae, B=shipwrecks, C=large rocks, D= flat
medium sandy bottom sampled during 1.5 m swell conditions, E= short wavelength ripples and patches of drift algae
with increasing shell content toward channel, F= shell and mudstone pavement in channel, G= longer wavelength
ripples over medium and coarse sand, H= spoil disposal mound proud of bottam, J= three-pile channel marker, K=

gravel and shell (mostly cockle) bed.

Data Analysis

All macrofaunal samples examined for this report were processed using the same methods, however
each study identified macrofauna to different taxonomic resolutions for pragmatic reasons. In order
to analyse broad patterns in analyses crossing years and studies, undescribed morphospecies were

resolved to common taxa, usually by lumping them to family level. Examination of broad spatial
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patterns is the focus of these cross-study comparisons. Extreme caution should be exercised when
using these cross-study data for any other putpose. Agglomerative effects are necessarily more
pronounced for uncommon taxa.

Taxon richness (S,) values cannot easily be extrapolated from studies which used different
sample collection areas (m?, survey grain) and different spacings between samples (survey lag) so
values represent the number of taxa recovered in any single grab event. Caution must be employed
when comparing values between different studies. For large, annually reproducing species, diversity
can vary as young may be captured or excluded depending up sample timing. The faxonomic
resolution of any one study greatly atfects the utility of cross-study comparisons.

Macrofaunal analyses were conducted partially blind with all faxa converted to anonymous
codes prior o statistical analyses. Data were extracted from a PostgreSQL database for simple
manipulation, calculation, and graph generation using spreadsheet applications. Univariate tests
and plots were performed using R (R Development Core Team, 2010} or MiniTab (MiniTab Corp.)
software applications. The Anderson-Darling statistic was used to test for data normality prior to
calculation of confidence-intervals. Confidence intervals {CI) are at ¢=95% unless otherwise
stated. Multivariate statistical comparisons and plots were performed using the PRIMER v.6.0 {or
earlier) suite of applications {Clarke and Gorley 2006) described by Clarke (1993). Unless
otherwise indicated, all analyses were conducted on macrofaunal densities (individuals m™) from
whole grabs.

Soft-sediment macrofaunal diversity was evaluated vusing a number of methods. The most
basic measure of diversity, the number of taxa observed (reported as richness or S.,s) was used most
frequently. The dimensionless Shannon diversity measure (H') includes information on the number
of taxa and the distribution of individuals among those taxa for comparison with other studies
(Shannon & Weaver 1963). Values of H' typically range from 1 (low diversity) to 4 (high
diversity). Pielou's Evenness is also a dimensionless metric (J") which describes how individuals
were distributed among taxa (Pielou 1966). A J' value of 1 indicates that an equal number of
individuals were found in every taxon, while a value closer to zero indicates that one or more taxa
contained most individuals. Simuitanecus review of H' and I' values allow comparison of site
assemblages which may be impoverished or dominated by a few taxa.

The macrofaunal biodiversity of the study area as a whole, and sampling effectiveness, were
examined vsing a taxon accumulation curve where 999 permutations of sampling order were used to
assess the diminishing number of species encountered (Sa.s) a$ more samples were collected. The
Chao2 procedure produces a similar metric, but also includes information on the probability of

collecting any given taxon in another sample. The Chao2 procedure has been shown to more
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accuralely represent the number of taxa actually present in an area than the simple S, accumulation
curve {Hortal 2006). It is important to note that all of these diversity measures estimate the number
ol taxa likely to be found with more sampling using only the same methods, sampling the same
community (e.g. macrofauna only in space not time), at the same level of taxonomic detail. Many
more species are present in the study area than are represented in this work.

Abundance data were fourth-root transformed prior to multivariate analysis te provide more
statistical weight to less-frequently occurring taxa while down-weighting abundant taxa. The
macrotaunal assemblages among grabs were compared, using abundance and composition
information with Bray-Curtis similarity ranking (dendrograms were produced using group-average
branch linking}. The contribution of any single taxon to the overall 'distinctness’ of a given sample
group was determined using the SIMPER protocol in PRIMER. ANOSIM subroutines were also
used to evaluate the significance of differences between a priori sample groups (e.g. disposal arcas
vs. near-field confrols). This procedure is a multivariate counterpart to the MANOVA-family of
analyses and tests the null hypothesis of no assemblage difference (in terms of sample taxon
abundance and composition). ANOSIM was also used to facilitate comparisons between sites with
no a priori design rationale where hypothesis testing is not appropriate. However, using this posz-
hoc classification as a factor in analysis, the ANOSIM procedure quantified the numeric robustness
of cluster separation observed between samples where this couldn't be determined by other means.

Non-metric multidimensional scaling ordinations (®MDS) were constructed to  aid
interpretation of assemblage similarity values. In each nMDS plot any two samples close to each
other in the two-dimensional plot were more similar to each other in faxonomic composition and
abundance than any two samples plotted further apart. Because similarity was measured in many
dimensions, some information was lost when multi-dimensional results were reduced to a two-
dimensional plot. A convention has arisen where a 'stress-value' indicates the level of distortion due
to this dimensional reduction. Stress values of 0—0.1 imply that the sample point separations on the
plot accurately reflect differences in sample assemblages as described by the Bray-Curtis similarity
statistic. Stress values of 8.1-0.18 indicate that the spacing is increasingly distorted from the truc
multi-dimensional spacing of sample centroids, but are still informative. Stress values from 0.2-0.3
suggest that plots should be interpreted with cauntion, while values greater than 0.3 indicate that
almost no siable relationship exists between the plot and true statistical values.

Spatial analyses were conducted using the Q-GIS (Quantum GIS Core Team 2010) with
PostGIS installed, and GRASS (e.g. Neteler & Mitasova 2008} geographic information systems
(GIS). Field point observations were collected using the WGS84 geographic datum, but data were

frequently transformed to convenien{ projections for presentation (e.g. NZ Transverse Mercator
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2000). Bathymetric depths are presented as metres from Otago Harbour chart datum, while field

observations were not tide-corrected.
Collections

2003

POL began its current programme of coastal ecological analysis in 2003 with a wide-area study
reported by Paavo & Probert (2005) and Paavo (2007). Collections were made (Fig. 8) in March
and October to examine the animals present, identify coarse bathymetric patterns, longshore-
distributions, and whether 1.0 mm aperture meshes provided adequate information compared to the
more time-intensive 0.5 mm mesh collections. Simple meiofaunal analyses (animals passing
through a 0.5 mm mesh, but retained on a 0.063 mm mesh) were also conducted. Only 1.0 mm

aperture mesh data are presented here to allow comparison with subsequent studies.

10 m Isobaths
2003 Wide Area Study
* March

* October

_ﬁa

Y i, () Benthic Science Limited 2011 (|

0 1km

.Fig. 8. Grab samples collected in 2003. .

2004-2005

In 2004-05 POL conducted a field manipulation (Paavo 2007) at Aramoana to validate a model for
the initial size of individual disposal events on the seafloor (mud and sand). recolonisation rates in
the energetic Aramoana environment, and the faunal-transplanting potential of sand disposal
operations in a coastally-responsible fashion. An area of the Aramoana disposal ground was

reserved for a period of at least 180 days, then sampled by grab and SSS. One sand and one mud
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load were released in the area, and those areas were then sampled incrementally over a period of

119 days (Fig. 9).
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Fig. 9. Samples collected during a field manipulation at the Aramoana disposal area in 2004-05. The 6 December
samples were taken along the bathymetric gradient and sampled only once prior to experimental disposal. Subsequent
samples were at the indicated subset of those locations representing impacted, near-field, and far-field conditions

relative to the sand and mud disposal events.

2008

In 2008 Willis et al. (2008) used a grid-based approach to grab sample (with replicates) the broader
coastal environment surrounding the disposal areas and Blueskin Bay (Fig. 10) to provide impact

context. Sidescan sonar, sediment analyses, and drop-video transects were also conducted,
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Fig. 10. Samples collected by Willis er al. (2008).

2010 A0 Mapping

In 2010 POL examined the macrofauna closer to the seaward edge of the sandy shelf facies (Paavo
2011). SSS§ returns, dredge vollections, and benthic images were gathered in addition to grab
samples (Fig. 11). These collections provided further context for the study area with respect to the

predominantly northward-moving water masses.
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Fig. 11. Samples collected by by POL for the AD Mapping project (2010).
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2010-2011 Maintenance Seasonal Sampling

In September 2010 POL collected samples around the Heyward and Aramoana disposal areas to
complement the 2005 wide-area study and to provide higher spatial resolution of assemblages
around the existing disposal areas. A subset of those sample sites were sampled again in late
December 2010 and will continue to be sampled quarterly until September 2011 to provide
information on the seasonal fluctuations in abundance, diversity, and potential indicator species to

help develop an efficient disposal ground monitoring programme for the future (Fig. 12).
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Fig. 12. Sample sites for 2010-2011 collections for seasonal effects analysis near the disposal areas.
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Results

Original data and detailed analyses are available in each of the cited documents. The results
presented here represent a synthesis of findings. Similar methods, equipment, and personel were
used for each report. While such a synthesis provides a valuable, generic, analysis of patterns in
the study area, extreme caution must be used when comparing the absolute magnitude of

observations taken in different locations or times (Fig. 13).
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Fig. 13. Sample locations of all grab collections considered in present analyses.
Sediment texture

Recent sediment texture analyses (Willis ef al. 2008; Paavo 2011; Paavo 2007; Paavo & Probert
2005; Bunting ef al. 2003a; Smith 1994) are broadly consistent with those described by Andrews
(1973) and have been independently verified. A fine sand wedge extends from about the 20 m
isobath to past the 40 m isobath throughout the study area. Inshore of that wedge is a slightly
coarser sand which grades from about 2.0 @ near the harbour entrance to a finer 3.5 phi median
grain size in the the centre of Blueskin Bay near the 21 m isobath (Fig. 14). There are isolated
patches of rubble and rocky reef adjacent to the shore, but such features are rare offshore. Coring
sections (Paavo 2007) found the same texture pattern at the seabed surface (0-20 mm), at sediment
depths of 20-40mm, and 40~55 mm with negligible seasonal differences. The finer grains contain
an increasing amount of carbon ranging from 0-3% (by loss on ignition methods which does not

guarantee that it is biologically available)(Fig. 15). Water depth, sediment texture, and carbon
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content are expected to be the primary natural variables shaping soft-sediment ecological patterns in
coastal temperate waters such as these (Gray and Elliott 2009).
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Fig. 15. Carbon content (by LOT) across the study area. (Flgum 10, Willis ef al. 2008).
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Sidescan sonar surveys and deposifion footprints

The primary purpose of the SSS surveys was to delineate mud, sand, or gravel dominated sediments
in the study area. Given this objective, no attempt was made to groundtruth individual acoustic
reflectors other than calibration targets and spoil mounds and effort was preferentially applied fo
truth areas corresponding to discrete acoustic return textures. Shelf swaths inshore of the 30 m
isobath were dominated by strong acoustic returns from a rippled fine sand bottom confirmed by
video ground-truthing. Retflective structures proud of the seafloor were rare. Occasionally observed
'point' returns without shadows were likely molluscs or echinoderms given video and dredge
observations in the area, but one-to-one correlations of such small structures are impractical to
resolve. Small aggregations (¢. 1-3 m) of such points represented sheils accumulating in the
troughs of larger sand ripples. Acoustic returns consistent with algae having large blades and gas
bladders (such as Macrocystis or Durvillaea among others) were occasionally observed. No gravel
or substantial shell patches were observed. SSS swaths at the northern boundary of Blueskin Bay
near Waikouaiti Bay grew increasingly softer with less developed or no ripples though depth also
increased along the frack. Drop-videos used for ground-truthing showed near-bottom turbidity
suggesting that the acoustic energy was being reflected by a consistent boundary layer of water
transporting very fine sediments likely due to tidal flows (surface conditions were calm, Beaufort 2-
3, with swell <lm).

The Heyward Pt. disposal ground was only examined with coarse analog 100 kIHz sidescan
capable of little post-processing refinement. The resulting mosaic (Fig. 16) showed a greater
patchwork of bottom types than were present offshore, near Aramoana, or Blueskin Bay.
Groundtruthing by grabs indicated that the textural mosaic represented patches of medium sand and
cobbles with tunicates (mostly sea tulips) and occasional shell hash patches on the 10s of metres
scale on the southern halt of the disposal areas while the deeper, northwestern half was consistently
covered by rippled sand.

The high resolution (675 kHz) of the digital Aramoana SSS survey in 2005 allowed better
post-processing. A thematic map was created to describe benthic features likely to bound
macrofaunal assemblages (Fig. 17). Elongate ovoid 'spindles' contained asymimetic, unidirectional
flow features around a central mound while the seaward face had oscillatory ripples. Coarser
sediments graded to gravel toward the sub-surface Macrocystis bed near the Mole and mega-ripples
were present NE of the disposal ground.

SSS observations validated the STFATE computational model of initial sediment deposition

from typical 625 m* loads as released by the M/V New Era. Despite vessel motion during disposal



over shallow water, sand disposals (characteristic of Entrance. Howletl's, and Harrington Bend
claims} were consistent with model predictions 300 seconds after disposal. Sand mounds were
approximately 86 m in diameter with only slight elongation along the disposal track. The initial
deposition mound was, at most, 0.4 m proud of the seafloor in the centre (Fig. 18). Dewatered silty
sediments (characteristic of Dunedin basin and whart approach claims) impacted the sandy seafloor
with greater force (less water entraliiment) and temporarily cratered the seafloor in a fashion that
was not modelled, but overall deposition boundaries again validated the STFATE model 300
seconds after disposal (I'ig. 19}. The mud spoil foofprint was approximately oveoid with a long axis
of about 135 m and a short axis of approximately 90 m with the mound <0.6 m proud of the
seafloor in a small area (9 m?*) due to the cratering,

A recent run of an updated version of the STFATE model (available via the US Army Corps
of Engineers) was also used to predict individual spoil footprints in 22 m deep waters (tlat bottom)
using the same vessel and physics parameters used in 2005. A sand disposal had a maximum height
of 0.24 m proud of the bottom with an along-vessel track of ¢. 120 m and spread of c¢. 122 m. A
release of dewatered spoil comprised of 80% silt and 20% fine sand had a modelled {ootprint of
about 124 m diameter with a maximum central peak of 0.43 proud ol the bottom. Investigations
with adult snails Zethalia zelandica, one of the most numerous and likely robust macrofaunal
species in the disposal areas, indicated that rapid burial with sand to 200 mm depth had a mortality
rate of approximately 70%. The same mortality rate was reached with rapid mud burial of about 30

mm, and 100 mm burial had a near 100% mortality rate.
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Fig. 16. Manually constructed mosaic of a sidescan sonar survey of the Heyward Point disposal ground (2002).
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Fig. 17. Bottom characteristics in the Aramoana disposal area (red polygon) and the adjacent experimental area (green
polygon) derived from a high-resolution sidescan sonar survey (2005). (Figure 5.10 from Paavo 2007)
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Fig. 18. A portion of the 675kHz side-scan sonar mosaic of the December 2004 experimental sandy spoil area. The
inset shows the same area prior to disposal. The spoil margins are not as distinet as the mud spoil, but there is an
absence of bottom ripples when surveyed in the same track heading. Kelp can be seen in the water column (centre)
portion of this image which was not removed during post-processing. (Figure 5,13 Paavo 2007)

Fig. 19. A portion of the 675kHz side-scan sonar mosaic of the December 2004 experimental muddy spoil site. The
inset shows the same area prior to disposal. The crater-like mound on the right-hand side of the image is the primary
impact site and collapse surrounded by spreading spoil while the lefi-hand track shows the trailing mound of less
compacted mud as the M/V New Era moved on. (Figure 5.12 Paavo 2007)
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Benthic still imagery

Benthic images were collected at Aramoana and Heyward Pt. disposal areas in 2010 (Fig. 20).
Imagery showed rubble present at Arameana sites 2 and 11 among otherwise strongly rippled clean,
medium sand. Sites 406 had slightly nmiore broken shell than other Aramoana locations. Bedforms
at Heyward Pt. indicated stronger seabed water motion at the SE sites (13—16) declining toward the
NW with increasing depth. Dark fine particles (floc, silt, or debris unlikely to be identified in
textural analyses) was present at sites 17—19 which contrasted with other flocs (sites 29-32). Floc
was most frequently observed in the centre of the Heyward Pt. disposal ground where, anecdotally,
most disposal cvents probably occurred. Surtace sediments at these sites did not appear to vary in
dominant texture or fabric from adjacent floc-free arcas. Pebbles and cobbles were found among
sand patches at sites 23, 24, and 56.

Biogenic features were ahmost entirely absent at Aramoana where only a few medium-sized
infaunal burrows were present (Fig. 21). Other photo sites shallower than the 15 m isobath were
devoid of obvious biogenic or depositional features. Feeding pits, likely formed by demersal fish,
were the most common biogenic feature. Faecal casts made by deposit-feeding infauna were also
common below the {5 m isobath, but were mostly absent from nearfield sites. In general, at sites
bevond the 15 m contour where one biogenic feature such as a burrow was present, several others
created by different processes were present as well with the exception of the centre of the Heyward
Pt. disposal ground (though limited data outside of the disposal ground hinders an evaluation). The
northwestern quarter of the Heyward Pt. disposal area presented indications of bwrowing and
muitiple modes of deposit feeding infauna similar to areas outside the dispesal ground. There were
fewer signs of advanced successional stage activities in the remainder of the disposal ground. Signs

of deposit feeders were absent at locations of the highest floc occurence.
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Macrofaunal observations

Air-lift sample

Approximately 18 apparently maintained burrows were sampled by air-lift on 9 March 2011 at
approximately 22 m depths. A total of 174 individuals from 24 taxa were recovered. Three
specimens of the predatory mantis shrimp Heterosquilla cf. tricarinata’ were found; each weighed
approximately 10 g (wet wt.). This species was the likely creator of most of the large-infaunal
burrows observed in the photo analysis. Medium-sized holes were probably created by a burrowing
ghost-shrimp similar to Callianassa filholi (specialist confirmation pending) also recovered by
airlift. Six other taxa found in the airlift sample have not previously been observed in grab samples
and are therefore likely to be commensal with the burrowers. The most notable of these was a small
bivalve, Divariscintilla maoria, known to attach themselves to shrimp burrow walls in the North
Island (Judd 1971). A large (c. 10 mm) ampeliscid amphipod species was recovered only from
burrows as well as three polychaete worm taxa (Flabelligeridae sp. A, Scalibregmatidae sp. A, and
Paradiopatra sp.) and the unusual sand-dwelling bryozoan Ofionellina sp. The characteristic
spines of the heart urchin Echinocardium cordatum were also collected. Entire heart urchin

specimens have only been observed locally at AO sites recently.

mim

Fig. 22. Heterosquilla cf. tricarinata (left) and Divariscintilla maoria (5 mm across, right} recovered from the air-lift
sample.

Dredge samples

Dredge collections of over 11,000 animals were made inside (#=3) and outside (n=3) of the
Aramoana disposal ground in March and September of 2003. Taxon richness was similar inside

(Sgs = 11 in Mar, S,;; = 10 in Sep) compared to outside (S = 11 in Mar, S, = 9 in Sep) with eight

4 H tricarinata (sensu siricto) is a smaller intertidal species common in nearby inlets. Specimens collected in this
survey most likely belong to a separate, undescribed, species known from sandy subtidal areas at multiple locations
in the North Island and the subantarctic islands (Shane Ahyong pers comm.). Identification has been confirmed by a
specialist and the taxon is likely to be referred to Heterosquilla laevis in an upcoming revision of NZ stomatopods.
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and five taxa shared respectively. Macrofauna were significantly more abundant (H=5.03, p<0.025)
outside of the disposal ground as inside at the same depth. This difference was due to the most
abundant taxon, Zethalia zelandica {10,676 individuals) which occurred at a mean density of <1
individual per m? inside the disposal ground boundary and a mean of 5 individuals per m® outside.
The abundance of non-Z. zelandica individuals was not significantly different inside and outside of
the disposal ground (Kruskal-Wallis Test n=12, H=0.01, p<0.936) nor between seasons (Kruskal-
Wallis Test n=12, H=0.10, p<0.749). Several taxa were more commonly collected cutside the
disposal ground than inside including the swimming crab (Ovalipes catharus}), sea tulips (Pyura
pachydermating), a shrimp (Periclimenes sp.), and the sunrise clam (7awera spissa), but the
number of samples was low for this type of analysis.

Dredge collections were also made at sites corresponding to grab collections during the A0
Mapping study in 2010, A total of 442 individuals among 39 taxa were collected in 13 tows (Table
3). The most common and abundant animal was the carnivorous snail Awsfrofusus glans. Dredge
collections are likely to be gross underestimates of this shallow burrowing species in comparison to
the surface dwelling scavenger hermit crabs (Pagurus novizealundiae), and the predatory apricot
sea star Sclerasterias mollis. The greatest non-shell biomass probably belonged to the burrowing
and deposit feeding ostrich foot shell (Struthiolaria papulosa) (Crump 1968; Morton 1954) which
was also likely to be underestimated. These taxa were rarely collected or observed {video and still
imagery) at depths near 20 m but were commonly collected at depths inshore of 30 m despite
similar bottom features and sediment types. Their presence indicates a substantial late-successional
stage mfaunal biomass probably laying seaward of the existing disposal areas which were unlikely
to be sampled by typical grab collections, but the inshore limits of this assemblage have not been

identified.
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Overall Abundance (grab sumples)

Approximately 31,607 specimens {among selected taxa) trom 457 grabs were reduced to 175 taxa
over the 2003-2010 study period. General abundance patterns on the shelf (Fig. 23) indicate
widespread macrofaunal densities of 3,000 to 12,000 individuals m™, with the difference between
geographically similar Willis et ¢/ (2008) and A0 Mapping (Paavo 2011} values representing the
magnitude of seasonal diffterences (May vs, November respectively) as predicted by Paave &
Probert (2003). Lower densities of 100-600 individuals m™ were common near the Aramoana
disposal area which increased to the northwest. Low densities of 200-1000 individuals m™ were
more frequently recovered from individual samples in the central area of the Heyward Pt. disposal
ground while the majority of values were similar to those observed outside the disposal area at
simnliar depths. This abundance pattern may be associated with the mound present in the disposal
ground (Fig. 24). Given the size of the Heyward Pt. disposal area relative to the presumed
boundaries of the actual disposal cvents near the centre of the site, the placement of such samples
have an undue influence on simple statistical corparisons of disposal effects inside and outside of

the disposal ground (Fig. 25).
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Fig. 23. Coastal macrofaunal density (individuals per m®) from all POL study grab samples (during multiple seasons)
between 2003-2010.
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Fig. 25. Macrofaunal abundance from September and December 2010 grabs taken inside disposal ground boundaries
(IN) and from near-field sites of matching depths (NF, OUT), The Heyward Pt. disposal ground also had far-field (FF)
and extemnal (E) sites sampled in September 2010. Boxes denote the interquartile range while whiskers show upper and
lower value ranges and the heavy horizontal bars represent mean values, Circles represent statistical outliers.

Distribution of selected taxa (grab samples)
The numerically dominant 20 taxa represented approximately 80% of all individuals collected

(Table 4). The top two dominants, Antisolarium egenum and Zethalia zelandica, had an almost
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mutually cxclusive distribution (Fig. 26) with 4. egenum dominating the shelt while Z. zelandica
was present in shallow, high hydraulic-energy areas. Grab collections supported independent
dredge and photosurvey data indicating significantly higher Z. zelandica abundances ouiside the

Aramoana disposal ground than inside.

Table 4. Numerically dominant taxa collected from all POL grab samples.

Phylum Group Taxon Bominants % of All
Molfusca Gastropoda Antisolarium egenum 19%
Mollusca Gastropoda Zethalia zefandica 8%
Mollusca Bivalva Tawera spp. Tawera spissa 6%
Annelida Spionidae Prionospio spp. P. cf kimae 6%
Moliusca Bivalva Nucufa nitidula 6%
Annelida Spionidae Spiophanes cf bombyx 5%
Annelida Cpheliidae Armandia maculata 4%
Anneiida Nephtyidae Aglaophamus macrouira 6%
Annelida Ciratutidae Clratulidae spp. 4%
Arthropoda Amphipoda Phoxocephalidae spp. Tortidoharpinia hurlayi, 3%
Waitangi brevirostrus

Arthropoda Araphipoda Haustortidae spp. 3%
Annelida Capitellidae Heteromastus filiformis 2%
Annelida Spionhidae Spionidae indet. 2%
Annelida Terebeliidae Terebellidae 2%
Annetida Nephtyidae Aglaophamus C 2%
Arthropoda Lysianassidae Lysianassidae spp. 1%
Annelida Goniadidae Goniadidae sp. | 1%
Annelida QOweniidae Owenia sp. 1%
Annelida Hesionidae Hesionidae Heteropodarke sp. 1%

Sum 81%
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Three of the numerically dominant taxa had broad and fairly uniform distributions in the
study area across all years. These included a nephtyid polychaete worm taxon which may contain a
small number of other species, but was overwhelmingly dominated by Aglaophamus macroura,

commonly called catworms. These species roam the surface of sandy sediments and shallowly

Page 47 of 73



burrow to prey on other animals. Specimens >40 mm in length were frequently encountered so low
abundances may actually represent substantial biomass at a high trophic level. They occured at a
mean density of 121 individuals m? when they were present at all (SD=83, #=341). Their density
was lowest, as with most taxa, in the shallowest and most energetic areas {Fig. 27). Another
polychaete worm, Spiophanes ct. bombyx, 1s a sedentary, tube building species. When present they
occurred at a mean density of 138 m™ (SD=165, »=205). Highest densities occured on the northern
boundary of the silty area in Blueskin Bay and between Aramoana disposal area and the Mole (Fig.
27). Spiophanes tubes are known to provide shelter for other macrofaunal taxa. Another
numerically dominant species with a wide distribution was the small bivalve Nuwcula nitidula
(typically 2-7 mm shell width). These animals were abundant and common at depths >15 m. They
had a mean density of 209 m” (SD=156, #»=158) where they occurred at all. They were marginally
less abundant within Heyward Pt. disposal area than surrounding depths, but not anomalously so
given the patchiness of their distribution within the available data limits (Fig. 28).

The sedentary worm taxon (family Terebellidae) was found at a mean density of 163 m™
(S§D=380, n=63) when they werc found at all (Fig. 28). This soft-bodied taxon is well known for
building tubes in soff, often silty sediments against small rocks or shells and feeding on organic
surface deposits nearby. They grow relatively slowly and are largely intolerant of frequent
disturbance.

Two of the numerically abundant taxa had distributions antithetical to the abundance
patterns of most taxa (Fig. 29). Armandia maculata is a polychaete worm with a robust body able
to swim (almost like a small fish) and quickly burrow in sandy sediments. They are thought to
primarily feed on organic particulates. This taxon was found in 268 grabs at a mean density of 96
individuals m™ (SD=105). Higher densities (Max = 810 individuals m™) were found adjacent to the
Aramoana disposal ground where few other taxa were found. This density pattern was the same for
another organic particulate feeding taxon, Prionospio spp. Species within this genus were difticult
to reconcile between studies, but appear to have been dominated by Prionospio kirrae. They were
found at a mean density of 130 individual m™? (SD=142, n=259) where they occurred at all. One
other polychaete taxon (family Cirratulidae) was common between Aramoana and the Mole, but the
Willis er af. (2008) data indicated that most cirratulids were found beyond the 25 m isobath. This
disjunct distribution was an artifact of the taxon-agglomeration procedure. Individual cirratulid
taxa could not be reliably reconciled between studies. One or more taxa dominated the shallow
protected areas adjacent to the kelp patch near the Mole while another taxon dominated sediments

deeper on the shelf.
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The sunrise clam (Tawera spp. - mostly Towera spissa) was found widely in the study
area across all studies, but a larger-than-typical number of small individuals (maximum of >6,400
individuals per m™) were collected west of the Heyward Pt. disposal ground in September and
December 2010 (Fig. 30). High densities (500-600 individuals per m™) were found in 2003 in
sandy sediments near 15 m water depths in Blueskin Bay compared to more common densities of
20-60 individuals per m™. Localised high densities may indicate important areas where water and
sediment conditions support reproduction or colonisation. Too little is known abowt Tawera
dispersal to evaluate the ecological importance of this patchy distribution.

Three numerically dominant taxa represent higher taxonomic groupings of amphipod
crustaceans. These are predominantly mobile, shallow-burrowing taxa which likely represent a
biomass readily accessible to many coastal predators.  Collectively, the surface-dwelling
phoxocephalid taxa represented about 3% of all macrofauna as did digging haustoriids while the
robust lyssiananssids represented 1%. The phoxocephalid taxon was donunated by two specics,
Torridoharpinia hurlevi and Waitangi brevirostris, but several other unresolved taxa were present.
Lysianassid and haustorid amphipods were not identified any finther, but were differentiated from
other common amphipod taxa such as aorids, eusirids, corophiids, and caprellids. Besides their
overall abundance (Fig. 31), ecologically meaningful information cannot be further analysed using
this coarse taxonomic information. Gammarid amphipod abundance was consistently lower across
studies and seasons at Heyward Pt. locations between 18 and 22 m isobaths when compared o other
areas of similar depth. Collectively these numerically dominant taxa {Table 4, Fig. 32) probably

provide most of the macrofaunal biomass in the study area.
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Fig. 32, Twelve numerically dominant taxa in the study area. A) Antisolarium egenum, B) Zethalia zelandica, C)
Tawera spissa, D) Prionospio sp., B) Nucwla nitidula, F) Spiophanes cf. bombyx, G) Armandia macwlata, H)
Aglaophamus macroura, 1) Cirratulidae sp., 1) Phoxocephalidae sp., K) Urorthoe sp., L) Streblosoma toddae
(Terebellidae). Scale =1 mm divisions where present,
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Biodiversity (grab samples)

The asymptotic species accumulation curve from the September 2010 data (Fig, 33) indicated that
collection to have observed most taxa detectable using these grab methods and taxonomic
resolution. The Chao procedures incorporate intersample probability of new taxa and predict
slightly more than 100 macrotaunal taxa were actually present.

Density and taxon richness were generally directly related in all studies (density=richness
x102,94 ~ 13, R*=0.55, n=453)}. In general, Blueskin Bay area samples produced between 13 and 30
taxa each (Fig. 34). Marginal fine sand sediments tended to produce more taxa than the silty central
area. Typically 1-13 taxa were found in each sample collected from the Aramoana area with more
taxa on the seaward boundary of the central mound location in any given study vear and fewer taxa
present on the shoreward side of the mound and toward the Mole. Macrofaunal taxon richness was
similarly low in isolated samples from the central portion of the Heyward disposal ground and just
beyond the westward boundary within any one study, but the overall patchiness of richness was
similar to sediments of similar depths outside the disposal ground. Impoverished samples generally
corresponded with an apparent difference in fine grain content observed during processing (Fig.
35). These differences were probably due to serendipitous sampling of discrete disposal events.
Sample number and position therefore have a large influence on overall taxon richness values when
comparing sampies taken inside and outside the disposal ground boundaries (Fig. 36). Even with
such patchiness the two disposal areas produce assemblages that are different in composition and
abundance from each other and somewhat distinct from samples outside the disposal ground (Fig.
37). SIMPER analysis indicated that the discriminating taxa were primarily Armandia maculata,
Aglaophamus muacroura, Scalibregmatidae, Antisolarium egenum, Zethalia zelandica, and Tawera
spissa as indicated by individual taxon distribution patterns mentioned above. Tmpoverished central
Heyward Pt. samples had larger evenness values {J') than depth-matched near-field and far-field

samples, but diversity (H") values were within the range of NF and FF samples.
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Fig. 35. Appearance of most Heyward Pt. sediments during processing (A) compared to a small number of samples
with increased fine grain content generally associated with low abundances and richness (B).
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Fig. 36. Macrofaunal taxon richness from September and December 2010 grabs taken inside disposal ground
boundaries (IN, Imp) and from near-field sites of matching depths (NF, QUT). The Heyward Pt. disposal ground also
had far-field (FF) and external (E) sites sampled in September 2010, Boxes denote the interguariile range while
whiskers show the range and the heavy horizontal bars represent mean values. Circles represent statistical outliers,
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Fig. 37. nMDS ordinations of macrofaunal abundances (fourth-rot transformation) at Aramoana (A, green triangles)
and Heyward Pt. (H, blue triangles) grouped by Bray-Curtis similarity levels in September (top panel) and December
(bottom panel) 2010. O=outside disposal ground, I=inside, N=near-field, F=lar-field, E=external Heyward Pt. sites

along depth contours seaward of the existing site.
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Discussion

Assemblages relative to hydrodynamic energy

Final hydrodynamic model results will be presented in a separate report {(MetOceans Solutions
Ltd.), but preliminary models indicated that the study area is primarily exposed to seas and swells
from northern to southeastern directions which exceed 2.5 m significant wave heights
approximately 1% of the time on at least an annual basis. For macrofauna with limited adult
dispersal capabilities and taxon-specific physical disturbance tolerances, Paavo et al. {2011)
provided evidence that these events shaped benthic communities which were first constrained by
the covarying depth and sediment texture gradients previously described (Single 2007). The
mechanism is probably phiysical disruption due to increased benthic shear forces associated with
focusing by bathymetric features as observed in mean wave height and circulation modelling
whether or not significant sediment is moved via bedload transport processes (observed in modelled
sediment volume changes}. Benthic shear forces have taxon-specific effects, but feeding efficiency
and sediment binding influences have been most frequently documented.

While the causal mechanism connecting local macrofauna to hydraulic energy has not been
explicilly tested, the biological characteristics of observed taxa support this link and provide the
basis for a conceptual model of the study area (Fig. 38). Shallow subtidal areas were inhabited by
few tubicolous animals and dominated by robust mobile species. Deeper than the 15 m contour
there was an increase in the number of features associated with ghost-shrimp which did not appear
frequently below 20 m. The 15-18 m confours also marked the appearance of head-down feeders
such as lugworms, species inhabiting emergent tubes, taxa with weak-integuments, and substantial
burrow systems which generally became more common with increasing depth, but coliectively
represented an inner shelt community. Somewhere between the 20 and 25 m contours large
epifaunal taxa such as hermit crabs, policeman crabs, sea stars, and large snail species became more
common as well as indications of additional infaunal taxa including heart urchins. Beyond the 30 m
contour sandy sediments gave way to gravelly or palimpsest bottoms with a sharp ecological shift to
the well characterised outer shelf community with spatially discrete bryozoan thickets extending to
the shelf break. The Aramoana disposal ground is wholly contained within the energetic nearshore
band occupied by taxa intolerant to mud or silt sediments. The Heyward Pt. disposal ground is a

physically and biologically complex area spanning significant, 'natural’ assemblage boundaries.
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Fig. 38. Developing conceptual model of the study area and the location of the Aramoana and Heyward Pt. disposal
areas within a coastal ecology context.

Patterns relative to disposal activifies

Macrofaunal abundances were generally lower in areas associated with mounds at both Aramoana
and Heyward Pt. disposal areas. At Aramoana there was an increase in abundance with increasing
distance from the disposal area at bathymetrically matched sites. The same increase was observed
near the Aramoana mound as well. Taxon richness was correspondingly lower in these areas, as a
consequence of lowered abundance. This likely signifies an assemblage-wide effect of disposal
rather than taxon-specific effects with the exception of Zethalia zelandica and a few other taxa.
Although 2003-2005 data did not provide high spatial resolution around the disposal areas, the
samples fit into the general bathymetric and impact patterns observed in 2008 and 2010. It is not
plausible that disposal activities have substantially altered the entire area covered by the present
synthetic analyses, so the patterns observed indicate that disposal impacts appear to be localised
around the existing disposal sites.

Data are currently being gathered on the actual spatial utilisation of the Heyward Pt
disposal ground in response to these analyses, but occasional field observations and anecdotal
evidence suggest that recent disposals have been more common in the central area just NW of the
existing submarine mound than elsewhere. If this is true, then the abundance and taxon
distributions suggest that the impacts of disposal activities rarely extend into the northern third of
the site boundary, but probably does extend beyond the western boundary to some degree from
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250-500 m. Given the arbitrary origing of the disposal ground boundaries, it is not unexpected for
the disposal effects to not match the actual disposal limits. The small-scale heterogeneity of the
Heyward Pt. macrofauna supports the view that disposal effects at the current rates, volume. and
composition arc localised in space {on the scale of 10s of m from each disposal) and that
recolonisation from surrounding sediments has been rapid {on the scale of months vather than years)
with no substantial taxon extinctions. This demonstrated ability to identify disposal impacts is

beneticial to future impact mitigation management.

Looking Forward

Data and analyses represented in this report provide a synthetic understanding of key ecological
patterns in the study area. POL has extended its bathymetric survey area thus providing a vital link
in understanding the system. POL has also begun monitoring actual disposal locations to further
link day-to-day practices with benthic observations. Benthic photographic surveys and SSS work
have provided fundamental information on the animals and habitat surrounding disposal activitics.
This iierative procedure of study and changes in disposal practices has led to an adaptive

management approach that would be useful in guiding future mitigation management decisions.

Focused Research on Processes (the next three years)

Our current understanding highlights the importance of ntegrating physical and biological
information to map the impacts of disposal activities. The association of impacts and spoil mounds
is apparent, but current information cannot, as yet, differentiate between the effects of disposal due
to the physical presence of the mound focussing hydraulic energy, the dispersal pathway of fine
material from the mound, nor the composition of the spoil material. The lack of obvious
downstream effects suggests that physical processes dominate and dilution of any contaminants that
may be present is sufficient for normal ecological processes at the frequency and volume scales
observed.

Successful longterm management (fe. 35 years) would benefit from modelling physical and
biological processes at the Heyward Pt. locale with a focus on dispersal of fine grains and
recolonisation by macrofauna using the key species highlighted in this report. Finc grains {mostly
bedload transportable) and very fine grains (mostly transporfed in suspension) are likely to have
different fates depending upon the location of deposition (relative to the 16-18 m contours)
(MetOcean 2011). The Heyward Pt. site is dispersive with respect to fines as evidenced by the
presence of floc and the lack of substantial muddy areas. It seems likely that fines are transported

into central Blueskin Bay along the existing grainsize gradient where they remain for an extended



period of time (decades or more) and can be colonised by a tauna adapted to muddy sediments
which are absent from Heyward Pt. The consistency of the Blueskin Bay macrofauna m 2008
suggests that few or no deleterious effects were observed in a straight line from the Heyward Pt.
boundary to the centre of Blueskin Bay under pre-2008 disposal frequency and volume practices.
Physical information may indicate if a coastal transport pathway exists, but existing biological
information cannot distinguish these assemblages from a 'natural' state. Using the simple and freely
available STFATE model may help define areas suitable for empirical testing of discrete disposal
events at Heyward Pt. This simple exercise, especially when coupled with approximate
macrofaunal tolerances, is hikely to improve long-term management data.

The Heyward Pt. mound is a partially anthropogenic feature which adds complexity to an
already heterogeneous benthic environment in an ecological transition zone. Monitoring,
modelling, and management may benefit from relocating disposal events to one or more areas in
only slightly deeper water (19-25 m). The arca would need to be large enough and the disposal
practices placed so as to avoid formation of another mound joining the existing one (which will
probably degrade with time). Further information on practical disposal precision is forthcoming,
but it may be that one or more deeper disposal 'target areas’ within a defined 'impact boundary' of
sufficient size fo accommodate projected volumes (but in a different orientation) would make the
current strategy even more eflective in reducing disposal effects. This approach would also be in
keeping with typical best practices developed in Europe and North America.

Monitoring and management for ecological impact mitigation are linked through the
identification of important species. Regional management rests on an understanding of the G&S
provided by those species. Several ol the dominant species in the study area have been identified
by this work, most notably polychaetes and molluses, but gammarid amphipods remain unresolved.
As mobile and abundant organisms consumed by many other animals they likely provide important
links between benthic production and water cohunn consumers (e.g. juvenile or adult fish). Further
taxonomic reselution of the most numerous amphipod morphospecies and a few polychaete taxa
(e.g. Cirratulidae), in the near-tuture would help defermine whether future monitoring should

include these taxa or eliminate them from consideration entirely”.

Beyond 2014

Historical coastal data clearly identifies changes in the shoreline at Aramoana and South Spit since

ke construction of the Mole over a century ago. Disposal activities have taken place more or less

5 Although infrequent qualitative inspections would remain useful to raise flags for any species mtroductions or local
extinctions.
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constantly since that time and coastal sediment transport loads may have altered in response to input
and transport conditions from the Clutha River source to the south. Little quantitative ecological
information near the disposal areas was available prior to the 2003 data gathered by POL. Asa
consequence of these facts we can have no comparison to the 'pre-disposal’ ecology of the area so
assessments and predictions are logically constrained to the ecological sfatus gquo. No ecological
data are available for the Shelly Beach site as seafloor ecology does not currently enter into
management considerations in deference to South Spit and Aramoana saltmarsh conservation

cfforts,

The Aramoana disposal area contains an impoverished macrofaunal community conipared to
depth-matched sites beyond. Like Heyward Pt., the impact of disposal is probably a result of the
anthropogenic mound and impacts probably extend <500 m beyond the disposal area boundary.
The Aramoana area is occupied by taxa well-suited to colonise spoil of matching texture dredged
from the harbour entrance and many lower-harbour claims as shown by the field manipulation. The
site 1s dispersive with respect to fine sediments which are likely inimical to the Aramoana fauna.
Ecological impact mitigation at Aramoana should therefore aim to maintain an unimpacted
boundary 'buffer zone' to support a sufficient source population of key taxa {including Z. zelandica,
Armandia maculaia, and possibly Spiophanes cf bombyx among others) able to colonise the volume
of sand introduced as spoil. Disposal volumes, rates, and compositions prior to 2005 and between
2005 and 2010 indicate a fairly steady state of impact. A decrease in sand disposal volumes and
frequency will likely decrease the impact zone from the current state through recolonisation from
the surrounding area. Some unknown increase in sand disposal volume and frequency will
compromise the ability of the surrounding area to recolonise sandy spoil and the impact area will
expand from the sfafus quo. The volumes and disposal frequency required to cause this effect are
not known, but are hikely proportional to the growth of the mound (which can be physically
modelled). Disposal of fine sediments is likely to expand impacts from the stains quo
disproportionate to its volume when sediment transport is through bedload or boundary layer
processes. Therefore it disposal continues at Aramoana active management is likely to be most
effective at mitigating impacts if it concentrates on physical modelling and the composition of
introduced spoil.

At pre-2010 disposal volumes, rates, and spoil composition the effects of disposal at
Heyward Pt. appear limited to the central area of the disposal ground and 100—500 m beyond the

western boundary. If additional spoil in the Hevward Pt. disposal ground has the effect of

increasing the mound then negative effects could be expected to expand relative to current
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conditions. The lack of impacts in the northern third of the disposal ground relative to surrounding
sediments indicates that pre-2010 practices do not negatively impact biota in a down-slope
direction. Benthic habitats inside the disposal ground remain predominantly rippled medium to fine
sands with occasional small rock or temporary mud patches of 10s to 100s of m? in extent. The
surrounding communities appear to be rapidly recolonising retained spoil and tolerating dispersed
sediments in an ecologically desirable fashion. Disposal of fine sediments at some point beyond
recent volumes and rates is likely to expand impacts from the sfatus quo disproportionate to its
volume when sediment transport is through bedload or boundary layer processes. The volume,
frequency, and composition of fines disposal required to overwhelm current recolonisation capacity
is not known, therefore if disposal continues at Heyward Pt. active management 1s likely to be more
effective at mitigating impacts if it concentrates on reducing or relocating mound formation and
medifying practices in response to recolonisation rates observed tor introduced spoil and tine
sediment transport pathways. Careful consideration of the altered bathymetry of the Heyward Pt.
disposal area is important as the mound position and shape is likely to strongly influence

communities in the area and hence effects of disposal.

Disposal relative fo the coastal plan and guidelines

Any use of the seabed contributes positive and negative effects to the G&S provided by the biota
and physical processes in that space. Unlike many other regional authorities, the Otago Regional
Council currently “relies on resource counsent moniloring to fulfil it's [sic] responsibilities under the
Resource Management Act (1991), the Regional Policy Statement and the Regional Plan; Coast.”
(ORC 2005). As such, there arc currcntly no clear policy statements against which to measure or
project acceptable impacts. For long-term management and monitoring this turther complicates
responsible mitigation compliance in consideration of inevitable compound effects. The national
guidelines provide best practices for the cxpress purpose of aiding regional council policy
formation. POL has proposed an intensive and integrative three-year study period to make use of
recent research to support a future application for long-term disposal consent permissiorn.
Development of a praclical ecological monitoring programme and an effective impact mitigation
management plan requires a policy statement from the working party (which has a representative
from the consenting aunthority) guiding baseline conditions or locations®. With such a policy in
place, management and monitoring strategies can be developed and evaluated which target the G&S

most valued by the working party and regional authority. It is also good scientific practice, with

6 Additional information and one example can be found at:
htip:/fwater.epa.goviiype/oceb/oceandumping/dredgedmaterial/sitemonitor.cfim
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ample domestic precedent, to provide for independent review of technical data and management
strategies by qualified reviewers who did not participate in any of the work (e.g. the current review

of proposed Great Barrier Island disposal site by MaritimeNZ).
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