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APPLICATION FOR RESOURCE CONSENTS

PURSUANT TO SECTION 88,

RESOURCE MANAGEMENT ACT 1991

To:


Northland Regional Council

Private Bag 9021 

Whangarei
Auckland Regional Council 

Private Bag 92-012

Auckland

Rodney District Council

Private Bag 500 

Orewa 

Auckland

CREST ENERGY KAIPARA LIMITED, whose registered office is located at Level 1, 171 Hobson Street, Auckland, New Zealand, applies for the resource consents described below.

The locations to which the applications relate are set out in the following table:
	Block
	CT
	Owners

	Lot 1 DP 191513, 
	NA128C/768; Sec. SO 53408
	Glavish Family Trust

	Coastal Marine Area – Kaipara Harbour


The name and address of the owner(s) and occupier of the land to which the applications relate are:

Coastal Marine Area – Kaipara Harbour 

Glavish Family Trust 

3634 Kaipara Coast Highway

Glorit

Warkworth

Auckland RD 4

The types of resource consent being sought: 

Northland Regional Council
CREST proposes to undertake a range of activities in the Kaipara Harbour and on land adjacent to the Hoteo River.  These activities have been assessed against rules in relevant Northland Regional Plans as set out in the following table, and are subject to acquisition of resource consents.  CREST is therefore applying to the Northland Regional Council for the following resource consents for the CREST Kaipara Harbour Marine Turbine Generation Project, each for a period of 35 years:
	Plan
	Rule


	Activity
	Activity Status

	Northland Regional Coastal Plan
	31.3.4 (m)
	Structures
	Non Complying

	Northland Regional Coastal Plan
	31.3.4 (f)
	Discharges to water
	Permitted

	Northland Regional Coastal Plan
	31.3.7 (d)
	Use and Diversion of Coastal Water
	Discretionary


· Coastal permit for erection of structures on the seabed, and occupation of the seabed by tidal electricity generation units; 

Installation of up to 200 marine turbine generating units on the bed of the Kaipara Harbour within an overall area defined by the following grid references NZMS260 P09 047 324; Q09 131 322; P09 047 317; Q09 131 312.

· Coastal permit for occupation of the seabed by cables

Occupation of the seabed by an undersea circuit cable located in the vicinity of the Generator Array, within in an overall area defined by the following grid references NZMS260 P09 047 324; P09 047 317; Q09 131 322; Q09 131 312.

· Coastal permit for use of water to extract energy

Extract energy from tidal currents by using rotating blades.

· Coastal permit for disturbance of seabed:

Seabed disturbance arising from placement of structures at specific locations within an overall area defined by the following grid references NZMS260 P09 047 324; P09 047 317; Q09 131 322; Q09 131 312.
· Coastal permit for discharges associated with disturbance of the seabed during construction; maintenance activities; and heat emanating from generators and cables.

Discharge of suspended sediments arising from seabed disturbance when placing structures within the generation area and during installation and maintenance of sub-sea cables along the transmission route.

Discharge of biological residue and sediment arising from cleaning and maintenance of marine turbines.

Discharge of heat to natural waters from the generator units and cables.

Auckland Regional Council

CREST proposes to undertake a range of activities in the Kaipara Harbour and on land adjacent to the Hoteo River.  These activities have been assessed against rules in relevant Auckland Regional Plans as set out in the following table, and are subject to acquisition of resource consents.  CREST is therefore applying to the Auckland Regional Council for the following resource consents for the CREST Kaipara Harbour Marine Turbine Generation Project, each for a period of 35 years.

	Plan
	Rule


	Activity
	Activity Status

	Auckland Regional Plan Coastal
	10.5.4
	General Occupation
	Restricted Discretionary

	Auckland Regional Plan Coastal
	11.5.3
	Activities
	Restricted Discretionary

	Auckland Regional Plan Coastal
	12.5.17
	Structures
	Restricted Discretionary

	Auckland Regional Plan Coastal
	16.5.18
	Disturbance of Foreshore and Seabed
	Restricted Coastal Activity

	Auckland Regional Plan Coastal
	20.5.4
	Discharge of Contaminants
	Discretionary

	Auckland Regional Plan

Sediment Control
	5.4.1.1
	Land Disturbing Activities – Earthworks and Vegetation Removal
	Permitted


· Coastal permit for occupation of the seabed by electricity transmission cables; 

Occupation of the seabed by two transmission cables connecting the circuit cables with a landfall adjacent to the Hoteo River at or about NZMS 260 Q09 401 291.

· Coastal permit to disturb foreshore

Disturb the foreshore during installation of a cable landfall near the Hoteo River at or about NZMS260 Q09 401 291.
· Coastal permit for discharges associated with disturbance of the seabed during construction; maintenance activities; and heat arising from sub-sea transmission cables.

Discharge of suspended sediments as a result of seabed disturbance during installation and maintenance of sub-sea cables along the transmission route

Discharge of heat to natural waters from transmission cables.

· Discharge permit for discharge of cooling water, stormwater and other minor discharges to land and to natural water.

Intermittent discharge of small volumes of cooling water, stormwater and other minor discharges to land and to natural water in relation to substation at or about NZMS260 Q09 401 291.

Rodney District Council

CREST proposes to undertake a range of activities in the Kaipara Harbour and on land adjacent to the Hoteo River.  These activities have been assessed against rules in the Rodney District Plan as set out in the following table, and are subject to acquisition of resource consents.  CREST is therefore applying to the Rodney District Council for land use consent as follows, for the CREST Kaipara Harbour Marine Turbine Generation Project.

	Plan
	Rule


	Activity
	Activity Status

	Rodney District Plan 
	7.9.1
	Activities in Rural Zone
	Non - Complying

	Rodney District Plan 
	7.9.4.2.2
	Earthworks
	Permitted

	Rodney District Plan 
	Trans 8.4
	Cable depot and associated buildings
	Discretionary


· Land use consent associated with cable landfall and shore structures

Land use activities associated with connection to the transmission grid, including trenching over a distance of around 100m, and possible removal of vegetation (less than 50 m2) during cable shore crossing, and erection of an ancillary building (measuring around 40 m x 20 m x 6m) and associated structures above ground during project construction.

Of the above rules relating to the regional consents required as part of this application four require consent as Restricted Discretionary Activities and therefore overall, the applications consents are to be considered as Restricted Discretionary insofar as Regional Consents are involved.

The landuse activity represents either a non-complying activity pursuant to the Proposed Rodney District Plan or a Discretionary Activity pursuant to the Transitional District Plan.

[Refer attached Assessment of Environmental Effects (AEE) document, for a more detailed description of the activities for which consent is sought].

Assessment of Environmental Effects:
An Assessment of Effects on the Environment (AEE) of the proposed activities, including ways in which any adverse effects may be mitigated, has been prepared in accordance with the Fourth Schedule of the Resource Management Act 1991, and is attached.

Are other resource consents required?
No

Name and address for service of documents:

Argo Environmental Limited

Level 10, 101 Customs Street East

P O Box 105 774

AUCKLAND

1143

Ph: (09) 367 0631

Fax: (09) 336 1161

Mob: (021) 741 410

Email: CrestEnergy@argoenv.com

Attention: Garry Venus
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Signature of applicant:

_____________________________


Dr Anthony R. Bellvé


Executive Director


CREST Energy Kaipara Ltd

Dated: 
14 July 2006
PART 2

ASSESSMENT OF EFFECTS ON THE ENVIRONMENT

ASSESSMENT OF EFFECTS ON THE ENVIRONMENT 

EXECUTIVE SUMMARY

It has been recognised for many years that the security of electricity supply is a matter of serious concern in New Zealand, and that shortages of electricity pose a significant risk to New Zealand’s sustainable economic growth.
CREST proposes to construct a marine turbine generation power station (the CREST Project) in the Kaipara Harbour in northern New Zealand, comprising up to 200 completely submerged Rotech Tidal Turbine (RTT) marine turbines with a total generating capacity of around 200MW.  

Under the provisions of the Resource Management Act 1991 (RMA), resource consents are needed for activities associated with the CREST Project.  Applications for resource consents are set out in Part 1 of the present document, and as required by the Act, the applications are supported by an Assessment of Effects on the Environment (“AEE”) provided as Part 2 of this document.

CREST has focussed on developing marine turbine arrays for harnessing energy from tidal currents.  Over the past two years CREST personnel have been involved in discussions and negotiations with UK developers of marine turbines, and CREST has entered into a commercial agreement with Lunar Energy Ltd for the application of that company’s particular technology in New Zealand.

Tidal energy is absolutely reliable.  A supplier can predict when the supply will be available and in what quantities so that it can be matched with other sources to meet the load demand.  In this respect tidal energy is significantly better than many renewable technologies.  Solar, wind and wave energy are solely reliant on variable and unpredictable climatic conditions.  Tidal stream power generation using marine turbines has been identified as having huge potential for provision of electricity in many parts of the world.  Marine current turbines have significant operational, economic and environmental advantages in power generation.

The CREST Project provides significant and environmentally sustainable electricity generation in an area of New Zealand where there is a particular strategic need for such provision.  The CREST Project presents an opportunity to provide significant generation without over-riding adverse environmental effects and associated concerns.
The CREST Project will entail the generation of around 200MW of electricity which if generated by combustion of fossil fuels would result in annual emissions of between 1,000,000 tonnes and 1,500,000 tonnes of CO2.  This equates to a nominal offset saving of this amount.  Potential offset savings in greenhouse gas emissions should be given due regard by consent authorities in evaluating consent applications pursuant to Section 104E of the RMA.

The marine turbines are proposed to be located near the entrance to the Kaipara Harbour with a 30 km sub-sea buried cable connecting to a land-based substation and subsequent connection with the electricity grid, near the Hoteo River.
In selecting a route for a transmission line, CREST evaluated three alternatives: (1) a shorter distance connection between the Generation Array and the South Head of the Kaipara Harbour; (2) a shorter connection with the northern shoreline; and (3) a longer sub-sea cable connecting the Generation Array with an eastern landfall on the bank of the Hoteo River.  

CREST considered that the risk of adverse environmental interactions increases dramatically with increased extent of land-side transmission and associated aerial lines and concluded that the eastern sub-sea route was the most appropriate.  The chosen sub-sea transmission route forms an almost direct line between the North Channel entrance and the south east land based DC converter station, except where it follows the Hoteo River loop channel.

Potential environmental effects associated with the CREST Project are assessed as follows:

· Effects associated with loss of energy from harbour flows and subsequent impact on sand deposition, will be less than minor based on the relative scale of the CREST Project and the scale of tidal flow and energy in the Kaipara Harbour.

· Adverse effects in terms of surface turbulence, seabed erosion and effects on benthic organisms are not anticipated as a consequence of the depth of the array, duct configuration and location in an area of stable and hard seabed.  

· Formation and development of new seabed habitats, and provision of new artificial reef structures could prove beneficial for the biological environment.

· The risk of possible collision by fish and seabirds is considered to be extremely low, and will be mitigated in any case by the fluid dynamics characteristics of the rotors.  The deep location of the marine turbines on the seabed and the presence of protective cowlings will serve to further mitigate risks.  Noise emissions will also deter animals in the immediate vicinity of the turbines, and it is proposed that design measures (no gearbox) will be employed to ensure noise emissions from the units are managed to avoid adverse effects.  

· Cable installation will disturb fauna and flora in the area, especially seabed communities.  However, impacts of this nature are likely to be temporary, with short-term recovery.  Once any cabling has been buried or secured, there will be minimal impact thereafter.  

· No hydrocarbon lubricants will be associated with the generation devices and transmission cables and thus lubricants will not have a potentially significant effect on water quality.  New anti-corrosion and anti-fouling agents will be marine industry accepted standards in widespread use worldwide. 

· EMF field strengths will not be a factor considering the adoption of DC mode for generation and transmission to shore.

· The presence of the Generation Array will necessitate restrictions on anchorage and fishing in the immediate vicinity.  Appropriate navigational warnings will be depicted on marine charts and deployed on site to ensure harbour users are aware of the location of the turbine array.  

· The CREST Project will pose no visual impact given its completely submerged deployment.  Maintenance and installation vessels will be observable, but the presence of these vessels is completely consistent with accepted patterns of use in the harbour.

· There will be no environmental or resource management implications from connection to the transmission grid on land – use will be made of existing structures or will use approved third party providers and existing easements and rights if new structures are needed.

· Reference to independent publications and ARC archaeological databases indicates that the CREST Project will not interact with marine archaeological resources.

· All materials for the CREST Project will be conveyed on standard road transport vehicles – items exceeding road transportation limits will be transported by water where appropriate.

· Turbines for the CREST Project will provide direct and indirect economic benefits to the community in which construction will be located.  The CREST Project could contribute between 100 and 400 full time equivalents per 100 MW, across the anticipated 3 year fabrication and installation period, and around 5-10 full time equivalents during routine operation.  

· CREST acknowledges the significant cultural and environmental importance of the Kaipara Harbour and is engaged in ongoing consultation with Te Uri o Hau Ngati Whatua and with Ngati Whatua Nga Rima o Kaipara ki te Tonga representing all affected ancestral marae in respect of their particular concerns for the Kaipara Harbour.

CREST has recognised the comments and concerns identified during early consultation with various parties and given consideration to measures to mitigate adverse effects including those which cannot be avoided or remedied.  CREST’s analyses have indicated very few adverse effects are likely to accrue from the CREST Project.  However there are some areas where CREST Project activities might interact with other activities and uses of the harbour, and where mitigation might be warranted.  These matters relate in particular to:

· Effect on the mauri of the Kaipara Harbour;

· Fishing access;

· Perceived risk to marine megafauna in general and Maui’s Dolphins in particular; and 

· Potential interaction with sand extraction operations.

These areas are addressed as follows in terms of potential mitigation options.

· In respect of potential effects on the mauri of the Kaipara Harbour, CREST is consulting with tangata whenua to identify ways in which the CREST Project can proceed in a manner consistent with protecting and strengthening of the mauri of the Kaipara Harbour.

· The presence of the turbines will necessitate some restrictions on fishing in the immediate vicinity of the generator strings.  It will be possible however to locate generators away from those areas valued highly by local recreational fishers (e.g. the “Graveyard”).  Consistent with recent artificial surfing reef seabed structures it is widely accepted that the Generation Array may provide additional environmental benefits through creation of de-facto artificial reefs and refugia in the vicinity of the harbour entrance.  

· The risks for any marine creature passing through the rotors of the tidal turbines will be mitigated in large part by the hydrodynamic flow of the currents, and through the known ability of marine animals to detect seabed structures and thereby take evasive action.  

· The intensity and frequency of noise emanating from the turbines is not considered to pose a potential risk to marine megafauna.  Operational noise for a 1MW unit is comparable with the level of noise emanating from a commercial boat/small car ferry, with sound falling away over distance and without a noticeable cumulative effect.

· In regard to EMF effects, the undersea cables will carry bipolar DC electricity which is recognised to have minimal emissions.  In addition, cables will be buried, and armoured thereby achieving residual field strengths that will be within background measurements. 

· The CREST Project has been sited to avoid interference with existing and potential future sand extraction operations.  In particular the cable route has been selected to avoid sand mining operations in the mid harbour area.  Analysis of likely current energy loss indicates that the CREST Project will not cause changes in the sand deposition regime through the harbour entrance.

· The CREST Project turbines will not be visible from the surface.

· CREST continues to undertake an ongoing consultation programme with affected parties to keep them advised of progress and to provide a mechanism for all parties to communicate concerns or issues.

· CREST proposes that a range of “Best-Practice” management plans (including a Spill Contingency Plan and Monitoring Plan) will be prepared, and finalised in consultation with appropriate regulatory agencies and other stakeholders.  

On the basis of the analysis set out in this AEE the CREST Kaipara Harbour Marine Turbine Project is consistent with relevant Central Government policy directions, and with District and Regional Plan policies and objectives.  The activities associated with the CREST Project are not anticipated to result in significant adverse effects on the environment.  Where any less-than-significant effects are anticipated, there are a number of significant mitigation measures that have been developed.  

Accordingly the AEE concludes that the consents for the CREST Project should be granted as sought.
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1. Introduction

1.1 CREST Kaipara Harbour Marine Generation Project

CREST Energy Limited (CREST) proposes to construct a marine current generation project (the CREST Project) in the Kaipara Harbour in northern New Zealand, comprising up to 200 completely submerged Rotech Tidal Turbine (RTT) turbines with a total generating capacity of around 200MW (Figure 1).  The turbines are proposed to be located near the entrance to the harbour, with two 30 km undersea cables connecting the turbines to a land-based connection with the electricity grid, near the Hoteo River (Figure 2).

Under the provisions of Sections 12, 14 and 15 of the Resource Management Act 1991 (RMA), resource consents are needed for activities associated with the CREST Project.  Applications for resource consents are set out in Part 1 of the present document, and as required by the Act, the applications are supported by this Assessment of Effects on the Environment (“AEE”), provided as Part 2 of this document.

1.2 Activities Overview

Activities associated with the CREST Project are summarised as follows:

1.2.1 Generating Plant

Construction: Construction of sub-sea marine turbines and support infrastructure in existing fabrication facilities at locations yet to be defined but which are likely to involve manufacturing companies located in New Plymouth, Whangarei, Dargaville, Helensville and Auckland.

Transport to Site: Transport of modular components to a pre-deployment assembly site located near to or on barges or vessels to be used for movement of assembled units to the deployment area.

Deployment: Transport of assembled units to the deployment area.  The turbines are to be deployed as a linked array in the deep channel adjacent to the northern side of the entrance to Kaipara Harbour (see conceptual layout in Figure 1).

Maintenance:  From time-to-time the turbine cassettes within arrays will be removed for maintenance and servicing.  Such actions will be undertaken on board a dedicated maintenance vessel.

Decommissioning: Once the turbines have reached the end of their serviceable lives they will be removed or will be replaced as part of a rolling update programme.  Either way, the CREST Project will not result in the presence of derelict or abandoned equipment on the bed of the Kaipara Harbour.
1.2.2 Electricity Transmission

Interconnection among turbines: Two undersea cables will connect all turbines.  These cables will be up to 150 mm diameter shielded, DC cables designed to avoid generation of harmful electromagnetic fields (EMF).
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Figure 1: Artist’s impression of RTT underwater turbines located on the seabed.

Figure 2[image: image4.png]


: Project Location 
Transmission to shore:  Two parallel undersea cables each 30 km in length and buried to a depth of at least 1m, will connect the turbines with the shore landing adjacent to the Hoteo River.  The sub-sea cables will be up to 150 mm diameter, shielded DC cables.

Shoreline crossing:  The cable landfall will be located at a property upstream from the SH16 Road Bridge on the Hoteo River.  The two cables will come ashore in a trench and will be placed underground for around 50 m to a utility building (containing a substation/switchyard) to be constructed on the property of the Glavish Family Trust.

Connection to electricity network:  From the substation, where the electricity will be converted from DC to AC, the transmission system will connect with the grid.  Final connection details are subject to detailed design and the outcomes of various commercial negotiations with transmission companies.  Options include connection to Transpower’s 110kV line adjacent to SH16; connection to an existing Vector 11kV line on upgrading to 33kV; connection to a Northpower 110kV line through to Maungatoroto (to be installed by Northpower).

Each of these project elements is described in detail in Section 3 of this AEE.

1.3 CREST Energy Limited

Crest Energy Limited was founded as a limited liability company in 2005, for the purpose of identifying, implementing and harnessing novel forms of renewable resources of energy.  CREST’s Directors are Dr. Anthony R. Bellvé, and Nicholas Eady.  Consents are proposed to be held in the name of Crest Energy Kaipara Limited, a wholly owned subsidiary of Crest Energy Limited.

Dr. Bellvé has held appointments at Harvard University, as Assistant Professor (1970-1975) and Associate Professor (1975-1985) in Physiology and Biophysics; and from 1985-2001, Dr. Bellvé was a Professor at Columbia University, New York.  Since returning to New Zealand, Dr Bellvé has been involved in research into tidal power generation and in 2005 he was appointed Honorary Research Scientist in Physics, at Auckland University. 

Nicholas Eady has a background in Naval Architecture and Business Development within the composite materials industry. He was a director of SP Systems, a major European manufacturer (1991-98), responsible for company activities in Australasia and SE Asia. From 1999 to date he has continued involvement in the industry from Americas Cup teams to wind energy manufacturers, and was a founding partner in Insensys fibre optic sensing technology for composites structures in wind turbines and subsea oil and gas industries.

CREST has focussed on developing marine turbine arrays for harnessing energy from tidal currents.  Over the past two years CREST personnel have been involved in discussions and negotiations with UK developers of marine turbines – including Marine Current Turbines Ltd and Lunar Energy Ltd.  CREST has entered into a commercial agreement with Lunar Energy Ltd for the application of their particular technology in New Zealand.
In developing a sound commercial basis for applying marine turbine technology in NZ, CREST has developed working relationships with a number of leading NZ professionals and organisations including: Dr. Geoffrey Austin, FRSNZ, FNZIP, Professor of Physics, University of Auckland; Bill Woods, High Voltage Electrical Engineer, Team Power, Auckland; Drs Kerry Black and Dr. Shaw Mead, Directors, ASR Limited, Raglan; and Dr. Scott Nichol, Senior Lecturer, Department of Geography and Environmental Sciences, University of Auckland.

CREST has also been involved in ongoing dialogue with councillors, members and/or staff of the Auckland Regional Council, Rodney Economic Development Trust, Rodney District Council, Northland Regional Council, Kaipara District Council, Kaipara Development Agency, Kaipara District Economic Development Trust and various Central Government Departments.  

CREST has also actively consulted with various resource user groups including Forest & Bird, Guardians of the Kaipara, commercial sand extraction operators, and with Te Uri o Hau Ngati Whatua and Ngati Whatua Nga Rima o Kaipara ki te Tonga, who represent the ancestral marae of their respective rohe.

CREST commissioned ASR Research Limited to undertake a comprehensive survey of tidal currents and bathymetry in the Kaipara Harbour for the CREST Project. This study included taking sub-sea video footage and benthic grab samples at multiple locations throughout the primary channel areas.  Data from this study provided a basis for preparing parts of this AEE and in turn will be used to model the harbour’s currents and bathymetry for optimising the placement of marine turbines.

1.4 Resource consents sought

CREST is applying for the following resource consents for the CREST Project, each for a period of 35 years:

Northland Regional Council
· Coastal permit for erection of structures on the seabed and occupation of the seabed by tidal electricity generation units; 

Installation of up to 200 marine turbine generating units on the bed of the Kaipara Harbour within an overall area defined by the following grid references NZMS260 P09 047 324; Q09 131 322; P09 047 317; Q09 131 312 (Figure 3).

· Coastal permit for occupation of the seabed by cables

Occupation of the seabed by an undersea circuit cable located in the vicinity of the Generator Array, within in an overall area defined by the following grid references NZMS260 P09 047 324; P09 047 317; Q09 131 322; Q09 131 312 (Figure 3).
· Coastal permit for use of water to extract energy

Extract energy from tidal currents by using rotating blades.

· Coastal permit for disturbance of seabed:

Seabed disturbance arising from placement of structures at specific locations within an overall area defined by the following grid references NZMS260 P09 047 324; P09 047 317; Q09 131 322; Q09 131 312.
· Coastal permit for discharges associated with disturbance of the seabed during construction; maintenance activities; and heat emanating from generators and cables.

Discharge of suspended sediments arising from seabed disturbance when placing structures within the generation area and during installation and maintenance of sub-sea cables along the transmission route.

Discharge of biological residue and sediment arising from cleaning and maintenance of marine turbines.

Discharge of heat to natural waters from the generator units and cables.

Auckland Regional Council

· Coastal permit for occupation of the seabed by electricity transmission cables; 

Occupation of the seabed by two transmission cables connecting the circuit cables with a landfall adjacent to the Hoteo River at or about NZMS 260 Q09 401 291. (Figure 4).

· Coastal permit to disturb foreshore

Disturb the foreshore during installation of a cable landfall near the Hoteo River at or about NZMS260 Q09 401 291.
· Coastal permit for discharges associated with disturbance of the seabed during construction; maintenance activities; and heat arising from sub-sea transmission cables.

Discharge of suspended sediments as a result of seabed disturbance during installation and maintenance of sub-sea cables along the transmission route

Discharge of heat to natural waters from transmission cables.

· Discharge permit for discharge of cooling water, stormwater and other minor discharges to land and to natural water.

Intermittent discharge of small volumes of cooling water, stormwater and other minor discharges to land and to natural water in relation to substation at or about NZMS260 Q09 401 291.

Rodney District Council

· Land use consent associated with cable landfall and shore structures

Land use activities associated with connection to the transmission grid, including trenching over a distance of around 100m, and possible removal of vegetation (less than 50 m2) during cable shore crossing, and erection of an ancillary building (measuring around 40 m x 20 m x 6m) and associated structures above ground during project construction.
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Figure 3: Boundary of area in which up to 200 1MW subsea turbine units will be located. (Note: Final location of each unit within this area will be subject to detailed design considerations) 
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Figure 4: Cable pathway and landfall 
2. Electricity Generation in New Zealand

2.1 Introduction

Electricity is an essential commodity for New Zealand households and industry and provides the basis for our economic prosperity and way of life - all economic activity is dependent on an adequate supply of domestically produced electricity.  If generation is inadequate all sectors of society are compromised.

It has been recognised for many years
 that the security of electricity supply is a matter of serious concern as shortages of electricity pose a significant risk to New Zealand’s sustainable economic growth.

Traditionally New Zealand has relied on electricity produced by hydro-electric power stations for the bulk of its needs.  As New Zealand has continued to grow it has relied increasingly on gas for generating the additional electricity needed to underpin this growth.  With the run down of the Maui gas field, low cost gas will no longer be available to fill the gap and any replacement for the large Maui Field is likely to be many years away. 

There is a recognised need for additional generation capacity and the CREST Project provides significant and environmentally sustainable electricity generation in an area of New Zealand where there is a particular strategic need for such provision.

2.2 New Zealand Electricity Demand

The long-term average growth rate for electricity demand in New Zealand has been 2.8% per annum
.  Various predictions over recent years indicate that load will exceed generation in the near future based on medium load growth and relatively non-conservative dry year generation scenarios.  

There are various predictions in the rate of growth of demand - in its 2003 reference scenario
 the Ministry of Economic Development (MED) forecast growth in electricity demand for 2000-2025 to average 1.2% per year; the New Zealand Electricity Commission (NZEC) forecasts annual growth to average 2.8% a year over the next 20 years.  

Under these scenarios it is apparent that over the next 20 years, to avoid demand exceeding supply and potential brownouts, particularly in dry years, NZ will require new electricity generation equating to around 150 MW of installed capacity per year.

2.3 NZ Electricity Generation

2.3.1 General 

For the year ended March 2005, New Zealand had an estimated installed capacity of 8,858GW, comprised of the following sources
:
Hydro
60.34%  

Gas 
19.73%  

Coal 
8% 

Geothermal 
5.30% 

Others
 
3.88% 

As demand for generation increased, consideration has been given to investment in new generation capacity.  There are various constraints involved in providing new generating plant and the type of plants built will depend on the comparative costs of generating electricity from various fuels, construction, risk assessment with respect to the diversity of fuel supply and generation options, and obtaining the required resource consents.  

Past trends suggest that there may be an emphasis by the larger established generators on new thermal generation which they will seek to locate as close as possible to the major markets.  In 2004 Mighty River Power sought consents for a coal fired power station in Bream Bay and through 2006 Genesis Energy was investigating the possible installation of a gas-fired power station near Helensville.  

These thermal generation plants have many attendant resource management issues, as typified by the Mighty River Power Bream Bay coal fired power station proposal which generated more than 3,000 submissions in opposition to resource consent applications heard in mid 2005.

The CREST Project presents an opportunity to provide significant generation without over-riding adverse environmental effects and associated concerns.
2.3.2 Electricity Generation North of Auckland 

A single transmission line crosses the Auckland isthmus.  Failure of this link would take several days to repair with associated major economic and social disruption.  There are various options which might solve this problem, but each has associated difficulties, including transmission upgrade issues similar to the problems that faced Transpower in its recent proposed upgrade of the Whakamaru to Auckland transmission lines.  

A number of reports have been prepared on this topic.  For example in 2004 NZIER prepared a report entitled “Security of Supply into Auckland” for the Major Electricity Users Group, with the primary conclusion that there is the need for a solution to be identified to ensure that a secure supply of electricity to the Auckland region can be maintained beyond 2010 without demand restrictions at peak periods.  NZIER’s analysis showed that, demand in excess of 2190MW could not be supplied by the existing system, even with all local existing and committed generation in the region operating reliably.  The risk would increase if any of the major generating stations supplying the area were unavailable at peak times.

A recent study undertaken for Rodney District Council
 concluded that transmission upgrades and new generation in or north of Auckland are the key factors that would maintain security of supply for Rodney [and by inference further north]. 

There are only two small power stations north of the Auckland Isthmus, namely the 10MW Ngawha geothermal power station owned by Top Energy and the 3MW Wairua hydro-electric power station owned by NorthPower and within Rodney District there is the landfill gas plant at Redvale (about 3MW).

The Rodney District Council report concluded that providing new generation north of Auckland could help meet two key objectives for security of electricity supply to the region:

· Meeting the peak power demand of the regional network (offsetting limitations in supply from the south).

· Reducing the peak load on the transmission circuit around Auckland that supplies the North (that double circuit line could soon be near peak capacity at times of maintenance or failure on one of the two circuits available).

To reliably meet peak demand the generation must have a very high probability of being available at the peak times when the energy is required.  The CREST Project would be in a position to provide reliable electricity generation based around the totally predictable timing of tidal currents, with a high probability that part of the daily of tidal generation cycle would occur during peak use times.  

2.4 Government Initiatives

The Government’s 2001 National Energy and Efficiency Strategy
 sets out various goals including requiring energy use in New Zealand to become progressively more efficient and less wasteful (i.e. 20% more efficient by 2012).  To increase renewable energy supply the target of an additional 30 PJ of renewable energy by 2012 was announced in the final document in October 2002.  This is equivalent to an additional 3.5 Benmore dams or 60 Tararua wind farms.
In April 2006 it was announced that this Strategy would be reviewed but it is reasonable to assume that emphasis will remain on efficiency and renewable generation methodologies.

Sections 7(i) and 7(j) of the RMA were inserted on 2 March 2004, by section 5(2) of the Resource Management (Energy and Climate Change) Amendment Act 2004 (2004 No 2).  Section 7 defines “Other Matters” to which particular regard shall be given by all persons exercising functions and powers under the RMA, in relation to managing the use, development, and protection of natural and physical resources, in achieving the purpose of the Act.  These additional matters are:

(i) the effects of climate change:

(j) the benefits to be derived from the use and development of renewable energy.

In addition, Section104E of the RMA was inserted on 2 March 2004, by Section 7 of the Resource Management (Energy and Climate Change) Amendment Act 2004 (2004 No 2).  Section 104E is worded as follows:

When considering an application for a discharge permit or coastal permit to do something that would otherwise contravene section 15 or section 15B relating to the discharge into air of greenhouse gases, a consent authority must not have regard to the effects of such a discharge on climate change, except to the extent that the use and development of renewable energy enables a reduction in the discharge into air of greenhouse gases, either---

(a)  in absolute terms; or

(b)  relative to the use and development of non-renewable energy.

Pursuant to Section 104E, it seems that when a consent authority is giving consideration to an application for a permit “relating to the discharge of greenhouse gases” a consent authority is to have regard to the ability for renewable energy to achieve a reduction in the discharge to air of greenhouse gases.

The CREST Project itself will not discharge any greenhouse gases.  However, electricity generated from tidal energy will offset the need to deploy thermal power generation with it substantial emissions of greenhouse gases.

The CREST Project will entail the generating ~200MW of electricity, which if generated by combustion of fossil fuels would result in annual emissions of between 1,000,000 tonnes and 1,500,000 tonnes of CO2
. This equates to a nominal offset saving of this amount.

As at 28 February 2006, NZ had an officially estimated Kyoto deficit of emission units of 64 Mt (million tonnes)
.  Over the next six years, to the end of the current Kyoto commitment period, a saving of 1.500,000 tonnes of CO2 per year would make a 2.3% contribution to achieving this policy target.

In summary therefore, the CREST Project is consistent with Section 7(j) of the RMA and potential offset savings in greenhouse gas emissions should be given due regard by consent authorities in evaluating consent applications.

Sustainable electricity generation is addressed similarly at the regional plan level as discussed in Section 13 of this AEE.

2.5 The Place for Tidal Generation 

2.5.1 Tidal and Marine Current Energy Principles

2.5.1.1 Introduction

This section provides background information on the relationship between energy in tides and power generation.  In broad terms tidal currents are utilised to turn a turbine, which in turn generates electricity. 

Tidal energy although not constant, is absolutely reliable.  A supplier can predict when the supply will be available and in what quantities so that it can be matched with other generation sources to meet the load demand. 

In this respect tidal energy is significantly better than many renewable technologies, such as solar, wind and wave, as their output has a significant dependency and variability driven by prevailing climatic conditions.  By their nature these other energy sources are difficult to accurately predict (solar only minutes ahead, wind for hours ahead and wave for days ahead) and with decreasing precision as the forecast time is extended. In contrast, being dependent on solar and lunar astronomical forces rather than weather, tidal current power available at any given site and its variation over the tidal cycles can be predicted with considerable accuracy years (or centuries) in advance.

2.5.1.2 Tides

Energy available from marine currents is generally driven by the effects of the tides, oceanic circulations and site-specific localised variations.  Tides are generated by the rotation of the earth within the gravitation fields of the moon and sun. The relative motion of these bodies causes the surface on the oceans to be raised and lowered periodically (Figure 5).
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Figure 5: Surface on the oceans are raised and lowered periodically

Tidal cycles occur according to the following cycles:

· A half-day cycle: due to the rotation of the earth within the gravitational field of the moon, resulting in a period of 12 hours 25 minutes between successive high tides

· A 14-day cycle: resulting from alignment of the gravitational fields of the moon and sun. At new moon and full moon, the sun’s gravitational field reinforces that of the moon, resulting in the maximum difference between high and low tide, known as spring tides. At quarter phases of the moon, the sun’s attraction partially cancels that of the moon, resulting in minimum or neap tides. The range of a spring tide is typically about twice that of a neap tide

· Other cycles: of lesser significance, arise from the eccentric natures of the earth’s orbit around the sun’s and the moon’s orbits around the earth, and the tilt of the moon’s orbital plan relative to the earth’s axis of rotation, and low and high pressure weather systems.

The gravitational forces of the sun and moon create two ‘bulges’ in the earth’s oceans: one closest to the moon, and other on the opposite side of the globe, caused by sea water masses flowing from the points where high tide occurs to locations where there is low tide. These ‘bulges’ result in the two tides a day (high water to low water sequence), which is the dominant tidal pattern in most of the world’s oceans.

The solar tidal bulge is only 46% as high as the lunar tidal bulge. While the lunar bulge migrates around the Earth once every 27 days; the solar bulge migrates around the Earth once every day. As the lunar bulge moves exactly into and then 90° out of phase with the solar bulge, this gives rise to spring and neap tides, respectively, as illustrated in Figure 6.
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Figure 6: Spring and neap tides
Spring tide is the very highest and very lowest tide (i.e. the largest tidal range) which occurs twice a month (every 14/15 days) when the moon is either new or full (when the gravitational pull of the sun and moon is aligned). 

Neap tides are the opposite of the spring tide. The tidal range between high and low water is smallest and occurs nearest the time of the first and last lunar quarters as depicted in Figure 6. The ratio of springs to neaps can be as much as 2 to 1.

The combination of the spring to neaps cycle and the 14 day diurnal tidal cycle results in a variability of the tides through the months of the year (Figure 7).  
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Figure 7: Spring and Neap Tides - variability
Figure 8 shows the relationship between tidal current (the dashed line) and tidal height (the solid line). The incoming, rising tide is referred to as the flood tide. The outgoing, falling tide is referred to as the ebb tide. The point halfway between high water and low water usually corresponds to the highest current velocity. The current velocity will be zero during the slack water at high and low water (the peaks and troughs in the diagram).

Tidal electricity generation relies on currents created by these tidal patterns.

[image: image10.emf]Figure 8: Relationship - tidal current (dashed line) and height (solid line)

2.5.2 Status of Tidal Generation 

Tidal energy generation falls into two categories:

· Harnessing potential energy from the tidal range i.e. the increase and decrease in tidal water levels, through the use of a tidal barrage; and 

· Harnessing kinetic energy from the tidal flows or currents.  For example marine turbines that are driven by the flow of the water column or installations driven by the energy from ocean waves.

Tidal power is one of the earliest forms of renewable energy exploited by man. Records indicate that before AD 1100 tide mills were operating along the coasts of China, the United Kingdom, France and Spain.  Tidal dams (barrages) have been used for centuries to generate power with the largest, the barrage in La Rance Estuary, Mont St. Malo, France (built: 1960-67), having a rated capacity of 240MW.  
Over the years, generation by tide mills and barrages was gradually displaced by cheaper and more convenient fossil fuels, such as, coal, oil and gas.  Nonetheless, tidal energy has continued to entice engineers and scientists over the last century.  Now there is renewed interest in sustainable generation which does not rely on fossil fuels.  Of all the alternative energy resources that can be used for electricity generation, wind and tidal energy were identified 25 years ago by the UK Department of Energy as those thought most likely to provide a substantial contribution to UK electricity production by the early 21st century
.

Significant growth in research and development has occurred worldwide since 1979 into the development of tidal current energy technology (see Table 1
.

Table 1: Examples of Tidal Energy Development and Research

Insert Developerslistrevised.pdf

Insert Developerslistrevised.pdf

Insert Developerslistrevised.pdf

Wave-motion energy converters which been developed quite recently, translate wave displacement into hydraulic force to power onshore turbines.  Arrays for harnessing wave energy with capacities <50 MW have been approved for construction off the coasts of Israel and Portugal.  New Zealand has considerable wave energy off the southwest coast of the South Island, but the electricity generated is too far distant from the centre of demand growth and generation off SW New Zealand would entail significant capitalisation and transmission losses.
Clearly the impacts and risks associated with any particular tidal current generation device will be dependent on its design.  For example, a tidal barrage system requires major engineering works, effects a permanent change of the natural landscape and would have significant environmental effects on estuarine dynamics and ecology.  They also result in progressive accumulation of silt and sand necessitating continuous dredging.
Surface piercing structures that are visible at all states of the tide would have requisite navigational markers and lights, but also have to be designed for wave clearances and 1 in 50 year storms, etc.

A seabed-mounted device such as that proposed for the CREST Project would be more compatible with navigation and invisible from any vantage points of populated areas and therefore less intrusive.

Power generation using marine turbines has been identified as having high potential for provision of electricity in many parts of the world.  For example an April 2004 report
 identified potential tidal stream generation in Scottish waters to be 7.5GW for tidal stream generation alone.  To date, marine turbines have been developed and field tested in Norway, Canada the USA and the United Kingdom.
Marine turbines work much like wind turbines but are driven by water currents rather than air currents.  As water is 832 times denser than air, and has a much slower flow rate, the marine turbine is subjected to much larger forces and moments.  This major difference enables marine turbines to be considerably smaller, and yet able to generate comparable amounts of energy to wind turbines 5-6 times larger in size. (see Figure 9)

Any marine turbine generating power from a tidal current, is subjected to considerable thrust - 1 MN (100 tonnes) on a unit with a 1MW rotor in a current of 2.3 metres/sec .  Therefore, the turbine’s design needs to ensure the structure stays in place, rather than being swept away.  The methods used include a steel pile set into a socket drilled in the seabed or a gravity based structure.  Both can be designed to suit virtually all types of seabed geology ranging from hard rock to soft and fractured materials, to provide a stable and predictable structure.
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Figure 9: Relative size of renewable generation units - all 1MW Capacity. 

2.5.3 Advantages of Marine Turbines

Marine turbines have significant operational, economic and environmental advantages in power generation:

· Individual units do not require major site engineering works and associated large initial capital investments, particularly in the case of RTT turbines.  New units can be added in modular increments as demand increases with population growth, commercial expansion and industrial development.

· The units are sited inside harbours and along coastlines in depths of >30 metres with significant clearance between the top of the turbines and the sea surface.  Thus any effects on the sea surface are minimised.  Sites will be selected for optimal currents (2.0- to 3.0-m/sec) to achieve efficient and optimum power generation, and these areas generally will not be used for recreational purposes.

· The turbines will be installed to ensure clear passage of small and large vessels and their location will be indicated by deploying appropriate navigational markers (lights, colours, radar reflectors, foghorns and radio signals).

· Water-borne sediments, which remain in suspension at velocities of 2-3 m/sec, do not damage the rotors, nor envisaged to accumulate around the base of the installations.

· The turbine’s blades rotate passively and slowly, driven by the current, once every four to five seconds, thereby enabling safe movement of marine life which can pass through the rotor path.

· The RRT turbines, being fully submerged will not be visible or audible, thereby negating two acknowledged detrimental features of wind turbines.

· Service vessels can hoist the RTT power cassette to the surface for routine inspection and maintenance.

· Generation capacity covers around 16 hours of each day due to two tides.

· Tidal cycles are completely predictable and their occurrence can be quantified with certainty for centuries.  Moreover, the source of energy, the tidal currents, is perpetual and unvarying in cost, while the price of gas, oil and coal are subject to inflationary spirals.

CREST proposes to deploy marine turbine technology in the Kaipara Harbour as set out in this Assessment of Effects on the Environment. 

CREST has been granted a licence from Lunar Energy Ltd for the application of their particular technology in New Zealand.  The next sections of this AEE describe project elements in detail.
3. Detailed Project Description

3.1 Introduction

CREST applying for resource consents for activities associated with a tidal generation project in the Kaipara Harbour.  Activities are summarised in general terms in Section 1.2 of this AEE and described in detail in the following Sections.

Figure 10 and Figure 11 set out project location and project elements in the context of the Kaipara Harbour and eastern foreshore areas.

Activities are described separately for the Generating Plant and for the Transmission and Substation Plant.
3.2 Alternatives Evaluated

CREST evaluated two alternative generation options for installation in the Kaipara Harbour.  The first alternative evaluated was the SeaGen twin axial turbine system provided by Marine Current Turbines Ltd (Figure 12 and Figure 13).  These have a capacity of 1.0 to 1.25 MW each and the Seaflow single turbine model has been deployed off the south coast of Devon, UK, for over three years, with commercial deployment now underway in Strangford Lough southeast of Belfast, Ireland. 

The second alternative evaluated was the ducted, multiple-blade, turbine provided by Lunar Energy in association with Rotech Engineering.  These units focus currents through a Venturi duct to increase current speed and thereby enhance turbine efficiency and power output.  Lunar Energy is to install a full-sized unit off Orkney, Scotland in 2006.

On balance CREST’s preference is for the Lunar Energy/Rotech Engineering (RTT) turbines.  The Marine Current Turbines Limited (MCT) unit is considered less appropriate for the Kaipara Harbour setting for the following reasons:

Visual intrusiveness 
MCT turbines would extend up to 7 m above sea level and would become a significant element in the seascape of the Kaipara Harbour entrance;

Efficiency 
RTT’s ducted turbines will be more efficient in the marine environment of the Kaipara Harbour entrance; and 

Ecology
RTT’s seabed-mounted turbines will not intrude above the sea surface or penetrate the seabed as do the pile-mounted MCT turbines.

This AEE and resource consent applications are based around deployment of RTT units as discussed in detail below.
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Figure 10: Site Location
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Figure 3.13. Surfer grid of the Kaipara bathymerry data. Contours represent five metre interpolation.



Figure 11: Indicative Route of Transmission Cable to East of Tapora Island
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Figure 12: Marine Current Turbines Limited - SeaGen twin axial turbine system
[image: image16.png]Table 3:1. Flood tide data from ADP. Each score represents the number of 5 minute intervals that the current was at a particular velocity range (e.g. if the score is 9. then 9 x
5 mins = 45 mins.

FLOOD

Current magnitude (up 0.2 0.4 0.6 0.8 1 12 1.4 16 1.8 2 22
to) (m/s)

Kai 1 Deep 2 4 4 6 9 9 25 9 25 0 0
Kai 1 Middle 2 4 4 5 4 6 9 18 16 0 0
Kai 1 Shallow 1 5 5 4 4 7 9 8 25 0 0
Kai 1 Average 1 6 6 4 6 8 11 24 2 0 0
Kai 7 Deep 0 5 7 10 12 17 15 4 0 0 0
Kai 7 Middle 2 5 4 7 7 7 16 18 4 0 0
Kai 7 Shallow 4 5 6 9 6 9 16 9 6 0 0
Kai 7 Average 2 5 7 6 8 10 18 14 0 0 0
Kai 8 Deep 1 1 3 10 16 15 15 07 0 0 0
Kai 8 Middle 2 3 3 4 9 18 22 0 0 0 0
Kai 8 Shallow 5 3 2 3 8 19 21 0 0 0 0
Kai 8 Average 2 3 3 4 11 19 19 0 0 0 0
Kai 10a Deep 1 10 12 14 13 21 3 0 0 0 0
Kai 10a Middle 4 7 8 7 10 16 22 0 0 0 0
Kai 10a Shallow 15 10 " 9 19 10 0 0 0 0 0
Kai 10a Average 4 8 9 8 13 20 12 0 0 0 0
Kai 10b Deep 4 5 5 " 18 24 0 0 0 0 0
Kai 10b Middle 2 2 4 4 5 6 7 10 12 15 0
Kai 10b Shallow 2 5 5 7 " 16 21 0 0 0 0
Kai 10b Average 3 4 7 7 12 13 21 0 0 0 0





Figure 13:  SeaGen twin axial turbine system – typical generation array
3.3 Generating Units – Rotech Tidal Turbine (RTT)

3.3.1 General Description

The Lunar Energy technology, as proposed for the Kaipara Harbour will be referred to as the Rotech Tidal Turbine (RTT) (See Figure 14 and Figure 15). 

Each RTT unit comprises a horizontal axis turbine located within a symmetrical duct that is submerged at all times.  Operation will be completely invisible from the surface.  

A steel and concrete gravity-base structure is to be sited on the seafloor, and a cassette containing the complete power take off, including rotor, electrical generation, switchgear and cable termination unit will be inserted as a removable module. 

This arrangement allows for the cassette to be winched to the surface for periodic inspection, repair and maintenance, and avoids the need for diver intervention.

3.3.2 Design Philosophy

Rotech Engineering Limited is a UK-based specialist design and manufacturing company in the offshore oil and gas industry familiar with challenging environmental and sub-sea operational requirements.  

The chief structural design contractor, Atkins Limited, is one of the most respected and experienced design teams working on offshore structural design in the North Sea. 

The design philosophy behind the Rotech Tidal Turbine technology has been to ensure a rugged and reliable system that will function efficiently in potentially hostile, deep water, tidal situations.  

All key design decisions have focused on risk mitigation, maintaining simplicity and using proven off the shelf equipment wherever possible. 

Towing tank modelling and Computational Fluid Dynamics (CFD) analyses have been applied in the design to ensure reliability and safety factors will exceed those required by current offshore construction codes.
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Figure 14: Rotec Tidal Turbine ducted, multiple-bladed turbine unit
[image: image21.emf]Figure 15: Rotec Tidal Turbine – typical generator array 

3.3.3 The Duct and Turbine

The MCT twin axial turbines (see Section 3.3.1 above) rely on the ability to change the angle of attack (pitch and yaw) of the rotors to match changing current directions.  Mechanisms for yaw and pitch control are extremely complex and potentially entail many technical and economic difficulties.  Rotech considered these mechanisms were not warranted for the RTT turbine.  Rather, the intent, was to keep the design mechanisms as simple as practicable and thereby avoid ongoing maintenance over the many years of sea operation.

A unique feature of the RTT is the incorporation of the fixed, Venturi duct (Figure 16), which provides several advantages: 

· Enhances performance by capturing a larger volume of water and accelerating it through the turbine.  This is particularly beneficial at lower current speeds when it enables greater power delivery for a given turbine diameter.

· Makes the turbine device less sensitive to mis-alignment relative to the tidal stream and thereby eliminates the need for a complex yaw mechanism and control system.  Otherwise, this would be needed to offset wide variations in the directions of the flood and ebb currents.

· Mitigates the risk of injuring marine life by having the turbine blades in greater part protected by the Venturi duct.

The RTT uses a static, bi-directional duct to guide the currents into either end of the turbine from a wide range of directions.  The duct ensures as much power is generated from angles up to 45° off axis, with maximal power generation peaking at 25°. (Figure 17 and Figure 18)

The duct can be manufactured in steel, concrete or composite materials and fabricated as symmetrical sections of a truncated cone. In this way, individual components can be manufactured using smaller tooling in multiple off-site locations for assembly and jointing just prior installation.
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Figure 16: Rotech Tidal Turbine – Duct configurations
[image: image24.png]



Figure 17: Comparison of Ducted and Unducted Turbines Angled to the Flow 
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Figure 18: CFD model at 7.5° off-axis with velocity vectors on mid-plane
3.3.4 Power Take Off

The turbine, when actuated by the tidal currents, drives a commercially available hydraulic pump.  By using low environmental impact hydraulic oils, the pump turns hydraulic motors that then drive a commercially available generator.  The use of hydraulics removes the requirement for a conventional gearbox, traditionally failure prone and the most unreliable part of the drive train.

Modern hydraulic systems are very reliable.  Lunar made the design choice with a minor loss in efficiency to seek improved marine reliability by isolating the electronics in a pod.  In addition, the use of hydraulics provides an infinitely variable gear ratio, so units can optimally control the rotational speed of a multi-pole permanent magnet, DC generator.

A reliable and robust sealing arrangement is designed for the driveshaft assembly and developed in association with SKF, a world leader in self-lubricated bearing technology. 

All the enclosed electrical components are located in a hermetically sealed airtight chamber operated above atmospheric pressure without any dynamic rotary seals. The pod will be filled with dry air or nitrogen to reduce the risk of corrosion and degradation of lubricating fluid.  Overall, only one dynamic seal is required in the whole unit and this is situated between the turbine and the hydraulic pump.

3.3.5 Mooring/Foundation

Resistance to sliding, overturning, bearing capacity and fatigue have all been studied and designed in detail.  The structure is designed with a gravity base; i.e., the RTT will remain in place by virtue of its own weight. There will be no requirement for moorings or other devices to penetrate the seabed.  

The gravity base will be fabricated from either thick steel plate, reinforced concrete and/or a combination of materials.  The optimal method and final specification will be determined through discussions and the normal tendering process with suitable local contractors.  There is ample experience worldwide in the offshore gas and petroleum mining industry in the use of such materials in structures with operational service life of 50 years or more.

The foundation will comprise two parts, which allows options for installation.  Firstly, the RTT could be installed in a single operation, though this would require, if available, a specialist heavy lift vessel.  Alternatively, to reduce overall weight and size the main foundation can be installed and followed by the duct structure and turbine, a method currently used in many off-shore installations.  This process can be undertaken by using a smaller and more cost-effective, lift vessel, although it would take slightly longer to complete.  

Once the main structure is installed it will remain on the seabed for its expected operational lifetime of more than 50 years.  The smaller turbine cassette component is planned to be removed every four years for maintenance.

The foundation will sit on three feet whose heights can be adjusted if required to compensate for the seabed’s lack of flatness, and to make the foundations relatively level (Figure 16).  The plinth will be filled with aggregates sourced locally to provide additional ballast as required to ensure stability in the relatively high undersea currents.

3.3.6 Installation Methodology

The CREST Project will require a designated land-based service facility in calm protected waters with suitable water access for barges including a loading and assembly area.  

The RTT duct components and the gravity-base sections will be assembled at the site facility and loaded for deployment on a barge vessel. Conventional ocean salvage pneumatic lift bag technology will be used to provide buoyancy for towing the structure to the generation area. 

The turbines will be lowered onto the harbour floor at pre-defined positions during slack water. 

The duct and the cassette will be lowered separately from the barge, by coordinating the release of strand jacks and air pressure bags and guiding each unit into position using preinstalled wires. 

Most turbine installation and maintenance can be carried out from a derrick barge, accurately positioned on station by using hydraulic winches attached to a mooring spread. Some operations may be designed to use a remotely operated vehicle (ROV).  ROV units have been used in offshore operations to minimise use of, and dangers to, divers and are used to monitor sub-sea operations, visual inspections, connection of electrical cables and disconnection of guide wires.  Technological advances have increased the capability of these submersible systems, in many instances eliminating the need for divers and thereby reducing costs without compromising safety.

3.4 Operation and Maintenance Philosophy

Lunar Energy’s philosophy is to use components of known high reliability, thereby minimising operational costs and design redundancy.  However, a few critical areas, have been designed with redundant elements.  For instance, the control system will employ some redundancy in critical electrical protection, communications and instrumentation, and the generator lubrication system will have redundant motor and pump sets.  Cables and terminal interconnectors are inevitably single points of failure, but are reliable if installed and sealed correctly.  The New Zealand Electricity Regulations 2003 require all high voltage electrical installations to be inspected at least every five years and so routine checks and tests will be conducted periodically to ensure safety compliance.

The turbine cassette will be removed every four years [35,000 hours]endorsed by component suppliers. Divers and remotely operated vehicles will not be required during turbine installation and maintenance.  When necessary, the complete turbine unit will be taken to shore facilities for servicing.

The drive train and hydraulic components, are manufactured in large volumes with known operation and maintenance track records.

Monitoring systems, as applied in offshore wind turbines will be installed on RTT turbines.  These will enable integrated data acquisition and analyses, aimed at detecting incipient bearing thermo-electrical discontinuities and mechanical failures through vibration sensors.

The requirement and specifications for the RTT’s control system were studied by Garrad Hassan, experts in the field of wind turbine control systems.  As a result, the Trident system, provided by Triconex, is proposed, based on the company’s very long experience in design and application of control systems, notably for gas turbine generators.  Triconex is a division of Invensys plc, an American corporation whose other divisions include APV, Eurotherm, Foxboro, SimSci-Esscor and Wonderware.

Trident is a scaled down version of Tricon, the first off-the-shelf system certified by the US NRC for use in the digital control of safety related systems in nuclear power stations.  It has integral triple-redundancy and 2-from-3 voting, and provides error-free, uninterrupted control in the event of hard failures of components or transient faults from internal or external sources.

The Trident controller takes all the data from multiple sensors around the RTT system, processes and sends the signals to the shore station for logging and monitoring.  On the basis of these signals, the controller determines what the RTT is performing at any particular moment.  During the onset of current flow, the Trident will initiate release of the parking brake, allow the turbine and hydraulic motors to accelerate and then close the circuit breaker.  During normal power production, the Trident will control the motor swash angles to generate optimum power output, and will control all normal and any emergency shutdown procedures.  In addition, Trident will monitor temperatures, pressures and levels of the hydraulic and generator systems to provide an overview of turbine function.

The Trident’s programs are held in non-volatile memory for extended periods without power. On restoration of power the system will automatically reboot, carry out a self diagnosis for faults and then restart without human intervention. 

3.5 Choice of Direct Current (DC) Configuration 

The CREST Project involves Direct Current (DC) generation rather than conventional Alternating Current (AC).  This Section of the AEE explains the rationale behind this decision, and sets out particular design considerations that will be applied to the CREST Project.

High voltage transmission equipment transfers electricity over long distances from the point of generation to the distribution networks.  The electricity is transported by either alternating current (AC) or direct current (DC) through transmission lines or cables at set voltages.

Most of the NZ power system operates in AC voltage mode although DC voltage is used to transmit electricity over the Cook Strait, High Voltage DC link.

AC and DC refer to the type of current flowing through a circuit.  In DC, voltage and current polarities remain constant.  An automobile, for example, operates on a DC battery-based system.  By comparison, in alternating current (AC), the voltage and current polarities constantly reverse in direction from positive to negative.  

Whilst DC was used for the public electricity distribution in the first half of the 20th century, today most electrical transmission and distribution grids operate in AC mode.  The reason for standardising on AC is the ease with which AC electricity can be transformed and interconnected from one voltage source to another.

A major benefit of transmitting DC current stems from its impact on the level of power loss.  Electrical power is the product of applied voltage and current.  A doubling of voltage will allow the same amount of power to be transmitted with half the amount of current.  Major losses occurring in an electrical circuit are proportional to the square of the current.  It follows that a doubling of voltage (resulting in half the current) will cause only a quarter of the losses on transmitting the same amount of power. 

In New Zealand, electrical transmission over long distances takes place at 220,000 Volts (220 kV) and 110,000 Volts (110kV), while network distribution voltages operate at 66kV, 33kV and 11kV, and utilised locally at 400V and 240V.

DC can be converted to higher or lower voltages, although this process is more capital intensive than for AC.  However, where long distance point-to-point transmission is required, the beneficial characteristics of DC can make it the more cost-effective option, especially when lifetime costs are considered.

In DC transmission, a charging current only occurs during the instant of circuit switching and therefore it has no effect in terms of the system’s continuous current rating and hence ability to transfer power.  Thus, limitations ascribed to voltages and distances of AC transmission are not an issue for DC transmission.  This is the reason underlying the present and proposed use of very long-cable DC interconnections globally, including  links in New Zealand,  France-England, Scotland-Northern Ireland (Moyle), UK Norway, Western Isles and Basslink (between Australia and Tasmania).

The costs for DC transmission cables are lower than for AC transmission cables partially due to the lack of charging current and their consequent ability to transfer larger amounts of power per cable core, thus requiring fewer cable cores for a given amount of transferred power.  However, HVDC ensures greater savings over longer transmission distances primarily due to the fixed cost of the converter stations.
3.6 Interconnection among RTT units

A power collection network [series array], rather than individual connections, will be used to link up to 30 units in a cluster, to form a ring main circuit on the seabed.  Each cluster will connect via the ring main cables to a centralised air tight, gas pressurized, bus-coupler switchboard or ‘junction box’.  The latter will connect to a shore substation by using two single submarine cables trenched into the seabed. This will enable a cluster of turbines to be isolated either singularly or in groups as required for automatic fault clearance operations and safety reasons for routine maintenance and extraordinary repairs (Figure 19).
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Figure 19: HVDC Electrical Power Collection and Grid Interconnection
Stage I of the Tidal Generation Array will be comprised of up to 200 turbines, each having a rated output of approximately 1 Mwe [nominal] 

The proposed clusters of 10 km ringmain cables operating voltage will be 150kV DC with a maximum rated current of 350A per ring.  Each cable’s overall diameter will be less than 60 mm and a weight of around 5 tonnes per kilometre.  It is envisaged that the interconnecting cables between the turbines will be laid directly on the sea bed held down by concrete block ballasts at spacings of around 30 to 50 metres.

The proposed operating voltage for the HVDC bi-pole submarine transmission circuit will be +/- 75kV DC with a maximum rated current of 1250A per pole.  The cable’s overall diameter will be less than 150 mm and weigh around 22 tonnes per kilometre.  The interconnecting cables between the submerged, gas pressured and seal-tight junction box and the on-shore DC Converter substation will be laid directly in a 1.0 to 1.5 metre deep trench by a marine mole plough digger with the two single-core HVDC cables.

Both HVDC submarine electric cables will use stranded circular copper conductors.  In addition it will contain three HDPE tubes spaced within the XLPE insulation for carrying and returning pressurised dry air [or nitrogen gas] for cooling and for inflating water-tight seals at the cable terminations.  These tubes also carry twelve optical fibres for digital telemetry between the remote switchgear IED equipment and the shore-based DC-converter substation and pneumatics plant. 

The HVDC polymeric cables will be mechanically protected by using a waterproof inner and outer sheaths including a thick gauge, galvanized steel wire, armoured for electrical safety purposes.  

The land-based DC to AC converter substation will be totally enclosed and is to be rated at 204 MW, by utilizing Voltage Source Converter [VSC] self-commutating \ IGBT [Inverted Gate Bipolar Transistor] valve technology. This will include water-air cooled reactors and inductor-capacitor line filters for harmonic ripple rejection of the 50 Hz high voltage AC output waveform.  

The substation facility will house HVDC-HVAC power controls, primary and back-up relay protection, revenue and check metering, SCADA and HMI systems, VHF-RT and DMR communications, alarms and fire protection equipment cabinets, low-voltage AC mains and DC essential power panels.
3.7 Electricity Transmission

3.7.1 Selection of Transmission Route

CREST evaluated a range of alternative transmission routes connecting the Generation Array with the national transmission system; including a short connection with the Kaipara’s South Head; a connection with the northern Pouto Peninsula; and a longer sub-sea cable connecting to an eastern landfall on the bank of the Hoteo River.

For both the northern and southern routes, connection with the electricity grid would be achieved by installing new overland pylons with capacities of either 33kV or 110kV.  The northern route would require construction of a transmission route through forestry land up the Pouto Peninsula to connect with the existing reticulation at Dargaville.  The southern route would involve a long overland High Voltage transmission line passing through a number of rural residential areas.  In both cases connections with the national transmission grid would be a substantial distance from the point of shore landing.  

CREST found the risk of adverse environmental interactions would increase dramatically with the greater distances of land-side transmission.  CREST concluded that the eastern sub-sea route was the most appropriate in the circumstances. 

The proposed sub-sea transmission route will form an almost direct line between the north channel entrance and south east land-based DC-converter station, except where it follows the Hoteo River loop channel.

3.7.2 Cable Description

The ability of HVDC transmission to make use of the full cross-sectional area of the conductors (in contrast to AC where the current concentrates at the outside edges of the conductors), allows the use of very large conductors in a HVDC system.  For example up to 500MW can be transferred by using Bipole, HVDC-rated ±150kV-rated cables with 2,000 mm2 copper conductors, as single core cables of ~112mm diameter, weighing ~42 tonnes per km.  

These cables will be laid in close proximity to each other, to balance out the magnetic fields caused by the passage of current.  

The HVDC cables may be laid singly, or as two cables wrapped together so that they can be laid in one operation. Core sizes of 1,000 mm2 and 2,000 mm2 are considered for circuit ratings of 250MW and 450MW respectively at ±75 kVDC.

The main transmission HVDC bi-pole cables are proposed as being two single copper cores (approximately 1000 mm2). Each cable will be insulated with XLPE, shielded with copper foil, armoured with steel wire, and sheathed.  The outer covering can be HDPE or polypropylene and will serve to protect the steel wire armour during installation [image: image27.png]1905
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(Figure 20). 
Figure 20: Submarine cable – general cutaway drawing

3.7.3 Undersea Cable Routing 

CREST investigated a number of options for the route of the sub-sea transmission line across the Kaipara Harbour, including direct line of sight connection between the Generator Array and the Hoteo River, and a longer route following deeper channels and avoiding areas of ecological significance.  

The line-of-sight option would reduce the cable distance by around 3 km, but would involve traversing intertidal mudflats and other areas of the harbour recognised as having ecological values. (Figure 21)

This identified route traverses a distance of around 28.9 km but avoids sensitive areas and is proposed to be aligned with deep channels between the Generator Array and the Hoteo River (Plate 1).

The landing point on the Hoteo River upstream from the SH16 Road Bridge will be located on the Glavish Property (See Plate 2).
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Plate 1: Hoteo River

Plate 2: Location of subsea cable landing – Hoteo River 

Figure 21[image: image30.jpg]


: Indicative Cable Alignment to East of Tapora Island

3.7.4 Cable Laying Methodology

The contractor(s) supplying and installing the cables will be selected by competitive tender.  Detailed laying methodology will be defined on the basis of commercial and operational constraints prevailing at the time of final design including the following:

· Route or corridor for cable installation, 

· Work area along the cable routes, 

· Cable laying methods Identified below,

· Effects on the environment, and 

· Results of environmental monitoring 

The installation of cables on the sea bed requires specialised handling systems and barges.  These are tailored to suit the various installation requirements (cable type, sea depth, type of ROV etc) and are fitted with cable lifting and guiding devices including a large rotating platform to store the cable, and VSD-motorised winch controls to achieve the correct tensions for feeding the submarine cables onto the submerged cable trenching equipment. 

It is preferred to minimise jointing of the sub-sea cables wherever possible to avoid introducing contaminants that may affect the efficacy of the insulation.  Transporting and loading long, heavy lengths of submarine cables onto the ship’s decks requires careful planning and coordination. 

High reliability of the CREST Project electrical infrastructure is required to ensure that all the power generated can be exported into the grid network.  To achieve satisfactory reliability, the cable will need to be buried to avoid potential damage by anchors or marine life and provide a physical restraint in areas of high tidal currents. 

Typical burial depths will range from 1 – 1.5 metres, and will be achieved by using a variety of techniques such as nozzle jetting and moleploughing for saturated sand and clay/mud formations.  Envisaged installation rates for sand and loose clay will be up to 250m per hour, though for planning purposes daily lay rates of 1 – 1.5 km will allow for hold-ups due to inclement weather.

Figure 22 shows a picture of an EB Sea Stallion 4-type sub-sea cable plough aboard ship.  This plough is capable of installing cable at depths of 3m in seabeds of sand and soft clay in water depths up to 100m.  This reflects the scale of equipment likely to be deployed for the CREST Project.
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Figure 22: EB Sea Stallion 4 type sub-sea cable plough
The sub-sea cable is a significant project cost component. This will require long manufactured lengths to reduce the number of joints and therefore the labour input.  Also, the cable can be smaller in size as heat dissipation is more efficient in the seabed.

In the shallower waters of the Tahoe Channel and Hoteo River cable installation might be undertaken by low pressure water jet.  The cable is laid along the route and the water jet is used to progressively submerge the cable into the sediment. The weight of the cable, supplemented by additional weight if needed, is used to sink it to the required depth into the fluidised sand and mud slurry. 

In sand, the high pressure jetting methodology involves creating a shallow trench approximately 0.5 m wide. Under these conditions sediment will be deposited to a depth of 3 - 8 cm for a lateral distance of 0.5 m along the sides of the cable route. 

The water jet method of cable-laying is an industry standard procedure. It has been used by Telecom NZ Ltd at Tairua and Whitianga, in Auckland Harbour and in the Tauranga Harbour on the Matakana Island project.  

3.7.5 Submarine Cable Maintenance 

The economic life of the cables is expected to exceed 40 years. No routine maintenance of the cables is required except if the cables develop a fault.  Likely causes are: 

· Damage from anchors and/or fishing net stakes, or 

· Failure of the cable insulation or joints. 

The likely incidence of cable failure cannot be predicted. Statistics from the UK for 20kV - 66kV cables indicate a failure rate of 0.14 faults/km of cable in a 5-year period1
.  Similarly statistics from a USA utility indicate a mean time to failure due to aging of 32 years for 13kV paper cables and ~25 years for paper cable joints
. 

Faults in the cables will be located by electrical tests.  Repair work will be done by excavating and repairing or splicing the cable over a length of 10 to 20 metres. 

3.7.6 Shoreline Crossing

The proposed shoreline crossing will be achieved through a trench excavated with a traction drive hydraulic digger excavator.  At the proposed point of emergence, the Hoteo River bank is approximately 2-5 m high and has a relatively steep bank (see Plate 2).

3.8 Interconnection with onshore transmission network

For the CREST Project the HVDC array-to-shore transmission schemes will typically incorporate HVDC to HVAC Converter Stations at the end of the array-to-shore cables.  The key features forming the basis of detailed design for the CREST Project array-to-shore transmission medium will be:

· Point of Supply (PoS) with the distribution or transmission networks (110 or 33kV) which has adequate capacity to accept the power from the CREST Project. Electrical export cables will run underground from the substation to nearby 11kV and 33-kV or the adjacent EHV transmission tower lines;

· New switchgear and power step-up transformers at an onshore substation;

· Land route DC cable from the HVDC onshore converter station to the shoreline jointing chamber;

· Array collection cabling connecting each turbine unit;

· Turbines, each having its own generator and control and protection systems, with links to an overall supervisory control and data acquisition (SCADA) system via optical fibres

· The main 160 kVdc switchgear will combine primary and back-up electrical protection functions with an ability to automatically reconfigure the marine turbine arrays remotely utilizing pneumatic spring-charged circuit breakers incorporating Vacuum technology and SF6 gas pressured welded tank enclosures with duplicate 110 Vdc duty and standby inter-trip protection, controls, surveillance alarms and DC tripping banks.
Construction and maintenance will require suitable vehicular access via one of the property’s existing two registered driveways.  Provision will be made for utility services, telecommunications, fire alarms, water, power, and drainage within the leased area.  

During construction, the substation will be sound-proofed and sheathed to reduce noise and electromagnetic fields (EMF), respectively.  The substation’s surroundings will be contoured and landscaped.

3.9 Sub-sea Cable System - Inherent Electrical Safety Design

The CREST Project sub-sea transmission cabling is intended to be buried over almost the entire route between the submerged HVDC switchgear junction box and the land based HVDC-HVAC converter substation site.  The method of cable design and selection, installation and burial, testing and commissioning will comply with AS:NZS:3000:2007 NZ Electrical Wiring Practices including the revised AS:2067:2007 standard specifically for High Voltage Installations; and Maritime NZ’s updated guide concerning safety management of overhead and underground power line crossings of navigable waterways and slipways 2006. 

3.10 Grid Exit Point [GXP] Inter-connection

Final grid connection will be subject to detailed design and the outcomes of various commercial negotiations with transmission companies.  

Options include connection to Transpower’s 110kV overhead line adjacent to SH16; connection to an existing Vector 11 kV line and upgrading it to either 33 kV or 110 kV; connection to a NorthPower 110 kV line through to Maungatoroto (to be installed by Northpower).
Connection from the HVDC Converter substation can be interfaced directly to the Transpower system at the proposed Glorit 110 kV substation. An outdoor Switchyard is planned to intercept and bus-couple to Transpower’s existing dual-circuit 110 kV transmission line located immediately westward of the Glavish property.  
Any new GXP substation design and construction will comply with Transpower’s standards for outdoor high voltage switching stations and substations. Operational and maintenance safety and performance requirements will comply with the Electricity Governance Rules 2003 technical codes and associated standards and guides. This includes the Electricity Industry Safety Rules Manuals 2004.

Alternatively, connection may be made to existing, modified or new 33kV or 110 kV lines which would be constructed by an existing Network Utility Operator under that organisation’s appropriate authorities.

The land-based DC to AC converter substation will be totally enclosed and is to be rated at 204 MW, by utilizing Voltage Source Converter [VSC] self-commutating \ IGBT [Inverted Gate Bipolar Transistor] valve technology complete with water-air cooled reactors and inductor-capacitor line filters for harmonic ripple rejection.  

The substation facility will house HVDC-HVAC power controls, primary and back-up relay protection, revenue and check metering, SCADA and HMI systems, VHF-RT and DMR communications, alarms and fire protection equipment cabinets, low-voltage AC mains and DC essential power panels 

3.11 Maintenance 

The CREST Project Power Station will be an unmanned station, remotely controlled and monitored by a third party contractor licensed to operate, maintain and service high voltage electrical generators, and transformer substations for DC and AC indoor and outdoor switchgear.

It is envisaged that the substation and converter station will require an operator visit once per week for routine maintenance and operational service checks on cooling systems, stationary batteries, building security, and non-critical alarm resets and attendant logs.

Annual routine and five yearly extra-ordinary periodic inspections, compliance testing, critical equipment service maintenance and cleaning dis-assembly works will be carried out during periods of lower electricity demands.   

3.12 Decommissioning

The regime of naturally available energy associated with the CREST Project suggests that the marine turbine power station and exit point substation will provide for a very long and useful service life. The anticipated lifespan will be comparable to other renewable energy generation stations such as hydro-electric and geothermal power plants.  Operational maintenance will entail replacing and upgrading existing turbines, generators, transformers, and switchgear in particular with more efficient and improved reliable technological retro-fits once their economic or design life is exceeded [nominally 35 years].

The land-based substation and HVDC converter station buildings and associated internal and external equipment will comprise mainly componentised pad-mounted rotating fan motors and pumps and static or solid-state power modules, and cabinets connected together by flexible cables and/or solid tubular bus connectors, all securely fixed to their foundations for seismic restraint.  The decommissioning phase of electrical and mechanical power and cooling equipment will involve the isolating, disconnecting and disassembling of these modules and removing them from their respective plinth footings for materials salvage, resale, reuse or other disposal.

The submerged sea-based turbine-generators, cassette structures, HVDC switchgear and junction boxes including all inter-connecting submarine cables will be retrieved from the harbour channel by crane barges and suitable cable drum-winch vessels for either material re-salvage, re-furbishing and relocation or resale to other tidal sites.
3.13 Management of Oil and Hazardous Substances

Power generation from marine turbines does not entail use of hazardous chemicals such as those used in thermal power stations for boiler management etc.

The cables will not contain oil. Cables transmitting DC current emit low levels of heat and their location within marine sediments will provide any necessary cooling.  It should be noted that use of DC generation will create less heat than if AC generation is adopted.

Anti-corrosion and anti- fouling agents may also have an influence on the chemical composition of the local seawater environment but the quantities used will be minimised by widespread use of composite materials the generation units.

To mitigate and isolate risks associated with high voltage transformer, reactor and capacitors, insulation oils and switchgear and generator insulation gases, it is intended to use fire retardant bio-degradable insulation oils, synthetic SF6 and N2-based Inergen inert gases encompassing vacuum bottle fused-switchgear within high and low voltage electrical power machinery and control cabinets.

The land-based substation buildings and external structures housing high voltage transformers, reactors, capacitors, IGBT valves, switchgear, cables and refrigerant-cooling storage tank systems will be protected by an impervious bund wall, oil-water interceptor drains and separator sump pits with inclined coalescent plates and check valves, including compartmentalised fire-blast wall partitions and high-pressure water deluge fire suppression systems. The design, construction and maintenance will be to the NFPA and IEEE guide for substation fire protection standards. 

4. Existing Environment - Harbour Entrance

4.1 Introduction

CREST proposes to locate up to 200 RTT marine turbines in the Kaipara Harbour entrance, with final location of each unit subject to detailed oceanographic analyses.

This section of the AEE sets out information on the environment of the Kaipara Harbour in the vicinity of the Generator Array.  Section 5 of the AEE addresses the environment along the route of the undersea transmission cable. 

The Generator Array is proposed to be located adjacent to the northern side of the Kaipara Harbour entrance as set out in Plate 3 and Figure 23.

In late 2005 CREST commissioned ASR Consulting Limited (ASR) to undertake field data collection in the area of the Kaipara Harbour entrance to provide a sound technical basis for project design.  The ASR Study was undertaken during spring tides in January and February 2006, to provide a quantitative, and spatially extensive description of tidal currents, sediments and bathymetry of various harbour channels and the un-surveyed extensive harbour delta.  Data from the ASR study give a direct indication of the current strength, duration and location, and provide a basis for the calibration of numerical tidal modelling which will be undertaken during the detailed design phase of the CREST Project. 

ASR results are incorporated in this AEE where appropriate. 

4.2 Setting

4.2.1 Kaipara Harbour Entrance

The Kaipara Harbour is the largest, stable harbour entrance in New Zealand
, and is characterised as follows
:

· Tidal range 1.52 m during neap tides and 2.68 m during spring tides.

· Spring tide tidal compartment 1,990 million m3 and a neap tide compartment of 1,130 m3 million m3.

· Surface area 947 km2 , with 409 km2 exposed as mudflats at low tide
· A harbour perimeter of approximately 612 km
· Entrance cross section of 82,000 m2 (mid tide); 73,000 m2 (low tide)

The wave climate at the Kaipara Heads is dominated by south-west and west swells generated across an extremely large ocean fetch within the Tasman Sea and beyond.  The south-west swell dominates, being present for more than 50% of the time.  Swells passing through the area are typically 1.5 to 2.5 m in height and weather records indicate the sea state on the West Coast is 2.0 m or greater for 31% of days of the year.
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Plate 3: View of Kaipara Harbour to the Northeast of Entrance.
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Figure 23: Generator Array - general location
The entrance to the harbour contains extensive sand bars, and these combined with the high wave action from the Tasman Sea, make entrance to the harbour treacherous.   

Marine sands are moved through the mouth by tidal action with significant movement of surficial sand bars around the southern entrance
.  However, based on data collected for CREST in the ASR study (See Section 4.1 above), the tidal throat area where the highest current velocities occur (and where CREST proposes locating the generator array) is stable and is characterised by a hard rock bottom.

4.2.2 Catchment and Landuse Features

Landuse features around the Kaipara Harbour are characterised as follows
:

· Seven major rivers enter the harbour - the Wairoa, Arapaoa, Otamatea, Oruawharo, Tauhoa, Hoteo and Kaipara. 

· Land surrounding the harbour is comprised of unconsolidated to poorly consolidated sands, silts, clays and peaty deposits. 

· The catchment of the Kaipara Harbour is predominantly pastoral.  Some areas of the shoreline have been significantly modified in the south of the harbour, and significant reclamation has occurred along the coast. 

· Sedimentation in the harbour has increased with time.  While this is a natural process in most harbours, there is an increased sedimentation rate in the Kaipara Harbour due in part to the deforestation, both through fires that have occurred on Pouto Peninsula prior to European settlement, and subsequent clearance of forest for timber thoughout the catchment.

· Between the early 1900's and 1950's, original areas of natural rock oyster beds were extended by placing rocks along the hard shorelines to act as additional substrate on which the oysters could grow.  This rock work was very extensive, and involved a large number of areas.  It is likely that this has also resulted in additional sedimentation along these shores. 

4.2.3 Geology

Generally, North Auckland geology
 consists of old basement Mesozoic greywacke of the Murihiku and Waipapa terranes. The former, the Murihiku Greywacke with its sedimentary formation, underlies the Kaipara Harbour. After its geological formation, the propagation of an active convergent zone through Northern New Zealand New Zealand in the Early Miocene initiated arc-related volcanism, variable compressional tectonism, and emplacement of the Northeast Allochthon, while the Waitemata Basin developed in the Auckland area proper.  The active stratovolcanoes that occurred in the offshore Waitakere Group led to the original formation of the Manukau and Kaipara Harbours.  

Also, the andesitic and basaltic Kaipara and Manukau Volcanoes, together with the Northland Allochthon sedimentary rocks, produced large quantities of sediment that built up the thick turbidite and mass flow sequences of Auckland’s eastern Waitemata Series.  By Early Miocene the convergent tectonics ceased in the west and there followed a prolonged period of relative quiescence as the plate boundaries moved eastward.

Since the Pleistocene period, gradual formation of the two large coastal sand barriers of the North and South Heads of the Kaipara enclosed the previously large open bay to form the Kaipara Harbour.  Likewise, extensive sand dune complexes formed the western end of the prominent Ohakukura Peninsula lying within the eastern region of the Kaipara Harbour.

The Cenozoic sedimentary rock overlying the basement greywacke, the clay-rich, closely-fractured and sheared rock of the Northland Allochthon, form hummocky and gently rolling hills in the Kaipara catchment between Wellsford and the harbour.  Much of this material is unstable even on gentle slopes, leading to the characteristically unstable and slumped topography.

In the central Kaipara Harbour area, the Timber Bay Formation typically is overlain by unconformably by conglomerates of well-rounded cobbles and pebbles, with less common boulders in a sandstone matrix.  The clasts are a mixture of andesite from the Kaipara Volcano, microdiorite and basalt from the Tangihua Complex, and siliceous mudstone and limestone from the Mangakahia and Motatau complexes.  Locally, the the glomerate is associated with the slump blocks of the Northland Allochthon and underlying Timber Bay Formation.  It is up to 300 meters thick, most likely having accumulated in deep subterranean canyons and channels, cut into the deep underlying Timber Bay and Allochthon Formations.  In the Hoteo River area, east of the Central Kaipara Harbour, the Timber Bay Formation is overlain by thick-bedded, bluff-forming, graded, calcareous sandstone with minor inter-bedded mudstone.

Approximately 18,000 years ago, the sea level in the Kaipara Harbour stood 120 metres lower than at present.  At that time, the Kaipara Harbour and catchment was most likely a system of branching river valleys flowing toward an open coast with a shoreline some 25 kilometers seaward of the present coast
.  Now, along the present west coast, the continental shelf is 20- to 50- km wide, sloping gradually down to 150 meters deep, and then deepening rapidly to 1,000 meters.  Narrow canyons cut into the continental shelf.  Of these, the most prominent is deep Kaipara Canyon just southwest of the Kaipara Harbour entrance.

4.2.4 Flora & Fauna 

The Kaipara Harbour is a highly productive ecosystem, with a high diversity of habitats, and sequences of ecotones including inter-tidal mudflats, mangrove forests, swamps, salt-rush and reed swamps, sand-flats, tidal reaches, saltmeadow and maritime rushes. 

The Kaipara Harbour has extensive areas of tidal flats, grading into mangroves, and salt marshes. Much of the harbour is fringed with mangroves.   There are approximately 40,000 hectares of mud and sand flats, with about 12,500 hectares covered by mangroves ( Avicennia marina var. resinifera ) with diverse resident communities including gastropods, burrowing worms and crustacea. 

Being the largest harbour on the west coast, and containing significant large areas of suitable juvenile habitat and breeding grounds, and having fewer problems with water quality than the Manukau Harbour, the Kaipara Harbour is the single most significant wetland for west coast fisheries
. 

Landward of the mangrove swamps the flats are only inundated by the sea at spring tides.   Here the vegetation consists mainly of rushes and sedges and saltmeadow.  

Oysters abound on the rocky shores of the Kaipara Harbour, both the native rock oyster (Saccostrea glomerata ) and, slightly lower in the inter-tidal zone, the introduced Pacific oyster (Crassostrea gigas ). 

Other bivalves are also plentiful: cockles on the lower tidal flats, mussels from low spring on the rocks to sub-tidal beds closer to the mouth of the harbour, and scallops in the tidal channels. 

According to the Department of Conservation
 the entire Kaipara is a migratory bird habitat of international significance.  Forty-two coastal species are known, with up to 45,000-50,000 birds not uncommon.  Rare international species, such as the bar‑tailed godwit, lesser knot, and turnstone, are seen frequently feeding during summer, before returning to the northern hemisphere to breed. Threatened or endangered native species, such as the Fairy tern (approximately 35 individuals), North Island fernbird, crake, Australasian bittern, banded rail, grey‑faced petrels, banded dotterel, NZ dotterel, South Island pied oystercatcher, pied stilt and wrybill are also present. Significant local populations of black swan, pukeko, and grey duck also breed in the area. 

Botanically, there are a number of different habitats, within which occur rare or unusual species.   The Kaukapakapa forest contains the rare Prasophyllum pumilium.   Barrs Road Forest is an example of lowland kahikatea (Podocarpus dacrydiodis) forest uncommon in the Auckland region, and Mt Auckland forest contains Marattia salicina, and Bulbophyllum tuberculatum, both of which are rare.   Moturemu Island has the endangered Clinathis puniceus (Kaka beak) once thought extinct in Auckland (Given et al., 1987).

The Hoteo River, a significant freshwater input into the Harbour, arises from a deep gorge and flows directly into the harbour with a minimal estuarine zone.  Such a habitat is rare in Auckland generally, and especially for the Kaipara where broad estuarine flats are the norm. 

4.3 Bathymetry

Figure 24 sets out an excerpt from NZ Chart 4265 which has to date been used as a basis for indication of seabed contours.  Figure 24 sets out areas below the 30m contour as an indication of the potential areas in which the CREST Project turbines are to be located.

NZ Chart 4265 is based on historical data, and large areas in the mouth of the harbour have no existing bathymetry data due to the almost constant waves that break across the bar in this area. Thus, for the CREST Project there was a requirement to collect bathymetric data in these areas for the development of the numerical tidal modelling of the Kaipara.  ASR undertook a bathymetric survey of the Kaipara Harbour entrance to provide reliable and up-to-date information for the CREST Project.  

The bathymetry survey collated data for a large area of the Kaipara Harbour (Figure 25) and was scheduled for a period when there was little or no swell and wind on the West Coast (a rare situation).  The area covered was either poorly represented or non-existent in hydrographic chart (NZ4265), as shown in blue at between North and South Heads in Figure 24. 

Data were collated in a contouring and 3D surface mapping program (Surfer6) and interpolated into a grid to provide updated coverage of the gaps in the hydrographic chart (NZ4265) - Figure 26.

For the detailed design stages of the CREST Project, these data will be combined with digitised chart data (NZ4265) and used to produce a grid of the entire Kaipara Harbour entrance. 

It was noted during instrument deployments that the current channel depths did not always agree with the depths on the latest chart (NZ4265). 

Preliminary analysis indicates that the North Channel appears to have very steep variations of depth, ranging from greater than thirty meters to less than fifteen over a short distance along the flow transect. 
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Figure 24: Excerpt from NZ Chart 4265 showing >30m contours at Harbour Entrance
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Figure 26: Indicative bathymetry grid – contours represent 5m interpolations
4.4 Tidal Flow

4.4.1 Introduction

There is a significant tidal flow into and out of the Kaipara Harbour on a daily basis.  To put this tidal exchange into perspective it is informative to compare Kaipara tidal flows with flood flows of New Zealand’s largest river – the Clutha River, on which is located the 432MW Clyde Dam and the 320MW Roxburgh Dam.

The highest flood flow ever estimated for the Clutha River was around 4,600 cubic metres per second
, which occurred during the devastating flood of 1878.

The tidal compartment in the Kaipara Harbour is 1,990 million m3, which flows out of the harbour over a period of around 6 hours.  This flow equates to more than 92,000 cubic metres per second during the period of the outgoing tide – around 20 times the maximum flood flow estimated for the Clutha River– and this tidal flow occurs four times per day.
This large volume of water exits the Kaipara Harbour mouth each tide and the cross sectional area of the harbour entrance is relatively small (given the size of the harbour) therefore the tidal velocities are high.  However, until the ASR survey undertaken for CREST in 2006 there was no available reliable information on the detailed current regime around the Kaipara Harbour entrance.

4.4.2 ASR 2006 Current survey 

The ASR current study involved the use of a Sontec Acoustic Doppler Profiler (ADP) attached to a custom-built frame that weighed over three hundred and fifty kilograms.  The ADP was programmed to continually measure the currents (direction and velocity) of the water column above the instrument, collating the data into five minute averages and two metre vertical bins.

The ADP was deployed at a total of nine sites. These sites (Figure 27) represented various channels and tributaries of the tidal currents. Deployment was made at a slack tide (during high or low tide peaks) to reduce the risk of the instrument and frame overturning. Of the nine sites only one returned unusable data due to overturning. 
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Figure 27: ASR Current measurement locations

4.4.3 ASR 2006 – Preliminary Findings 

Current Velocities and Directions

Figure 28, Figure 29 and Figure 30 provide an overview of the results from the ADP from preliminary observations of the current velocities and directions at 3 depths in the water column.  Peak values for each measurement period are shown. 

The general trends in the Kaipara Harbour show greater current velocities towards the open ocean.  The velocities appear to have only slight variation from mid-water to the surface, and only a small reduction of velocity at the bottom of the water column, i.e. the current velocities reduce only slight with depth. It is also evident that the current velocities are greater on the ebb flows (out going) than the flood (incoming), which is as expected in this ebb-dominated estuary.  The current directions follow the orientation of the channels, except where the channels converge, which suggests more complex flows in these areas.

Table 2 and Table 3 provide a more detailed analysis of the flood and ebb tidal currents, respectively. The velocity data has been collated into bins of current magnitude, with the number of five minute periods that the tidal currents were at those particular velocities.
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Figure 28: Peak current velocity and direction near the surface [image: image39.png]LEGEND
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Figure 29: Peak current velocity and direction mid-depth
[image: image40.jpg]



Figure 30: Peak current velocity and direction near the bottom (deep)
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Table 2: Flood tide data from ADP
. 
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Table 3: Ebb tide data from ADP
  
The data show that tidal currents are mostly between 1 and 2 m/s in the main harbour entrance channel. 

At the most seaward site in the harbour entrance, currents exceeded 2 m/s for some 20% of the time during the full tidal phase, i.e. 20% of both ebb and flood combined, or some 40% of the ebb phase. At this location (Kai1), currents exceeded 2.4 m/s for 20 mins. With the exception of Kai10c currents in the northern and southern arms of the harbour were mostly less than 1 m/s.

These results confirm the suitability of the Kaipara Harbour entrance for location of marine turbines.

4.5 Coastal Geomorphology and Coastal Processes 

The Kaipara Harbour is abundantly supplied with sand from outside the system
.  The sand is transported from the south, primarily from the Waikato River, by ocean currents and swells acting in a northward direction along the western coastline.

In its northward movement, wind and wave action transports the sand onto subtidal banks, intertidal beaches and on-shore dunefields.  Sand is either stored in these locations or becomes resuspended and transported by currents, wind and wave action further along the coastline.  

Where the northward migration of sand is intercepted by flood and ebb currents passing through the Kaipara Harbour mouth, it becomes entrained in the systems strong pathways.  

Sand passing into the harbour either accretes to sand bars, beaches and dunefields in and around the harbour, or is washed out through the ebb tide delta where it is deposited or continues its migration northwards.

Strong currents and ocean waves within the Harbour entrance area will result in constant large movements of sand through the area over much of the tidal cycle.  The exact morphology of the sand bars and shoals within the Harbour entrance area is likely to be subject to change due to the constant resuspension of sand by waves and tide.

4.6 Sediments

The physical nature of the seabed inside the Kaipara Harbour has been assessed in various studies carried out as a part of the Kaipara Sand Study
.  That work also collected samples seaward into the harbour entrance from the area that is currently mined by the present Kaipara Harbour sand-extractors.

This work showed that sand in the inlet of the harbour comprises fine to medium sand.  There is little mud and little shell material in seabed sediments in the vicinity of the entrance.

Clearly these results have implications for the CREST Project in respect of potential turbidity elevations during cable deployment.  It appears that elevated turbidity occurring through re-suspension of muddy sediments will not be an issue, at least not in the entrance and mid harbour sectors. 

Grab samples were collected as part of the ASR study at the sites set out in Figure 31.  Sampling consisted of dropping a Wildco Ponar Grab, and then grabbing, retrieving, bagging, and sieving (1mm mesh) a sample of the sediment (for future grain-size analysis for benthic organisms. Benthic samples were preserved in 5% buffered formalin in seawater.

The ASR Study collected at a total of 255 sites within the Southern Kaipara, out of which only 186 provided samples for analysis.  All of these 186 samples comprised sand.  The remaining 69 samples were assumed to represent rock or rock-like strata.  A full set of the data obtained by ASR in the region of the proposed cable, is provided in Appendix 10.
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Figure 31: ASR Grab sample sites 

In 2000, NIWA was commissioned by the Auckland Regional Council to design and undertake a comprehensive three-tiered State of the Environment Monitoring Programme for the southern Kaipara.  On completion of this study, the ARC provided the information gathered during the study through the publication of “Auckland Regional Council Technical Publication No 275 Benthic marine habitat of the southern Kaipara” 
.  Samples for the NIWA study were collected at sampling points shown in Figure 32.

The full set of data from sampling locations relevant to the CREST Project is given in Appendix 10 of this AEE.

Based on analyses of data from these sources, it is indicated that the seabed in the vicinity of the Generator Array is predominantly hard bottom in areas of highest current velocity and sand in areas of lower current velocity.  

Along the transmission cable route the seabed is comprised of hard sandstone bottom in areas of high current velocities, sand in lower current velocities to the west of Moturemu Island, grading into mud as the cable moves up the Hoteo River (Plate 4).
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Plate 4: View looking east across Moturemu Island to the Hoteo River confluence
In the upper reaches of the harbour and into the Hoteo River the sediments are typically very fine muds deposited on expansive banks either side of the incising Hoteo River channel. (see Plate 5 and Plate 6).
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Figure 32: Sampling points for NIWA Kaipara Study 
4.7 Marine mammals

4.7.1 Introduction

Marine mammals in New Zealand waters include seals, whales and dolphins.  Whales, seals and dolphins are common around the New Zealand coast at all times of year
 with 8 species of baleen whale, 25 species of toothed whale, and 1 species of porpoise having been found in New Zealand waters
.  Table 4 provides a summary of the species present off the West Coast of the North Island.  

4.7.2 Seals

Three species of seal are seen in the coastal waters around New Zealand.  These are the elephant seal, leopard seal and New Zealand fur seal.  New Zealand fur seals are the most common.  

Fur seals haul out south of the Kaipara Harbour at Oaia Island, south of Muriwai Beach.  Fur seals can be found on Auckland’s West Coast beaches but generally are uncommon in areas north of the Manukau Harbour.  

4.7.3 Whales and Dolphins

Most observations of marine mammals made off the coast of the North Island are of the smaller social dolphins, and particularly the common dolphin (Delphinus delphis).  

The humpback whale is the most common large whale, whereas the Orca is the most prevalent of the large dolphins.  The smaller common dolphin makes up the greatest proportion of small marine mammal sightings.

Orcas usually are seen in groups of 5 to 20 and are most common near the coast, although they do travel large distances offshore.  They are often seen in shallow waters, will readily enter harbours and are fairly frequently seen all around the New Zealand coast.

The common dolphin is by far the most abundant cetacean in New Zealand waters.  This fast, active dolphin has often been recorded in large groups, is more common in coastal waters and is abundant throughout the year.  Dusky dolphins are often seen in groups of 20 to 50 animals close to the coast all around New Zealand.  They are most common, however, off the Kaikoura coast.

Table 4:
Marine mammals observed in the waters of Northland and Auckland
 

	Species
	Common name
	Status
	Location
	Strandings between Manukau and Hokianga 

	Cephalorhynchus hectori maui
	Maui’s dolphin
	Critically endangered (IUCN 2000); Nationally critical (1); Population approximately 139 dolphins; conservation dependent
	Along ocean coastline, sightings near harbour entrance
	Single: 1 Ripiro coast

	Tursiops truncates
	Bottlenose dolphin
	
	Common in Auckland conservancy
	Single: 1 Rangitira coast, 2 north

	Delphinus delphis
	Common dolphin
	
	Small pods common in harbour
	None

	Orcinus orca
	Orca
	Nationally critical (1); Population stable; secure overseas
	Common in Auckland and Northland conservancy
	None

	Globicephala melaena
	Pilot whale
	
	
	Herd: 1 Ripiro coast; Single: 2 north

	Balaenoptera edeni
	Bryde’s whale
	Nationally critical (1); Secure overseas; one location
	Common in Auckland conservancy; Northland conservancy
	

	Physeter macrocephalus
	Sperm whale
	
	Common in Auckland conservancy
	Herd: 1 in harbour, 2 south, 1 near North head, 1 north; Single: 3 south, 1 north

	Tocephalus forsteri
	NZ fur seal
	
	On West Coast beaches
	

	Lagenorhynchus obscurus
	Dusky dolphin
	
	Not common in Auckland conservancy
	None

	Mesoplodon grayi
	Gray’s beaked whale; (Scamperdown whale)
	Data restricted
	Not common in Auckland or Northland conservancy
	Single: North head

	Balaenoptera borealis
	Sei whale
	
	Not common in Auckland conservancy
	None

	Balaenoptera acutorostrata
	Minke whale
	
	Not common in Auckland conservancy
	Single: 1 Ripiro coast, 1 north

	Megaptera novaeangliae
	Humpback whale
	
	Not common in Auckland conservancy
	None

	Eubalaena australis
	Right whale
	
	Not common in Auckland conservancy
	

	Kogia breviceps
	Pygmy sperm whale
	Data deficient; secure overseas
	Not common in Auckland or Northland conservancy
	Single: 1 Ripiro coast, I north

	Caperea marginata
	Pygmy right whale
	
	Not common in Auckland conservancy
	None

	Pseudora crassidens
	False killer whale
	
	Not common in Auckland conservancy
	Herd: near Manukau Harbour

	Grampus griseus
	Risso’s dolphin
	
	Not common in Auckland conservancy
	Single: near Hokianga Harbour

	Hydrurga leptonyx
	NZ leopard seal
	
	Not common in Auckland conservancy
	

	Hyperoodon planifrons
	Southern bottlenose whale
	Data deficient
	Not common in Auckland conservancy, AK
	Single: Ripiro coast

	Mesoplodon layardi
	Strap toothed whale
	Data deficient
	Not common in Auckland or Northland conservancy
	Single: near Manukau Harbour

	Mesoplodon bowdoini
	Andrews’ beaked whale
	Data restricted
	Northland conservancy
	None

	Mesoplodon densirostris
	Dense-beaked whale
	Data restricted
	Northland conservancy
	

	Mesoplodon hectori
	Hector’s beaked whale
	Data restricted
	Northland and Auckland conservancy
	Single: 2 north

	Tasmacetus shepherdi
	Shepherd’s beaked whale
	Data restricted
	Northland conservancy
	Single: 1 north

	Ziphius cavirostris


	Cuvier’s beaked whale
	
	
	Single: 1 north


An analysis of whale strandings within New Zealand waters (up to 1985) was undertaken by Brabyn (1991).  A number of solitary cetaceans have become stranded along the Kaipara coastline between the Manukau Harbour entrance in the south and the Hokianga Harbour entrance to the north, including Maui’s dolphin, bottlenose dolphin, pilot whale, sperm whale, Gray’s beaked whale (scamperdown whale), minke whale, pygmy sperm whale, Risso’s dolphin, southern bottlenose whale, strap toothed whale, Hector’s beaked whale, Southern Right whale and Shepherd’s beaked whale.  

There have also been a number of herd strandings along the shoreline between the Manukau and Hokianga Harbour entrances with one herd stranding within the Kaipara Harbour.  Herd strandings have included pods of pilot whales and sperm whales.     

The location and number of these strandings are shown in Table 4.  Of particular interest along this northwestern coast is the recurring incidence of sperm whale herd strandings.  Five of the 11 recorded herd strandings for sperm whales in New Zealand have occurred near the Kaipara Harbour, one of which was in the harbour itself.  Stephenson (1975)
 suggested that the oceanic conditions in the area of the Kaipara Harbour entrance may be responsible for this re-occurrence due to the “treacherous” shifting sand bar, which extends 3-7 km seaward of the harbour mouth.  Braybn (1991) further suggested that the offshore Kaipara Harbour area may provide a feeding ground for sperm whale.

There are no other cetacean species that have repeatedly stranded as a herd in this region.  The only other herd stranding in the region involved a pod of pilot whales stranding north of the harbour entrance.  There are also a relatively greater number of single sperm whale strandings (4 single strandings), by comparison with other cetacean strandings along this coastline.  There have only been 1-2 solitary strandings of other whales and dolphins along the shoreline between the Manukau and Hokianga Harbour entrances.
4.7.4 Maui’s Dolphin

4.7.4.1 Introduction

Appendix 1 presents a background paper on the conservation status and physiological characteristics of Maui’s Dolphin in the context of the Kaipara Harbour.  The following section of the AEE is largely drawn from the information in this paper.
4.7.4.2 Population Characteristics

The North Island population of Maui’s dolphins (Cephaloryhnchus hectori maui) is a morphologically and genetically distinct subspecies of Hector’s dolphin.  

C. hectori maui are small dolphins (less than 1.7 meters long and weighing around 50 kg).  They are coloured a distinctive silvery grey, with white ‘flames’ extending along both sides, and black flippers, dorsal fin and tail.  Characteristically, C. hectori maui have a short snout, a distinctive well-rounded dorsal fin, and a black crescent located between the eyes and the blowhole. They occur in pods of 2-4 individuals and swim at 7-11 km/hr with bursts to 18 km/hr.  They are intelligent and agile swimmers.

C. hectori maui only populate the west coast of North Island, ranging from Maunganui Bluff just north of Dargaville south to Pariokariwa Point north of New Plymouth.  Independent surveys have found most C. hectori maui are restricted to the coastal domain between the outlets of Manukau Harbour and Waikato River. In the South Island, two distinct subspecies of C. hectori hectori (7,250 individuals) occur on the west and east coasts, respectively.

Genetic studies demonstrate C. hectori maui and C. hectori hectori are distinct subspecies.  Genetic differences indicate C. hectori hectori and C. hectori maui have been separated geographically for at least 16,000 years.

4.7.4.3 Conservation Status

New Zealand’s Hectors dolphins, Cephalorhynchus hectori hectori and C. hectori maui, have been classified as endangered species by the IUCN-World Conservation Union and by the N.Z. Ministry of Fisheries under the Marine Mammals Act, 1978, Section 2(3).  In particular, C. hectori maui is classed as critically endangered, as estimates indicate only 46–280 individuals exist
.  Recent genetic studies on C. hectori maui have revealed a marked reduction in genetic diversity. This finding is consistent with the dolphin’s depleted population numbers.  The remaining C. hectori maui are in jeopardy, since their continued survival is exacerbated by their limited lifespan (20 years) and because they produce only one pup every 2-4 years during their reproductive years.  

Given their critically endangered classification, the Department of Conservation has banned gill-netting within the outer reaches of Manukau Harbour and extending four nautical miles off the west coast, from Maunganui Bluff through Pariokariwa Point.  Gill nets, in particular, are known to cause asphyxiation of C. hectori hectori in numbers that threaten the species’ survival.

4.7.4.4 Occurrence in Kaipara Harbour

Sightings of C. hectori maui in the Kaipara Harbour have been infrequent. Only one animal has been sighted visually within the inner harbour, and three acoustical recordings indicate one, two or three animal(s) may have penetrated into the harbour throat (E. Slooten, unpublished information).  It can be questioned, though, whether acoustical procedures alone are sufficiently reliable to discriminate C. hectori maui from other dolphin species. Regardless, C. hectori maui ‘sightings’ within the Kaipara Harbour have been very infrequent over recent decades. 

Aerial surveys of the Maui’s dolphin population were conducted during the summers of 2000/2001 and 2001/2002, covering the West Coast of the North Island from Cape Reinga to Paraparaumu
.  There were no Maui’s dolphin sightings along the coast between Ahipara and the Kaipara Harbour mouth, while the number of dolphins inhabiting the coastal region between the Kaipara and Manukau Harbour mouths was estimated to be no more than 10 individuals. 

4.8 Birds

The Kaipara Harbour is of national and international ornithological significance as it has major roosting, feeding and breeding sites for waders and shorebirds.  Over 40 species of migratory wading birds from the arctic, subarctic and South Island of New Zealand are regular visitors to the region, with up to 50,000 birds present annually, and wetland birds and other permanent species also utilise the harbour shorelines.  Birds recorded from the area are listed in Table 5. 

The Kaipara Harbour includes areas of significant indigenous vegetation, such as mangroves and salt marshes, which are important feeding sites for resident and migratory birds.  Birds that breed and roost in sand dunes and areas of coastal vegetation above Mean High Water Springs may also feed in the adjacent coastal marine area.   Important areas include the Papakanui Spit, Gum Store Creek, the Tapora Coast and Oyster Point and Moturemu Island.  The Papakanui Spit is one of the few breeding sites for the extremely rare Fairy tern.  

Table 5:
Bird species of the Kaipara Harbour
.
	Species
	Common name
	Status
	DOC threat qualifier
	Location

	Himantopus novaezealandiae
	Black stilt
	Nationally critical (1); Endemic
	Population stable; one location
	Occasional visitor to southern areas of harbour

	Sterna nereis
	Fairy tern
	Nationally critical (1); Endemic
	One location
	A few breeding birds on the Papakanui Spit (breeding)

	Anas aucklandica chlorotis
	Brown teal
	Nationally critical (1) - Nationally endangered (2); Endemic
	One location
	Last record in Pouto Peninsula wetlands in 1977/78

	Charadrius obscurus obscurus
	New Zealand dotterel
	Nationally critical(1) -Sparse (6); Endemic
	One location, Recovering
	Tapora Wildlife Management Reserve; South Kaipara Head, Papakanui Spit (breeding)

	Botaurus poiciloptilus
	Australasian bittern
	Nationally endangered (2); Native
	Secure overseas
	Wetlands

	Sterna caspia
	Caspian tern
	Nationally vulnerable (3); Native
	Secure overseas
	South Kaipara Harbour Islands, Papakanui Spit (breeding?); wetlands

	Anarhynchus frontalis
	Wrybill
	Nationally vulnerable (3); Endemic
	
	Tidal and soft sediment areas

	Chlidonias albostriatus
	Black-fronted tern
	Serious decline (4); Endemic
	
	Occasionally reaches Northland in late summer to autumn

	Sterna striata
	White-fronted tern
	Gradual decline (5); Native
	
	Shore and coastal waters

	Charadrius bicinctus bicinctus
	Banded dotterel
	Gradual decline (5); Endemic
	
	Tidal, beaches

	Gallirallus philippensis assimilis
	Banded rail
	Sparse (6); Native
	Data poor
	Estuaries, mangroves, salt marshes

	Bowdleria punctata vealeae
	North Island fernbird
	Sparse (6); Endemic
	
	Patchy distribution

	Phalacrocorax varius varius
	Pied shag
	Sparse (6); Native
	Data poor, secure overseas
	Coast

	Porzana tabuensis
	Spotless crake
	Sparse (6); Native
	Secure overseas
	Estuaries & wetlands

	Porzana pusilla
	Marsh crake
	Sparse (6)
	
	One record in Pouto Peninsula wetland

	Haematopus unicolor
	Variable oystercatcher
	Not threatened; Endemic
	
	Coastal and estuaries

	Haematopus ostralegus finschi
	South Island pied oystercatcher
	Not threatened; Endemic
	
	Estuaries

	Larus novaehollandiae scopulinus
	Red-billed gull
	Not threatened; Endemic
	
	Common along coasts

	Aythya novaeseelandiae
	New Zealand Scaup
	Not threatened; Endemic
	Recovering
	Rare in Northland

	Ardea novaehollandiae
	White-faced heron
	Not threatened; Native
	
	Tidal mud flats, coastal reefs

	Himantopus leucocephalus
	Pied stilt
	Not threatened; Native
	Secure overseas
	Wetlands

	Cygnus atratus
	Black swan
	Not threatened; Introduced
	Secure overseas
	Estuaries

	Calidris canutus rogersi
	Red knot/

Lesser knot
	Migrant; Native
	
	Harbour & estuaries

	Limosa lapponica
	Bar-tailed godwit
	Migrant; Native
	
	Estuaries

	Arenaria interpres
	Ruddy turnstone
	Migrant
	
	Harbour & estuaries

	Pluvialis fulva
	Pacific golden plover
	Migrant
	
	Harbour & estuaries

	Pluvialis squatarola
	Grey plover
	Migrant; irregular visitor
	
	Vagrant in harbour & estuaries

	Charodrius leschenaultia
	Large sand dotterel
	Migrant; irregular visitor
	
	Rare in harbour & estuaries


4.9 Fisheries

4.9.1 Species

There has been a wide variety of fishery research carried out off the West Coast of the North Island.  Table 6 summarises information from research bottom trawls in the area
.

Table 6:
Main commercial fish species on the West Coast of the North Island

	Species
	Distribution and Abundance

	Snapper 

(Pagurus auratus)
	Both adult (>=25 cm) and juvenile snapper, (25 cm) widely distributed along West Coast of the North Island; Significant quantities of juvenile snapper (especially age 0+ and 1+ snapper) found at Ninety Mile Beach, Bayly’s Beach, and adjacent to entrances of Whangape, Kaipara, Manukau and Raglan Harbours in depths less than 30 m.  Adult snapper appear to be relatively evenly distributed along the West Coast of the North Island but the highest catch rates occurred off Ninety Mile Beach, Hokianga Harbour, Kaipara Harbour and North Taranaki Bight.  Highest abundance in waters less than 50 m depth but also abundant in 50-100 m depth range.

	Red gurnard (Chelidonichthys kumu)
	Widely distributed on West Coast of the North Island; Catch rates consistently high in the 10-150 m depth range.



	Trevally (Pseudocaranx dentex)
	Juvenile (<25 cm) trevally mainly found off Ninety Mile Beach, adjacent to entrances of Kawhia, Aotea and Raglan Harbours and North Taranaki Bight inside the 25 m depth contour; Adult trevally (>=25 cm) widely distributed on West Coast of the North Island mainly in the 10-50 m depth range.

	John dory 

(Zeus faber)
	Widely distributed on West Coast of the North Island.  Catch rates were low in the 0-50 m depth range.  Most abundant around Ninety Mile Beach 50-100 m depth range and south of Waikato River 50-200 m depth range.

	Kahawai

(Arripis trutta)
	Widely distributed on West Coast of the North Island.  Highest catch rates between Kaipara Harbour and Waikato River in inshore areas less than 50 m depth.  Catch rates variable between surveys.

	Rig 

(Mustelus lenticulatus)
	Widely and relatively evenly distributed over all depths all along the West Coast North Island.  Relatively low abundance.

	School shark (Galeorhinus galeus)
	Widely distributed on the West Coast of the North Island.  Highest abundance north of the Kaipara Harbour in 50-200 m depth range and low abundance elsewhere along the coast.

	Tarakihi (Nemadactylus macropterus)
	Widely distributed on the West Coast of the North Island.  Highest abundance in the vicinity of the Kaipara Harbour and along Ninety Mile Beach.




These species are all representative of those occurring inside the Kaipara Harbour.

4.9.2 Commercial Fisheries

There are a number of restrictions on commercial fishing in the vicinity of the Kaipara Harbour and within the harbour itself.  These include a prohibition on trawling and Danish seining within 1 nautical mile of the West Coast [Regulation 3 in the Fisheries (Auckland and Kermadec Areas) Commercial Fishing Regulations 1986], a two nautical mile radius closure across the entrance of the Kaipara Harbour where all trawling and Danish seining is prohibited (Regulation 4), and various method prohibitions within the Kaipara Harbour (Regulations 10A and 11) including prohibitions on the following methods:

· A box or teichi net.

· Purse seining.

· Danish seining.

· Trawling.

· Lampara netting.

· Set netting with a net more than 1,000 m in length.

· Drag netting.

Effectively these restrictions only allow commercial fishing in the Kaipara Harbour by means of set netting with a net less than 1,000 m, line fishing (longline, handline, trolling), hand gathering, potting and or dredging.
These methods are not particularly effective in the main entrance channel where the CREST turbines are proposed, as a consequence of high, tidal-related, water velocities and characteristically unsettled water conditions.

In addition, Regulation 15A defines Maui’s dolphin closure area where all set netting is prohibited in an area that extends four nautical miles off the coast, from Maunganui Bluff (north of Dargaville) to Pariokariwa Point (north of New Plymouth).  The regulation defines a line across the entrance to the Kaipara Harbour from which this 4 nautical mile closure extends. 
The Kaipara Harbour has a rich history as a fishery.  However in recent years there have been concerns expressed about depletion of the fisheries resources in the harbour.  Maori, in particular, are concerned about the continuing depletion of their customary fishing rights.   

In 2003 the final report of the Kaipara Harbour Sustainable Fisheries Management Group was released.  This report identified the primary fisheries related issues in the harbour and made a number of recommendations to the Minister of Fisheries in regard to sustainable management of the resource.  The report also contained a wealth of information on fisheries in the harbour, and some of this information is set out in this AEE to help address related environmental effects of the CREST Project.

4.9.3 Recreational Fisheries

Surf-casting for snapper, trevally and other fishes is a popular recreational activity on West Coast beaches including Muriwai Beach and around the Kaipara Harbour entrance.  Shellfish gathering, especially for tuatua and mussels also occurs on West Coast beaches
.  Kite fishing is also popular off Muriwai Beach, including the areas north towards South Head.

Snapper, kahawai, red gurnard and trevally dominate recreational catches on the West Coast, with smaller catches of other species such as kingfish.

In recent years a recreational game fish fishery for marlin and tuna has developed offshore.  Game fishing vessels operate from a number of West Coast harbours when suitable weather conditions allow.  However, apart from the recreational big game fishery, limited recreational fishing occurs from boats along the open West Coast because of the risks associated with bar crossing at the Kaipara Harbour entrances.

There is a strong recreational and customary fishery in the Kaipara Harbour, the key elements of which are set out as follows
:

“The Kaipara Harbour recreational fishery is primarily based around line fishing for snapper, and to a lesser extent kahawai and gurnard.  Up until the 1960s the harbour was generally regarded as a productive fishery.  However, by the 1970s a rapid decline had occurred.

The best areas for fishing include the Graveyard (near the harbour northern shore of the entry), the deeper channels and the nearby edge of the mud banks. During the summer, large numbers of juvenile snapper are found in the upper reaches of the harbour. 

There is potential for a growing charter boat industry and a large seasonal influx of holiday-makers. 

A popular activity is dredging for scallops and, to a lesser extent, collecting cockles and pipi. There is widespread concern over the current depletion of these resources, particularly scallops. 

Local people also set nets on the edge of channels to catch flounder and mullet.” 

4.9.4 Customary Fishing 

The Kaipara Harbour Sustainable Fisheries Management Study Group provides an overview of customary fisheries values in the Kaipara Harbour as follows:
“The Kaipara is a customary fishery that is an important source of food (kai moana) for the numerous marae that are located along its edge. 

Traditionally, fishing seasons were observed and at various times of the year large fishing camps were set up to catch snapper, kahawai and shark. These were dried on large racks to preserve them. Spearing of flounder, netting for mullet and the collection of shellfish were regular events. 

The 1992 settlement of customary fishing rights safeguards Maori commercial interests, and provides for self-management of customary harvesting and the opportunity to create fishery management areas (such as mataitai reserves and taiapure-iocal fisheries). 

Ngati Whatua and Te Uri o Hau, have been part of the Kaipara Harbour Sustainable Fisheries Management Study Group.  They have signalled their support for this process through the parallel development of a Customary Take Management Plan for the Harbour. 

There has been growing concern about protecting customary fishing rights. 

The Te Uri o Hau Treaty Settlement formally recognised that the North Kaipara is the rohe or traditional fishing ground of the hapu. At present there is concern that customary fishers cannot readily access snapper or catch flounder, grey mullet and sharks in their nets. Local shellfish beds are depleted and there are a range of issues associated with environmental impacts and changes to the fisheries habitats, many arising from increased development on the coastal fringe of the Harbour.”

4.10 Shellfish

A number of shellfish species occur within and around the Kaipara Harbour.  The harbour itself is well recognised for supporting a commercially important population of Pacific oyster (Crassostrea gigas) with much of the commercial spat supply for oyster aquaculture originating within the harbour.  The extensive sand flats within the harbour itself are known for their large numbers of other edible shellfish species, including cockles (Austrovenus stutchburyi), pipis (Paphies australis) and scallops (Pecten novaezelandiae).  

Arising from the recommendations of the Kaipara Harbour Sustainable Fisheries Management study Group (see above), all scallop harvesting - commercial, customary and recreational - in the Kaipara Harbour were banned for two years from July 15 2005. 

The restriction was imposed to help diminishing numbers of the shellfish to recover. 

Along the open coast and outer Kaipara heads, two surf clam species are also known to be present, the tuatua (P. subtriangulata) and toheroa (P. ventricosa).  Tuatua have been found within the proposed mine area and are a common feature of exposed beaches.  Populations of tuatua, while not well studied are likely to occur subtidally throughout the West Coast region.  Toheroa are a well recognised member of the intertidal bivalve community from both North and South Heads.  The species has a long history associated with recreational harvest; however, dwindling stocks have caused a ban on its harvest from all areas. which is still in place today.

Widespread populations of edible-sized tuatua occur inside the harbour
 in variable densities.   

4.11 Marine Farming

Existing marine farms in the harbour include operations licensed under the Marine Farming Act 1971 by the Ministry of Fisheries prior to the enactment of the RMA.  These farms range from developed to not developed or dilapidated.  

As set out in a recent document prepared in support of applications for a new marine farm
, in the South Kaipara Harbour, two small marine farming licenses (total area of 18 hectares) are located in the Oruawharo River area.  Only one of these sites is an operating oyster farm. It is located on the northern side of the Tapora Peninsula.  In the North Kaipara Harbour, there are 31 marine farms, which are concentrated primarily in the Arapaoa and Whakaki arms of the harbour. These farms occupy a total area of 120 hectares and vary in condition from currently in-use to abandoned.

4.12 Navigation in the Harbour

The Kaipara Harbour is not extensively used for navigation by commercial and recreational boats.  The harbour bar precludes use of vessels with deep draughts in any event, effectively negating any likelihood for potential future commercial development for a west coast commercial port.  The CREST turbines will be located in water deeper than 30 metres, with a minimum surface clearance of greater than 5 metres.  As reported by long-term residents, vessels using the Kaipara Harbour do not have draughts of this depth.  The turbines will be located in a designated zone within the 30m depth contour thereby providing substantial channel depth and width with access possible to both sides. The favoured navigational channel is generally closer towards the northern shore on the Pouto Peninsula.

4.13 Other Activities Generally

In addition to fishing and marine farming, the Kaipara Harbour is utilised for recreational boating, sand extraction and tourism operations. 

However, the Kaipara Harbour is not recognised as an area of high recreational usage
, and in particular recreational use in the mid harbour area is very limited.  Extensive tidal flats, mangroves, and salt marsh areas restrict access by both land and water.

Shoreline recreational areas occur between Orongo Point and Karaka Point on the Okahukura Peninsula and Shelly Beach and Te Kawau Point on South Kaipara Heads.  A few tourist operators provide boat tours along the western edge of the harbour between Helensville and Dargaville
. 
4.14 Maritime History 

CREST acknowledge that the Kaipara harbour environs have high spiritual significance to Te Uri o Hau Ngati Whatua and to Ngati Whatua Nga Rima o Kaipara ki te Tonga, in particular CREST recognises the cultural importance of Taporapora (Manukapua) as a place of landing of ancestral waka. 

During the latter part of the nineteenth century at the height of the kauri timber milling and gum extraction industries, the Kaipara Harbour was the largest single timber exporting port in New Zealand.  In 1900, 479 sailing ships and steamer passages were made over the Kaipara Bar
.  

Due to strong tides, frequently moving channels and sandbars and predominant onshore winds, there were many shipwrecks, often with multiple loss of life, on the Harbour entrance area sandbanks, Pouto and South Head shorelines and the inner Tapora Banks.  At least 31 wrecks occurred between 1830 and 1914, after which the number of shipping movements declined as the kauri timber resources progressively diminished 
 (Appendix 13) 

Although a number of these wooden wrecks occurred within the proximity of the Kaipara Harbour entrance, it is unlikely that there are any significant remains left that would be disturbed by the proposed CREST Project.  Subsequent detailed surveying of the seabed will be undertaken for placement of turbines and will also serve to validate this expectation.
Over 90 years has elapsed since the last stranding and it is likely that the remains of any vessels, if they did indeed settle on the immediate seafloor, would have been destroyed beyond recognition by the tidal and ocean wave forces which occur seawards of the Harbour entrance area.  

If any vessel remains are discovered in the process of surveying for the Generation Array, the Dargaville Maritime Museum and the New Zealand Historic Places Trust will be notified and procedures implemented to avoid further turbine deployment at that particular site.

4.15 Adjacent Land Use 

The land adjoining the Kaipara Harbour entrance area is remote with access on land only available by four-wheel drive to both South and North Head and the Tasman Sea beaches.  The area is accessible by boat from within the Kaipara Harbour but based on discussions with long-term residents of the area, with only very infrequent access across the bar into the Harbour entrance.  As a consequence areas in the vicinity of North and South Heads have only limited use by people involved in passive recreation, fishing and other activities such as bike riding and four wheel driving.  South Head is also the site of the designated Kaipara Bombing Range.  Paradoxically, bordering on the eastern boundary is a designated DOC bird sanctuary and conservation area. 

The most significant marine activity near the Harbour entrance area is the presently permitted sand extraction (by Mount Rex Shipping Ltd and Winstone Limited) seaward of Tapora Island.  There is also a proposal by McCallum Bros. Ltd. for development of a sand mining operation immediately southwest of the Kaipara Harbour Entrance.

To the east, in the vicinity of the cable landfall, land use is typically pastoral farming and small landholdings.

5. Existing Environment - Transmission Cable Route

5.1 Introduction

The proposed cable route is shown in Figure 33.

This route traverses a distance of around 30 km and will be aligned with deep channels between the generator array and a landing on the True Left bank of the Hoteo River approximately 300m to the southeast of the SH16 road bridge across the Hoteo River.

5.2 Setting

The broad environmental setting of the southern Kaipara Harbour was described in ARC Technical Publication 275 (NIWA 2005).

The proposed CREST Project transmission cable is to be located through the subtidal to the shoreline crossing in the vicinity of the Hoteo River landing point.  Accordingly the following discussion focuses on the subtidal findings of Tech Pub 275. with a particular focus on subtidal sampling results for the upper portion of the study area.  

Grab samples were obtained by ASR as part of the oceanographic investigations for the CREST Project, and grab samples were also collected for an oyster farming application in mid-harbour
.  These samples confirm the data from NIWA 2005 that the seabed through the southern side of Tapora is comprised of a sandy substratum.  Independent field observations undertaken in the course of preparing the AEE confirm that the texture of the sediments grades to finer grained silts to mud close to the Hoteo River.
5.3 Bathymetry

According the NIWA (2005) subtidal area of the Southern Kaipara comprises a number of different regions based on depth and exposure to waves and currents.  Two channels lead in to the main harbour, Tauhoa Channel and the Kaipara River channel.  One channel leads north to the Oruawharo Arm.  

The Kaipara River channel is the deepest of the channels found in the harbour, being deeper than 20m in places.  The Oruawharo and Tauhoa arms are shallower, although a couple of holes nearly 20 m deep are located in the Oruawharo Arm.  

The main shallow subtidal area is found at the confluence of the Tauhoa and Kaipara River channels, and is somewhat sheltered at low tide by a shoal to the northwest.  Smaller shallow subtidal areas are found further up both the Tauhoa and Kaipara River channels.  Shallow subtidal areas are smallest in the Oruawharo Arm. 

[image: image48.jpg]


Figure 33: Transmission Cable to East of Tapora Island 
5.4 Water Quality

The CREST Project turbines do not discharge water or contaminants for use or otherwise as part of the process and therefore will not be affected by variations in water quality nor will they affect water quality.  

Tidal exchange is probably the most significant factor in determining the water quality of the Kaipara Harbour and the CREST Project will not influence the rate of tidal exchange.  

The ARC monitors coastal water quality at a number of sites around the region.  The closest testing site to the Kaipara harbour entrance is at Shelly Beach.

Various studies
 conclude that for much of the time, the salinity and pH in the waters within the Kaipara Harbour entrance area is consistently similar to that expected of undiluted seawater.

A zone of elevated suspended solids concentrations near the seabed is the result of high current speeds.  Current velocities are driven mainly by tides, but will also be contributed to by wave action.

In the upper reaches of the harbour turbidity levels are high as a consequence of resuspension of fine sediments from the extensive soft mud deposits throughout the upper harbour.  These deposits are extremely pronounced in the region of the Hoteo River (Plate 7, Plate 9 and Plate 9), where extensive expanses of soft mudbanks are prone to wind influenced resuspension and elevated turbidity at all times according to long-term residents in the area. 
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Plate 7: View from Hoteo River confluence towards Moturemu Island – note extensive flats of soft, fine mud.
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Plate 8: Mudbanks adjacent to the Hoteo River

[image: image51.emf]
Plate 9: Closer view of extensive flats of soft, fine mud along Hoteo River confluence.
5.5 Ecology 

5.5.1 Intertidal Ecology

NIWA (2005) found that most of the intertidal area of the Southern Kaipara is in the mid to low intertidal range; with few areas exposed for more than 7hrs of a tidal cycle.  Extensive mangroves (often densely packed) fringe much of the area, with the exception of the South Head area and the sand dunes opposite the mouth.  Extensive Zostera beds stretch over the intertidal flats in the middle of the main harbour and near the mouth.  Figure 34 and Figure 35 summarise information on vegetation types in the Southern Kaipara from NIWA (2005).

Although much of the intertidal area between Helensville and just south of Sandy Beach was found to be predominantly muddy sediment, mud was still found near the mangrove edges and small drainage channels seaward of this point.  However, the majority of the intertidal flats were found to be sandy and firmly packed, rippled sand and in a few areas rocky outcrops occurred in more exposed areas. 

Figure 35 summarises information on intertidal habitat types in the Southern Kaipara (NIWA 2005).

In contrast, field surveys undertaken for the CREST Project indicate that the mudflats and the mangrove areas in the eastern part of the Kaipara Harbour, around where the CREST Project transmission cable and landfall are proposed to be located, are typified by large areas of unconsolidated mud banks and sparse mangrove assemblages (Plate 7 and Plate 9)

Figure 34[image: image52.jpg]


: Vegetation types - Southern Kaipara (from NIWA 2005)

Figure 35[image: image53.jpg]


: Intertidal habitat types - Southern Kaipara (from NIWA 2005)
The CREST Project will only interact with intertidal ecology in the vicinity of the proposed Hoteo River landing point (Plate 10).  At this landing point the intertidal is steep and modified by adjacent landuses.  

In particular, the mangrove ecosystem in this area is of low ecological value, in comparison with the denser mangrove communities reported to occur elsewhere in the [image: image54.jpg]


harbour.

Plate 10: Intertidal area at point of proposed cable landing 
All other elements of the CREST Project will interact only with subtidal (benthic) and nektonic
 ecological features as discussed below.

5.5.2 Subtidal Ecology

The transmission cable will not encounter an intertidal zone until it reaches the point of shore crossing in the vicinity of the Hoteo River – at this point it will join with a landward transmission reticulation.

The cable will be laid in the bed of the Hoteo River through to a point just upstream of the SH16 road bridge across the Hoteo River.  Once at the landing point, the buried cable will cross the intertidal zone through a preformed ditch and therefore will cause only minor interference  ecology.

Inside the Harbour entrance the benthic ecology is characterised by hermit crabs, olive shells, tuatuas and sand dollars
.  None of these species are identified as either rare or threatened. 

Further to the east, in the mid Kaipara Harbour
 Tuatua has been identified as the only shellfish present, at widely varying densities, along with hermit crabs, sand dollars and olive shells.

NIWA (2005) provides the following description of subtidal habitats in the Southern Kaipara.

“The harbour mouth has a deep wide channel (maximally 50 m depth), from which the seabed rises steeply to form shallow subtidal areas. The channels, banks and shoreline are very mobile as demonstrated by the beach erosion and accretion at Tapora Island. Two channels lead in to the main harbour, Tauhoa Channel and the Kaipara River channel. One channel leads north to the Oruawharo Arm. The Kaipara River channel is the deepest of the channels found in the harbour, being > 20 m in places with the Tauhoa arm being somewhat shallower.  

The main shallow subtidal area was found to be at the confluence of the Tauhoa and Kaipara River channels, and is somewhat sheltered at low tide by a shoal to the northwest. Smaller shallow subtidal areas are found further up both the Tauhoa and Kaipara River channels.”

Figure 36 sets out the summarised information on subtidal habitat types in the Southern Kaipara from NIWA 2005.

5.5.3 Ecological Community Overview

NIWA (2005) found many of the taxa and habitats found in the Southern Kaipara were common within the harbour and to other parts of New Zealand.  Yet, some species were considered to be unique, in particular a subtidal association of tube-building worms in shallow subtidal areas of the main harbour comprised of high numbers of Owenia, Macroclymenella, Euchone and Phoronids.  

In addition, NIWA (2005) identified invasive bivalve species in the harbour, including the Pacific oyster, the Asian mussel and a small bivalve Theora lubrica, with only the Asian mussel being found frequently in small but high-density patches, never stretching from one sampling location to the next.  The Asian mussel is found in much of the Auckland Region, growing densely (e.g., Tamaki Inlet) and often excluding other animals, though this was not found to be the case within the Southern Kaipara.  Asian mussel patches were widespread occurring in all areas of the harbour with the exception of the Waionui Inlet.

NIWA (2005) sets out a summary diagram showing all the intertidal and subtidal habitats and communities in the southern Kaipara Harbour (Figure 37).
Figure 36[image: image55.png]


: Subtidal habitat types - Southern Kaipara (from NIWA 2005)
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Ebb tide data from ADP. Each score represents the number of 5 minute intervals that the current wa

at a particular velocity range (e.g. if the score is 9,

then 9 x 5 mins = 45 mins.

EBB

Current magnitude (up 02 0.4 0.6 0.8 1 12 14 16 18 2 22 24 26
to) (m/s)

Kai 1 Deep 3 3 2 4 8 7 6 10 22 4 0 0 0
Kai 1 Middle 3 3 1 3 5 4 8 4 8 6 14 0 0
Kai 1 Shallow 5 2 2 2 3 3 5 5 8 6 24 4 0
Kai 1 Average 3 3 2 3 3 4 7 6 6 4 18 0 0
Kai 6 Deep 0 0 6 6 5 " 20 3 0 0 0 0 0
Kai 6Middle 0 0 2 3 5 4 12 20 5 0 0 0 0
Kai 6 Shallow 0 0 1 3 5 3 10 7 20 2 0 0 0
Kai 6 Average 0 0 2 4 6 4 13 21 1 0 0 0 0
Kai 7 Deep 2 4 6 7 10 21 12 5 0 0 0 0 0
Kai 7 Middle 3 3 2 6 7 5 20 8 13 0 0 0 0
Kai 7 Shallow 1 3 6 4 5 6 7 9 13 3 0 0 0
Kai 7 Average 2 4 2 6 7 5 10 11 19 0 0 0 0
Kai 9 Deep 10 12 16 26 9 0 0 0 0 0 0 0 0
Kai 9 Middle 6 " 12 10 24 10 0 0 0 0 0 0 0
Kai 9 Shallow 9 5 5 7 30 17 0 0 0 0 0 0 0
Kai 9 Average 6 12 12 14 28 1 0 0 0 0 0 0 0
Kai 10a Deep 3 4 10 13 19 9 3 0 0 0 0 0 0
Kai 10a Middle 3 3 4 10 7 14 13 7 0 0 0 0 0
Kai 10a Shallow 1 2 4 5 18 23 8 0 0 0 0 0 0
Kai 10a Average 3 3 7 10 12 14 12 0 0 0 0 0 0
Kai 10c Deep 1 6 10 14 15 21 0 0 0 0 0 0 0
Kai 10c Middle 1 3 7 10 13 16 17 0 0 0 0 0 0
Kai 10c Shallow 2 7 10 10 13 25 0 0 0 0 0 0 0
Kai 10c Average 0 1 5 9 9 18 25 0 0 0 0 0 0




Figure 37: Southern Kaipara Harbour - Intertidal and Subtidal Habitats
The proposed generator array is located within the high current area on the northern side of the Kaipara Harbour mouth (H-Subtidal).  The proposed transmission cable passes in an easterly direction from the generator array, through the outer and inner subtidal areas of the Tauhoa arm and finally through the intertidal area of the Tauhoa Arm prior to interfacing with the shore in the vicinity of the Hoteo River.  For the entire length of the proposed transmission cable, the route is confined to the deepest part of the channel through each respective benthic zone.

The full set of data from sampling locations relevant to the project is given in Appendix 11, and is summarised in Table 7 below.

	Area


	Description

	South Head High Current Area. 

(H Sub-Tidal)
	“...very diverse area, steep rock walls, the rubble habitat and the sandy channel bottom. Apart from the highly diverse communities on the rock walls and rubble, Fellaster, surface bioturbators, sedentary epifaunal communities were common.”



	Outer Tauhoa Arm

(OT-Subtidal)
	“..burrowing, tube dweller and large fauna communities” frequently having “high order diversity”



	Tauhoa Arm 

(T-Subtidal)
	“The upper area was generally comprised of finer sediments and was shallower (<7m) with a more diverse range of ecological communities (deposit feeding bivalves, surface bioturbators, tube dwellers, predatory/scavenging polychaetes, large fauna and invasives).”



	Tauhoa Arm

(T-Intertidal)


	“range of intertidal habitat types similar to the upper area of the Kaipara River arm, with the mangrove and Zostera communities being predominantly burrowers and Macomona-dominated respectively.  However, in the low density mangroves some Macomona were also observed. In the sandy areas deposit-feeding polychaetes, Macomona and tube-dwellers were dominant”.




Table 7: Summary of Benthic Ecology within Subject Area (NIWA 2005).

5.5.4 Fish in Inner Harbour Areas

As part of its assessment of the ecology of the mid Kaipara for a marine farm, BioMarine Limited commissioned surveys of small fish in July 2001 adjacent to the shoreline of a mid-harbour bank opposite Orongo Point.

Table 8 details the number, type and length of fish caught at 16 stations. 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NUMBER
	
	STATION
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Species
	Common Name
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Acentrigobius
	Goby
	-
	-
	-
	-
	-
	9
	5
	1
	1
	1
	-
	12
	-
	2
	7
	5

	lentiginosus
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Chelidonichthys kumu
	Gurnard
	-
	-
	-
	-
	-
	-
	-
	-
	1
	-
	-
	-
	-
	-
	-
	-

	Engraulis australis
	Anchovy
	-
	-
	-
	9
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Halicarlinus cooki
	Crab
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1
	-
	-
	-

	Helice crassa
	Crab
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1
	-

	Hyporhamphus ihi
	Garfish
	-
	-
	1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Ovalipes punctatus
	Paddle Crab
	-
	1
	-
	1
	1
	-
	1
	1
	1
	-
	-
	1
	-
	-
	-
	-

	Palemon affinis
	Common Shrimp
	-
	-
	-
	-
	-
	1
	1
	-
	1
	1
	1
	-
	-
	1
	1
	1

	Peltorhamphus latus
	Speckled Sole
	2
	1
	-
	2
	11
	6
	5
	13
	2
	1
	3
	10
	1
	1
	2
	1

	Pontophilus australis
	Pill Box Shrimp
	-
	-
	-
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Retropinna retropinna
	Smelt
	-
	3
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Rhombosolea plebia
	Sand Flounder
	-
	-
	-
	-
	8
	3
	3
	2
	1
	-
	-
	3
	1
	4
	4
	4

	Stigmatophora longirostris
	Long Snouted Pipefish
	-
	-
	-
	-
	-
	1
	-
	-
	-
	-
	-
	-
	-
	-
	8
	1

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total No.
	2
	5
	1
	13
	21
	21
	16
	18
	8
	4
	5
	27
	4
	9
	24
	12

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MEAN FISH LENGTH (MM)
	No. Species
	1
	3
	1
	4
	4
	6
	6
	5
	7
	4
	3
	5
	4
	5
	7
	5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Acentrigobius
	Goby
	-
	-
	-
	-
	-
	39
	40
	42
	41
	46
	-
	39
	-
	35
	40
	37

	lentiginosus
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Chelidonichthys kumu
	Gurnard
	-
	-
	-
	-
	-
	-
	-
	-
	37
	-
	-
	-
	-
	-
	-
	-

	Engraulis australis
	Anchovy
	-
	-
	-
	41
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Hyporhamphus ihi
	Garfish
	-
	-
	97
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Peltorhamphus latus
	Speckled Sole
	72
	60
	-
	66
	55
	59
	53
	58
	53
	77
	52
	61
	84
	44
	63
	65

	Retropinna retropinna
	Smelt
	-
	40
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Rhombosolea plebia
	Sand Flounder
	-
	-
	-
	-
	62
	83
	74
	103
	141
	-
	-
	111
	-
	86
	102
	76

	Stigmatophora longirostris
	Long Snouted Pipefish
	-
	-
	-
	-
	-
	99
	-
	-
	-
	-
	-
	-
	-
	-
	99
	-

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Table 8: Fish and invertebrates mid Kaipara Harbour (from BioMarine 2005)
Stations 1 – 4 were sampled on an exposed bank comprising hard packed fine sand.  Seine shots from these sites generally had the lowest species diversity and the least fish present, except for a small shoal of anchovy caught at Station 4.

Stations 5 – 12 were an area slightly north of the western end of BioMarine’s proposed farm.  The substratum here was comprised of muddy sand with patchy seagrass (Zostera sp.) at Stations 5 – 6, and sparse seagrass at Stations 7 – 8, and 11 – 12.  To the north east of the site the seabed consisted of occasional beds of broken shell.  Stations 5 –12 caught a minimum of three species and a maximum of seven species, with Station 9 being the most diverse.  Speckled sole were the most common species after goby and sand flounder caught in the net, with the occasional crab, shrimp, gurnard, pipefish and garfish collected.

Eastern stations (13 – 16) were sampled north east of the proposed farm and adjacent to deeper water of a small channel.  The seafloor was fine sand with a covering of seagrass and a dense bed of sand dollars (Fellaster zelandica). Stations 13 – 16 were similar in species composition, with a small shoal of long snouted pipefish Stigmatophora longirostris being caught at Station 15.

The small fish assemblage at the site was not diverse, with a maximum of 7 species recorded at one site location, which included commonly found species – speckled sole, goby and sand flounder.  With the exception of the gobies, garfish and the long-snouted pipefish were predominately juveniles.  Speckled sole is a small noncommercial fish (100 mm), which is extremely widespread throughout estuarine systems.  Sand flounder and gurnard are the only species of commercial importance.

The two sites sampled along the northern side of the proposed farm had similar fish diversity, but 3 kilometres to the west, sites tended to have lower specific diversity and abundance with the exception of anchovy, which are likely to migrate with the tidal currents of the harbour.

The edges of sandbanks such as the one sampled here, in general, were found not to be especially important to juvenile fish (as measured by species diversity and abundance).

BioMarine did not sample larger fish fauna of this area but considered it likely to be composed of species including sharks (rig, hammerhead, school shark), rays (sting rays and eagle rays), and species such as snapper, kahawai and trevally.  

5.5.5 Relevance to CREST Project

As the NIWA studies show, although the ecological diversity within the CREST Project area is high, it is not unlike that found throughout the rest of the Southern Kaipara.  Both the proposed Generator Array and the transmission cable route and the Generator Array avoid areas of special ecological value such as the extensive Zostera beds located at the confluence of the Kaipara River and the Tauhoa Arm.  The transmission cable is proposed to be located in sandy substrata within the high velocity channels between the harbour mouth and the terminal point at the Hoteo River.  

The habitats in the area through the proposed undersea cable route represent fine sand communities in the mid harbour reaches, grading to mud communities to the east.  The proposed cable route does not traverse areas of higher biodiversity in the harbour. 

6. Assessment of Environmental Effects - Approach 

6.1 Introduction

The RMA requires, at Section 88, that in making an application for a resource consent, an applicant must include an assessment of environmental effects in such detail as corresponds with the scale and significance of the effects that the activity may have on the environment.

Section 3 of RMA defines ‘effect’ as follows:

3  Meaning of effect

In this Act, unless the context otherwise requires, the term effect includes---

(a)  any positive or adverse effect; and

(b)  any temporary or permanent effect; and

(c)  any past, present, or future effect; and

(d)  any cumulative effect which arises over time or in combination with other effects---

regardless of the scale, intensity, duration, or frequency of the effect, and also includes---

(e)  any potential effect of high probability; and

(f)  any potential effect of low probability which has a high potential impact.

The following sections of the AEE provide a systematic evaluation of the identified environmental effects associated with the CREST Project to help assign likely significance in terms of the RMA.

6.2 Positive Effects

Section 88 requires that environmental effects of proposed activities should be identified and assessed.  Included in the definition of “effects” in the RMA are positive and negative effects.  The following positive effects can be expected from the CREST Project:

· The generation of energy by using a renewable natural resource

· Providing additional electricity to the local distribution network

· Providing the local community with economic and social benefits

· Facilitating responsibility for climate change by offsetting thermal generation, and substantially reducing equivalent greenhouse gas emissions

· Providing significantly improved security of supply to Northland 

· Facilitating New Zealand’s transition towards 100% sustainable generation 
· Development of new specialist industry with global export market potential

· Contribution towards NZ commitments under the Kyoto Protocol
These positive effects are discussed in various sections of this AEE, including the mitigation section (Section 11). 

6.3 Planning Status Summary

CREST proposes to undertake a range of activities in the Kaipara Harbour and on land adjacent to the Hoteo River.  These activities have been assessed against rules in relevant Regional and District Plans as set out in the following table, and are subject to acquisition of resource consents. 
	Plan
	Rule


	Activity
	Activity Status

	Northland Regional Coastal Plan
	31.3.4 (m)
	Structures
	Non Complying

	Northland Regional Coastal Plan
	31.3.4 (f)
	Discharges to water
	Permitted

	Northland Regional Coastal Plan
	31.3.7 (d)
	Use and Diversion of Coastal Water
	Discretionary

	Auckland Regional Plan Coastal
	10.5.4
	General Occupation
	Restricted Discretionary

	Auckland Regional Plan Coastal
	11.5.3
	Activities
	Restricted Discretionary

	Auckland Regional Plan Coastal
	12.5.17
	Structures
	Restricted Discretionary

	Auckland Regional Plan Coastal
	16.5.18
	Disturbance of Foreshore and Seabed
	Restricted Coastal Activity

	Auckland Regional Plan Coastal
	20.5.4
	Discharge of Contaminants
	Discretionary

	Auckland Regional Plan

Sediment Control
	5.4.1.1
	Land Disturbing Activities – Earthworks and Vegetation Removal
	Permitted

	Rodney District Plan 
	7.9.1
	Activities in Rural Zone
	Non - Complying

	Rodney District Plan 
	7.9.4.2.2
	Earthworks
	Permitted

	Rodney District Plan 
	Trans 8.4
	Cable depot and associated buildings
	Discretionary


Of the above rules relating to the regional consents required as part of this application four require consent as Restricted Discretionary Activities and therefore overall, the applications consents are to be considered as Restricted Discretionary insofar as Regional Consents are involved.  Consents for occupation of and disturbance of the coastal marine area have been identified as restricted coastal activities.

The landuse activity represents either a non-complying activity pursuant to the Proposed Rodney District Plan or a Discretionary Activity pursuant to the Transitional District Plan.
6.4 Effects overview

6.4.1 Introduction

The following sections identify key environmental interactions among CREST Project elements, and highlight the most significant issues associated with the project.

Detailed environmental effects are discussed in later sections of this AEE, for both the Generation and the Transmission elements of the CREST Project.  Consideration is given to all elements, from the perspective of construction, transport, installation, operation and decommissioning.

Key project activities and stages that were considered are listed in Table 9.  

	Key Project Activities

	Transportation
	Equipment and turbine foundations, generators, nacelles, blades, venturi shrouds, etc.

	Installation


	Presence of installation equipment with an assessed risk of minor fuel/oil leaks

	Installation of cables


	Trenching and installation of the DC cables on the seabed,

along the Tahoa Channel and Hoteo River through to the land-based, electrical substation  



	Construction of the

electrical substation
	Installation and maintenance of the substation and connections to regional and/or national transmission networks



	Operations and

maintenance


	Monitoring and maintaining turbine and transmission cable operations, rotor effects on the extraction of tidal energy, overall generation of electricity and emergency issues 


Table 9: Key Project Activities
Associated environmental interactions of potential concern are summarised in Table 10 and the underlying mechanisms are identified in Table 11.  Environmental effects and related environmental benefits are summarised in the following sections.  Each issue is discussed with a focus on mechanisms driving the interactions.

	Installation
	Environment

Type
	Main Concerns

	
	Ecological
	Benthos

Seabird disturbance

Marine mammal/fish disturbance 

Shoreline Vegetation

	
	
	

	
	Physical
	Ambient noise levels

Water turbidity and quality

Seabed disturbance

Overall impact on coastal env.

Designated area disturbance

	
	
	

	
	Socio-Economic
	Fishing

Shipping and navigation constraints

Impact on all users including tangata whenua values

	
	
	

	Operations and Maintenance
	Ecological
	Marine mammals

Benthos

	
	
	

	
	Physical
	Tidal current movement and intensity

Wave climate

Ambient noise levels

Sedimentation/Seabed disturbances

Water turbidity and quality

Overall effect on coastal environment

	
	
	

	
	Socio-Econ
	Fishing

Shipping and navigation constraints

Grid Infrastructure

Tangata whenua




Table 10: Environmental Interactions of Potential RMA Concern
	Impact Source
	Affected Environmental Components

	Kinetic Energy Removal
	Tidal Current Velocity

Wave Climate

Sedimentation/Turbidity

Marine Ecology



	Rotor/Structure Interference
	Wave Climate

Tidal Current Dynamics

Seabed Disturbance

Sedimentation/Turbidity

Marine Ecology



	Ambient Noise/Vibration
	Resident or Migratory Cetaceans

Marine Ecology



	Installation/ Decommissioning
	Seabed Disturbance

Turbidity

Marine Ecology

Resident or Migratory Cetaceans




Table 11 Sources of Impact and Related Environmental Components.
6.5 Summary - Evaluation of Effects

6.5.1 Introduction

The previous section of this AEE identified sources of environmental effect associated with CREST Project activities.  These sources are evaluated below with the aim of attributing significance in terms of RMA.

6.5.2 Kinetic Energy Removal

All marine environments, especially those with high tidal energy have complex tide and sediment transport dynamics.  Marine turbines have the potential to modify such dynamics by the removal of tidal energy, with possible changes on tidal flow and direction, along with changes in patterns of sediment deposition.

Evaluation of CREST Project activities against the scale of tidal flow and energy in the Kaipara Harbour indicates that kinetic energy effects will be less than minor.

6.5.3 Support Structure Interference

Any structure placed in a marine environment has the potential to change the flow patterns in its surroundings.  The ducted turbine is no exception in that it has the potential to reduce current flows, form vortices, have lee wake effects, generate turbulence and reflect and diffract waves on a structure that extends above sea level.  

The CREST Project Generation Array will be located in an area of stable and hard seabed and thus adverse effects of turbulence and erosion are not anticipated.  Notwithstanding this conclusion, careful consideration and design of the supporting structures will be needed to account for the environmental integrity of the seabed.

Adverse effects on the benthos are not anticipated.  Indeed, some physical effects on the biological environment could be beneficial to existing communities through provision of substrata for the formation and development of new seabed habitats.  Changes may also encourage the colonisation of other benthic communities.  The turbine structures themselves may serve as an artificial reef, as has been found to occur on offshore structures of the oil and gas industry.  It has been well documented that such structures attract motile species, such as fish.  

6.5.4 Rotor Interference

The rotors will inevitably cause added vorticity shedding throughout the water column, thereby generating water turbulence, sediment and turbidity.

The rotors will also present a collision risk for some marine organisms, although the risk of collision by with fish and seabirds is considered to be extremely low.  There will be a risk of the rotors being collided with by large fish, and marine mammals, such as seals, dolphins and whales.  However, as discussed above, helical fluid dynamics associated with blade rotation may mitigate the level risk.  The physical forces involved are expected to push objects through or over the blades clear of any collision.  This does not apply for species larger than the rotor diameter, but the location of the CREST turbines on the seabed and the protective cowlings will serve to reduce risks.

Avoidance and detection techniques have been witnessed in controlled experiments, whereby such marine mammals have the capacity to avoid oil spills and slicks.  Noise emissions will also act as deterrent from the immediate vicinity of the turbines.  

6.5.5 Noise and Vibration

There are two main sources of noise and vibration within the context of tidal current turbine development.  The first is the installation phase which may include the propagation of noise from cable construction and the presence of boats and other equipment (for example, vessel engine noise; propeller and thruster cavitation; vessel ancillary equipment)).  Sound from on-shore activities that also propagates into near-shore waters.  The second concerns the possible noise emissions from the operational characteristics of the device itself.  

In terms of impact there are two main sources of consequence.  Firstly, vibration of the seabed, and secondly, the influence noise may have on the ecological environment in terms of its biological components.

Excessive vibration may cause direct effects to the seabed, including liquefaction, increasing turbidity and disturbing benthic communities.  However, these possible effects are dependent on the type of seabed and sediment characteristics.  No significant adverse impacts from vibration are expected in the Kaipara Harbour entrance area, and it is proposed that design measures will be employed to ensure noise emissions from the units are managed to avoid adverse effects.

6.5.6 Installation Disturbance

Installation and the cabling involved in the process will inevitably affect the seabed.  The installation phase will create the greatest direct adverse impact with respect to seabed disturbance, however such impacts will be short-term and very localised, around the turbines and cabling areas.  

Installation methods will disturb fauna and flora in the area, especially in seabed communities.  Such communities will be impacted through direct displacement of species from the immediate vicinity of the installations and, in-directly, through a re-distribution of sediment present in the water column and the possible risk of smothering as the result of re-settlement.  However, impacts of this nature are likely to be temporary, with short-term recovery.  Once any cabling has been buried or secured, there will be minimal impact thereafter.  

Consideration should also be given to possible short-term and localised impact of contamination through minor oil and fuel leaks from vessels.  No hydrocarbons will be associated with the turbines and therefore contamination is not foreseeable.  Anti-corrosion and anti-fouling agents will not significantly influence water quality. 

Finally, EMF field strengths will not be a factor considering the adoption of DC generation and transmission to shore.
6.5.7 Navigation and Shipping

The CREST Project generation array will be located in water 30 metres and deeper, with a surface clearance of at least 5 metres at mean low water springs.  As reported by long-term residents, vessels using the Kaipara Harbour do not have draughts of this depth and therefore the array will not pose a risk to vessels currently using the Kaipara Harbour.  Appropriate navigational warnings
 will be deployed to ensure harbour users are aware of the Generation Array.

The presence of the Generation Array will necessitate restrictions on anchoring in the immediate vicinity.  The turbine array strings will be widely spaced for hydro-dynamic reasons, with down-current spacing of 60 - 100 metres.  It will be necessary to arrange for navigational controls to cover anchorage and fishing in the vicinity of the Generator Array. 

6.5.8 Fisheries Activity

The presence of the Generation Array will also necessitate some restrictions on fishing in the immediate vicinity of the turbines.  It will be possible, however, to install the turbines away from areas identified as being of high local recreational fisheries value.  It should be recognised that the presence of the Generation Array may well provide environmental benefits through creation of a potential refuge area (marine reserve) at the harbour entrance. 

6.5.9 Recreation and Tourism

It is likely that marine turbines could add, considerable interest for visitors to the region, especially with a growing interest for sustainable energy solutions and other environmental issues.  

The CREST Project will pose no visual impact given its completely submerged deployment.  Maintenance and installation vessels will be observable but presence of these vessels will be consistent with accepted patterns of use in the harbour.

There will be no implications from connection to the transmission grid on land – use will be made of existing structures or will use approved third party providors and existing easements if new structures are needed.

6.5.10 Heritage

Reference to ARC archaeological databases indicates that the CREST Project will not interact with marine archaeological resources.

CREST recognises the significant importance of the Kaipara Harbour and environs to the Te Uri o Hau Ngati Whatua and the Nga Rima o Kaipara ki te Tonga and the CREST project is being planned with respect and acknowledgement of traditional, spiritual and heritage values. 

6.5.11 Traffic effects 

All materials required for the CREST Project will be conveyed on standard road transport vehicles – heavy transportation beyond the capability of standard transportation limits will be conveyed, when required, by river or sea. 

6.5.12 Economic effects

Marine turbines for the CREST Project will be primarily designed and constructed utilising local industry with experience in steel, concrete and composite materials with fabrication taking place in light/heavy industrial premises in appropriately zoned locations such as New Plymouth, Helensville, Dargaville, Auckland and Whangarei.  There will be direct and indirect economic benefits to those communities where construction is to be undertaken.

Direct economic benefits relate to the employment stemming from the project, and indirect effects arising from downstream economic developments.  It is not easy to predict the number and pattern of jobs to be generated by the CREST Project, but based on estimates of from 1 – 4 full-time job-equivalents (FTEs) being created for each 1MW of installed capacity the 200MW CREST Project has the potential to create 200 to 400 FTEs during construction and installation (over a 3 year period) and around 5-10 full time equivalents during routine operation.  These numbers would equate to an indicative direct economic input of $5 million to $10 million per year over the construction period.  The economic value would be greater when consideration is given to “downstream” economic multipliers.

6.6 Importance of Kaipara Harbour to Tangata Whenua

CREST acknowledge that the Kaipara harbour environs have high spiritual significance to Te Uri o Hau Ngati Whatua and to Ngati Whatua Nga Rima o Kaipara ki te Tonga, in particular CREST recognises the cultural importance of Taporapora (Manukapua) island as a place of landing of ancestral waka. 

Te Uri o Hau Ngati Whatua, in their Deed of Settlement were given special status regarding the waters of the northern half of the Kaipara Harbour.  CREST understands that Te Uri o Hau Ngati Whatua are a hapu of Ngati Whatua whose rohe includes the entire Kaipara.

Ngati Whatua Nga Rima o Kaipara ki te Tonga is a collective forum from the whanau, hapu and five marae communities: Reweti, Haranui, Kakanui, Araparera and Puatahi. 

CREST understands that collectively Ngati Whatua Nga Rima o Kaipara ki te Tonga holds the rangatiratanga (customary authority) and kaitiakitanga (guardianship) over the general area of the southern Kaipara Harbour, with Te Uri o Hau Ngati Whatua having specific responsibility for the northern part.

In a report from the Kaipara Harbour Iwi Working Party, dated April 2002
, the importance of the Kaipara Harbour to iwi was clearly set out:

“Kaipara Te Moana is a source of Mana and pride for Te Iwi Ngati Whatua.  It not only has a cultural and spiritual connection to Ngati Whatua but also a physical and economic connection.  The Kaipara is our food basket, we are but part of the same.  The well-being of the Kaipara is paramount to Ngati Whatua.”

CREST is engaged in ongoing consultation with Te Uri o Hau Ngati Whatua and with Ngati Whatua Nga Rima o Kaipara ki te Tonga in respect of their particular concerns for the Kaipara Harbour.

6.7 Summary

CREST has identified a number of key environmental interactions as being of potential concern.  CREST’s evaluation of the significance of possible environmental effects associated with the Project is summarised as follows:

· Kinetic energy effects will be less than minor based on the relative scale of the CREST Project, compared to the vast scale of tidal flow and energy available within the Kaipara Harbour.

· The CREST Project Generation Array will be located in an area of stable and hard seabed and thus adverse effects in terms of turbulence and erosion are not anticipated.  Consequent adverse effects on the benthos are not anticipated.  

· Some physical effects on the biological environment could be beneficial to existing communities with the formation and development of new seabed habitats, and provision of new ‘artificial reef structures.

· The risk of rotor collision by fish and seabirds is considered to be extremely low, and will be mitigated by the turbine’s helical fluid dynamics.  Location of marine turbines on the seabed and the presence of protective cowlings will serve to mitigate risks further in this regard.  Noise emissions will also act as deterrents to fish and marine animals in the immediate vicinity of the turbines.  

· No significant adverse impacts from vibration are expected in the Kaipara Harbour entrance, and it is proposed that design measures will be employed to ensure noise emissions from the units are managed to avoid adverse effects.

· Installation methods will result in the disturbance of fauna and flora in the area, especially seabed communities.  However, impacts of this nature are likely to be temporary, with short-term recovery.  Once any cabling has been buried or secured, there will be minimal impact thereafter.  

· No hydrocarbons will be associated with the device and therefore contamination is not foreseeable.  Anti-corrosion and anti-fouling agents will not have a significant influence on water quality, since the structures will be constructed primarily from composites. 

· EMF field strengths will not be a factor considering the adoption of DC for generation and transmission of power to shore.

· Appropriate navigational warnings to be deployed will ensure that harbour users are aware of the turbines will necessitate restrictions on anchoring and fishing in their immediate vicinity. 

· The tidal marine power development could attract many visitors to the region especially with the growing interest for sustainable energy and other environmental issues.  

· The CREST Project will pose no visual impact given its completely submerged deployment.  Maintenance and installation vessels will be observable but these vessels will be completely consistent with accepted patterns of use in the harbour.

· There will be no implications from connecting to the transmission grid on land – use will be made of existing structures or will use approved third party providers and existing easements if new structures are needed.

· Reference to ARC archaeological databases indicates that the CREST Project will not interact with marine archaeological resources.

· All materials for the CREST Project will be conveyed on standard road transport vehicles – heavy transportation beyond the capability of standard transportation limits will be conveyed, when required, by river and/or sea

· Marine turbines for the CREST Project will provide direct and indirect economic benefits to the community in which construction will be located. The CREST Project could contribute between 100 and 400 full time equivalents per 100MW of generation capacity, across the anticipated 3 year fabrication and installation period, and around 5-10 full time equivalents during routine operations.  

· CREST acknowledges the spiritual significance of the Kaipara Harbour to Te Uri o Hau Ngati Whatua and Ngati Whatua Nga Rima o Kaipara ki te Tonga, and their respective kaitiaki role.  CREST is committed to ongoing consultation with in respect of their particular concerns for the Kaipara Harbour.

The following sections of this AEE describe these environmental effects in detail.

7. Detailed Environmental Effects Associated with Generating Plant

7.1 Introduction

Generating equipment is described in Section 3.3.1 of this AEE.  The following sections discuss potential environmental effects associated with generation using this equipment.

7.2 Manufacturing

7.2.1 Workforce Issues

Generation Units (marine turbines) to be used for the CREST Project will be primarily constructed with steel, concrete and composite materials with fabrication taking place in light/heavy industrial premises in appropriately zoned locations such as New Plymouth, Helensville, Dargaville, Auckland or Whangarei.  Construction will be undertaken under the auspices of relevant District and Regional Planning requirements, to the pertinent construction facilities, and will not be subject to the need for further resource consents as part of the CREST Project suite of applications.

Due to uncertainties of timing construction and establishing the operational project, it is not easy to predict the number and pattern of jobs.  Generally, the number employed in construction of the Generator Array will be more than those employed in operation and maintenance phases of the project.  Also, the type of jobs will be different.  It is expected that construction work will be periodic and not continual (with specialist companies hiring staff to meet peaks in demand).  Operation and maintenance jobs will be more permanent with less need for unskilled and semi-skilled labour.

There are some empirical data that may assist with predictions of workforce needs based around installed generation capacity.  These estimates are derived from offshore wind farm projects, but are applicable to the CREST Project in broad terms.

The estimates range from 1 – 4 full time equivalent jobs being created for each 1MW of installed capacity 
. 

On this basis, the estimated job creation associated with the CREST Project (based on an assumed 200 MW generation capacity is realistically between 200 and 400 full-time equivalents across the anticipated 5 year fabrication and installation period, and around 5-10 full-time equivalents during routine operation.

Where possible labour will be locally sourced and there will be a specific requirement for trained service and maintenance personnel.

Final decisions have not yet been made in respect of location of fabrication facilities; however most locations cited above have established infrastructure of a scale that would be compatible with construction of the CREST Project without associated environmental effects.

7.3 Transport to Site

7.3.1 Delivery from Fabrication Facilities

Generation units (marine turbines) will need to be transported from fabrication facilities to assembly areas and/or directly to existing wharf facilities where units will be loaded onto barges for movement to the deployment area.

Individual elements to be assembled into marine turbines will measure up to 10 m in diameter and weigh up to 35 to 40 tonnes.  Appropriate standard truck and trailer units will be required for road transportation where necessary.  

Similarly, if necessary a generating transformer will be transported by road to the shore base.  Its dimensions are likely to be 4 m long, 2 m wide and 3 m high and a transport weight of less than 30 tonnes.  There may also be a smaller local services transformer.

7.3.2 Transfer from Shore to Generation Area

During construction there will be movement of a dedicated deployment vessel from a land base to the location of the generator array.  There will be a ‘moving’ area of construction within the generator array location, with installation of the 200 marine turbines phased in over a period of 2-3 years.

The deployment vessel would be operated in accordance with relevant navigational and associated requirements in consultation with NRC and ARC harbourmasters’ and MSA requirements.  

Deployment vessels are not anticipated to adversely affect existing boating traffic, given the small volume of present traffic in the Kaipara Harbour.

7.4 Installation 

7.4.1 Deployment Process

The activity of deployment itself is not considered to have associated adverse effects; however location of the structures in the tidal stream warrants consideration in terms of passive current-related effects as set out below.

7.4.2 Effects of Structures on Seabed

Seabed structures can cause entrapment, scouring and selectively erosion of sediment.  Such effects are dependent on seabed characteristics and sediment type and also the type of structure and the spacing, alignment and the number of structures imposed.  These issues may also have an added localised effect on the benthos, but such effects are likely to occur over a long timeframe and be relatively slow in developing. 

When a structure is placed on the seabed, the flow is disturbed locally around the structure and in sites where the seabed comprises cohesionless surface deposits (silt, mud, sand gravel and weak clays), the accelerated flow has two potential effects:

(i) 
the high-speed flow can scour away the seabed around the base of the structure, including benthic and underlying surface deposits, and;

(ii) 
these deposits can later fall back out of suspension further downstream,

In the Kaipara Harbour in the area of the Generator Array, the seabed has been identified as being predominantly hard sandstone or compact immobile sand.  On this basis it is concluded that the presence of the Generator Array will not cause erosion or scouring.  Sediment deposition is not anticipated given the water velocities in the locality.  All particulates will remain in suspension.

The extent of these physical effects on the biological environment is not considered to be significant.

The structures themselves may also serve as an artificial reef, evidence of which can be found on the offshore structures of the oil and gas industry. It has been well documented that such structures attract motile species, such as fish
. 

Such an artificial reef in conjunctions with certain restrictions in anchoring in the immediate vicinity of the Generator Array, could well act as a de-facto marine reserve, helping to supplementing the presently depleted Kaipara Harbour fisheries resource.

7.5 Operation

7.5.1 Introduction

All marine environments, especially those with high tidal energy have complex tidal and sediment transport dynamics.  Tidal current energy devices have the potential to modify such dynamics by the partial removal of kinetic energy from within the water column.  

This section of the AEE addresses potential operational effects of the CREST Project. 

7.5.2 Effects of Energy Extraction

7.5.2.1 Introduction

Energy extraction by the marine turbines could potentially, affect tidal direction and flow if the rate of energy extraction is significant in relation to the total energy available.

This will not be the case for the CREST Project where the available energy vastly exceeds the amount being harnessed.  However, energy extraction has the potential for minor effects as discussed below.

Suspended sediment particles have different threshold velocities for suspension depending on their size.  When velocity is reduced, entrained particles can be deposited with consequent environmental impacts.  

Deposition characteristics outside the natural variability of an area will cause changes to the water column and, in turn, water quality.  Such deposition may also cause changes to the local seabed, sediment dynamics and ecology of the area.  

For the purposes of this AEE an assessment has been made of the influence of marine turbines on the flow regime in the surrounding water column. 

The possible flow-related effects associated with the turbines arrays can be grouped into three main categories:

Local effects

· Flow acceleration around the support structure

· Scour of seabed surface deposits around the support structure

· Transport and/or deposition of scoured sediments

· Vortices shed from the support structure

· Rotational turbulence induced at the surface from the rotor wake and rotor tip vortices

· Flow acceleration around the rotor plane

Mid-range effects

· Reduced downstream mean velocity, by virtue of energy extraction

· Modified surface and seabed velocities

· Residual turbulence

Global effects

· Extraction of energy from a channel reducing the total downstream energy in the flow

· Energy extraction causing a blockage effect, i.e. reducing the total flowrate through a channel, affecting both the upstream and downstream tidal pattern (heights and times of littoral coverage)

Each of the above flow modification mechanisms is discussed in terms of associated environmental implications as follows.  Attention is focussed on the local and mid-range mechanisms, since it is judged that the global influence of the turbines in a channel of the size and nature of the Kaipara Harbour entrance will be negligible
.

The way in which the installation and operation of marine turbines modify adjacent flows has been assessed theoretically and experimentally in relation to the MCT turbine.  Although these findings relate to the open axial flow turbine, they may be applied in principal to the proposed CREST Project.

The theoretical review summarised below is based on fundamental principles of fluid mechanics, and follows industry standard methods used for evaluating horizontal axis wind turbines.  It provides a useful visualisation of what happens to the flow as it approaches and passes through a turbine, and how down-stream equilibrium conditions are re-established.

Results from flow measurements around the MCT’s prototype turbine, Seaflow, were also used.  This has a single rotor of smaller diameter and power output than proposed for each of the CREST Project RTT turbines, but the measurements support the theoretical evaluation, and enable conclusions to be drawn.

7.5.2.2 Theoretical assessment

Traditionally, flow around and through a rotor such as a wind turbine or a ship’s propeller is traditionally analysed by using basic principles of momentum and energy, an analysis referred to as “Actuator Disc Theory”.  The mathematical analysis can be found in any standard text on fluid mechanics and for clarity only the results are presented here.

Figure 38 below shows a free stream turbine, in a flow with an upstream flow velocity of V0 and static pressure P0.  The turbine represents a resistance to the flow, such that the streamlines diverge around it; the inlet velocity to the turbine therefore is reduced from V0, and the pressure is increased, following Bernoulli’s theorem.
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Figure 38: Actuator Disc Model of Rotor in an infinite fluid stream
In order to extract energy from current flows, there has to be a pressure drop across and immediately down stream of the turbine.  Further downstream, however, the static pressure of the flow must eventually equilibrate to the upstream static pressure, P0; between the rotor and the equilibrium point, therefore, the current diffuses and slows down even further in order to allow pressure recovery.  The streamlines continue to diverge downstream of the turbine up to the point of equilibrium, beyond which they remain straight and parallel.  

The idealised model assumes that the stream tube which envelopes the rotor sustains a pressure difference across it until the equilibrium point is reached.

The amount of power that is extracted from the flow depends on the overall change in velocity of the flow. When the rotor is operating at its maximum efficiency, extracting the maximum energy, the analysis shows that overall velocity drops to one third; this applies only to the flow into the streamtube far upstream, which has an inlet area only two thirds that of the rotor plane (see Figure 1).

Half of the overall velocity drop occurs upstream of the rotor, and half downstream.

The actuator disc model representation of a rotor provides a useful and sufficiently accurate guide to the behaviour of the flow field for it to be adopted as the basis of rotor design.  It has been verified by numerous field tests on wind turbines.

A free-stream rotor such as a wind or tidal turbine, induces a rotational component of velocity in its wake, however in the case of the RTT modules proposed for the CREST Project, the cowling design will minimise surface wake effects, as will the depth of the units in the water column (clearance of at least 5m to the surface).

7.5.2.3 Experimental validation on MCT Seaflow unit

In early November 2004, current measurements were made in the water column surrounding the marine turbine, Seaflow (MCT 2005
) with the following findings:

(i) Upstream of the rotor, the influence of the turbine on the mean axial velocity flow was negligible at ~5 rotor diameters from the turbine.

(ii) Downstream of the rotor, the influence of the turbine on the mean axial velocity became negligible by eight rotor diameters, and is undetectable by fifteen rotor diameters. This suggests that at around ten rotor diameters downstream or so the flow has fully recovered from the disturbance induced by the turbine. 

(iii) The magnitude of the velocity reduction in the region immediately downstream of the turbine was approximately as expected from actuator disc theory.

The velocity did not appear to continue to diffuse further downstream.  

(iv) Laterally, the extent of the turbine’s influence of the water column was limited, being restricted to ~16m maximum, which compared to the rotor diameter of 11m.

(v) By a distance of ~50m or so downstream of the turbine, the influence of the rotor on the vertical velocity distribution was negligible. There was a vertical component of velocity throughout the flow, arising from the normal oceanic turbulence, and although this was influenced by the rotational flow induced by the rotor, it can be seen that this was a short-range effect.

This information is considered adequate for the purposes of assessing the environmental impacts of a tidal turbine.  

Extrapolation of these results to the CREST Project indicates that the generator array may reduce water velocities in the immediate vicinity of the turbines falling away to a smaller effect such that by ten rotor diameters (a nominal 200 m) any velocity effects would be negligible.

Reduction in nearfield water velocities would not be anticipated to reduce ambient water flows across the harbour entrance to 0.3-0.5 m/s, which is the indicative velocity for deposition of sands.

7.5.2.4 Conclusions

Based on theoretical and experimental work to date, the following conclusions can be drawn:

(i)
The influence of the support structures (concrete plinths) on the water column will be very localised, comprising:

· Flow acceleration around the support structure

· Rotational turbulence induced vertically from the rotor wake and blade tip vortices

· Flow interaction between the rotors and the support

None of these effects will be significant beyond a few “structure” diameters laterally away from the turbine, and the magnitude of the induced flow disturbances will be in the same order or smaller than the natural variations encountered from wave action and normal flow stream turbulence.

(ii) 
The rotor will act as a blockage in the flow, and by virtue of its absorbing energy from the flow, a tidal turbine will reduce the velocity of part of the water column. Tests on the Seaflow operating tidal turbine prototype have shown that:

· Approximately five diameters upstream, the influence of the rotor on the water column will be negligible.

· By approximately ten diameters downstream the turbine wake will be fully recovered and the influence of the turbine will become negligible.

· The lateral extent of the turbine’s influence in terms of reduced velocity flow downstream will be limited to approximately 1.5 rotor diameters.

· The turbine wake will have minimal influence at the seabed or the surface, provided reasonable tip clearances are provided.  For the CREST Project it is proposed to adopt a 5m surface clearance.

7.5.3 Sand Movement

Essentially the movement of sand through the generation area is neutral in respect of the viability of the generators.  The sand will pose no adverse impact on the functionality of the generators – they are located in the tidal throat where current velocities are sufficiently high to mitigate sand deposition (sand particulates settle at water velocities only below 0.3 m/s).  Sand transiting through the generators will not pose an operational risk.

Conversely the generators will not cause any effect on the dynamics of suspended – such effects would only arise if the generators caused a significant reduction in water velocity with associate deposition.  This will not occur.
7.5.4 Ecological Effects

7.5.5 Potential Effect on Fish or Marine Mammals

7.5.5.1 Introduction

Concern has been expressed for the possible collision risk for fish.  This risk is considered to be extremely low; however particular concern has been highlighted, for the potential collision risk of turning rotors with marine mammals (sea lions and cetaceans (dolphins and whales) along with large fish that occur at the entrance and inside Kaipara Harbour.

The fluid dynamics of the rotors may aid in the mitigation of such risk, whereby the physical forces involved are expected to push any objects through or over the blades clear of any collision.  However this will not apply for species larger than the rotor diameter and detailed consideration of collision risk and associate mitigation measures is warranted.

7.5.5.2 Characteristics of Flow through Rotors

Marine turbine rotor speeds are very much lower than those of wind turbines. The CREST Project turbines will have a 20-m rotor driven by the passing current at a maximum rotational speed of about 4-5 revolutions per minute.  The fastest moving part of the marine turbine rotor – the tips – will never normally move faster than about 12-15 m/s.  By contrast, ship propellers are commonly driven at more than 1,000 rpm and therefore at much higher tip velocities.  Also, engine-driven ships and boats (and their propellers) move through the water with high velocity, sucking anything nearby towards the propeller, whereas the marine turbine, itself, is stationary.  Yet, ships and boats seemingly cause no major mortality of marine mammals. 

Marine turbines, being driven by the currents, translate energy by, in effect, ‘gliding’ through’ the water. The energy transfer is relatively ‘gentle’ as the much larger and slower marine turbine rotors only extract up to one megawatt from the passing currents.

Significantly, tidal currents flow through marine turbines in a helical pathway (See Figure 39).  Three things happen to water passing through a turbine, as depicted by a ‘stream-tube’.  Firstly, it slows down due to the removal of energy; secondly, because it slows down it spreads to occupy a greater cross-sectional area; and thirdly, the rotating turbine blades deflect the current tangentially into helical pathways, at velocities proportional to the distance from the rotational centre of the turbine ([image: image58.png]Legend
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Figure 39).

Figure 39: Turbine rotor showing stream tube
Each rotor tip sheds a strong but narrow vortex which results in minor cavitation; i.e. emission of a narrow stream of bubbles of air drawn out of solution from the water by the localised low pressure.  These bubbles follow the helical path of the current in the stream tube (Figure 39 stream of dark dots).  This cavitation will cause a minor amount of acoustic noise.

The rotor blades themselves are set at a small angle of attack to the current, analogous to the propeller of an aircraft.  Therefore the rotor blade at any point, given the helical pathway of the water, is aligned with, rather than being ‘broadside’ to the current.  

The current’s helical pathway relative to its original direction, and to the turbine blade’s angle of rotation and tangential pitch, are illustrated diagrammatically in Figure 40.

In this case, the angle of blade rotation (Y) occurs at right angles to the direction of the current (X) and the set of the turbine (X). Pragmatically, the oncoming currents change into a helical pattern with the approach of the rotating blade.  The helical streams pass on either side of the blade at a small angle with little or no disturbance from the streamlined blade.
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Figure 40: Stream lines curving from axial direction upstream of rotor.
Technically, the flow vector “A” as “seen” by the blade, typically is about four times the magnitude of the free stream current.  Hence, when “X” is 3.5m/s, “A” will be about 12.7m/s.  The difference in the two velocities reflects the relative speed of an object drifting passively in the approaching current and then being swept along with the increasing velocity of the helical flow.

Thus, a marine animal approaching the turbine by swimming downstream will tend to follow the helical streamlines; i.e. it will not swim directly through the plane of rotation, but rather will be swept tangentially with the helical movement of the currents.  Subsequently, after passing the turbine, the animal would be swept along with the current as the helical flows gradually regain the natural flow.

The chances of a marine animal colliding with a rotor blade can be estimated, assuming of course that the animal has not previously taken avoiding action. This can be determined by calculating the proportion of the water column within the swept blade area that is occupied by the rotating blade, as opposed to the unobstructed space available for safe passage.

The helically-flowing, stream tube when “unrolled” into a flat plane, along points where both rotor blades cut the stream tube (Figure 41).  The upper diagram depicts a point near the rotor tip and the lower one compares what happens at 50% radius (halfway from the rotor axis to the rotor blade tips).

The rotor tips (at 100% radius) travel at twice the tangential velocity than that occurring halfway down the rotor blades (50% radius).  The angle of attack of the rotor blades near the tip is closer to the plane of rotation and the helical motion is matched by a shallower attack angle.  In reality, the pitch of the rotor tip is set at a small angle of attack (circa 5 to 10 degrees) optimal for the most efficient operation of the turbine. 

Also with a 20m diameter rotor the tips of a two-bladed rotor are half a circumference apart, namely 31.4 m.  A marine animal following an outer helical flow will pass close to the tip of one rotor blade and after a further 31.4 m, it will pass close to the other one; the time interval will be around two seconds as the relative velocity is slightly over 16m/s.

For a marine animal traversing at the 50% radius, stream tube, its approach would be steeper and so would be the blade’s angle of attack.  Furthermore, the “spacing” between the blades would be half the circumference at that radius (15.7m) and the approach velocity “A” will be about 8m/s.

The width of free passage is compared with the rotor blade thickness (Figure 41).  In both cases, the unobstructed flow path is over 8m wide (measured perpendicularly to the flow). The rotor blades are tapered towards the tip (100% radius) and 0.3m at the 50% position. Hence approximately (0.2/6.9) or 2.9% of the stream tube would be obstructed with “solid” material near the tip and 4.8% at the 50% radius position.

The size of the animal will clearly be a factor in any risk of collision.  Clearly anything with a cross-sectional area of 6.5m or more in section seeking to pass between the blades will impact a rotor blade, but only very large cetaceans would approach this size.  If a seal or dolphin (50cm in girth) were to pass through the rotor, the clear passage would be reduced by 0.5m and the “solid” percentage would effectively be ((0.2+0.5)/6.9) or 10% near the tip or ((0.3+0.5)/6.3) or 13% at the 50% radius position.
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Figure 41:  Flow geometry
Therefore the chances of a passive 50cm girth sea-creature not making contact with a rotor blade travelling at maximum speed are 90 to 87% on the basis of clear unobstructed water available.  Some form of contact might occur in 1 in 8 transits assuming the animal made no attempt to avoid a collision.  A smaller animal or fish would be even less likely to make contact.

These probabilities apply to a two-bladed rotor.  A three or multi- bladed rotor would change the probabilities, but the basic principles will remain.

The situation is less hazardous than this analysis suggests, because the streamlined shape of the rotor blades and the streamlined shape of marine animals, even in the unlikely event of a collision, would most likely experience only an inconsequential glancing.

It is also worth noting that the rotor blades will be manufactured from composite materials with completely smooth finishes, much the same as most modern yacht hulls.

7.5.5.3 Behavioural factors relevant to collision avoidance

The risk of marine animals colliding with the turbine blades has been considered solely from the perspective of the animals swimming carried passively with maximum current flows.  However marine wildlife has evolved to avoid collisions with natural features such as rocks, obstructions or moving vessels, and the species that favour swimming in strong currents tend to be fast and agile.  It seems likely, therefore, marine animals would significantly reduce the risk of collision by maximising their efforts to avoid the rotating blades.

Although the rotor blades swing maximally at tip speeds of 16m/s, the speed and agility of most marine creatures would greatly minimise the possibility of a collision.  The highly agile, Maui dolphin, as stated previously, is able to swim at bursts of 18 km/hr.

Many small vessels move very fast and unpredictably through the water and reports of collisions with seals or other marine creatures are rare.  Indeed it is common to see dolphins precede and follow large vessels at speed and in close proximity to high-speed propellers without collision 

Sound and visibility provide important cues to marine creatures in avoiding hazards.  

The turbine can be expected to emit a low level of noise,, due to tip vortex cavitation and to generator hum.  Consequently, the device will be sufficiently audible to be detected by marine animals. If the turbine’s sound emissions do not provide adequate warning, it will be practical to either modify the type of sounds it makes or even to add artificially produced sounds as a deterrent.

If these assumptions prove to be faulty, there should be scope for providing artificial audible or other means for warning any approaching seals or other creatures of the impending hazard. 

7.5.5.4 Dolphin physiological considerations

Dolphins (Delphinidae) generally feed on small fish, squid and crustaceans, searching for their prey primarily by using their highly developed vision and/or echolocation.  Dolphins, and cetaceans generally, have large eyes, large cornea and large pupils.  On broaching the surface, their pupillary opening is constricted rapidly to restrict access of excess light.  Underwater, their eyes provide excellent definition, while they have the ability to amplify light sensitivity more than 10-fold when they dive to depths. These visual characteristics provide dolphins with equally sharp vision above and below water and will help to mitigate the risk of inadvertent collision with underwater turbine structures.

It might be feasible to enhance the visual prominence of the turbines to marine species.   Dolphins lack dichromatic colour vision typical of most terrestrial mammals.  However, dolphins have visual acuity in the near ultraviolet (390-487 nm) spectrum. This physiological feature, if validated, has potential implications for mitigating risk of collision. It could be advantageous, for instance, to coat marine turbines with paint reflecting light in the near ultraviolet range, to enhance dolphin perception.    

On approaching prey or other objects dolphins emit intermittent broadband sounds (clicks) that, on being reflected, are transmitted back through their jawbone to their inner ear and then onto the central nervous system for processing. In this manner, dolphins are able to create echoic images as they approach their prey
.  Given this physiological characteristic, appropriate reflective devices could also be mounted on the turbine ducts to enhance detection of these structures underwater.  Additionally, pinger devices emitting regular harmonic signals have been studied and could be mounted on the turbines to ward dolphins away from the units.  One such device, a ‘White’ pinger, appears to be partially successful when placed on gillnets, whereas two other models have had no measurable effect.

7.5.5.5 Dolphin behavioural considerations

Dolphins generally exhibit extraordinary perceptive skills, beyond those available to humans.  The bottlenose dolphin (Tursiops truncatus) is able to perceive and discriminate very complex shapes when these are presented under situations of “learn and reward” conditioning.  Their ability to discriminate complex shapes within just a few seconds is remarkable.  Furthermore, bottlenose dolphins are able to discern visual and echoic images equally well and, they also augment perception by blending their visual and echoic images together, apparently at will.  Their ability to merge two dynamic images is clearly greatly beneficial for survival in their three-dimensional marine world.  

The dolphin’s communication skills now are known to serve even higher functions.  Recently, after removing general voice features, it was discovered dolphins still emitted individually distinctive ‘referential’ voice signatures.  Thus, dolphins identify other individuals in the pod by transmitting identity information through the use of individual names. This is the only species, other than humans, known have developed this ability.  

Dolphins are very able and intelligent marine mammals, having excellent visual acuity and remarkable echolocation abilities.  Further, all individuals communicate freely with other members of their pod, even to the point of identifying each other by name.  Their remarkable physical and social abilities bestow the species with considerable adaptability.  It is CREST’s conclusion that the risk of turbine or duct collision by dolphins is minimal.

In short, the turbine’s rotors are considered unlikely to pose a serious threat to passing marine mammals or fish, and if they do the animals will be readily able to take evasive action.  

7.5.5.6 Conclusions

The risks for any marine creature passing through the rotors of the tidal turbines are mitigated through the following factors:

a) 
The flow follows a helical path through the turbine such that any passive, neutrally buoyant object will follow a path aligned with the rotor blades rather than across them. 

b) 
Unobstructed passage between the blades will exceed 6m between the 50% and 100% radii, whereas the solid “target” of an oncoming rotor blade is in the order of 0.2 to 0.3m.

c) 
Larger animals will be at more risk of impact, while a seal or dolphin of 50cm girth will have a 1 in 8 chance of touching a rotor blade even if it took no avoiding action and drifted through the rotor.

d) 
Any impacts would tend to be a glancing blow, since only near “nose to nose” contact between the animal and the leading edge of a rotor blade would cause a serious impact. Glancing impacts near the rotor tips would occur at a maximum velocity of 15m/s and probably would be unlikely to cause serious injury.

e) 
Chances of impact would be further reduced by the animal’s own actions to evade the turbines.  If necessary this could be helped by artificially producing appropriate warnings from the turbine - acoustic alarms and/or providing appropriate colourations.

f) When considered in the context of more common underwater hazards, the risk of damage to marine wild-life from the relatively slow moving (less than 16 rpm) and stationary and swinging rotors of a tidal turbine are small compared with those from ship propellers (in excess of 1,000 rpm) on vessels moving at much faster speeds than marine animals.

g) C. hectori maui as a species is under threat of extinction with multiple causes.  However, dolphins are very able and intelligent marine mammals, having excellent visual acuity and remarkable echolocation abilities.  These abilities bestow the species with considerable adaptability and minimise the risk of turbine or duct collision.

h) Dolphins will be capable of sensing the presence of the marine turbine structures very easily and it is considered highly unlikely they would actively swim into a duct structure located in 30 m depth of water, considering their need to return to the surface to breath.

i) Crest Energy will serve a major role in monitoring dolphin movement and behaviour as they passage through the Kaipara Harbour mouth, by mounting hydrophones and other detection systems on the turbines.  Due to C. hectori maui’s very infrequent visits, such observations may be limited primarily to other dolphin species populating the Kaipara Harbour.  Nevertheless, the proposed behavioural observations would greatly benefit our general understanding of dolphin behaviour.  

7.5.6 Interruption of migration routes

Eels undertake large scale migrations to/from spawning areas in mid-ocean
 and eels undoubtedly will travel out from the Kaipara Harbour potentially through the area of the Generator Array.  In addition, lobster migration down the northwest coast of the North Island is a recognised phenomenon
.  

It is not anticipated that the Generator Array would present any form of interference to such migration pathways.  The turbine units are located at depths greater than 10m below the surface in rapidly moving water, and even if migrating eels were moving at the same depth as the turbines the collision risk would be minimal for the fluid mechanics reasons set out above.  The Generating Arrays are passive and turbines are slowly rotating in relation to the water column movement.  They are quite dissimilar to hydro-electric dams in terms of potential turbine effects.

Migration of lobsters along the coast is unlikely to be affected by the presence of the Generator Arrays.  The turbines will be located in the high currents in the middle of the harbour channel, leaving ample space (1-2 km) along the shallower waters (<25 meters) near the shorelines on either side.  In addition the high current velocities prevailing during times of generation would help keep the lobsters away from the turbines.

7.6 Noise and Vibration Effects

7.6.1 Introduction 

There are two main sources of noise and vibration within the context of marine turbines.  Firstly, during the initial installation phase, noise will be created by the work boats installing the turbines and cables, by ancillary equipment - vessel engines propellers, thrusters and other equipment.  This will include both continuous [machinery] and impulse [hammering]; and, if necessary, piling to secure the turbines and/or cables to the sea floor.  Secondly, during the operational phase, there are likely to be noise emissions from the turbines. 

In terms of impact there are two main sources of consequence. The vibration of the seabed, and secondly, the influence noise may have on the ecological environment in terms of its biological components. 

Excessive vibration may cause direct effects to the seabed, including liquefaction, increasing turbidity and disturbing benthic communities.  However, this will be dependent on the type of seabed and sediment characteristics and given the apparent rocky nature of the channel floor in the proposed site of the Generator, no such significant adverse impacts are expected. 

Increased ambient noise has other less direct effects, such as added stress and discomfort involving the ecological environment and it is the operational characteristics that are of the greatest concern due to the potential constant disturbance. 

The principal fauna affected are likely to be the marine mammals, such as pinnipeds and cetaceans. 

Marine mammals create sounds to communicate on the presence of danger, food, other animals, positioning, identity, territorial and reproductive status.  Cetaceans are known to use echolocation as a means by which to detect and characterise underwater objects. It is these sounds and the potential detrimental effect of possible tidal turbine sound on these activities that raise concern. 

7.6.2 Operational Noise Characteristics

Marine Current Turbines Ltd. (MCT) has operated a tidal current turbine, SeaFlow, off the coast of north Devon, at Lynmouth UK for the past three years.  MCT has published information
 on the noise levels emitted during operation.  These data are used in this AEE as a basis for indicative generation noise for the CREST Project’s RRT turbines.  It should be noted, however, that SeaFlow is equipped with a gearbox, and therefore would emit more noise than  the hydraulically-equipped, RTT turbines.   

The MCT study assessed potential impacts on a number of fish species and on harbour porpoises and the common seal.

The study noted that marine mammals have more sensitive hearing than fish and that in particular their audible range extends to much higher frequencies. 

The species-dependent analyses of the Lynmouth background noise indicates the common seal experiences background noise at a level of 44 dB, and the harbour porpoise at a level of 58 dB. 

In human terms, a level of 0 dB would represent hearing threshold, 25 dB over threshold  would be typical of a quiet rural location at night.  Busy offices yield levels of about 50 dB over threshold and 70 dB would be typical for an engineering workshop. The underwater noise environment in tidal flow regions therefore already is at a relatively high level for marine mammals.

Given the tidal flow characteristics of the Kaipara Harbour it is anticipated that the channel would be subject to a similar sound profile.

Figure 42 indicates the dB levels of the Lynmouth tidal turbine noise as a function of range, for the selected marine species.  A “best-fit” of Source Level and attenuation constant (N) has been indicated for each set of results.

Those data show that all species experience different Source Levels and Transmission Loss characteristics. These vary between species due to their ability to perceive different acoustic frequencies.  In general, the attenuation of the sound for the fish species is much more rapid than for the marine mammals.  This results from the fact that fish are relatively low-frequency hearers (mainly below 500 Hz); the attenuation of low-frequency sound is higher than for the hearing frequencies (typically 1-10 kHz) of marine mammals.
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Figure 42: Operational tidal turbine noise
The propagation of low frequency sound is inefficient in shallow water, since it typically travels in combined modes involving the simultaneous motion of the water and the seabed, in which losses can readily occur.

By comparison, while the Source Levels of the sound for the two marine mammals are similar, the transmission losses are relatively low, and consequently the perceived noise levels remain relatively high, even at the greatest range measured.

Experimental results indicate that a significant avoidance reaction in a given species will occur when the level exceeds 90 dB for that species. Inspection of Figure 42 indicates that the dB level for the Harbour Porpoise is likely to approach and exceed this level at a range of approximately 3 m. At a level of 75 dB for a species a mild avoidance reaction is likely to occur and a proportion of individuals of that species are likely to avoid or move away from that area. For the two marine mammal species used in this analysis the turbine’s noise is likely to produce a mild avoidance response at ranges to 280 m for the harbour porpoise and 5 m for the common seal. The herring will also reach this level at a range of approximately 2 m from the turbine.

Below a level of 75 dB it is unlikely that sound will cause avoidance in a species, unless the sound is aversive by its nature. The turbine noise is therefore thought unlikely to have an impact on the remainder of the fish species investigated in this analysis.

Due to the turbulent mixing that occurs in the fast flowing Kaipara Harbour entrance region, there are unlikely to be obvious thermoclines that might lead to surface transmission channels.  Sound propagation is assumed to be near spherical.

For the purposes of the present discussion, it is assumed background noise levels in the Kaipara Harbour are similar to that recorded for Lynmouth.

The background levels of noise emissions would occur at slack tide, when the turbines would not be generating power, and therefore would not be incurring adverse effects.  

As the water flow rate increases on the flood/ebb tide there will be a general increase in background level that will reach a maximum at peak tidal flow rate (2-3 hours after slack water). 

Primary (immediate/fatal effects) and secondary effects (injury to marine organisms) of underwater sound exposure are related to the overall RMS Sound Pressure Level, impulse and acoustic peak pressures.  It is expected the Source Level noise during operation of a 1-MW turbine will be below the levels at which both primary and secondary effects of the underwater sound are likely to occur. 

The noise generated during 1 MW tidal current turbine operations is therefore unlikely to cause fatality or injury to marine species.

Consideration has been given to tertiary effects (relating to behavioural response) that might arise in the CREST Project.  For the fish species with insensitive hearing, the turbine noise will be audible above the background sea noise and may serve to warn off these fish species from the immediate area of the turbine, but is unlikely to cause an avoidance response at any great range.

For those fish species having more sensitive hearing the Source Level noise is likely to cause a mild aversion response over a range of a few metres.

The common seal and harbour porpoise have more sensitive hearing and are likely to perceive the tidal current turbine noise at a higher level. The dB levels for the marine mammal species exceed the 75 dB and 90 dB levels at which mild and significant aversion, respectively, are likely to occur. 

The perceived species sound level for the common seal just exceeds the strong avoidance reaction (90 dB) level at the 1 metre source distance.  Turbine noise is likely to have a mild avoidance response in the common seal to a range of 15 m.

The harbour porpoise has more sensitive hearing to high frequency noise and consequently the underwater noise from the tidal turbine is likely to have a behavioural impact over greater range. The data presented in Figure 42 indicates that the turbine noise will cause a strong avoidance response at ranges to approximately 9 metres, with a mild aversion reaction occurring at ranges up to 108 m. 
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: Predicted perceived species sound levels from a 1-MW marine turbine.

Marine mammal species hear sound well at high frequencies. Optimum hearing for the harbour porpoise occurs over the frequency range from 4 kHz to 50 kHz, where threshold Sound Pressure Level varies from 45 to 58 dB 1 mPa.  Figure 43 presents the predicted Source Level noise for a 1 MW tidal turbine. The prominent peak in the tidal turbine noise spectrum at 5000 Hz dominates the perceived species sound level for the marine mammal species. It is also worth commenting that noises with a high tonal content are generally more disturbing to an individual than those that are broadband in nature. If the 5000-Hz noise peak is reduced in amplitude by better engineering design, then it is likely that the region of environmental noise impact from the turbine operation can be substantially reduced.  The RTT turbine, as stated previously, lacks a gearbox, the source of most noise emanating from MCT’s SeaFlow turbine.

7.6.3 Comparison of 1-MW Marine Turbine and Noise Generated by Other Maritime Activities.

The expected operational noise emanating from a 1 MW tidal turbine compares favourably with a conventional harbour ferry.  The ‘operating’ noise from a the Portaferry-Strangford ferry
 was determined from the sound and range measurements undertaken in the Strangford Lough Narrows
 and compared with the noise spectrum predicted to be emitted by MCT’s SeaFlow (Figure 44).

Comparisons of the noise spectra show that the ferry is nosier at low frequencies, while the turbine at frequencies above 200 Hz.  The overall Source Sound Pressure Level for the ferry was measured at 164 dB 1 mPa at 1 m, and for the 1-MW turbine has been estimated at 175 dB 1 mPa at 1 m. Although at a lower level, the underwater noise [image: image63.png]W\ \
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from a ferry transit could be considered similar to that from a 1-MW marine turbine operation.

Figure 44: Underwater noise for 1-MW marine turbine compared with ferry noise.

In the Kaipara Harbour, sand mining operations by Mt Rex/Winstones are reported to create a significant source of noise.  However, Grace 2005 notes that this noise does not cause problems for fish or marine mammals.

7.6.4 Particular Noise Issues Associated With Marine Mammals

Cetaceans rely heavily on sound for many functions necessary for survival.  Some species of Cetacean also rely on echolocation by sound waves for navigation and for social interaction and this could also be potentially disrupted by additional underwater noise. 

Some species are more sensitive than others to different noise levels and have different adaptations to cope with extensive ambient sound.  Where there is high ambient noise, cetaceans have the capacity to adjust their acoustic behaviour and abilities.  For example, some cetaceans have the ability to change the frequency of their calls when necessary. 

Many documented reactions to ships and boats are presumed to be reactions to the noise they emit, rather than the physical presence of the objects themselves.

Odontocetes (toothed whales) such as porpoises are most sensitive to sounds above about 10 kHz.  In contrast, their sensitivity to high frequency hearing is good; ranging, in most species, from 65 kHz to well above 100 kHz.  Notably, these species use high frequency sound pulses for echolocation and moderately high frequency calls for communication. Table 12 sets out background information on hearing thresholds in various marine mammals
.

No odontocete has been shown to have acute hearing below 500Hz.  Most pinnipeds species are sensitive in the frequency range from 1,000 to 20,000Hz.  Hearing in baleen whales is not well studied - they are known to be sensitive to frequencies below 1000Hz, but they can hear sounds considerably higher but to unknown frequencies. Upper functional range is predicted to extend to 20,000 to 30,000Hz.

Table 12: Hearing thresholds for some marine mammals.
	Species
	Frequency Range (Hz)

	Odontocetes
	40 to 200,000

	Harbour porpoise
	1,000 to 150,000

	Bottlenose dolphin
	40 to 150,000

	Pinnipeds
	30 to 180,000

	Harbour (common seals) 
	1,000 to 180,000

	Baleen Whales
	15 to 30,000


This information is supported by data provided in the MCT Turbine noise study
 which provide the typical species audiograms shown in Figure 45.
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Figure 45: Typical audiograms
A tidal turbine of the design installed at Lynmouth produces most noise through the frequency range from 11 Hz to 100 Hz, with prominent noise peaks in the frequency spectrum indicative of mechanical systems - at frequencies of 12 Hz, 350 Hz, 1500 Hz and 5000 Hz.

These frequencies are generally in the lower range of sound able to be detected by most marine mammals. 

It is recognised that noises from tidal turbines will be able to be detected by marine mammals, and where possible these noises should be designed for and managed to avoid adverse effects.

7.6.5 Construction Generated Noise

The loudest noise and vibration from the CREST Project will occur during construction of the arrays for placement of turbines and cable laying. Additionally, boat noise is likely to be higher or more frequent in the construction phase. 

Cable laying and dredging are estimated to have a much lower sound emission threshold, but with short periods of continuous noise, also detectable for some distance
.  The noise impacts from the first four offshore windfarms in Denmark were found to result in short term avoidance by marine life, with no long-term effect directly linked to the construction phase
 where these structures also comprised significant level sources incurred with additional drilling and hammering operations associated with piling, that are not required for the Crest project. 

Consequently, the significance of construction generated noise impact, because it is temporary, is considered minor.

Seals could potentially experience discomfort during short- term installation and cabling works if such works occurred in close proximity to breeding areas.  However, the proposed location of the CREST facilities in the mid harbour entrance is well separated from areas used by seals (which are predominantly to the south of the harbour down the west coast).  This separation will ensure that such adverse effects are not likely to occur.

7.6.6 Conclusions in respect of noise

In summary, the following conclusions can be drawn with respect to noise generation from the CREST Project:

1.
By design, tidal turbines operate in shallower coastal waters where there is considerable current flow.  These natural conditions generate relatively high levels of ambient background noise.

2. 
The predicted Source Level noise during operation of a 1-MW tidal marine turbine is below the levels at which primary and secondary effects (fatality and injury) of underwater sound are likely to occur.  Noise generated by a 1 MW marine operation is therefore unlikely to cause fatality or injury to marine species.

3. 
The operational turbine noise is unlikely to have an impact on common fish species. The noise may be audible to some species, and the most sensitive may exhibit a mild aversion over a range of a few metres.

4. 
Marine mammals have considerably better hearing than fish and consequently the marine turbine noise will be perceived at higher levels and will be heard over greater ranges. At short range the underwater noise produced by the marine turbine is likely to cause an avoidance reaction by marine mammals. The ranges over which this is likely to occur are set out below
.  Avoidance distance will be similar for the CREST Project RTT units.

	
	Mild Aversion Range

(Based on 75 dB level)
	Strong Aversion Range

(Based on 90 dB level)

	
	
	

	Lynmouth (350 kW turbine)
	
	

	Harbour Porpoise
	280 m
	3 m

	Common Seal
	5 m
	

	
	
	

	Strangford (1 MW turbine).
	
	

	Harbour Porpoise
	108 m
	9 m

	Common Seal
	15 m
	1 m


5. 
The underwater noise from an operating ferry transit and a sand barge, could be similar to that likely to arise from a 1-MW tidal turbine.

7.7 Public access - Navigation

The CREST Project Generation Array will be located in water deeper than 30 metres, with a surface clearance of at least 5 metres at all times.  As reported by long-term residents, draughts of vessels using the Kaipara Harbour do not exceed this depth and therefore the array will not pose a risk to vessels currently using the Kaipara Harbour.  Appropriate navigational warnings
 will be deployed to ensure that harbour users are aware of the presence of the Generation Array.

The presence of the Generation Array will necessitate restrictions on anchoring in the immediate vicinity.  The generator strings will be widely spaced for hydro-dynamic reasons, with down-current spacing of 100-150 metres.  It will be necessary to arrange for navigational controls to cover anchorage and fishing in the vicinity of the Generator Array. 

Each cluster of up to 10 units could occupy 0.6 hectares, with an allowance of 200% extra for an anchoring exclusion – thus restricting public access from around 1.8 hectare per cluster.  Therefore, up to 20 clusters would involve restriction from 36 hectares of coastal marine area.

It should be noted that the proposed location of the CREST turbines is in the western approaches for the main tidal channel of the Kaipara Harbour.  This is an inhospitable area for public recreational activities in general and it could be argued that the CREST Project will not entail exclusion of public access from an area currently used widely. 

The Environmental Statement prepared for the Strangford Lough Marine Current Turbine (having a structure that protrudes above sea level) states at Section 9 that:

“An ATBA (Area To Be Avoided) of radius 50m could be imposed for vessels greater than 300GT.

… navigation past the … installation, with a navigation light placed on the top of the tower providing night time warning, would not pose any difficulty to the vessels and craft types currently using the waterway or those identified during consultation as potential future trade.

An ATBA for larger vessels could be imposed, however it is not expected that any other restrictions would need to be placed on vessels within the area…” 

Accordingly, assuming this concept applies equally to RTT units, CREST is proposing no restriction be imposed by the presence of the CREST Project, other than for an area of no anchoring in the immediate vicinity of the structures for absolute safety reasons.
8. Detailed Environmental Effects Associated with Electricity Transmission

8.1 Introduction

The previous sections of the AEE have addressed the environmental effects of the Generation Array.  The following sections focus on potential environmental effects arising from the transmission of electricity from the Generation Array to the landward connection with the electricity grid.

8.2 Interconnection among units

The turbine arrays are to be interconnected by seabed cables made of the same materials as the shoreline transmission cabling.  The primary environmental effect associated with the generator interconnection cabling relates to the need to restrict anchoring in the vicinity of each turbine array.

No adverse effects on marine life arising from EMF emissions are anticipated, as a consequence of DC mode generation and cable shielding and burial.

8.3 Transmission to shore 

8.3.1 Cable Installation

The transmission cable will be buried below the seabed, extending from the area of the Generation Array to the Hoteo River landfall (Figure 46).  No adverse effects are envisaged in respect of fish and ecology.  The cable will be buried under the seabed along the deeper channels to circumvent adverse interactions with the nearby, shallow water, zostera beds, which have a recognised ecological significance.

Sediment suspension and subsequent redistribution from cable laying near to the Generation Array is not expected to be appreciable given the lack of mud in the outer and mid-harbour areas.  Nearer to the Hoteo River there will be some resuspension of mud from the proposed cable burying operation, but this will be temporary and the effects will quickly be attenuated by natural turbidity in the inner harbour.

It is anticipated that the behaviour of suspended sediment would be similar to that observed in the Tauranga Harbour when a buried cable was installed to Matakana Island.  Studies undertaken in relation to that project indicated that that 90% of resuspended sediments from cable laying settled out within 1km of the construction corridor and that the quantity of suspended material was not significant in comparison with baseline conditions
.

With respect to the potential for smothering by the resettlement of redistributed sediment, it should be noted that many species of benthic fauna, including sessile epifauna are to some extent tolerant to such events.  This is self-evident given that they are, after all living in dynamic environments which are subject to periodic disturbance that include natural redistribution of sediment.  At the level of the faunal community, the tolerance is greater as community integrity will persist even where such local disturbance result in some species mortality. 

8.3.2 Flow Interactions for Marine Cable on the Seabed 

The impacts of scour arising from placement of the cable will be localised and as such the associated consequences are considered to be low.  

8.3.3 Electric Field Disturbance To Marine Life From Cables

Cables transmitting power between the turbines and out to the eastern catchment could disturb marine animals that are sensitive to electric and magnetic fields.  It has been suggested elsewhere that there may be a risk marine mammals and migratory fish species could be subject to disturbance of small and large scale disorientation
.

However, the greatest focus of study on electric field related impacts has been concentrated on the elasmobranchs (sharks skates and rays), fish that are particularly electro-sensitive
. 

The potential impacts of electric power cables, including electric fields, have been discussed by the OSPAR Biodiversity Committee
. The following salient points were made, on the basis that the cables were buried to a sediment depth of at least 1m:

· Medium- and high-voltage power cables transmitting direct current (AC) develop only minor EMF fields and therefore have no negative effect on the marine environment;

· High voltage, bipolar DC cables exhibit minimal EMF strength typically less than background readings.

The CREST Project involves the use of bipolar DC transmission cables and therefore will entail the lowest possible EMF field strengths.  Moreover, the twin cables will be buried and therefore the residual EMF fields will be mitigated even further.

8.3.4 Effects On Recreational And Other Activities In The Harbour

Recreational use in the mid harbour area is limited and it is concluded that the CREST Project will have only a minor effect on such activities.  For instance, the Generator Array is to be located far offshore in the deep water of the harbour entrance channel, as will be the buried sub-sea transmission cable.

The CREST Project would inevitably be a point of interest in tourist trips on the harbour (albeit an invisible one given the submerged nature of the project) and therefore the area would most likely become a tourist attraction.
[image: image65.jpg]


Figure 46: Indicative Alignment of Transmission cables east of Tapora Island  
The CREST Project will not adversely interact with existing or proposed marine farming operations in the harbour as a consequence of locating the Generation Arrays in deep fast moving currents, and the placement of the transmission cable buried in the bed of deep channels leading to the Hoteo River.
8.4 Shoreline crossing

The shoreline crossing of the transmission cable will occur at or near the point shown in Figure 47 and in Plate 11.  Landfall will take place within an excavated trench.  

At the point of crossing, the shoreline is steep with only a minimal extent of intertidal shore to be crossed.  The fringing mangrove community in this area is highly modified and of low ecological value.  No adverse effects on the environment are anticipated as a consequence of the cable landfall.
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29 Mareh: total wreek, Captain Joseph Stolly.
Grassmere Barque stranded 11 May: partial loss. Captain M.H. French.

Torea Stranded inside harbour 1 July; minor damage. Captain John Grund,
Caberfeidh  Stranded on Tory Shoal, 24 August; no damage. Captain F. Ohlson.
Mary Milidred Barque stranded corming down Tauhoa River, where she struck a

rock, 19 January; total loss. Captain James Horne.
Minnie Casey Steamship: collision with Syren inside harbour, 24 March: partial
damage. Captain T Pennal.

Syren Collided with Minic Cassie, as noted above. Captain C.A. Bremner

Annabel  Brig stranded in Tory Channel shoal, 2 January; quickly broke up;
all crew saved: ship a total loss, Capiain N. MeDonald.

Camitte  Stranded, Inner Shoal, 17 January: partial damage. Cap. C. Helgeson.

Wave Brig stranded, inner banks, 17 Jamuary: total loss. Capt.J. Christian.

Mary Ann Aunison Barque, outward bound with cargo of timber from Tauhoa, 20
February; went ashore on the North Spit. Efforts made to refloat but
ship a total loss;crew survived. Captain 1W, Carpenter

Mathiew  Barque ounvard bound for Austalia; wrecked 26 March on the North

Beach, on

mile from lighthouse; crew saved. Captain Magnus
€ Magnussen.

Western Star Brig stranded with minor damage one mile inside the outer South
Head, 24 August. Captain LE. Hansen

Minnie Casey Steamship: collision at Te Rewa Point, 9 December: little dams
Captain T. Rawson.

Jungiha  Stcamship; collision at Te Rawa Point with above ship; partial loss.
Captain . Seymour

Defiance  Brigstranded on Tory Shoal, 20 May; minor damage. Capt. | McKay.

Recamia  Ketch capsized and floundered at harbour entrance; all five hands
drowned, 24 August. Captain E.O. Holst

Sophia R. Lukrs Barque ensered harbour and draged anchors (0 go ashore on
North Spit i storm, 5 Junes toal wreek. Capt. George Alfred Marks

Caberfeidh  Barque stranded in entran

Sarah Pile Sehoaner stranded 27 July; no damage. Captain R. Watt

Splendid Tarque stranded on reef off Port Albert, 7 February; refloated to load
timber: found to be badly built leaking; vessel ran
unlond but was so otten the timber caved in. Captain Harold Dillner.

.22 May; partial damage. Capt. C. Throw,

und to

Wild Wave  Brig stranded North Spit, § May: partial damage. Towed to- Helens-
wille where it was condemned because of damage. Captain A. Bl
Rebecea Barque stranded on Mary Catherine Bank 17 December: partial
¢. Captain B, Melsaac.
rthern Star Wreckage of barque found on South Head 16 March indicated ship
had capsized in a south-casterly gale afler leaving the Hokiangas all

erew lost

Kina Propeller disabled in Otamatea Channel, 13 October: Capt. T. Ross.

Emma Cutter ashore at Kaipara, 30 May: cargo of sheep saved; ship a total
wreck.

Grassmere  Collision with Aratapus off Tawhera Point.

Aratapu Collision with Grassmere as noted abov.

Osprey  Steamship. Beached to avoid foundering at South Head, 16 Decs
ber. Captain T. Rawson

Erhe Steamships foundered Mangawhare Wharf, 26 March. Capt. . Pearce

Kina Fire on board steamship while at aibway whar, Dargaville, 24 May

Captain 1. Stanaway




Plate 11: Intertidal foreshore at point of cable landing
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Known Shipwrecks of the Kaipara:

Tory
Auora
Sophia Pate
Litkeemene
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Lotus
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Darcy
Bometa
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Hercoles
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Telegraph
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830 10 1933

New Zealand Company barquentine grounded on shoals.
27 Aprl: N.Z. Company ship bound for Wellington with ki Jogs.
B

Heads,bringing in setlrs for the Wairoa

gantine; Captain George Harrison, lost with 21 lies st Kaipara

French corvette wreeked an Baylies Beach, loss of 12 lives.

Bange wrecked at the Kaipara Heads with loss of seven lives. The
ship with a cargo of timber and gum for England had waited o clear
the bar at the Hes .

Sehooner otally wrecked ttmpi

s forseveral

caught by breakers and stuck on the bank. No crest lost, On coastal
rade 10 Taramaki with timber.

Cutter, wreeked off Maunganui Blufk
Schoane, wrecked autside harbour at Maus

i BT, January with
cango for Port Albert and other setlements.
Beached ashore 22 February, eight miles south ofpilt staion. Cargo

of pruss seed bound for Manukau rom Taranaki
Cutte, wrecked 26 September off Kaipara bar. Struck by a squall
and swarmped: efforts o salvage faied,

eather, 25 February, five miles northof

Schooner, stranded in bad

Kaipara Harbour:totl wreck.
Total wreck halfmile south of Pouta Point, 14 December. Pilots
ertor af judgement blamed for the loss.

Brigantine bound for Australia with ful oad of Kaur tmber from
Aratapo. Stranded ashore at Pouto Point 23 March, Vessel could nat
be reloated and hecame & tofal wreck,

Stuanded at Kaukapalkapa River 18 Apri; ol wreck.

Schooner stranded off Sandy Borh, 14 miles northof Pouto Poin
14 September. Boat i ballast o load timber a Aatapu, Crese o,
Barque stranded 2 July on the Mary Catherine Bank. Aterps to
reflaat failed and she was broken up. Caprain 1E. Payre.

Schooner capsized 30 September n heavy seas in the N.E. (Kenp?)
Channel Ship's mate drowned. Capain W. MeDonald

Barque stranded on beach 16 May inside the heads on the way to
Toad timber at Aratapu. Captain 11 Mitchelson White

Cutter stranded 4 March on Kaipars Heads. Total wreck.

Too crow swept overboard nd drowned, 9 July whils crossing he
bar. The schooner was wrecked a month latr ot Stephens Ishand.
Stranded on Tory Shaal 5 Octobe; minar dsmage o, Copl A Black

B stranded and wrecked at the Heads, 3 January. Capt, 1.C. Hiscar,

Clara Hargrave Barque stranded on Middle Bank, 3 September; mior damage

Captain  James,

Janies . Stevart Brigstranded on North Spit 7 Octabers total loss; ?erew drowned

Wi Have

East Lothian

Viedex

Captain John MeClonnin,
Brig stranded with partial darsage on North Spit Captain M.V
Horley.

Barque stranded on‘Lory Shaal, 17 Janwary; minor damige. Capain
. Bropley.

Barque bound for Australia, sranded affr drifting onto North Spi,



Figure 47: Transmission Cable landing at Glavish Property on the Hoteo River
8.5 Connection to electricity distribution system

From the cable landing, the two subsea, HVDC cables will enter into the southeast corner of the Glavish Family Trust property into the proposed electrical substation.  

The substation will comprise a sound-proofed facility (~40m x 20m x 6m), equipped with appropriate instrumentation, switchgear, transformers, reactors and capacitors (see Figure 48).

Electrical export cables will run underground from the substation to nearby 11kv and 33kv and the adjacent EHV transmission tower lines, depending upon which option is finally selected. 

Construction and maintenance will require suitable vehicular access via one of the property’s existing two registered driveways.  Provision will be made for utility services telecommunications, fire alarms, water, power, and drainage within the leased area.  

During construction, the substation will be sound-proofed and sheathed to mitigate noise and electrically-induced, electromagnetic fields (EMF), respectively.  The substation’s surroundings will be contoured and landscaped to suit the natural character of the land and farming buildings.

Grid reticulation connection details are subject to final design selection but will be directly to the existing 33 kV and/or 100kV lines, to modified existing 33kV lines or to a new line which would be constructed by an existing Network Utility Operator under that organisation’s appropriate authorities.

There will be no adverse environmental effects associated with construction of the substation and connection to the electricity distribution system. 

There will be a need for intermittent disposal of cooling water in small quantities (less to 500 litres) on around a monthly basis.  Discharge will be made to the existing small farm drain running through the Glavish property.  No adverse effects are anticipated, as a consequence of the small volume, infrequency of discharge and the relatively uncontaminated nature of the cooling water from a closed loop system.

Figure 48: Indicative location of substation on Glavish Property

9. Management of Oil and Hazardous Substances

9.1 General

The marine generation process does not entail use of hazardous chemicals such as those used in thermal power stations for boiler management etc.

During installation and maintenance contamination may occur through minor oil and fuel leaks from vessels.  However any such spills and leaks would be minor and if one occurred it would unlikely to cause adverse environmental effects.

The cable will not contain oil for cooling purposes as a consequence of its location in marine sediments which, along with interstitial sea water, will provide any necessary cooling.  It should be noted that use of DC generation will create less heat than if AC generation was adopted.

Anti-corrosion and anti-fouling agents may also have an influence on the chemical composition of the local seawater environment but the quantities to be used will be minimised.

9.2 Risk of accidental spillage during deployment and maintenance

Installation will employ at least two small vessels and a deployment barge. These vessels will be working in a fast-moving water environment.  The potential contaminants present on the barge will include fuel oil, hydraulic oil and equipment lubricants. 

In order to minimise the risk of accidental spillage, all staff involved in the deployment process will be fully briefed on the significance of the aquatic environment of the Kaipara Harbour.  The storage of any oils on the barge will be subject to standard maritime safety requirements which will help minimise risk of spillage. 

Risk of spillage through collision of ancillary vessels with each other, the barge or the coastline will be minimised by employing fully qualified contract staff and avoiding working in extreme weather conditions. 

A Hazardous Substances Management Plan will be developed to help ensure best practice to avoid spillage. 

9.3 Operational Risks - Accidental Spillage

Operation of the CREST Generation Array has a low potential to affect water quality through risk of accidental spillage or leakage of contaminants, and a cumulative impacts from antifoulants.

The moving turbine parts will require internal lubrication to reduce friction and ensure smooth operation. Suitable engineering methods will be used to prevent any leakage of lubricating compounds and oils (e.g. through the use of appropriate design and sealants), although the potential will always exist for seepage of oil from the turbine if seal degradation occurs. However, such an occurrence is unlikely and the system will be continuously monitored using the SCADA system to ensure early detection of any system fluid loss and immediate remedial action in accordance with the CREST safety management plan.  The system will be fitted with alarms and fluid level detection devices to ensure that any unforeseen system failure results in a rapid response and a negligible fluid loss into the environment.  Fluid loss will also be prevented or limited through regular turbine inspections and maintenance.

In addition, a negative or neutral pressure set-up will be employed where oils held behind the double seals in the hydraulic system will be operated at a slightly higher pressure than the surrounding sea water.  Consequently, any outward leakage will be negligible.  In addition, without a gear box in the drive train, the lubrication system will be designed to minimise the quantities of oil used. 
The submersed generator and drive train will also be equipped with redundant double seals to minimise possible seawater contamination. The double seals will act as a precautionary measure to minimise lubricant loss from the drive train to the surrounding environment.

9.4 Maintenance

During the operational life of the turbine units there will be periodic requirements for testing, monitoring and maintenance works to be undertaken.  To facilitate maintenance, the design of the turbine enables the generators to be raised and lifted clear of the water column in a removable cassette.  Maintenance will involve checking and replacing the turbine’s oils and lubricants.

During maintenance, the possibility exists for the accidental spillage of contaminants (oil, lubricants etc.) into the seawater. To prevent spillage, or at least absolutely minimise its occurrence, best practice pollution prevention measures will be employed. These will be included in an Environmental Management System that will be produced in advance of the installation process. A procedures manual will be supplied to all staff operating on the development, to be agreed with the regulators, which will include first actions in the event of a spill and the EMS best practice guidelines. 

9.5 Use of antifoulants

If an antifouling is used on the turbine units, it will be a substance analogous to Intersleek 737. This material is a marine industry standard product used in shipping and subsea structures in the oil and gas industry.  The substance works through physical non-stick properties, rather than through a biocidal action (Appendix 12).  It is considered that this type of antifoulant represents best environmental practice with no adverse effect on ecology or water quality for the duration of the project.

10.  Consultation 

10.1 Introduction

CREST Energy has initiated consultation with the wider community including residents living in the Kaipara catchment and non-residents promoting the district’s social and economic development.

These include the following contacts of particular note:

The Rodney Economic Development Trust (REDT): through its Energy Sub-Committee, was charged with reviewing the present status and future energy requirements of the Rodney District. The Energy Sub-Committee, and, in particular, REDT’s Chief Executive Officer, Valerie Freeman, have fully encouraged Crest Energy’s founding and subsequent development. This organization continues to provide support through the present time. 

Eric Glavish, past Mayor of Helensville, a retired engineer, and presently a Justice of the Peace, lives on the outskirts of Helensville.  Eric has been exceptionally supportive of the project from the outset, having made direct contributions on early exploratory voyages onto the Kaipara Harbour to assess current flows.  Harbour excursions on Eric’s launch have played an important role in defining areas of high current flow which were subsequently the focus of ASR studies described elsewhere in this report.

Frank Glavish, a retired well-driller with unique geological knowledge of the Kaipara harbour’s catchment, has been an active fisherman on the harbour since the 1930s.  Frank’s support and unique knowledge of the currents and tidal streams in the Kaipara Harbour have been critical attributes in locating currents flowing through the harbour mouth, and in navigating through the intertidal mud flats.    

10.2 Iwi Consultation

Consultations with iwi members were initiated at the outset of Crest Energy’s development of the Kaipara marine turbine project.  These discussions were very productive in identifying primary issues of concern to Maori including possible effects of the turbines on ecology, fish and marine mammals and visual amenities. 

Meetings were held with the following Maori representatives;

· Mr. Russell Kemp, Chairman, Te Uri o Hau, Ngati Whatua, Wellsford, Rodney District, Auckland – two meetings held in Wellsford;

· Allan Pivac, Chief Financial Officer and Secretary, Ngati Whatua, Whangarei – two meetings held in Orakei, Auckland;

· Sir Hugh Kawhura, Paramount Chief, Te Runanga o Hau, Ngati Whatua, Chair, Ngati Whatua o Orakei Maori Trust Board, Emeritus Professor, University of Auckland – one meeting held at Auckland University;

· Tom Parore, Chairman, Ngati Whatua, Whangarei, Northland – one meeting held in Wellsford, Rodney District, Auckland;

· Taumata (Council of Elders), Te Rünanga o Ngati Whatua, Wellsford, Auckland - meeting held in Wellsford under the auspices of Tom Parore, Chairman, and Allan Pivac, Chief Financial Officer and Secretary.

· The Board of Directors for Te Uri o Hau Ngati Whatua Settlement Trust and Environs Holdings, Whangarei, Northland.

· The Board of Directors for Ngati Whatua Nga Rima o Kaipara ki te Tonga, Helensville, Rodney District

CREST is now engaged in an ongoing process of consultation with Te Uri o Hau Ngati Whatua in respect of possible effects of the CREST Project on the Kaipara, measures to mitigate potentially adverse effects, and measures to augment potentially beneficial effects.

10.3 Summary of parties consulted

Table 13 summarises parties with whom CREST has held consultation in regard to the project.  This programme of consultation is ongoing and will continue as part of RMA consent process.

	CONSULTATION WITH IWI

	Parties Consulted
	Location
	Date

	
	
	

	Ngai Tai Umupuia Kaumatua; Te Whaka Totara Trust

Chief Executive Officer
	Umupuia Marae

Clevedon
	May 2005

	Te Uri o Hau, Ngati Whatua

Chairman
	Wellsford
	June 2005

	Rununga o Ngati Whatua 

Chief Financial Officer and Secretary
	Orakei

Auckland
	June & July 2005

	Ngati Whatua o Orakei Maori Trust Board 

Paramount Chief and Chair
	Dept. Of Maori Studies

University of Auckland
	October 2005

	Rununga o Ngati Whatua 

Chairman, CEO, and kaumatua
	Community Hall, Wellsford
	November 2005

	Environs Holding’s Limited

Te Uri o Hau; Ngati Whatua Trust 

Chief Executive Officer and Manager
	Taitokerau Maori Trust Board Building,

Whangarei
	May 2006

	Ngati Whatua Nga Rima o Kaipara

Chairperson and Board directors
	Community Hall

Wellsford
	June 2006

	Te Uri o Hau Ngati Whatua– Environs Holdings Ltd 

Chairman and Board Directors
	Taitokerau Maori Trust Board Building,

Whangarei
	June 2006

	

	CONSULTATION WITH OTHER PARTIES  

	Parties Consulted
	Location
	Date

	
	
	

	Rodney Economic Development Trust and Energy Sub-Committee
	Orewa, 
	May, June & July 2005, January 2006

	Auckland Regional Council

Various staff
	Auckland
	June; July, August 2005, March  2006

	Department of Conservation 

Whangarei and Auckland Conservancy
	Auckland
	August, September 2005; March 2006

	Northland Regional Council

Chairman and Deputy Chairman and Staff
	Whangarei
	April 2006 

	Whale and Dolphin Research Trust
	Auckland
	February, April, 2006

	South Kaipara Forest & Bird Committee
	Huapai
	May 2006

	McCallums’ Brothers Limited 

Chief Executive Officer
	Auckland 
	November 2005

	Community Members
	Helensville and Glorit 
	August, 2005

	Vector Networks Ltd

Business Development Manager
	Auckland
	June 2006

	Mt Rex Shipping Atlas Concrete (sand extraction)

General Manager
	Helensville
	June 2006

	Winstones Aggregates

Resource & Environment Manager
	Auckland
	June 2006

	Northpower Ltd

CEO and Network Planning Manager
	Whangarei
	June 2006


Table 13:  Parties with whom CREST has undertaken consultation

10.4 Key Issues identified

Representatives at the above meetings generally were very interested and supportive of Crest Energy’s proposal to harness energy from the tidal currents of the Kaipara Harbour. Expressions of support for the project were based primarily on it meeting local and national needs and acknowledging CREST’s sustainability and environmentally-sensitive development values. These are seen to offer a good fit with the Kaipara harbour natural environment, along with less than minor ecological issues, especially in comparison with coal fired generation alternatives to provide security of supply.

Early questions were articulated concerning the novel technology and possible limitations and availability of specialist drilling and offshore technology requirements of the project.  Notably, these meetings were held prior to the full evaluation of the Lunar Energy’s ‘submerged’, Venturi turbines, which will not elicit visual intrusion following installation.

During these consultations, the following issues were raised and discussed:

· Possible visual effects caused by the Marine Current Turbines’ monopile extending 6-8 meters above the harbour’s surface.  It was thought a few MCT turbines might not be visually intrusive, given the immense size of the Kaipara Harbour, but large numbers could elicit concern by changing the naturalness of an unspoilt seascape.

At that time, however, Crest Energy was considering use of Marine Current Turbines, rather than the fully submerged devices being developed by Lunar Energy Limited. In the latter case visual effects would be restricted to the period of turbine installation, including that of the buried undersea transmission cables.  During operation the entire generation station would be completely invisible from land and sea apart from zone extremity navigation markers. 

· Scouring of sand from the harbour floor and consequent adverse effects on sediment movement throughout the harbour.  This concern was largely addressed by explaining that the turbines would be located only in currents having velocities exceeding the sand sedimentation threshold (0.3 meters per second).  For this reason, the floor underlying the channel through the harbour throat is scoured rock, while sand deposition is restricted to the outer sand bars, margins of the main channel, and within the harbour, primarily in the vicinity of Tapora Island and the nearby Taporapora sandbanks.

· Possible detrimental effects on marine benthic fauna and flora, fish, and marine mammals.  Potential mitigation factors were explained including:

1) 
Minimal effects on marine benthos – occurring only during installation of the turbines and the buried transmission lines;

2)
Application of high-voltage, DC transmission to avoid detrimental effects of electromagnetic fields (EMF) on sharks and stingrays; and

3)
Mitigation of effects on fishing by the generator units providing de-facto rocky reefs around the base of the turbines, thereby encouraging fish survival and breeding;

4) 
Mitigation of possible effects on marine mammals - dolphins, orcas and whales - through appropriate turbine and duct design, and provision for alarms as appropriate, all as detailed elsewhere in this AEE.

11. Mitigation

11.1 Introduction

Section 17 of the RMA provides that every person has a duty to avoid, remedy, or mitigate any adverse effect on the environment arising from an activity carried on by or on behalf of that person, whether or not the activity is in accordance with, among other things, a rule in a plan or a resource consent.  There is thus a general obligation on CREST Energy to give consideration to measures which will mitigate adverse effects on the Kaipara Harbour environment which cannot be avoided or remedied.

Mitigation measures can be divided, broadly, into the following main types:

· preventing or minimising impacts before they occur by limiting the extent or timing of an action and its implementation;

· eliminating or reducing an actual impact over time by maintenance or contingency planning operations during the life of the project;

· rectifying an impact by repairing, rehabilitating or restoring the affected environment;

· compensating for an impact by replacing or providing substitute resources or environments; and

· maximising beneficial impacts through specific additional actions.

The preceding analysis of environmental effects has indicated that there are in fact very few adverse effects likely to accrue from the CREST Project.  However there are some areas where CREST Project activities might interact with other activities and uses of the harbour, where there might be a risk of adverse effect, and in these cases mitigation might be warranted.  These matters relate in particular to:

· Effect on the mauri of the Kaipara Harbour;

· Fishing access to all areas of the harbour;

· Perceived risk to marine megafauna in general and Maui’s Dolphins in particular; and 

· Potential interaction with sand extraction operations.

Each of these areas is addressed as follows in terms of potential mitigation options.

There are additional mitigation measures identified throughout the AEE and these are also summarised below.

11.2 Effect on Mauri of the Kaipara Harbour

CREST Energy recognises a number of general principles relating to the importance of water to Tangata Whenua, and which have become widely recognised under the RMA.

In particular, CREST Energy recognises that within the traditional Maori world view, water is perceived as taonga and that this places an obligation on tangata whenua as kaitiaki, to ensure that water resources or taonga are maintained and handed on to future generations in a healthy condition.  CREST also recognises that natural waters are perceived by Maori as having a mauri, a spiritual quality, that generally is interpreted in English as having a life-force, life-essence or life-principle.  CREST understands that one of the main goals of Maori traditional practices is to protect mauri, via the exercise of kaitiakitanga. 

The maintenance and enhancement of mauri (with respect to water resources) is dependent on the physical and spiritual health of natural and physical resources.  Contamination or degradation of water has the effect of diminishing its mauri.  The diminution of mauri has a negative impact on the natural and physical resources and also impacts on the mana of Tangata Whenua, who have the responsibility as kaitiaki, to ensure that the mauri of their taonga is not affected.

CREST is engaged in an ongoing consultation process with Tangata Whenua with a view to helping identify ways in which the CREST Project can proceed in a manner consistent with protecting and strengthening of the mauri of the Kaipara Harbour.

11.3 Fishing Access

Managed access for fisheries will be addressed to allow recreational fisheries to continue. 

The presence of the Generation Array will necessitate some restrictions on fishing in the immediate vicinity of the generator strings.  It will be possible however to locate the turbines away from areas identified as being of high local recreational fisheries value.  It should be recognised that the presence of the Generation Array may well provide environmental benefits through creation of de-facto artificial reef and refuge at the harbour entrance. 

In particular the design can take into account particular areas such as the “Graveyard area” – this specific matter would be addressed in consultation with local persons with extensive fishing knowledge of the harbour and with other stakeholders.

11.4 Marine Megafauna

Marine megafauna include large fish such as sharks and rays, and marine mammals such as dolphins, whales and seals.  The potential sources of effect on marine megafauna arise from collision risk, noise and EMF emissions.

11.4.1 Collision Risk

The risks for any marine creature passing through the rotors of the tidal turbines are mitigated through the hydrodynamic properties of the tidal turbines, and through the recognised ability of marine animals to detect the presence of seabed structures and take evasive action.

11.4.2 Noise 

Noise is not considered to pose a potential risk to marine megafauna as a consequence of anticipated frequency and intensity of noise emanating from the marine turbines.  Operational noise for a 1MW unit has been compared with the likely noise emanating from a commercial boat/small car ferry, with sound falling away with distance from each unit such that there will be no noticeable cumulative noise effect.

Notably, the Lunar Energy/RRT turbines do not have a gear box, the source of most noise emanating from the MCT turbine.

In addition operational noise can be dramatically reduced by the regular maintenance of turbines and monitoring for vibration.  However, this must be set against the noise, disturbance and visual impacts of maintenance vessels on marine fauna. 

11.4.3 Electromagnetic Field

In regard to EMF field strengths, the undersea cables will carry bipolar DC electricity, which is shown to have the lowest possible field strengths.  In addition, cables will be buried, and armoured thereby achieving minimal residual field strengths, that will be within background measurements. 

11.5 Sand Extraction Operations

The CREST Project has been sited to avoid interference with existing and future sand extraction operations.  In particular, the cable route has been selected to avoid sand mining operations in the mid harbour area.

Analysis of likely energy loss indicates that the CREST Project will not cause changes in the sand deposition regime at the harbour entrance or to the overall hydrology of the harbour system.

11.6 Other Matters

11.6.1 Electro-Magnetic Interference with Communications and Military Activities

For large-scale offshore windfarm operations overseas, it has been recognised that where military test ranges or exercise areas are located nearby, a safeguarding distance must be allowed to prevent interference with radar and communications.  The NZ Defence Force bombing range is located on the South Kaipara Head approximately 10-15 km to the southeast of the CREST Project Generation Array.  However, any such effects are not considered likely as a consequence of CREST undersea mode of generation.

11.6.2 Navigational Safety

Harbour users will need to be notified of construction and operational activities with sufficient notice to be able to plan their activities and journeys accordingly.  Additional information will be recorded on charts including the location of the turbine arrays and safety zone/anchoring arrangements pursuant to ARC and NRC Navigation Safety Bylaws.

11.6.3 Landscape and Visual Amenity Perspective.

Fundamental to the environmentally sound ethos of the CREST Project, all elements of the design will not be visible from any vantage point, on land or sea.

11.7 Ongoing Consultation Programme

To date CREST has obtained information from a range of technical sources and from consultation with various stakeholders.  CREST intends to undertake an ongoing consultation programme with stakeholders to keep them advised of progress and to provide a mechanism for all parties to communicate concerns or issues with CREST.

11.8 Management Plans

CREST proposes that through the course of the project, a range of “Best-Practice” management plans will be prepared. These plans would be finalised in consultation with the regulatory agencies and other stakeholders as appropriate.  These management plans will include a Spill Contingency Plan and a Monitoring Plan.

11.9 Summary and Conclusions

CREST Energy has given consideration to measures that will mitigate adverse effects on the Kaipara Harbour environment which cannot be avoided or remedied.  CREST’s analysis has indicated that there are in fact very few adverse effects likely to accrue from the CREST Project.  However there are some areas where CREST Project activities might interact with other activities and uses of the harbour, where mitigation might be warranted.  These matters relate in particular to:

· Effect on the mauri of the Kaipara Harbour;

· Fishing access to all areas of the harbour;

· Perceived risk to marine megafauna in general and Maui’s Dolphins in particular; and 

· Potential interaction with sand extraction operations.

Each of these areas is addressed as follows in terms of potential mitigation options.  Additional mitigation measures identified throughout the AEE and these are summarised below.

· In respect of potential effects on the mauri of the Kaipara Harbour, CREST is engaged in an ongoing consultation process with Tangata Whenua with a view to helping identify ways in which the CREST Project can proceed in a manner consistent with protecting and strengthening the mauri of the Kaipara Harbour.

· The presence of the Generation Array will necessitate some restrictions on fishing in the immediate vicinity of the generator strings.  It will be possible however to locate generators away from areas identified as being of high local recreational fisheries value (for example the “Graveyard” area.  The presence of the Generation Array may well provide environmental benefits through creation of a de-facto artificial reefs and refugia at the harbour entrance.  

· The risks for any marine creature passing through the rotors of the tidal turbines are mitigated through the hydrodynamic helical properties of the turbines, and through the ability of marine animals to detect the presence of seabed structures and take evasive action.  

· Noise is not considered to pose a potential risk to marine megafauna as a consequence of anticipated frequency and intensity of noise emanating from the marine turbines.  Operational noise for a 1MW unit has been compared with the noise emanating from a commercial boat/small car ferry, with sound falling away with distance from each unit such that there will be no noticeable cumulative noise effect.

· In regard to EMF field strengths, the undersea cables will carry bipolar DC electricity which is shown to have minimal emissions.  In addition, cables will be armour-plated and buried, thereby achieving minimal field strengths that will be well within background measurements. 

· The CREST Project has been sited to avoid interference with existing and potential future sand extraction operations.  In particular the cable route has been selected to avoid sand mining operations in the mid harbour area.  Analysis of likely energy loss indicates that the CREST Project will not cause changes in the sand deposition regime at the harbour entrance.

· The CREST Project elements will not be visible from the surface.

· CREST intends to undertake an ongoing consultation programme with stakeholders to keep them advised of progress and to provide a mechanism for all parties to communicate concerns or issues with CREST.

· CREST proposes that through the course of the project, a range of “Best-Practice” management plans (including a Spill Contingency Plan and Monitoring Plan) will be prepared. These plans would be finalised in consultation with the regulatory agencies and other stakeholders as appropriate.

12. Monitoring

CREST Energy acknowledges that there is, up to now, no experience of operating marine turbines in New Zealand waters.  This AEE concludes that adverse effects on the environment will be less than minor, and a range of mitigation measures is proposed to address various interactions between the CREST Project elements and other users and elements of the wider harbour environment.  However, given the uniqueness of the project it will be important to check the assumptions and methodology used when assessing the impacts against the accumulating experience of the first few years of operation. 

There are two main types of monitoring proposed:

· ‘Mitigation’ monitoring as part of supervision or consent compliance (whether mitigation actions have been implemented in accordance with an agreed schedule and are working as expected); and

· ‘Impact’ monitoring (scale and extent of actual impacts). 

In trying to learn from the implementation of marine turbines, both kinds of monitoring are important.

CREST proposes to undertake a comprehensive environmental monitoring programme as an integral part of the CREST Project.  
13. Resource Management Act 1991 – Statutory Framework

13.1 Introduction

The RMA provides the statutory framework for the consideration of resource consent applications, as part of which the applicant is required to provide information about the activity and an assessment of the activity’s effects on the environment.

This section sets out the statutory and policy framework for assessing CREST’s application for resource consents in terms of the requirements of the RMA.  The objectives and policies from the relevant policy and planning documents have been assessed with reference to the information contained in the various technical sections in this report, which discuss the actual and potential environmental effects of the CREST Project site.

13.2 Resource consents required

Northland Regional Council
· Coastal permit for erection of structures on the seabed and occupation of the seabed by tidal electricity generation units; 

Installation of up to 200 marine turbine generating units on the bed of the Kaipara Harbour within an overall area defined by the following grid references NZMS260 P09 047 324; Q09 131 322; P09 047 317; Q09 131 312. (Figure 49).

· Coastal permit for occupation of the seabed by cables

Occupation of the seabed by an undersea circuit cable located in the vicinity of the Generator Array, within in an overall area defined by the following grid references NZMS260 P09 047 324; P09 047 317; Q09 131 322; Q09 131 312. (Figure 49).
· Coastal permit for use of water to extract energy

Extract energy from tidal currents by using rotating blades.

· Coastal permit for disturbance of seabed:

Seabed disturbance arising from placement of structures at specific locations within an overall area defined by the following grid references NZMS260 P09 047 324; P09 047 317; Q09 131 322; Q09 131 312.
· Coastal permit for discharges associated with disturbance of the seabed during construction; maintenance activities; and heat emanating from generators and cables.

Discharge of suspended sediments arising from seabed disturbance when placing structures within the generation area and during installation and maintenance of sub-sea cables along the transmission route.

Discharge of biological residue and sediment arising from cleaning and maintenance of marine turbines.

Discharge of heat to natural waters from the generator units and cables.

Auckland Regional Council

· Coastal permit for occupation of the seabed by electricity transmission cables; 

Occupation of the seabed by two transmission cables connecting the circuit cables with a landfall adjacent to the Hoteo River at or about NZMS 260 Q09 401 291. (Figure 50).

· Coastal permit to disturb foreshore

Disturb the foreshore during installation of a cable landfall near the Hoteo River at or about NZMS260 Q09 401 291.
· Coastal permit for discharges associated with disturbance of the seabed during construction; maintenance activities; and heat arising from sub-sea transmission cables.

Discharge of suspended sediments as a result of seabed disturbance during installation and maintenance of sub-sea cables along the transmission route

Discharge of heat to natural waters from transmission cables.

· Discharge permit for discharge of cooling water, stormwater and other minor discharges to land and to natural water.

Intermittent discharge of small volumes of cooling water, stormwater and other minor discharges to land and to natural water in relation to substation at or about NZMS260 Q09 401 291.

Rodney District Council

· Land use consent associated with cable landfall and shore structures

Land use activities associated with connection to the transmission grid, including trenching over a distance of around 100m, and possible removal of vegetation (less than 50 m2) during cable shore crossing, and erection of an ancillary building (measuring around 40 m x 20 m x 6m) and associated structures above ground during project construction.

Figure 49: Boundary of area in which up to 200 1MW subsea turbine units will be located. (Note: Final location of each unit within this area will be subject to detailed design considerations) 

Figure 50: Cable pathway and landfall 
13.3 Matters to be considered under the RMA 1991

13.3.1 Purpose of the Act

The Act’s central purpose is sustainable management of natural and physical resources (s.5(1)).  The RMA defines “sustainable management” to mean:

“… 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 cultural well-being and for their health and safety while – 

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

(b)
Safeguarding the life-supporting capacity of air, water, soil and ecosystems; and

(c)
Avoiding, remedying, or mitigating any adverse effect of activities on the environment.”  (s.5(2))

The “environment” is broadly defined and includes:

(a)
Ecosystems and their constituent parts including people and communities; and

(b)
All natural and physical resources; and 

(c)
Amenity values; and

(d)
The social, economic, aesthetic, and cultural conditions which affect matters stated in paragraphs (a) to (c) of this definition or which are affected by those matters” (s.2)

In turn, “natural and physical resources” are defined as including “… land, water, air, soil, minerals, and energy, all forms of plants and animals (whether native to New Zealand or introduced)”.  

13.3.2 Fourth Schedule Assessment 

As mentioned above, the RMA requires applicants to prepare an assessment of environmental effects (AEE) in support of their consent applications.   The AEE must be prepared in accordance with the requirements of the Fourth Schedule to the RMA (refer s.88(6)(b)).  The level of detail required in the assessment of effects must be commensurate with the scale and significance of those effects (s.88(6)(a)).

 Clause 1 of the Fourth Schedule outlines a specific list of matters an AEE should include (subject to any additional information requirements of any relevant policy statement or plan).  The Table below identifies the information to be provided, and the sections of this AEE which addresses each topic:

	Matters to be included
	Section in this AEE

	(a) a description of the proposal
	Section 3

	(b) where significant adverse effects are likely, any possible alternative locations or methods for undertaking the activity
	Section 3.2

	(c)  (repealed)
	N/A

	(d) assessment of actual or potential effects
	Sections 6, 7, 8, and 9.

	(e) hazards – environmental risk assessment
	Section 9.

	(f) discharge of contaminants: 

nature of the discharge and sensitivity of the receiving environment to adverse effects any possible alternative discharge methods
	Sections 3,8 and 9.

	(g) mitigation measures to prevent or reduce the actual or potential effect
	Sections 3, 8 and 12.

	(h) consultation
	Section 11

	(i) monitoring
	Section 13


The Fourth Schedule (Clause 2) goes on to require applicants in their AEE to consider – in addition to any other information required by relevant policy statements or plans - the following matters:

(a)
any effect on the neighbourhood and wider community (including socio-economic and cultural effects)

(b)
physical effects on locality (including landscape and visual effects)

(c)
effects on ecosystems (including effects on plants, animals and physical disturbance of habitats)

(d)
any effect on resources having aesthetic, recreational, scientific, historical, spiritual, cultural or other special value

(e)
discharge of contaminants and options for treatment and disposal of contaminants

(f)
risks to the neighbourhood, community or environment through hazards

It is considered that the programme undertaken by CREST Project in preparation for the consents application and this AEE, meets these Fourth Schedule requirements.

13.3.3 Section 104 Assessment

In order to undertake a s104 assessment of the proposed activities, we have adopted the headings contained in s104 (i) of the RMA:

(a)
Any actual and potential effects on the environment of allowing the activity

The following actual and potential adverse effects have been identified:

· Potential contamination of coastal water through discharge of sediment from construction activities.

· Potential contamination of coastal water through discharge of heat from turbines, generators and transmission lines.

· Potential for adverse effects on marine life.

· Restriction of public access around ‘generator array’.

Each of these effects has been addressed in this AEE.

In addition, the following positive effects have been identified:

· The generation of energy by using a renewable natural resource

· Providing additional electricity to the local distribution network

· Providing the local community with economic and social benefits

· Facilitating responsibility for climate change by offsetting thermal generation, and substantially reducing equivalent greenhouse gas emissions

· Providing significantly improved security of supply to Northland 

· Facilitating New Zealand’s transition towards 100% sustainable generation 
· Development of new specialist industry with global export market potential

· Contribution towards NZ commitments under the Kyoto Protocol
(b)(i) 
Any relevant national policy statement, 

There are no national policy statements relevant to this application.

(b)(ii)
New Zealand coastal policy statement, 

Refer to Section 0
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13.4 below.

(b)(iii)
Regional policy statement, or proposed regional policy statement

Refer to Sections 14.5 and 14.6

(b)(iv)
A plan or proposed plan
Refer to Sections 14.5, 14.6 and 14.7 below.

(c)
Any other matter the consent authority considers relevant and reasonably necessary to determine the application
It is considered there are no other relevant matters.

13.3.4 Section 104E 

Section104E of the RMA 91 was inserted on 2 March 2004, by section 7 of the Resource Management (Energy and Climate Change) Amendment Act 2004 (2004 No 2).

Section 104E relates to decisions on applications relating to discharge of greenhouse gases and is worded as follows:

When considering an application for a discharge permit or coastal permit to do something that would otherwise contravene section 15 or section 15B relating to the discharge into air of greenhouse gases, a consent authority must not have regard to the effects of such a discharge on climate change, except to the extent that the use and development of renewable energy enables a reduction in the discharge into air of greenhouse gases, either---

      (a)  in absolute terms; or

      (b)  relative to the use and development of non-renewable energy.

Section 104E provides for consent authorities to give consideration to the savings in greenhouse gas emissions associated with “renewable” energy sources.

The CREST Project will entail the generation of ~200MW of electricity which if generated by combustion of fossil fuels would result in annual emissions of between 1,000,000 tonnes and 1,500,000 tonnes of CO2
. This equates to a nominal offset saving of this amount.

As at 28 February 2006, NZ had an official Kyoto estimated deficit of emission units of 64 Mt (million tonnes)
.  Over the next six years, to the end of the current Kyoto commitment period, a saving of say 1,500,000 tonnes per year of CO2 would make a 2.3% contribution to achieving this policy target.
13.4 New Zealand Coastal Policy Statement

The purpose of the New Zealand Coastal Policy Statement (“NZCPS”) is set out in Section 56 of the Resource Management Act and states: 

“The purpose of a New Zealand coastal policy statement is to state policies in order to achieve the purpose of this Act in relation to the coastal environment of New Zealand.”

The purpose of the Resource Management Act is set out in Section 5 of the Act which states:

(1) The purpose of this Act is to promote the sustainable management of natural and physical resources.

(2) In this Act, ‘sustainable management’ means 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 cultural wellbeing and for their health and safety while:

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

(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.”

In order to provide for the special context of the coastal environment, the NZCPS requires that in addition to Sections 6, 7 and 8 of the RMA, regard shall be had to the following relevant general principles:

1. Some uses and developments which depend upon the use of natural and physical resources in the coastal environment are important to ‘the social, economic and cultural well-being’ of ‘people and communities’. Functionally, certain activities can only be located on the coast or in the coastal marine area. 

2. The protection of the values of the coastal environment need not preclude appropriate use and development in appropriate places.

3. The proportion of the coastal marine area under formal protection is very small and therefore management under the Act is an important means by which the natural resources of the coastal marine area can be protected.

4. Expectations differ over the appropriate allocation of resources and space in the coastal environment and the processes of the Act are to be used to make the appropriate allocations and to determine priorities.

5. People and communities expect that lands of the Crown in the coastal marine area shall generally be available for free public use and enjoyment.

6. The protection of habitats of living marine resources contributes to the social, economic and cultural wellbeing of people and communities.

7. The coastal environment is particularly susceptible to the effects of natural hazards.

8. Cultural, historical, spiritual, amenity and intrinsic values are the heritage of future generations and damage to these values is often irreversible.

9. The tangata whenua are the kaitiaki of the coastal environment.

10. It is important to maintain biological and physical processes in the coastal environment in as natural a condition as possible, and to recognise their dynamic, complex and interdependent nature.

11. It is important to protect representative or significant natural ecosystems and sites of biological importance, and to maintain the diversity of New Zealand’s indigenous coastal flora and fauna.

12. The ability to manage activities in the coastal environment sustainably is hindered by the lack of understanding about coastal processes and the effects of activities. Therefore, an approach which is precautionary but responsive to increased knowledge is required for coastal management.

13. A function of sustainable management of the coastal environment is to identify the parameters within which persons and communities are free to exercise choices.

14. The potential for adverse effects of activities to spread beyond regional boundaries may be significant in the coastal marine area.

The relevant policies contained within the NCPS are set out in Appendix 2 of this AEE.  Table 14 provides an assessment of the proposed activity against these criteria.

Table 14:  Assessment of the proposed activities against NZCPS RCA criteria
	Schedule One Criteria
	Analysis

	S 1.1
	Reclamations
	The proposal does not involve reclamation

	S 1.2
	Structures which impound or effectively contain the coastal marine area
	The proposal does not involve impoundment

	S 1.3
	Structures in the coastal marine area more or less parallel to mean high water springs
	CREST structures are not parallel to the line of mean high water springs, they are aligned at an oblique angle as discussed below.

	S 1.4
	Structures in the coastal marine area oblique or perpendicular to mean high water springs
	This category involves the erection of structures “other than cables”.

RTT individual turbines will be located in clusters which will be aligned at various “oblique” angles relative to the line of MHWS.

The following assessment is provided:

Structures in the coastal marine area which:

(i) are solid (or present a significant barrier to sediment movement, and

The individual units are solid but do not present a significant barrier to sediment movement.

(ii) sited obliquely or perpendicular in horizontal projection to the line of mean high water springs in the coastal marine area, and

Units will be sited at various angles (obliquely) to the line of MHWS.

(iii) is in horizontal projection 100 metres or more in length

RTT structures each measure not more than 20m x 25m, and individual units will be separated from each other by a lateral (cross-current) distance of at least 25m and longitudinal (down current) distance of at least 100-150 m.  Individual structures do not exceed 100m in length.

As the proposal does not meet all of the requirements of this section, it is concluded that the proposal is not a RCA in respect to S1.4



	S 1.5
	Structures in the coastal marine area used in the petroleum and chemical industry.
	Not Applicable, the proposal is not related to the petroleum or chemical industry.

	S 1.6
	Disturbance of foreshore and seabed (excavate, drill, move, tunnel etc) including any removal of sand, shell or shingle.


	Seabed disturbance “for a specific purpose” will only be undertaken for installation of the transmission cable from the Generator Array to the landfall in the vicinity of the Hoteo River.

The following assessment is provided against the criteria specified under S1.6

(ii) in volumes less than or equal to 50,000 cubic metres; and extracted from areas less than 4 hectares; and extending less than 1000 metres over foreshore and seabed; or

The proposed activity will not involve volumes equal to 50,000 cubic metres or extracted from areas less than 4ha, but will extend for over 1000 metres.

(iii) in volumes less than 300,000 cubic metres; and extracted from areas of less than 10 hectares; and extending less than 10,000 metres over foreshore and seabed; and

The volume of seabed disturbance will not exceed 300,000 cubic metres or 10 ha, but will exceed 10,000 metres in distance.

In conclusion, the disturbance of the foreshore and seabed associated with the installation of the eastern transmission cable is a Restricted Coastal Activity.



	S 1.7
	Depositing substances in the coastal marine area


	The intention of this rule relates to dumping of dredgings in the CMA, and presumably relates to permanent deposition of material greater than 50,000 m3 in any one year.  This is distinct from the proposed activity which involves placement on the seabed of solid concrete units which can be removed as required.

However, to ensure strict consistency with the wording of S1.7 we provide the following analysis:

Each RTT unit comprises a concrete plinth measuring not more than 25m long x 20m wide and 2m vertically.  With 200 units this total volume equates to 200,000 cubic metres.

However, the units are not permanent and complete installation will take place over a period of greater than 12 months.  Thus in any 12 month period less than 50,000 cubic metres will be deposited on the foreshore and seabed.

It is concluded that the proposal does not fall into RCA status in terms of depositing substances in the coastal marine area.



	S 1.8
	Exotic plants in the coastal marine area
	Not applicable to this proposal.

	S 1.9
	Exclusive occupation of the coastal marine area
	The proposal will involve occupation of the coastal marine area, as will cables within the Generator Array and the shore transmission cable.

The following analysis is offered with respect to S1.9:

Any activity involving occupation of the coastal marine area which:

(a) Would exclude or effectively exclude public access from areas of the coastal marine area over 10ha (except where such exclusion is required in commercial port areas for reasons of public safety or security); or

(b) Would exclude or effectively exclude the public from more than 316 metres along the length of the foreshore; or

Not applicable to this proposal.

(c) Would involve occupation or use of areas greater than 50ha of the coastal marine area and such occupation or use would restrict public access to or through such areas.

Public would be excluded from the area immediately around the turbines.  This area may exceed 50ha.  

It is concluded that the proposed activity may constitute a Restricted Coastal Activity with respect to exclusive occupation of the coastal marine area.



	S 1.10
	Discharges to the coastal marine area.
	The proposal will not involve discharge of human sewage, nor does the applicant consider that “exceptional circumstances justify the granting of the permit”.

It is concluded that the proposal does not constitute a Restricted Coastal Activity in terms of discharges to the coastal marine area.


In conclusion, based on the above analysis, the only activities associated with the proposal which would be considered as Restricted Coastal Activities are the disturbance of the seabed associated with installation of the transmission cable from the generator array to the landfall at the Hoteo River and exclusion of public access in the immediate vicinity of the turbines.

13.5 Northland Regional Planning Documents

13.5.1 The Regional Policy Statement for Northland

The Regional Policy Statement for Northland (“RPS”) became operative in March 1999.  The RPS sets out the significant resource management issues for the region and the methods that will be used to manage natural and physical resources in the region.

The RPS provides the framework within which the relevant regional and district plans sit and includes policies promoting the sustainable management and use of resources within the Northland region.  

The issues, objectives and policies contained in the RPS relevant to the proposed activities and the effects of the activities proposed for CREST Project are set out in Appendix 3 with commentary on the relationship of each to the proposal.

Having assessed these objectives and policies, it is considered that the proposed works are generally consistent with the objectives and policies of the Northland RPS. 

The CREST Project proposed works specifically meet the objectives and policies that relate to:

· Protection of outstanding natural features and outstanding landscapes.

· Establishment of activities with an operational need to be located within the CMA whilst avoiding adverse effects

· Avoid, remedy or mitigate adverse effects of land use activities on water bodies and their margins.

· Avoid, remedy or mitigate adverse effects of establishment of activities in the CMA.

· Restriction of public access in and around commercial activities where required for security of the facility or activity.

The Northland Regional Council, through the NRPS, acknowledges that although there is increasing desire for the region to become more self sufficient in terms of energy supply, Northland obtains most of its energy for human activity from outside the region. 

Section 28.4 of the NRPS sets out the Policies and methods of implementation in terms of energy in the region.  This section is set out as follows:

 (a) ENERGY PRODUCTION, TRANSMISSION AND DISTRIBUTION

Policies

1. To encourage the use of environmentally acceptable sustainable energy resources.

2. To encourage the consideration of alternatives to non-renewable energy sources in resource management decision making.

3. To ensure that energy generation and transmission facilities are sited, designed and operated safely and efficiently and to avoid, remedy, or mitigate any adverse effects on the environment.

Methods of Implementation

1. Encourage the development of environmentally acceptable sustainable energy resource developments. (District Councils)

2. Include provisions in plans prohibiting nuclear power stations. (District Councils)
3. Include provisions in plans requiring any assessment of environmental effects for energy generation and transmission facilities to include an evaluation of alternative sources, sites, routes and designs. (Regional Council and District Councils) 

4. Advise people on the requirements under the Electricity Act 1992 the Electricity Regulations 1993 and the associated codes of practice relating to siting of buildings and structures near high voltage transmission lines and consider related planning provisions in district plans. (District Council) 5. Include provisions in regional and district plans for the extension and reinforcement of the transmission and distribution of electricity. (Regional and District Councils)

 (b) ENERGY EFFICIENCY

Policy

1. To ensure that energy efficiency is considered in the development and use of natural and physical resources.

Methods of Implementation

5.
Lobby central government to promote and develop a National Policy Statement on energy which includes the promotion of renewable energy resources, energy conservation and efficiency requirements and provisions for avoiding, remedying, or mitigating adverse effects of energy production and use.

In summary, the Northland Regional Council acknowledges, through the NRPS, that the region’s reliance on energy sources from outside the region is not desirable, and that there is an increasing desire for the region to become more self sufficient in terms of energy generation and supply for its own use and development.  The CREST Project is consistent with this policy direction.

13.5.2 Northland Regional Plan – Coastal
The Regional Coastal Plan (“RCP”) for Northland was made operative on 30 June July 2004 and its purpose is to assist the Northland Regional Council, in conjunction with the Minister of Conservation, to promote the sustainable management of the natural and physical resources in relation to the coastal marine area.

The RCP covers the area around Northland's coast from Mean High Water Springs (MHWS) to the 12 nautical mile (22.3 kilometre) limit of New Zealand's territorial sea (Figure 2) including the air space above this area. This area is referred to in the Resource Management Act as the "coastal marine area".

The RCP sets out issues, objectives, policies, methods and rules that are used to control adverse effects of activities on the environment.  Such matters relevant to the CREST Project site are identified in Appendix 4.

Having considered the objectives and policies included in the RCP it is considered that the activities proposed by CREST are generally consistent with the objectives and policies of the Plan and that they have the activity status shown in Table 15.

	Rule


	Topic
	Activity 

	31.3.4 (m)
	Structures
	Non Complying

	31.3.4 (f)
	Discharges to water
	Permitted

	31.3.7 (d)
	Use and Diversion of Coastal Water
	Discretionary


Table 15:  Activity Status of CREST Project relative to NRC Coastal Plan rules.

13.5.3 Northland Regional Water and Soil Plan.  

The Northland Regional Water and Soil Plan provides direction regarding the use, development and protection of natural and physical resources in the Northland Region.  The CREST Project does not interact with the landward area of the Northland Region.

13.6 Auckland Regional Planning Documents

13.6.1 Auckland Regional Policy Statement

The Auckland Regional Policy Statement (“ARPS”) became operative in August 1999 and is a statement about managing the use, development and protection of the natural and physical resources of the Region. It sets in place the policy for promoting the sustainable management of these resources. It also clarifies the respective roles of the agencies with responsibilities under the Resource Management Act (RM Act) in the Auckland region. 

Its aim is to achieve integrated, consistent and coordinated management of the region’s resources. Its aim is also to provide greater certainty over the ways that natural and physical resources are to be managed and hence create an awareness of the constraints and opportunities in this region.

The issues, objectives and policies contained in the ARPS relevant to the proposed activities and the effects of the activities proposed for CREST Project are set out in Appendix 6 with commentary on the relationship of each to the proposal.

Having assessed these objectives and policies, it is considered that the proposed works are generally consistent with the objectives and policies of the Auckland RPS. 

In particular, Chapter 5 of the ARPS outlines the ARC’s long-term strategy for energy use and development in the Auckland Region.  Particular emphasis is placed on the acknowledgement that the Auckland and Northland regions produces little energy of their own, and rely heavily on other regions to satisfy a growing demand.  The RPS also points out that the long-term economic viability of the region is reliant on a continued and reliable supply of energy.  

Issue 5.2.2 of the RPS identifies the Auckland region’s heavy reliance on fossil fuels, and a recognition that a transition needs to take place, moving from a dependence on non-renewable energy resources such as coal, to the use of renewable sources of energy such as wind, solar, tidal and bio-fuels.  

Issue 5.2.2 states that the use of renewable forms of energy such as tidal energy should be encouraged, subject to local factors and environmental impacts. 

Policy 5.4.1(2) of the RPS outlines the Regional Council’s function in relation to encouraging renewable energy sources as follows:

 (i)
Promoting alternatives to the use of non-renewable fossil fuels

(ii)
Promoting energy production from the regions renewable energy assets, if such production is consistent with the provisions of the RPS.

In summary, the ARPS explicitly acknowledges that a reliable and continuous supply of energy is required in order to secure the long term growth and development of the region, and that the current reliance on non renewable energy resources sourced from outside the region is not sustainable in the long term.  Although the ARPS acknowledges that a shift to renewable energy sources is best achieved from a national government level, it has undertaken through the policies and objectives in the ARPS to promote and encourage this shift through education and ongoing support of the Energy Efficiency Conservation Authority. 

The RPS acknowledges and states that the use of renewable forms of energy such as tidal energy should be encouraged, subject to local factors and environmental impacts.  Clearly the CREST Project is consistent with this policy direction.

13.6.2 Auckland Regional Plan:  Coastal
The Auckland Regional Plan: Coastal, provides the framework to promote the integrated and sustainable management of the Auckland region's coastal environment.  One of the functions of the Auckland Regional Council, as outlined in Section 30 of the Resource Management Act (RMA), is the control of the region's coastal marine area in conjunction with the Minister of Conservation.

The Coastal Plan contains objectives, policies and methods, including rules, which establish the framework within which certain uses are permitted and proposals for development can be assessed. The plan provides certainty for existing and potential users of the coastal marine area. 

The ARPC covers the area around Auckland’s coast from Mean High Water Springs (MHWS) to the 12 nautical mile (22.3 kilometre) limit of New Zealand's territorial sea (Figure 1) including the air space above this area. This area is referred to in the Resource Management Act as the "coastal marine area".

Figure 51 superimposes relevant aspects of the ARPC on the CREST Project outline to illustrate that the CREST Project avoids identified sensitive areas.

In terms of rules or methods, the rules set out in Table 16 and Appendices Five and Six are relevant to the consent application.  

Having considered the objectives and policies included in the ARPC it is considered that the activities proposed by CREST are generally consistent with the objectives and policies of the Plan.


Figure 51: CREST Project elements superimposed on ARPC areas 

	Rule


	Topic
	Activity 

	10.5.4
	General – Occupation
	Restricted Discretionary

	11.5.3
	Activities
	Restricted Discretionary

	12.5.17
	Structures
	Restricted Discretionary

	16.5.18
	Disturbance of Foreshore and Seabed
	Restricted Coastal Activity

	20.5.4
	Discharge of Contaminants
	Discretionary


Table 16:  Activity Status of CREST Project relative to ARP:  Coastal rules.

13.6.3 Auckland Regional Plan:  Sediment Control.  

The Auckland Regional Plan: Sediment Control became operative on in November 1999.  The Plan addresses the issue of sediment discharge, and defines the mechanisms the ARC has chosen for avoiding, mitigating or remedying any adverse effect on the environment due to sediment discharge from bare earth surfaces.

In terms of rules or methods, the rules set out in Table 17 and Appendices Five and Six are relevant to the consent application.  

Having considered the objectives and policies included in the Auckland Regional Plan: Sediment Control it is considered that the activities proposed by CREST are generally consistent with the objectives and policies of the Plan.

	Rule


	Topic
	Activity 

	5.4.1.1
	Land Disturbing Activities – Earthworks and Vegetation Removal
	Permitted


Table 17:  Activity Status of CREST Project against ARP: Sediment Control rules.
The proposed activities are all considered to be permitted as specified under the Auckland Regional Plan:  Sediment Control. 

13.7 Rodney District Plan.

The Rodney Proposed District Plan was notified in 2000, and it consists of maps, objectives, policies and rules, which set out the activities permitted in the Rodney District. 

The District Plan Committee is currently hearing Submissions and Further Submissions to the Proposed District Plan 2000. The hearings commenced in October 2002. This process will take some time to complete.

The existing Operative Transitional Plan continues to have legal effect until the Proposed Plan becomes fully operative. This will happen once all submissions and appeals have been settled. In the interim it is necessary to comply with both the Operative and the Proposed Plan

In terms of the activities proposed under this application, the jurisdiction of the district plan is restricted to the construction of the ‘Utilities Shed’ which is planned to house all necessary equipment to facilitate the connection between the transmission cable and the national grid.

The proposed Utility Shed is to be located within the boundary of the Glavish Property, and is zoned Rural under the Proposed District Plan, and X under the Transitional District Plan.  

The land-based aspect of the CREST Project will involve two submarine, HVDC cables from the Hoteo River coming into the southeast corner of the property through into the proposed electrical substation. 

The substation will comprise a sound-proofed facility (~40m x 20m x 6m), equipped with appropriate instrumentation, switchgear, transformers, reactors and capacitors. Electrical export cables will run underground from the substation to nearby 11kv and 33-kv and the adjacent EHV transmission tower lines. 

Construction and maintenance will require suitable vehicular access via one of the property’s existing two registered driveways. Provisions will be made for utility services – telecommunications, fire alarms, water, power, drainage and sewage – within the leased area.  

During construction, the substation will be sound-proofed and sheathed to mitigate noise and electrically-induced, electromagnetic fields (EMF), respectively. The substation’s surroundings will be professionally contoured and landscaped.

The proposed Utility Shed has been fully assessed against the relevant rules of both the Proposed and Transitional District Plans.  This assessment is provided in Appendix 9 and is summarised below:

	Rule


	Topic
	Activity 

	7.9.1
	Activities in Rural Zone
	Non - Complying

	7.9.4.2.2
	Earthworks
	Permitted

	Trans 8.4
	Cable depot and associated buildings
	Discretionary


Table 18: Activity Status of CREST Project relative to Rodney District Plan Rules.
Overall, the proposed Utilities Shed is considered to be a Non-Complying activity under the proposed District Plan and has been analysed against relevant policy issues in Appendix 9.

13.8 Activity Analysis.

Of the above rules relating to the regional consents required as part of this application four require consent as Restricted Discretionary Activities and therefore overall, the applications consents are to be considered as Restricted Discretionary insofar as Regional Consents are involved.

The landuse activity represents either a non-complying activity pursuant to the Proposed Rodney District Plan or a Discretionary Activity pursuant to the Transitional District Plan, and has been addressed as such in this AEE.

Evaluation of each activity against the various plan requirements indicates that the activities can all be undertaken in a manner which is consistent with the various policy positions set out in the different plans.

14.  Concluding Statement

On the basis of analyses set out in this AEE CREST Energy’s Kaipara Harbour Marine Turbine Power Generation Project is found to be consistent with relevant Central Government policy directions, and with District and Regional Plan policies and objectives.  The activities associated with the CREST Project are not anticipated to result in significant adverse effects on the environment.  Where any less-than-significant effects are anticipated, there are a number of significant mitigation measures that have been developed.  

Accordingly it is concluded that consents for the CREST Project should be granted as sought.
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Appendix 1 Marine Mammals Background Paper.

Marine Mammals  Background Paper

A. The Whales and Dolphins
1. General

Marine mammals frequenting or seen rarely in the Kaipara Harbour include the Southern right whale, orca, common dolphin, bottlenose dolphin and Maui dolphin. Except for the Southern Right whale, these species all belong in the dolphin family. Of these, the Maui dolphin, Cephalorhynchus hectori maui is of particular concern. Other marine mammals include the New Zealand sea lion and the fur seal.  

A.
The Dolphins

1.
Endangered Status 

New Zealand’s Hectors dolphins, Cephalorhynchus hectori hectori and C. hectori maui, have been classified as endangered species by the IUCN-World Conservation Union (1996) and by the N.Z. Ministry of Fisheries (2001) under the Marine Mammals Protection Act, 1978, Section 2(3). In particular, C. hectori maui is classed as critically endangered, as estimates indicate only 46–280 individuals exist (95% CI) (Dawson and Slooten, 1988; see also Russell, 1999; Ferreira and Roberts, 2003; Slooten, et al., 2005).  Recent genetic studies on C. hectori maui have revealed a marked reduction in mitochondrial DNA diversity, further evidence of their depleted population numbers.

The remaining C. hectori maui are in jeopardy, since their continued survival is exacerbated by a limited reproductive rate and lifespan (~20 years) – they produce only one pup every 2-4 years.  It is not known whether their low reproductive rate is due to increased genetic inbreeding and/or other non-genetic reproductive defects (See below). Furthermore, C. hectori population numbers have been, and perhaps still are being depleted markedly, through their entanglement in gill- and trawl-nets that are deployed routinely by the fishing industry.  Gill nets, in particular, cause asphyxiation of C. hectori in numbers that exacerbate the survival of both subspecies.

Recently, given the critically endangered classification of C. hectori maui, the Ministry of Fisheries banned gill-netting within the outer reaches of Auckland’s Manukau Harbour and out four nautical miles off the west coast, extending from Maunganui Bluff through Pariokariwa Point.  Optimistically, this action will provide some relief for the species. 

2.
Geographical Distribution

The limited population of C. hectori maui occur only on the west coast of the North Island, within a coastal domain extending from Pariokariwa Point just north of New Plymouth through Maunganui Bluff north of Dargaville. However, several independent surveys have found most C. hectori maui primarily populate a region confined between the outlets of the Waikato River and Manukau Harbour. By comparison, in the South Island, based on genetic studies, distinct species of C. hectori hectori (7,250 individuals) may occur on the west and east coasts, respectively.

Genetic studies demonstrate C. hectori maui and C. hectori hectori are distinct allopatric subspecies differing in skeletal morphology and mitochondrial DNA sequences (Pichler et al., 1998; Baker et al., 2002; Pichler, 2002). The genetic differences indicate C. hectori hectori and C. hectori maui have been separated geographically for at least 16,000 years.  It is relevant, in this context, that C. hectori now exhibit strong site fidelity, preferring to live in small discrete coastal regions. There is little migration between regions to compensate for their declining numbers, whether through by-catch mortality, genetic inbreeding or other causes. This social behaviour undoubtedly would limit enhancement of genetic diversity that otherwise might occur through inter-regional migration.

Sightings of C. hectori maui in the Kaipara Harbour have been infrequent. Only one animal has been sighted visually within the inner harbour, and three acoustical recordings indicate one, two or three animal(s) may have penetrated into the harbour throat (E. Slooten, unpublished information). It can be questioned whether acoustical procedures alone are able to discriminate C. hectori maui from other dolphin species. Regardless, C. hectori maui ‘sightings’ within the Kaipara Harbour have been very infrequent over recent decades.

3.
Physiological Characteristics

C. Hectori maui are small dolphins (50 kg; length: <1.7 meters); each is coloured a distinctive silvery grey, with white ‘flames’ extending along both sides, and flippers, dorsal fin and tail. Characteristically, C. hectori has a short snout, a distinctive well-rounded dorsal fin, and a black crescent located between the eyes and the blowhole. They occur in pods of 1-11 individuals and swim at 7-11 km/hr with bursts to 18 km/hr.  Dolphins are very intelligent and also extremely agile swimmers.

4. Visual Perception

Delphinidae generally feed on small fish, squid and crustaceans, searching for their prey by using their highly developed vision and echolocation. Dolphins have large eyes, large cornea and large pupils. On broaching the surface, their pupillary opening is constricted quickly to limit penetration of the intense light. Underwater, the high density of rod photoreceptors in their retina ensures excellent definition, while the transparent basement membrane, the tapetum lucidum, amplifies light sensitivity >10-fold as the animals dive to depths. These visual characteristics, together with their double-slit, horseshoe-shaped pupils, provide dolphins with equally sharp vision above and below water.

The dolphin’s physiological attributes suggest pragmatic solutions for turbine installation.  It might be feasible, for instance, to enhance the visual prominence of the turbines to marine species. The visual acuity of dolphins, as in terrestrial mammals, is afforded by photoreceptors - rods and cones - located in the neurological retina. The rods occur at very high densities and exhibit a marked spectral shift toward shorter wave lengths (near UV). The cones (colour discrimination) express L-opsin.  The counterpart, S-opsin, while present, is non-functional due to disruptive mutations. Consequently, dolphins, like whales and porpoises, are L-cone monochromats.

In essence, dolphins lack dichromatic colour vision typical of most terrestrial mammals (except humans, which are trichromats based on blue, green and red cones). Yet, despite the absence of functional S-opsin, dolphin’s visual acuity is in the near ultraviolet (390-487 nm) spectrum. This physiological feature, if validated, has pragmatic implications. It might be advantageous, for instance, to coat marine turbines with paint reflecting light in the near ultraviolet range, to enhance dolphin perception.    

5.
Sound Perception

On approaching prey and other objects dolphins emit intermittent ultrasonic whistles and clicks, in single, double or even triple pulses.  In C. hectori hectori, these broadband sounds are emitted at low amplitude, but at very high frequencies (85-120 kHz).  The sounds appear to be associated with certain social behaviours, like feeding (bimodal frequency peaks) or aerial activities (high emission rates). The dolphin’s transmission frequencies can be modulated, allowing them to discern constant versus accelerating speeds of their target.

The sounds, on being reflected from the target, are transmitted back through their jawbone to the inner ear and then onto the central nervous system for processing. In this manner, dolphins are able to create echoic images as they approach their prey (Pack and Herman, 1995). Moreover, echoic and visual images can be blended together, to enhance general perception. This would be particularly advantageous in turbid waters where visibility is limited. 

Pragmatically, given these physiological attributes, it could be advantageous to mount appropriate reflective devices on the turbine’s Venturi ducts to enhance sound reflection and thereby detection of these structures by dolphins and whales. Additionally, ‘pinger’ devices emitting regular harmonic signals could be mounted on the turbines to ward dolphins away from the units.  One such device, a ‘White’ pinger, appears to be partially successful when placed on gillnets, whereas two other models had no measurable effect.     

6.
Perception and Communication

Dolphins, particularly bottlenose dolphins (Tursiops truncatus), exhibit extraordinary perceptive skills beyond those available to humans.  These mammals are able to perceive and discriminate very complex shapes when these are presented under learn and reward conditioning. The ability of bottlenose dolphins to discriminate complex shapes within seconds is remarkable; 89% and even higher. Furthermore, these dolphins are able to discern visual and echoic images equally well and, in addition, augment perception by blending their visual and echoic images together, apparently at will. Thus, their ability to merge two dynamic images would be greatly beneficial for survival in their three-dimensional marine world. The new data demonstrate highly advanced cognitive functions, well beyond human endowment.

Chronological differences in the acquisition of visual and echoic images would present complex issues for subsequent neurological integration. Visual images would be acquired instantaneously, being limited only by the speed of light (218,400 km/second*). By comparison, the utility of dolphin’s ultrasonic emissions would be limited by the slower speed of sound (1,531 km/sec*) and the extra distance involved (to and from the target).  Therefore, merging the two images is likely to be restricted to shorter ranges, where the physical difference in signal transmissions would not hinder overall acuity. Alternatively, when in turbid waters, the dolphin might rely preferentially on echolocation.     

Dolphins communicate with other pod members by emitting ultrasonic whistles and clicks. These communication skills are embedded in their ‘ultrasonic’ emissions, which can change according to whether the individual is communicating with nearby pod members or with those further a field. Also, more highly vocal individuals may serve dominant roles within the pod, to lead and herd an overly dispersed group closer together.

The dolphin’s communication skills are known to serve even higher functions.  Recently, after removing general voice features, it was discovered dolphins still emitted individually distinctive ‘referential’ voice signatures. Thus, dolphins identify other individuals in the pod by transmitting identity information through the use of individual names. This is the only species, other than humans, known have developed this ability.  Furthermore, this high level of cognitive function has been acquired through a very different evolutionary pathway of cerebral cortex development, following the ancestral separation of primates and dolphins some 60 million years ago.

7.
Summary

Dolphins are very able and intelligent marine mammals, having excellent visual acuity and remarkable echolocation abilities.  Further, all individuals communicate freely with other members of their pod, even to the point of identifying each other by name.  Their remarkable physical and social abilities bestow the species with considerable adaptability.

However, C. hectori maui as a species is under threat of extinction. The underlying causes could be several.  The fishing industry has had a major impact on their demise, through its extensive use of trawl- and gillnets. It could be due partly to changes in dolphin’s social behaviour progressively isolating each pod, and the resulting inbreeding leading to lower reproductive rates. Alternatively, or in addition, their demise might reflect unnatural causes such as increasing levels of industrial pollutants emanating from our harbours and rivers.

Crest Energy could serve, in this regard, a major role in monitoring dolphin movement and behaviour as they passage through the Kaipara Harbour mouth, by mounting hydrophones and other detection systems on the turbines.  Due to C. hectori maui’s infrequent visits, such observations may be limited primarily to other dolphin species populating the Kaipara Harbour, but nevertheless, the proposed observations would benefit our general understanding.  

*
The two numbers represent the speed of sound and light in seawater (rather than in air).   
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Appendix 2 New Zealand Coastal Policy Statement Policies.

Policy 1.1.3

It is a national priority to protect the following features, which in themselves or in combination, are essential or important elements of the natural character of the coastal environment:

(a) landscapes, seascapes and landforms, including:

(i) significant representative examples of each landform which provide the variety in each region;

(ii) visually or scientifically significant geological features; and

(iii) the collective characteristics which give the coastal environment its natural character including wild and scenic areas;

(b) characteristics of special spiritual, historical or cultural significance to Maori identified in accordance with tikanga Maori; and

(c) significant places or areas of historic or cultural significance.

Policy 1.1.4

It is a national priority for the preservation of natural character of the coastal environment to protect the integrity, functioning, and resilience of the coastal environment in terms of:

(a) the dynamic processes and features arising from the natural movement of sediments, water and air;

(b) natural movement of biota;

(c) natural substrate composition;

(d) natural water and air quality;

(e) natural bio diversity, productivity and biotic patterns; and

(f) intrinsic values of ecosystems.

Policy 3.2.2

Adverse effects of subdivision, use or development in the coastal environment should as far as practicable be avoided. Where complete avoidance is not practicable, the adverse effects should be mitigated and provision made for remedying those effects, to the extent practicable.

Policy 3.3.1

Because there is a relative lack of understanding about coastal processes and the effects of activities on coastal processes, a precautionary approach should be adopted towards proposed activities, particularly those whose effects are as yet unknown or little understood. The provisions of the Act which authorise the classification of activities into those that are permitted, controlled, discretionary, noncomplying or prohibited allow for that approach.

Policy 3.5.1

In order to recognise the national importance of maintaining public access to and along the coastal marine area, a restriction depriving the public of such access should only be imposed where such a restriction is necessary :

(a) to protect areas of significant indigenous vegetation and/or significant habitats of indigenous fauna;

(b) to protect Maori cultural values; 

(c) to protect public health or safety;

(d) to ensure a level of security consistent with the purpose of a resource consent; or

(e) in other exceptional circumstances sufficient to justify the restriction notwithstanding the national importance of maintaining that access.

Defining the Specific Circumstances in Which the Minister of Conservation Will Decide on Resource Consent Applications

Policy 5.3.1

The types of activities which have or are likely to have a significant or irreversible adverse effect on the coastal marine area and for which therefore the Minister of Conservation will decide resource consent applications are those defined in Schedule 1.

Where Schedule 1 states:

SCHEDULE 1 - THE CIRCUMSTANCES IN WHICH ACTIVITIES THAT HAVE A SIGNIFICANT OR IRREVERSIBLE ADVERSE EFFECT ON THE COASTAL MARINE AREA WILL BE MADE RESTRICTED COASTAL ACTIVITIES 

S1.1 Reclamations

(a) Any activity reclaiming foreshore or seabed which is less than 1 hectare or extends less than 100 metres in all directions, including incremental reclamations connected to or part of another reclamation which was commenced or received a resource consent after the 5 May 1994, and the sum of the existing and proposed reclamations do not exceed these dimensions is not a restricted coastal activity.

(b) Any activity reclaiming foreshore or seabed which:

(i) is equal to or greater than 1 hectare but less than or equal to 2 hectares, or extends 100 or more metres up to or equaling 300 metres linear in any direction (or which is an incremental reclamation connected to, or part of, another reclamation which was commenced or received a resource consent after 5 May 1994, and the sum of the existing and proposed reclamations are within these dimensions);

(ii) which is specified in the relevant operative or proposed regional coastal plan as a discretionary activity; and 

(iii) the plan contains the criteria for, or the permissible locations of, reclamations, and the permissible adverse effects and the usages of any areas so reclaimed;

is not a restricted coastal activity.

(c) Except as in S1.1(a) or (b) above, any activity reclaiming foreshore or seabed which:

(i) equals or exceeds 1 hectare;

(ii) extends 100 or more metres in any direction; or

(iii) is an incremental reclamation connected to, or part of, another reclamation which;

· was commenced or received a resource consent after 5 May 1994, and

· the sum of the existing and proposed reclamations are equal to or exceed the dimensions in (i) and (ii); and 

is a restricted coastal activity.

S1.2 Structures which impound or effectively contain the coastal marine area

(a) Any activity involving the erection of a structure or structures which:

(i) will impound or effectively contain less than 4 hectares of the coastal marine area; or

(ii) is floating or open pile structure which can be demonstrated to not impede water flows;

is not a restricted coastal activity.

(b) Any activity involving the erection of a structure or structures which will:

(iii) impound or effectively contain less than 8 hectares, of the coastal marine area; 

(iv) which is specified in the relevant operative or proposed regional coastal plan as a discretionary activity; and

(v) the plan defines or provides the criteria for determining:

· where it would be permissible to locate any such structure or structures; and

· the materials to be used in the construction of any structure or structures; and

· the activities for which such structure or structures can be used; and 

(i) the plan:

· requires consideration of the likely adverse effects of the structure or structures; and

· defines, or provides the criteria for determining, the limits on likely adverse effects of the structure or structures;

is not a restricted coastal activity.

(c) Except as provided for in S1.2(a) and (b) above, any activity involving the erection of a structure or structures which will impound or effectively contain 4 hectares or more of the coastal marine area is a restricted coastal activity.

S1.3 Structures in the coastal marine area more or less parallel to mean high water springs

(a) Any activity involving the erection of a structure or structures:

(i) which is solid (or presents a significant barrier to water or sediment movement), and when established on the foreshore or seabed extends less than 300 metres in length more or less parallel to the line of mean high water springs (including separate structures which total less than 300 metres contiguous length);

(ii) which is a submarine or sub-aqueous cable, or

(iii) which is a floating or open pile structure which can be demonstrated not to have adverse effects;

is not a restricted coastal activity.

 (b) Any activity involving the erection of a structure or structures:

(i) which are solid (or presents a significant barrier to water or sediment movement);

(ii) when established on the foreshore or seabed would extend 300 metres or more, but not more than 1000 metres, in length more or less parallel to the line of mean high water springs (including separate structures which incrementally total at least 300 metres and up to 1000 metres, contiguously);

(iii) which is specified in the relevant operative or proposed regional coastal plan as a discretionary activity; and

(iv) for which the plan defines, or provides the criteria for determining: 

· where it would be permissible to locate any such structure or structures;

· the materials to be used in the construction of any structure or structures;

· the activities for which such structure or structures can be used; and

(v) for which the plan:

· requires consideration of the likely adverse effects of the structure or structures; and

· defines, or provides, the criteria for determining, the limits on likely adverse effects of the structure or structures;

is not a restricted coastal activity.

 (c) Except as provided for in S1.3(a) and (b) above, any activity involving the erection of a structure or structures which:

(i) are solid (or present a significant barrier to water or sediment movement); and

(ii) when established on the foreshore or seabed would extend 300 metres or more in length more or less parallel to the line of mean high water springs (including separate structures which total 300 metres or more contiguous);

is a restricted coastal activity.

S1.4 Structures in the coastal marine area oblique or perpendicular to mean high water springs

(a) Any activity involving the erection of a structure or structures:

(i) which is solid (or present a significant barrier to water or sediment movement), and is sited obliquely or perpendicular in horizontal projection to the line of mean high water springs in the coastal marine area, and is in horizontal projection less than 100 metres; or

(ii) which is a submarine or sub-aqueous cable;

is not a restricted coastal activity.

(b) Any activity involving the erection of a structure or structures:

(i) which is solid (or presents a significant barrier to water or sediment movement);

(ii) which is sited obliquely or perpendicular to the line of mean high water springs in the coastal marine area;

(iii) which in horizontal projection is not more than 1000 metres in length;

(iv) which is specified in the relevant operative or proposed regional coastal plan as a discretionary activity; and

(v) for which the plan defines, or provides the criteria for determining:

· where it would be permissible to locate any such structure or

· structures;

· the materials to be used in their construction; and

· specifies the activities for which such structure or structures can be used; and

(vi) for which the plan:

· requires consideration of the likely adverse effects of the structure or structures; and

· defines, or provides the criteria for determining, the limits on adverse effects of the structure or structures;

is not a restricted coastal activity.

(c) Except as provided for in S1.4(a) and (b) above, any activity which includes erecting a structure or structures in the coastal marine area which is:

(i) solid (or presents a significant barrier to water or sediment movement);

(ii) is sited obliquely or perpendicular in horizontal projection to the line of mean high water springs in the coastal marine area; and

(iii) is in horizontal projection 100 metres or more in length;

is a restricted coastal activity.

S1.5 Structures in the coastal marine area used in the petroleum and chemical industry

(a) Any activity involving the erection of structures for the storage or containment of any petroleum, petroleum products, or contaminants in quantities less than or equal to 50,000 litres is not a restricted coastal activity.

(b) Any activity involving the erection of structures for the storage or containment of any petroleum, petroleum products, or contaminants in quantities less than 100,000 litres and more than 50,000 litres and the relevant operative or proposed regional coastal plan specifies that the activity is a discretionary activity and defines, or provides criteria determining:

(i) where it would be permissible to locate any such structures; and

(ii) the effects of the structure; 

is not a restricted coastal activity.

(c) Except as provided for in S1.5(a) and (b) above, any activity involving the erection of structures for the storage or containment of any petroleum, petroleum products, or contaminants, in quantities greater than 50,000 litres is a restricted coastal activity.

S1.6 Disturbance of foreshore and seabed (excavate, drill, move, tunnel etc) including any removal of sand, shell or shingle

(a) Any activity involving, in any 12-month period, disturbance of foreshore and seabed for specific purposes, including any removal of sand, shell or shingle or other material which is either:

(i) maintenance dredging;

(ii) in volumes less than or equal to 50,000 cubic metres; and extracted from areas less than 4 hectares; and extending less than 1000 metres over foreshore and seabed; or

(iii) in volumes less than 300,000 cubic metres; and extracted from areas of less than 10 hectares; and extending less than 10,000 metres over foreshore and seabed; and

· is specified in an operative or proposed regional coastal plan as a discretionary activity; and

· the plan defines or provides the criteria which specifies the location where the removal can be carried out; and

· specifies when the activity can be undertaken; and

· specifies conditions to control any adverse effects of any removal or disturbance;

is not a restricted coastal activity.

(b) Except as in S1.6(a) above any activity involving, in any 12 month period, disturbance of foreshore and seabed for specific purposes, including any removal of sand, shell or shingle:

(i) in volumes greater than 50,000 cubic metres;

(ii) extracted from areas equal to or greater than 4 hectares; or

(iii) extending 1000 metres or more over foreshore and seabed;

is a restricted coastal activity.

For the purposes of this clause, maintenance dredging means any dredging of the bed of the sea necessary to maintain water depths to previously approved levels, for the safe and convenient navigation of vessels, in navigation channels and at berthing and mooring facilities, including marina developments.

S1.7 Depositing substances in the coastal marine area

(a) Any activity involving the depositing of any material on the foreshore and seabed which involves quantities less than or equal to 50,000 cubic metres at a site in the coastal marine area in any 12 month period is not a restricted coastal activity.

(b) Any activity involving the depositing of any material on the foreshore and seabed:

(i) which is specified in an operative or proposed regional coastal plan as a discretionary activity;

(ii) for which the plan defines or provides the criteria for determining:

(iii) the location where the activity can be carried out;

· the time during which the activity can be carried out; and for which the plan:

· requires consideration of the likely adverse effects of the depositing of the material; and

· defines, or provides the criteria for determining, the limits on the likely adverse effects of the depositing of the material;

is not a restricted coastal activity.

(d) Except as provided for in S1.7(a) and (b) above, any activity involving the depositing of any material on the foreshore or seabed in quantities greater than 50,000 cubic metres in any 12 month period in the coastal marine area is a restricted coastal activity.

S1.8 Exotic plants in the coastal marine area

Any activity involving the introduction of any exotic plant species to the coastal marine area is a restricted coastal activity, except where that plant is already present in an area and an operative or proposed regional coastal plan specifies that the planting of it is a discretionary activity.

S1.9 Exclusive occupation of the coastal marine area

Any activity involving occupation of the coastal marine area which:

(a) would exclude or effectively exclude public access from areas of the coastal marine area over 10 hectares (except where such exclusion is required in commercial port areas for reasons of public safety or security);

(b) would exclude or effectively exclude the public from more than 316 metres along the length of the foreshore; or

(c) would involve occupation or use of areas greater than 50 hectares of the coastal marine area and such occupation or use would restrict public access to or through such areas;

is a restricted coastal activity.

S1.10 Discharges to the coastal marine area

(a) Any discharge of human sewage to the coastal marine area, except from vessels, which has not passed through soil or wetland, shall be a restricted coastal activity.

Any discharge to the coastal marine area in respect of which the applicant may desire to rely on section 107(2)(a) shall be a restricted coastal activity.

Appendix 3 Northland Regional Policy Statement Provisions.

	19. OUTSTANDING NATURAL FEATURES AND OUTSTANDING LANDSCAPES

	19.2 Issues
	 19.3 Objectives
	19.4  Policies
	Commentary

	The following are the significant landscape issues of the region:

1. Land use activities may adversely affect outstanding natural features and outstanding landscapes, particularly where there is not an integrated approach to the identification and protection of such resources.

2. The adverse effects on outstanding natural features and outstanding landscapes from land use activities, particularly structures, earthworks and vegetation clearance.

3. The cumulative effects of subdivision, use and development on outstanding natural features and outstanding landscapes throughout the region, and in particular, on the natural character of the coastal environment.

4. The conflict between private land use and the protection of outstanding natural features and outstanding landscapes for the benefit of the wider community.

5. The importance of outstanding natural features and outstanding landscapes in enabling people and communities to provide for their social, economic and cultural well-being, for example, by way of tourism and recreation.

6. Productive uses, e.g. farming and forestry, occur within some outstanding landscapes, and this needs to be acknowledged.

7. The importance of some outstanding natural features and outstanding landscapes to iwi and tribal identity.

8. The different interpretation the region’s communities have on what is inappropriate subdivision, use and development in relation to outstanding natural features and outstanding landscapes.


	1. The identification of outstanding natural features and outstanding landscapes and their protection of from inappropriate subdivision, use and development.

2. To recognise, in the identification and protection of outstanding natural features and outstanding landscapes, that their values include intrinsic values of ecosystems, ecological, heritage, cultural, spiritual, and amenity aspects.

3. Any adverse effects of human activities on natural and physical resources are avoided, remedied or mitigated so that the qualities and values of any outstanding natural features and outstanding landscapes are maintained.


	2. To ensure protection of outstanding natural features and outstanding landscapes, particularly those important to the natural character of the coastal environment, wetlands, and lakes and rivers and their margins, by avoiding, remedying or mitigating adverse effects from inappropriate subdivision use and development, which may include activities such as earthworks, structures and vegetation clearance.

4. To recognise and provide for outstanding natural features and outstanding landscapes and associated intrinsic values of ecosystems, and for heritage, ecological, cultural, spiritual and amenity values.

5. To recognise and provide for the protection of outstanding landscapes by avoiding those effects of subdivision, use and development which adversely impact on the integrity of an outstanding landscape unit.

6. To recognise that productive uses, such as farming and forestry, do occur within some outstanding landscape units.


	The proposed project is completely below the low tide water level at all times, and the cable is either also fully submerged or trenched through subtidal areas with full reinstatement on completion.  Consequently, any effects on the natural landscape values will be minor and short term. 

	20. SOIL CONSERVATION AND LAND MANAGEMENT

	20.2 Issues
	20.3 Objectives
	20.4 Policies
	

	The following is a summary of the significant soil conservation and land management issues of the region:

1. Erosion of land, especially in hill country and coastal areas, and the contribution of ongoing farming and forestry related activities.

2. Loss of soil structure and productivity under more intensive arable, pastoral, horticultural and forestry systems.

3. Contamination of soils in some areas with hazardous substances. 

4. Control of herbicide, pesticide and fertiliser application, particularly in relation to effects on adjacent properties.

5. Loss of highly productive and versatile soils through closer subdivision and settlement, particularly around the urban areas of Whangarei and Kerikeri.

6. The destruction of vegetation, particularly watershed protection native forest by possums, goats, and deer, and the potential for these animals to act as vectors in the spread of bovine tuberculosis.

7. The loss of agricultural production and invasion of native vegetation and water bodies by introduced weeds.

8. Integration of policies on land use activities administered by the Regional and District Councils.

9. Clearing of vegetation and earthworks, including small scale activities, in erosion prone areas where water catchment values are threatened.


	(a) The maintenance, and where possible, enhancement of the life supporting capacity of soils, especially those which have potential to support intensive primary production.

(b) The protection of the soil resources, including soil quality and soil quantity, from degradation or loss as a result of unsustainable land uses and land use practices.

(c) The safeguarding of the life-supporting capacity of water and ecosystems from the adverse effects of unsustainable land uses and land use practices.

(d) The avoidance remedying or mitigation of the adverse effects of plant and animal pests on the use of land, including its potential for primary production and natural ecosystems.


	(a) SOIL CONSERVATION AND EROSION CONTROL

1. To promote soil conservation as an integral part of all land use and development activities.

2. To promote the adoption of best management practices for land use activities which have the potential to cause accelerated erosion, and other forms of soil degradation.

3. To encourage the retirement and re-vegetation of land which has a high erosion risk.

4. To avoid, remedy or mitigate adverse effects of land use activities on water bodies and their margins. These include, effects on riparian vegetation and habitat, water quality, water flows or levels, aquatic ecosystems, and any cultural or spiritual values associated with the water body.

5. To recognise the value of forests, shrublands, riparian vegetation and habitat, and wetlands, in particular those containing permanent indigenous vegetation, in preventing and ameliorating erosion and flooding, and to promote the retention of such vegetation.

(b)  CONTAMINANT DISCHARGES

1. To ensure that discharges onto or into land do not result in any toxic or potentially toxic accumulation of contaminants, significant loss of soil fertility, or any significant adverse effects on riparian vegetation and habitat, water quality, aquatic ecosystems, or cultural or spiritual values associated with the soil or water resource.

2. To promote the safe use and storage of agricultural chemicals and other potentially contaminant material. 

3. To promote the safe disposal of old or unwanted agricultural chemicals and other potentially contaminant material.

(c) PROTECTION OF HIGHLY PRODUCTIVE AND VERSATILE SOILS

1. To protect soils which are of a highly productive and versatile nature from subdivision and land uses which are likely to result in their loss or permanent removal from primary production.


	Minor earthworks are required to construct a small substation as well as erect power poles to enable the connection of the scheme to the main national power grid.  In addition there will be minor works involved with the trenching of the power cable within the CMA which is required to connect the scheme to the substation. 

Both activities are not located on highly productive land and are both short in duration and small in scale. All earthworks activities will incorporate the use of appropriate erosion and sediment controls, and all bare areas will be stabilised against erosion on completion. 

The proposal does not involve the discharge of any contaminant other than soil to a minor degree during earthworks activities.

The proposal will not affect the productive or versatile soils.



	22. COASTAL MANAGEMENT

	22.2 Issues
	22.3 Objectives
	22.4 Policies
	Commentary

	The following is a summary of significant coastal management issues:

1. Integration of land and water management policies and standards administered by local authorities.

2. Recognition of customary tribal authority over areas of land and water traditionally used or occupied by iwi and opportunities for delegated or joint management of them. Protection of waahi tapu and continued access to traditional sites.

3. Impacts, including cumulative effects, of subdivision, use and development on the natural character of the coastal environment, particularly its ecological, cultural and amenity values.

4. Modification of sand dunes and associated wildlife values and archaeological sites by exotic forestry, stock grazing and vehicle use.

5. Damage to mangrove and saltmarsh areas, coastal wetland areas, and related fish and wildlife habitats from reclamation, stock grazing and drainage and the need for protection and restoration.

6. Cumulative impacts of marine farming on the coastal environment, especially occupation of space, sedimentation and refuse and cumulative impacts of marinas, port operations, and waterfront developments on the coastal marine area including effects on other uses as a result of the exclusive occupation of space.

7. Provision for, and rationalisation of, mooring facilities for recreational craft.

8. Maintenance, and where possible enhancement of, public access to and along the coast.

9. Effects of point and non point discharges from land based activity on the quality of coastal waters and sediments and on marine biota.

10. Discharge of sewage from boats.

11. Discharge of ballast, and waste material from ships.

12. Potential risk of oil spills.

13. Cumulative impacts of heavy industry on the coastal environment, particularly port related industry and the oil refinery.

14. Lack of detailed knowledge of natural resources in the coastal marine area especially in the subtidal area.

15. Proliferation of structures and their effect on landscape values.

16. Coastal erosion, including environmental impacts of protective works and potential impacts of a rise in sea level.

17. The value of the seafood resources to the economic and social well being of the community.

18. Invasion of introduced plants e.g. spartina grass, into harbour areas causing sediment build-up and other modifications of natural habitats.

19. The threat to public safety, and the noise and erosion caused by the use of water craft and motor vehicles.

20. The finite nature of some coastal resources such as waterfront land and sheltered coastal waters.

21. The potential adverse effects of sand, shingle and mineral extraction on the coastal environment.


	1. The preservation of the natural character of the coastal environment, including protection from inappropriate subdivision, use and development.

2. Prevention of damage to and loss of traditional fisheries habitats and tangata whenua resources of significance to the tangata whenua.

3. Maintenance and enhancement of public use, enjoyment of and access to the coastal environment.

4. The minimisation of the conflicts between uses in the coastal environment and their effects on public health and safety.


	(a) PRESERVATION OF NATURAL CHARACTER

1. In both the plan preparation and resource consent processes, to preserve the natural character of the coastal environment by, as far as practicable, avoiding adverse effects on:

(i) significant landscape values, including seascapes and significant landforms which impart a distinctly coastal character; and

(ii) significant indigenous vegetation, significant habitats of indigenous fauna, predominantly indigenous ecosystems and indigenous biodiversity; and

(iii) natural coastal processes, including the movement of sediments, water and biota; and 

(iv) water quality; and

(v) cultural heritage values, including historic places and sites of significance to Maori; and

(vi) intrinsic and amenity values, including the values of wild and scenic areas. Where avoidance is not practicable adverse effects should be mitigated and provision made for remedying those effects to the extent practicable.

2. In protecting the coastal environment from inappropriate subdivision, use and development (including any adverse effects associated with location, scale and/or character), councils will have particular regard:

(a) In relation to preservation of natural character avoiding

(i) types of use and development (including sporadic and sprawling subdivision) that would be likely to have adverse effects on the coastal environment; and

(ii) cumulative adverse effects (including those associated with incremental change and a shift towards dominance of the built form); and

(iii) any conflict (potential or actual) with current or existing uses, values and the natural character of adjacent land and water areas, and

Where it is not practicable to avoid these matters, councils will have regard to the extent to which they may be remedied or mitigated. 

(b) In relation to other matters to;

(iv) future adverse effects associated with sea level rise; and

(v) efficient use and development of finite coastal resources, including (where appropriate) the concentration of types of activity and the multiple use of any facility; and

(vi) the extent to which alternative locations (both to the coastal environment and within the coastal environment) and/or methods of subdivision, use and development are either impractical or otherwise inappropriate; and

(vii) the maintenance of existing public access to and along the coastal marine area.

3. To ensure that activities which can cause irreversible changes to the coastal marine area (including reclamation, dredging and dredging spoil disposal) are only carried out in the coastal marine area where:

(a) no practical land based alternative exists 

(b) the activity takes place in the minimum area possible

(c) there is a significant public benefit as a result of the activity

4. Where appropriate, to promote or require restoration of areas within the coastal environment where the natural character has been degraded by subdivision, use and development.

5. To encourage, and depending on its relative cultural, landscape, and ecological significance, and the degree of risk posed to it by use and development, to require the protection of areas of the following significant indigenous vegetation:

(a) remnant forest;

(b) shrubland;

(c) coastal wetland including mangroves and saltmarsh;

(d) eel grass;

(e) sand dune vegetation; and

(f) significant habitats of indigenous fauna.

6. To promote the control of the introduction of exotic organisms into the coastal marine area.

7. To adopt a precautionary approach to coastal management where knowledge is limited about the likely impact on the natural character of the coast of the effects of subdivision, use and development in the coastal environment.

8. To ensure that provisions in the regional coastal plan and in district plans are complimentary for adjoining coastal land and coastal marine areas.

(b) PROTECTION OF TRADITIONAL FISHERIES AND OTHER RESOURCES

1. To recognise the cultural significance of the coast to the tangata whenua and their traditional use of associated resources.

2. To encourage, and where requested by tangata whenua and consistent with relevant objectives and policies in regional and district plans, promote formal protection of areas and sites traditionally used by the tangata whenua.

(c) ALLOCATION OF SPACE IN THE COASTAL MARINE AREA

1. To enable the establishment and planned expansion of activities which have an operational need to be located in the coastal marine area, provided the adverse effects can be avoided, remedied or mitigated.

2. To limit the occupation of space including the erection of structures and facilities in areas of high cultural, ecological, landscape or recreational value.

3. To avoid, remedy, or mitigate the adverse effects of the establishment and expansion of activities in the coastal marine area; to encourage the multiple use and/or consolidation of structures and other facilities; and where an area is already adequately served by such structures and facilities require their multiple use and/or consolidation.

4. To promote the reservation of areas with outstanding amenity, heritage, landscape, ecological or other intrinsic natural values.

 (d) PUBLIC ACCESS

1. To maintain and enhance the provision of public access to and along sections of the coast for scientific, educational, recreational and cultural purposes.

2. To protect culturally or ecologically sensitive areas of the coast from over use and potential degradation, and to restrict public access to them.

3. To require compensation where the public are deprived of access to and along the coastal marine area as a result of subdivision, use or development.

4. To restrict public access in and around commercial activities and facilities where required for public health and safety and for the security of the activities or facilities.


	The proposed power scheme is completely submersed apart from the construction of a substation and an above ground power line connection to the national grid.  Consequently the proposal is extremely low impact and will not entail significant adverse effects when considering the effects on natural character, indigenous vegetation, ecosystems, biodiversity, water quality or cultural heritage values.

It is not considered that the proposal will adversely affect traditional fisheries.

The location of the proposed power scheme on the sea floor involves the occupation of the sea bed.  Given the nature of the tidally-driven scheme, there is no practical alternative for sighting the turbines.

It is considered that public access through that part of the Kaipara Harbour is limited due to strong tidal currents.  The sighting of the scheme will not affect the passage of boats at the harbour mouth, and is unlikely to affect existing use of this part of the Coast.

Although it is unlikely that ships will require mooring within the vicinity of the Generation Array, it may be necessary to restrict such activities in the vicinity of the turbines and cables in order to protect these assets.




Appendix 4 Objectives, Policies and Rules NRC Coastal Plan and RWSP.

	A.  NORTHLAND REGIONAL COASTAL PLAN

	Topic
	Objective
	Policy
	Method
	Rule

	Preservation of Natural Character
	7.3
	7.4.1 – 7.4.3
	7.5.1
	-

	Natural Character and Landscapes
	8.3
	8.4.1
	8.5.1
	-

	Public Access
	10.3
	10.4.1, 10.4.3
	10.5.4, 10.5.13
	-

	Structures
	17.3
	17.4.3, 17.4.4, 17.4.8, 17.4.9
	17.5.8, 17.5.9, 17.5.15 – 17.5.18
	31.3.4(m)

	Use and Diversion of Coastal Water
	21.3
	21.4.2
	21.5.4
	31.3.7(d)

	Discharges to Water from Maintenance Activities


	19.3


	19.4.5, 19.4.7


	19.5.15, 19.5.19


	31.3.4 (f)

	B.  REGIONAL WATER AND SOIL PLAN FOR NORTHLAND

	Topic
	Objective
	Policy
	Method
	Rule

	Land Management
	12.5.1 – 12.5.4
	12.6.1 – 12.6.5, 12.6.7, 12.6.11, 12.6.12
	12.7.10, 12.7.11, 12.7.11, 12.7.13, 12.7.20.
	22.1, 34.1.2, 34.1.3.


Appendix 5 Relevant Rules from the Northland Regional Coastal Plan

	A.   REGIONAL COASTAL PLAN FOR NORTHLAND

	31.3.4
	STRUCTURES

	31.3.4 (f)
	Permitted Activity Rule - Maintenance

The maintenance and repair of authorised structures (other than permanent swing moorings, navigation aids and ski access lanes)

on the condition that:

(i) the height and plan dimensions of the structure are not altered; and 

(ii) the activity does not result in a weakening of the structural integrity or strength of the structure; and

(iii) the activity is carried out in a manner which avoids or mitigates risks to public health and safety; and,

(iv) the activity does not require the use of heavy machinery, compressors, or other similar equipment on the foreshore or seabed; and

(v) the activity does not require the placement or storage of building materials on the foreshore or seabed; and

(vi) the activity does not result in any discharge or deposition of contaminants on to the foreshore or into adjacent coastal waters; and

(vii) the effects will be the same character, intensity and scale as the activity which was lawfully established and conducted before any authorised maintenance and repair5; and

(viii) the activity does not have more than minor adverse effects on the environment.

 The activity shall comply with all relevant standards listed in section 31.3.13

Explanatory Note: For the purposes of this rule, the phrase “heavy machinery” includes but is not limited to plant or equipment used for construction or earthmoving purposes (eg: hydraulic excavators, cranes) and heavy vehicles within the meaning of the Land Transport Act 1998.

5 Explanatory Note: The phrase “…the same character, intensity and scale…” includes the use of the same or similar materials used in the construction of the structure being maintained or repaired.



	31.3.4(m)
	Non-Complying Activity Rule – Erection of New Structures

The erection of any new structure and the occupation of space for and use of any new structure (other than those structures provided for as permitted, controlled, discretionary or prohibited activities) whether or not this is a restricted coastal activity.



	31.3.7  TAKING AND USE OF WATER

	31.3.7 (d)
	Discretionary Activity Rule – Taking and use of Water

The taking and use of sea water which is not otherwise a permitted activity under Rule 31.3.7(a),(b) or (c)

	B.  REGIONAL WATER AND SOIL PLAN FOR NORTHLAND

	22.  STORMWATER DISCHARGES FROM LAND DISTURBING ACTIVITIES

	22.1
	Permitted Activity Rule - Stormwater

The following diversions and discharges associated with stormwater from roads and land disturbance activities are permitted activities:

1. The diversion and discharge of stormwater into water or onto or into land where it may enter water from any land disturbance activity, which is permitted under a land disturbance activity rule in this Plan is a permitted activity, provided that:

(a) The stormwater is diverted or discharged in the catchment from which it originates.

(b) Water and sediment control measures (eg. rock rip-rap, cut-off drains, sediment traps) are installed and maintained, to avoid or minimise erosion and to avoid or minimise sediment discharges to any adjacent water bodies or to any coastal waters.

(c) The diversion and discharge has a no more than minor adverse effect (as determined by the relevant water quality guidelines in Section 7) on aquatic ecosystems and/or on neighbouring or downstream landowners/occupiers (eg. deposition of sediment, exacerbation of flooding).



	34.  LAND DISTURBANCE ACTIVITIES WITHIN THE RIPARIAN MANAGEMENT ZONE

	34.1.2
	Permitted Activity Rule - Vegetation Clearance within the Riparian Management Zone, provided that:

(a) The Environmental Standards in Section 32 are complied with; and

(b) The Vegetation;

(i) impedes or is likely to impede flood flows; or

(ii) causes or is likely to cause stream bank erosion; or

(iii) is a plantation forest planted prior to this Plan becoming operative; or

(iv) is a plantation forest planted after this Plan became operative and the clearance is outside a setback of 5 metres from a water body; or

(c) The vegetation clearance:

(i) is the minimum necessary to give effect to the permitted activity rules in this Plan; and

(ii) does not exceed 200 m² in total; or

(iii) it is the minimum necessary for track and road maintenance.

	34.1.3
	Permitted Activity Rule - Earthworks

(a) Earthworks in the Riparian Management Zone are a permitted activity, provided that:

(b) The Environmental Standards in Section 32 are complied with;

(i) The earthworks are the minimum necessary;

(ii) to give effect to the permitted activity rules in this Plan; and

(iii) the area of exposed soil is less than 200 m² and the volume of earth disturbed is less than 50 m³; or

(iv) for track or road maintenance;

(c) Following the completion of any earthworks those parts of the Riparian Management Zone that are not required for the permitted activity are reinstated to a stable contour and revegetated as soon as practicable; and

(d) As a result of the earthworks in the Riparian Management Zone there are no adverse flooding or drainage effect on any property owned or occupied by another person.


Appendix 6 Auckland Regional Policy Statement Provisions.

	2.  Regional Overview and Strategic Direction



	Issues
	Objectives
	Policies
	Commentary

	2.3.1

The Region will need to accommodate continued population growth and economic development in the foreseeable future.

2.3.4  

Regionally Significant physical resources, including infrastructure, are essential for the community’s social and economic wellbeing.  The location, development and redevelopment of infrastructure is of strategic importance in its effects on the form and growth of the region.  However, the long term viability of regionally significant infrastructure and physical resources can be compromised by the adverse effects, including cumulative effects on the environment, and on communities.  They can be adversely affected by conflicts if sensitive uses are allowed to develop near them or if they are inappropriately located.

2.3.6 

Auckland’s coastal environment is a fundamental part of its heritage and is sensitive to the adverse effects of inappropriate subdivision, use and development.  It is also essential for the Region’s social and economic wellbeing.
	2.5.1

1. To ensure that provision is made to accommodate the Region’s growth in a manner which gives effect to the purposes and principles of the Resource Management Act, and is consistent with these Strategic objectives and with the provisions of this RPS.

2. To maintain and enhance the overall quality of the environment of metropolitan Auckland, including its unique maritime setting, volcanic  features, cultural heritage values, and public open space.

3. To protect the soil resources, amenity values, rural character, landscape values, and mineral resources of rural areas, from the regionally significant effects of inappropriate subdivision, use or development.

4. To preserve the natural character of the coastal environment, whilst  ensuring that the use of the coastal environment by those industries and activities which serve the needs of the Region and which depend on a coastal location is appropriate and efficient.

5. To protect the intrinsic values of the Region’s natural resource base, and to make appropriate provision for the avoidance, remediation or mitigation of adverse effects on the Region’s environment, including the  identification of significant natural features and landscapes, and areas of significant indigenous vegetation and habitat, and protection of these from inappropriate subdivision use and development.

6. To promote transport efficiency, and to encourage the efficient use of natural and physical resources, including urban land, infrastructure, and energy resources.

7. To preserve and protect a  representative range of the Region’s heritage resources.

8. To manage the Region’s natural and physical resources in an integrated manner.

To involve the Tangata Whenua as kaitiaki of the Region’s natural resources.
	2.5.2  

1. The use, development and protection of natural and physical resources in the Region is to be managed so that the Region’s growth is accommodated in a manner and in locations which are consistent with the Strategic Objectives and which promote the sustainable management of those resources.

2. Where significant degradation of water, air, ecosystems and land has occurred it is to be remedied or its adverse effects mitigated.

6. Provision is to be made to enable the safe and efficient operation of existing regional infrastructure which is necessary for the social, and economic wellbeing of the region’s people, and for the development of regional infrastructure (including transport and energy facilities and services) in a manner which is consistent with this strategic direction and which avoids, remedies or mitigates any adverse effects of those activities on the environment.

7. The use, development and protection of the Region’s natural and physical resources is to be managed in an integrated manner, so that adverse effects, including significant cumulative adverse effects, that range across resources or cross jurisdictional boundaries are avoided, remedied or mitigated.

8. Resource management processes in the region are to be carried out in ways which ensure that affected parties are consulted at an early stage, and in particular Tangata Whenua involvement as kaitiaki of the Region’s natural resources is to be facilitated.

	The high growth rate of the Auckland and Northland Regions result in an increased demand for new infrastructure, particularly power generation.  The proposed power scheme is to be located on the sea floor and uses tidal movement to generate electricity.  It is considered that this method of power generation will contribute to the provision of power to meet the needs of future generations, while having negligible impact on the coastal marine area.

The applicant has shown an early and continued commitment to engaging all potentially affected parties in effective consultation.

	Policy 2.6.7  Regionally Significant Infrastructure or Services

	The safe and efficient operation of existing Regional infrastructure and the provision of necessary new Regional infrastructure is to be enabled, planned and undertaken in ways that:

· give effect to Part II of the RM Act;

· are consistent with the Strategic Direction, and with the policies and methods for Urban Growth Management (2.6.1) and for Rural Areas (2.6.4);

· consider and make appropriate provision for the following matters:

(i) The avoidance of significant adverse effects (including cumulative adverse effects) on:

(a) the environmental values protected by defined limits to metropolitan Auckland and defined limits to rural or coastal settlements

(b) amenity values throughout the whole of the Region and the rural character of rural areas in the Region.

Where significant adverse effects cannot be avoided they shall be remedied or mitigated.

(ii)  Avoiding prematurely foreclosing, or compromising, options for accommodating the further growth and development of urban areas.

(iii) Consideration of alternative locations (including locations in urban areas) for utility service facilities which give rise to significant adverse effects on the environment.

(iv) Environmental enhancement and/or remediation opportunities.


	The proposed power scheme involves the generation of electricity from a renewable resource, and will enable the provision of additional power generation capacity within the two regions.  This will contribute to the ability of both regions to meet increasing demand for electricity in an environmentally sustainable manner.

	5.  Energy

	5.2  Issues
	5.3 Objectives
	5.4 Policies
	

	5.2.2  

Because of the high dependence on non-renewable fuels, the present use of energy is not sustainable.

5.2.4

The production, distribution and use of energy is essential for the development, wellbeing and prosperity of the Auckland Region and there would be major socio-economic impacts should, for any reason, the supply of energy be curtailed.  However, the production, distribution  and use of energy may have adverse effects on the natural and physical environment and some of these effects may be great.
	5.3.1

The sustainable use of energy resources (excluding minerals), and the efficient use and development of energy resources.

5.3.2

To avoid, remedy, or mitigate any adverse effects of development proposals relating to the production,

distribution and use of energy.

	5.4.1

The following policies and methods give effect to Objective 5.3 -1.

1. More efficient use shall be made of available energy resources by:

(i) promoting a reduction in the wasteful use of energy;

(ii) promoting the application of energy efficiency:

(a) in the manufacture and use of construction materials;

(b) in building design and site layout;

(c) in the design and operation of transport vehicles;

(d) in domestic and residential situations;

(e) in business and commercial situations;

(f) in production processes and industrial situations;

(iii)  promoting the application of other relevant energy conservation and efficiency measures.

2. Renewable energy sources shall be encouraged by:

(i)   promoting alternatives to the use of nonrenewable fossil fuels;

(ii)   promoting energy production from the Region’s renewable energy assets, if such production is consistent with the provisions of the RPS.

3. An urban form, supported by transportation systems, which improves efficiency and conservation in energy use, shall be promoted.
	The proposed power scheme involves the generation of electricity from a renewable resource, and will enable the provision of additional power generation capacity within the two regions.  This will contribute to the ability of the region to provide for increasing demand for electricity in an environmentally sustainable manner.

	7.  Coastal Environment
	
	
	

	7.2 Issues
	7.3  Objectives
	7.4 Policies
	Commentary

	7.2.1

Auckland’s coastal environment ranges from areas which are predominantly in their natural state to areas which have been highly modified.  This needs to be taken into account when preserving the natural character of the coastal environment and protecting it from inappropriate subdivision, use and development.

7.2.2

Subdivision, use and development within the coastal environment needs to be in an appropriate location, and of an appropriate form, which meets the purpose of the RM Act

7.2.3

Some forms of subdivision, use and development are dependant on the natural and physical resources of the coastal environment for their operation and provision needs to be made for these in appropriate locations.

7.2.4

Subdivision, use and development within the coastal environment has the potential to enhance or inhibit public access to and along the CMA.

7.2.5

In many parts of the region there is a lack of understanding about coastal processes.  Therefore, when providing for or assessing plan provisions or proposals relating to subdivision, use and development, or the protection of natural and physical resources, it is not always possible to determine with much certainty the likely environmental effects.

7.2.6

In some parts of the coastal environment recreation is a particularly important use which needs to be provided for in appropriate forms and locations.

7.2.8

The coastal environment is of special value to Tangata Whenua
	1. To preserve the natural character of the coastal environment and to protect it from inappropriate subdivision, use and development.

2.  To protect outstanding natural features and landscapes, areas of significant indigenous vegetation and significant habitats of indigenous fauna, and significant historic and cultural places and areas in the coastal environment.

3.  To enable appropriate subdivision, use and development to be undertaken in the coastal environment.

4. To enable the use of the coastal environment for appropriate port purposes, other water-related industrial and commercial activities and network utilities.

5. To reduce the risk of environmental damage from subdivision, use and development within the coastal environment arising from uncertainty or lack of knowledge about coastal processes.

6. To maintain and enhance public access to and along the CMA and to publicly-owned land in the coastal environment.

7. To enable an appropriate range of recreational opportunities to be undertaken in the coastal environment.

8. To ensure that the disposal of dredged material, or other solid matter likely to cause significant adverse effects on the natural and physical resources of the coastal environment, occurs in a way which avoids, remedies, or mitigates those significant adverse effects on the natural and physical resources of the coastal environment, and meets the social, economic and cultural aspirations of the community.

9. To recognise and provide for the relationship of Maori and their culture and traditions with their ancestral lands, water, sites, waahi tapu and other taonga of the coastal environment.

10. To achieve integrated management of land and water areas in the coastal environment both within the Auckland Region and between adjacent  regions.


	7.4.4 Natural character of the coastal environment

The following policies and methods give effect to Objective 7.3.1- 2.

1. The natural character of the coastal environment shall be preserved, and protected from inappropriate subdivision, use and development by:

(i) In areas of high natural character, avoiding adverse effects on:

(a) the natural functioning and natural processes of sediment transport, substrate composition and movement of biota;

(b) areas of indigenous vegetation and habitats of indigenous fauna and associated  processes;

(c) the physical integrity of coastal landforms and geological features and associated natural processes;

(d) features, elements and patterns which contribute to landscape value and scenic and visual value;

(e) natural features, sites and natural areas of historic, aesthetic, cultural or spiritual value;

(f) water or air quality;

(g) habitat important for preserving the range,  abundance and diversity of indigenous and migratory coastal species;

(h) habitat important for breeding and feeding of coastal species;

(ii) the healthy functioning of estuaries, coastal wetlands, mangroves, dunes, sand spits and their margins.

(iii)  In all other areas, avoiding any adverse effects which result in the significant reduction in habitat important for preserving the range and diversity of indigenous and migratory coastal species within the Auckland Region.

In the context of Policy 7.4.4-1 (i) and (ii), adverse effects to be avoided include those listed in Chapter 6 – Heritage, Policy 6.4.1.

(iv) In areas which are not of high natural character, avoiding where practicable or remedying, or mitigating the adverse effects of subdivision, use and development on the elements of natural character outlined in Policy 7.4.4-1 (i) (a) – (i) except those adverse effects which are to be avoided in 7.4.4-1 (ii) above

2.  Where appropriate, the natural character of the coastal environment shall be restored and rehabilitated.

7.4.7 Areas of Special Value

The following policies and methods give effect to Objective 7.3-1 and 2.

1. Areas of significant indigenous vegetation, significant habitats of indigenous fauna, significant landforms and geological features, and significant places or areas of historic or cultural significance in the coastal environment shall be preserved and protected by avoiding, remedying, or mitigating the adverse effects of subdivision, use and development in a manner consistent with Policies 6.4.1-3 and 7.4.4-1 (i), (ii) and (iii).

2. The significance of these places, areas and features shall be assessed in accordance with Policies 6.4.7, 6.4.13 and 6.4.16.

3. Outstanding and Regionally Significant Landscapes in the coastal environment shall be preserved and protected in accordance with Policy 6.4.19-1.
4. Sub-tidal Areas of Special Value in the CMA shall be progressively identified and protected from the adverse effects of use and development.
7.4.13 Public Access

The following policies and methods give effect to Objective 7.3-6.

Note: These policies do not override the rights of private property owners.

1.  Public access shall be maintained and enhanced to and along the CMA and to publicly owned land in the coastal environment.

2. Particular regard shall be had to enhancing public access to and along the CMA and to publicly owned land in the coastal environment where:

(i) areas are of high amenity or recreational value; or

(ii) areas are of importance to Tangata Whenua for carrying out customary activities and in order to exercise kaitiakitanga; or

(iii) access would be of particular value or potential value for educational or scientific reasons; or

(iv) areas are adjacent to the Areas of Special Value identified in Appendix B and Map Series 2, where this would be consistent with the protection of natural and cultural heritage values; or

(v) a number of esplanade reserves or other public open spaces exist in the vicinity, and  the enhancement of public access would contribute to the linking together of disconnected reserves.

3. Public access to and along the CMA should only be restricted where it is necessary to:

(i) protect significant natural or cultural heritage values; or

(ii) protect sites and areas of Maori spiritual and cultural value; or

(iii) protect public health and safety; or

(iv) ensure a level of security consistent with the purpose of a resource consent; or

(v) protect areas of the coast which are sensitive to physical disturbance from the presence of people; or

(vi) in other exceptional circumstances sufficient to justify the restriction notwithstanding the national importance of maintaining that access.

See also Chapter 3 – Matters of Significance to Iwi; Chapter 6 – Heritage; and Chapter 18 – Esplanade Reserves and Strips.
7.4.16 Recreation

The following policies and methods give effect to Objective 7.3.7.

1. Recreational activities shall be provided for in appropriate locations and forms having regard to the provisions of Policy 7.4.10 and ensuring that the adverse effects on the environment are avoided, remedied, or mitigated.

2. Coastal areas of special recreational value shall be identified and provision made for their maintenance or enhancement.

7.4.27  Significant resource management issues for Tangata Whenua

1.  Maori cultural and traditional values shall be recognised and taken into account in the management of the coastal environment.

(Refer to Chapter 3 – Matters of Significance to Iwi for methods, reasons and other relevant provisions.)

	The Assessment of Environmental Effects has established that although the proposal is situated in a significant conservation area, that due to the proposal being totally submersed effects on natural character are less than minor.

In addition, as the scheme generates electricity from tidal action, and does not create significant turbulence or unnatural current patterns, that the effects on sediment movement will be less than minor.

As concluded in the Assessment of Environmental Effects, the proposal does not encroach or affect areas of special value.

It is considered that public access through that part of the Kaipara Harbour is limited due to strong tidal currents.  The siting of the turbine arrays will not affect the passage of boats at the harbour mouth, and is unlikely to affect existing use of this part of the Coast.

Although it is unlikely that vessels will require mooring within the vicinity of the Generation Array, it may be necessary to restrict such activities in the vicinity of the turbines and cables in order to protect these assets.

As concluded in the Assessment of Environmental Effects, the proposal will not impact on recreational use of the CMA.

CREST has undertaken significant consultation with relevant iwi groups throughout the development of the project.  It is considered that all relevant concerns regarding the management of the coastal environment have been taken into account.


	8. Water Quality

	8.2  Issues
	8.3 Objective
	8.4 Policies
	

	8.2.1 

Many activities have adverse effects on water quality

8.2.2 

Some parts of the Region are more susceptible to water quality degradation than other areas and/or have significant values that warrant special protection.

8.2.3 

Water quality in some parts of the Region has already been degraded.

8.2.4

 Water quality is a significant resource management issue for Tangata whenua


	1. To maintain water quality in water bodies and coastal waters which have good water quality, and to enhance water quality which is degraded particularly for the  following purposes:

(i) Estuaries and harbours: protection of aquatic ecosystems, recreation, fishing and shellfish gathering, cultural and aesthetic purposes.

(ii) Open coastal waters, including parts of the Hauraki Gulf: its natural state.

(iii) Groundwater: water supply.

(iv) Lakes, rivers and streams: protection of aquatic ecosystems, recreation, food gathering, water supply, cultural and aesthetic purposes.

(v) Wetlands: protection of aquatic ecosystems.

	8.4.1.  General

1. Adverse effects on water quality caused by the discharge of contaminants (including non-point source discharges) shall be avoided, particularly the discharge of potentially toxic, persistent or bioaccumulative contaminants. Where it is not practicable to avoid discharges, they shall be adequately remedied or mitigated

2.  Minimum standards for water quality in terms of section 69 of the RM Act shall be set where the use of minimum standards is shown to be the most appropriate means for achieving the purpose of the RM Act, having regard to their efficiency and effectiveness relative to other means.
8.4.13 Marine activities

Refer to Chapter 7 – Coastal Environment for other policies relating to the coastal environment.

1. Adverse effects of discharges from maritime activities shall be avoided, remedied, or mitigated.

2. The introduction of undesirable aquatic species via discharges (including ballast water) shall be avoided.

8.4.24 Significant resource management issues for Tangata Whenua.

Maori cultural and traditional values shall be recognised and provided for in the management of water quality.


	The proposal will only involve the discharge of contaminants in the form of sediment during the construction phase of the project.  The remaining contaminant likely to be discharged from the proposal is heat from the turbines and transmission cable, though as the Assessment of Environmental Effects concludes, these effects will be less than minor due to high tidal currents and insulation of the transmission line. 

The proposal will only involve discharges of sediment during the construction phase.  Through the implementation of erosion and sediment controls, and in conjunction with high flushing characteristics of the harbour entrance, the effects of the discharge will be less than minor.

CREST has undertaken significant consultation with relevant iwi groups throughout the development of the project.  It is considered that all relevant concerns regarding the management of the coastal environment have been taken into account.




Appendix 7 Objectives, Policies and Rules ARP: Coastal and ARP: Sediment Control

	A.  Auckland Regional Plan: Coastal



	Topic / Issue
	Objective
	Policy
	Method
	Rule

	3.0 Natural Character

	3.2.1


	3.3.1
	3.4.1 – 3.4.4
	-
	Part IV

	4.0  Landscape

	4.2.1
	4.3.1, 4.3.2
	3.3.1 – 4.4.5


	-
	Part IV

	5.0  Natural Features and Ecosystems

	5.2.1 – 5.2.3
	5.3.1 – 5.3.3
	5.4.1, 5.4.3, 5.4.4, 5.4.5, 5.4.6, 5.4.7
	-
	Part IV

	7.0  Public Access

	7.2.2


	7.3.1, 7.3.2
	7.4.1 – 7.4.3
	-
	Part IV

	9.0  Subdivision, Use and Development

	9.2.1 – 9.2.2


	9.3.1 – 9.3.2
	9.4.1
	-
	Part IV

	Part IV  Use and Development

	10.0  General

	10.2.1 -10.2.2


	10.3.1 – 10.3.3
	10.4.1 – 10.4.12
	--
	10.5.5, 10.5.7

	11.0  Activities

	11.2.1 – 11.2.2


	11.3.1 – 11.3.2
	11.4.1
	-
	11.5.1, 11.5.3

	12.0  Structures

	12.2.2


	12.3.1, 12.3.3
	12.4.1, 12.4.13, 12.4.15
	-
	12.5.18

	16.0  Disturbance of Foreshore and Seabed III: Other than Dredging or Extraction

	
	
	
	
	

	16.0  Disturbance of Foreshore and Seabed III: Other than dredging or excavation

	16.2.1


	16.3.1
	16.4.1 - 16.4.3
	-
	16.5.18

	20.0  Discharge of Contaminants

	20.2.1, 20.2.2


	20.3.1
	20.4.2, 20.4.3, 20.4.9, 20.4.14
	-
	20.5.4

	B.  Auckland Regional Plan: Sediment Control

	Topic / Issue
	Objective
	Policy
	Method
	Rule

	4.0  Land Disturbance and Vegetation Removal

	4.1 - 4.2
	5.1.1 - 5.2.2
	5.2.1, 5.2.3
	5.3.1, 5.3.2
	5.4.1.1


Appendix 8 Relevant Rules from the ARP: Coastal and the ARP: Sediment Control
	A.  Auckland Regional Plan: Coastal

	10.0  General

	10.5.4
	Restricted Discretionary Activities

Occupation by any activity specified as a restricted discretionary activity by another rule in this plan.



	10.5.7
	10.5.7 The ARC will restrict the exercise of its discretion under Rules 10.5.4, 10.5.5 and 10.5.6 to the following matters:

a the spatial and temporal extent of the physical occupation; and 

b the extent to which persons will be excluded from using the structure, or by the activity or from the coastal marine area; and 

c the availability of similar structures or activities nearby which could be utilised for the same or similar purpose or the ability to locate the structure or activity on land outside of the coastal marine area; and

d the effect the proposal may have on existing resource consent holders of occupation or those able to occupy as of right, within the same locality or the vicinity; and

e navigation and safety; and

f the cumulative effects of the occupation; and

g the duration of the occupation consent; and

h monitoring the effects of the occupation.


	11.0  Activities

	11.5.3
	Restricted Discretionary Activities

Any activity which fails to meet one or more of conditions b, e, or f of Rule 11.5.1.


	12.0  Structures

	12.5.17
	Restricted Discretionary Activities

Occupation associated with structures erected and placed entirely below the surface of the foreshore and seabed in areas other than prohibited anchorage areas. The ARC will restrict the exercise of its discretion to the matters specified in Rule 10.5.7 a, d, e, f and g.



	16.0  Disturbance of Foreshore and Seabed III: Other than Dredging or Extraction

	16.5.18
	Restricted Coastal Activities

Any discretionary disturbance of the foreshore or seabed other than dredging or extraction (as addressed in Chapters 13 and 14), involving, in any 12-month period, disturbance which:

a is greater in volume than 300,000 cubic metres; and

b is over an area equal to or greater than 10 hectares; and

c extends 10,000 metres or more over the foreshore and seabed.


	20.0  Discharge of Contaminants 

	20.5.4


	Permitted Activity

Discharges into the coastal marine area, which are not covered by another permitted activity rule, subject to the following conditions:

a the discharge does not contain contaminants that will cause more than minor adverse effects on the receiving waters and the marine environment; and

b the discharge does not contain human sewage or hazardous substances as defined by the Hazardous Substances & New Organisms Act 1996, and any regulations made under section 75 of that Act; and

c c the discharge will not, after reasonable mixing, give rise to any or all of the following effects:

i i the production of any conspicuous oil or grease films, scums or foams, or floatable or suspended materials; or

ii ii any conspicuous change in the colour or visual clarity of water in the coastal marine area; or

iii iii any emission of objectionable odour; or

iv iv any significant adverse effects on aquatic life, and

d the discharge does not change the natural temperature of the receiving water, after reasonable mixing by more than 3 degrees Celsius; and

e the discharge does not involve the disturbance of foreshore and seabed that cannot be remedied by natural processes within 48 hours of the disturbance occurring in any Coastal Protection Area 1, and 7 days in other parts of the coastal marine area; and

f that public access to and along the coast is not restricted by the volume or movement of the discharge; and

g the discharge does not modify, damage or destroy any site, building, place or area scheduled for preservation or protection in Cultural Schedules 1 and 2;

NB: This rule includes the discharge of water from the washing down of structures, sullage, and other discharges that will have either no adverse effect, or minor adverse effects on water quality.


	B.  Auckland Regional Plan: Sediment Control

	5.4.1.1
	Permitted Activities

The use of land for the land disturbing activities specified in Table A – Permitted Activities is permitted only where the activity is carried out in accordance with the Conditions specified in Rule 5.4.1.2 below.

TABLE A Permitted Activities

Type of Activity

Within the Sediment Control Protection Area

Outside the Sediment Control Protection Area

Vegetation Removal

On all Soils
All Vegetation Removal
All Vegetation Removal

Earthworks

on all Soils
Area less than 0.25 ha Area
less than 1.0ha where the land has a slope less than 15º. 

Area less than 0.25 ha where the land has a slope equal to or greater than 15º.

Roading/Tracking/Trenching

on Sand Soils

Length less than 100m.

All Roading, Tracking and

Trenching.

on Soils other than Sand Soils
Length less than 100m.

Area less than 1.0 ha where the land has a slope less than 15º.

Area less than 0.25 ha where the land has a slope equal to or greater than 15º.

Quarries

Where no runoff leaves the site and no wash process on site.

All Quarries 

All Quarries 

Remainder where runoff leaves the site and/or there are wash processes on site.
Quarry area less than 1000m² and/or less than 1.0ha catchment.

Quarry area less than 1000m² and/or less than 1.0ha catchment.

Note: Sediment Control Protection Area is defined as 

(a) 100 metres either side of a foredune or 100m landward of the coastal marine area (whatever is the more landward of mean high water springs); Or 

(b) 50 metres landward of the edge of a watercourse, or wetland of 1000m² or more.




Appendix 9 Objectives, Policies and Rules from the Rodney District Plan.

	Rule Ref
	Comments

	Proposed District Plan – Activities in the Rural Zone

	Rule 7.9.1.1
	(e) Any activity not listed in the Activity Tables (1 and 2) and any Earthworks and Vegetation and Wetland Modification Activities not listed in Rule 7.9.4, and any activity within the Airfield Noise Contours at Dairy Flat not listed in Rule 7.9.5 is a Non-complying Activity.
	The use of the Substation for power generation is not listed in the activity tables, and therefore is classified as a Non-complying Activity. 

An applicant for a non-complying activity must establish that the adverse effects of the activity on the environment will be minor or that the activity will not be contrary to the objectives of the relevant plan or proposed plan.  

The analyses set out below and in the relevant sections of the full AEE, confirm that any adverse effects of the exercise of the consent will be minor.

Otherwise the proposed activity complies with all permitted activity criteria stipulated in the Plan.



	7.9.4.2.2 

Earthworks
	Permitted Activity

Less than or equal to 200m3 for General Rural Zone.
	The Earthworks required for construction of the building platform will be less that 200m3, and is therefore a Permitted Activity.

	7.10.1

Building Height
	Permitted Activity within the Rural Zone

A = 9m      B  = No Limit

Where:

A = Maximum height for household units and accessory buildings for household units and buildings incorporating accommodation.

B = Maximum height for all buildings and structures other than those in A above.


	The proposed Substation will be approximately 6m in height. 


	7.10.3

Minimum Yards
	Zone/Policy Area

FrontYard

(metres)

Side

Yard

(metres)

Rear

Yard

(metres)

Shoreline

Yard

(metres)

General Rural Zone
10m
6m
6m
50m


	At least 50m setback will be provided between the Mean High Water Springs and the proposed building platform.  The proposal will comply with all other requirements under this provision.

	7.10.4

Maximum Site Coverage
	The maximum building coverage of a site in any Zone shall be:

(i) For sites less than 4,000m2 - 35% of the net site area;

(ii) For sites 4,000m2 or greater - 15% of the net site area.
	The proposed Substation is to be located on a farm, and will only be approximately 800m2 in area.  Although site coverage has not been calculated, the small scale of the shed compared to the 4 ha scale of the farm property will ensure that this standard is not exceeded.

	General Rules

	16.3 

Buildings to be Accessable from a Formed Road
	No building (other than storage buildings not required to be serviced by road vehicles) shall be allowed on any site which does not have frontage to an  existing formed road maintained by the Council


	The proposed Substation will be accessable from within the existing farm access onto the Kaipara Coast Highway (SH 16). 

	16.4  

External Appearance of Buildings
	No building or part thereof, shall be left unfinished so that its external appearance is such that it is noticeably unfinished and diminishes the visual attractiveness of the neighborhood, or the visual amenity values of adjacent households.
	The proposed Substation will resemble a farm barn, and will have all surfaced finished to a desirable standard.

	16.5 

Exterior Lighting and Welding
	Rule 16.5.1

All exterior lighting facilities shall be designed, located and at all times directed, screened, adjusted and maintained to ensure that:”

a. The illuminance from the lighting installation shall not exceed:

5 lux (lumens per square metre) spill (horizontal and vertical) of light at any window of an adjacent household unit.

Note: 1 lumen is equal to 1 foot candle/square foot. One foot candle is the illuminance produced on a surface one foot from a uniform point source of one candle.

b. The luminance or glare does not cause a significant level of discomfort or inconvenience to adjacent household units.

Rule 16.5.3 

Lighting facilities which may cause confusion with lights for navigation and traffic purposes shall not be constructed.

Rule 16.5.4 

Lighting shall not be constructed so that direct or indirect luminance or glare causes adverse effects on traffic safety.
	No lighting is proposed for the building.

	16.6 

Odour
	(a) No activity shall create an odour which is either objectionable or offensive and which can be detected at any site boundary, for two consecutive days, or which recurs on a regular basis.

(b) A panel of people selected by the Council shall be chosen to determine the extent of the odour nuisance. This panel shall consist of no less than three people.


	The proposed activity will not involve the emission of any odour.

	16.7  

Dust or Smoke
	(a) No activity (apart from traffic traveling on formed roads, or activities authorised by resource consent) shall create a dust or smoke nuisance, which is discernible at any site boundary.

(b) A dust or smoke nuisance will occur if there is visible evidence of deposited particulate matter settling on the ground, a building, or structure, which is traceable from a dust or smoke source; or if the level of dust or smoke is such that the health and/or amenity values of people and/or ecosystems is unreasonably adversely affected.


	It is anticipated that there may be potential for short term dust emissions during construction activities.  However, where necessary dust suppression will be employed to retain all particulate matter within the site boundary.

	16.9  

Noise and Vibration
	(a) The noise level from any Permitted, Controlled or Restricted Discretionary Activity, except as provided for in Rule 16.9.2.1.2(b) and Rule 16.9.2.2, shall not exceed the levels specified in Tables 16.9.2.1.2(i) and (ii) when measured inside the notional boundary* of any site used for residential purposes in any area zoned Rural.

Table 16.9.2.1.2(i) Noise Received in Rural Zones (Leq)

MAXIMUM NOISE LEVELS dBA Leq (15 minutes)

Mon-Sat 6:00am - 6:00pm = 52

Mon-Sat 6:00pm - 6:00am = 47

Sundays and Public Holidays  9:00pm - 6:00am = 42

Sundays and Public Holidays 6:00am - 9:00pm = 42

Table 16.9.2.1.2(ii) Noise Received in Rural Zones (Lmax)

MAXIMUM NOISE LEVEL dBA Lmax

Mon-Sun 9:00pm – 6:00am = 70
Rule 16.9.2.2.4  Construction Noise

a. Rules 16.9.2.1.1, 16.9.2.1.2, 16.9.2.1.3 and 16.9.2.1.4 shall not apply to construction noise.

(b) All construction noise shall comply with and be assessed in accordance with the provisions of New Zealand Standard NZS 6803:1999 "Acoustics - Construction Noise".

	The proposed Substation will not involve long term emissions of any noise beyond the site boundary, with the exception of temporary construction noise.  

Noise generated during construction activities will comply with the relevant standard at all times.

	Transitional District Plan
	

	Rule 8.4
	The following as a Discretionary Activity in the Rural General Zone:

“Telephone and Cable Depots and Workshops and associated buildings, plant and equipment.”  The Rule makes reference to assessment criteria 8.4.1(d).

Assessment criterion 8.4.1(d) is set out as follows:
	The Substation is a building associated with the transmission cables both from the harbour and to the transmission grid.

	
	(i) The strength of the justification for establishing the facility in a rural rather than in an urban location.


	The Substation is needed at the immediate site of the shore landing of the undersea transmission cable.  The cable route has been designed for the most cost effective route consistent with avoiding adverse effects on the environment, and with achieving direct access to grid transmission infrastructure.  It is therefore absolutely necessary that the Substation be located on the subject property.

	
	(ii) The Council will not consider any proposal to farm a species that has not been accepted for importation into New Zealand.
	Not applicable

	
	(iii) There are functional aspects of the application which make the rural location desirable or outstanding site features which make the site suitable for the proposed activity.


	The Substation is needed at the immediate site of the shore landing of the undersea transmission cable.  The cable route has been designed for the most cost effective route consistent with avoiding adverse effects on the environment, and with achieving direct access to grid transmission infrastructure.  It is therefore absolutely necessary that the Substation be located on the subject property.

	
	(iv) The activity could not reasonable be located in a coastal settlement, rural township or town.


	The Substation is needed at the immediate site of the shore landing of the undersea transmission cable.  The cable route has been designed for the most cost effective route, while avoiding adverse effects on the environment, and achieving direct access to grid transmission infrastructure.  It is therefore absolutely necessary that the Substation be located on the subject property.


Appendix 10 Full ASR Grab Sample Set

ASR SAMPLING SITES WITHIN TRANSMISSION CABLE ROUTE

	KEY
	

	-
	Indicated rock as no sample taken

	cs
	coarse sand

	fs
	fine sand

	cs/shell
	coarse sand / shell

	hard sand
	hard packed sand/stone

	hm
	hard mud

	shell
	shell


	Number of Sample Sites
	255

	Number of Samples Taken
	186

	
	

	Indicated rock samples
	69


	ASR Ref
	Sample No.
	Substrate

	498
	1
	-

	504
	2
	-

	505
	3
	-

	506
	4
	-

	507
	5
	-

	508
	6
	-

	509
	7
	sand

	510
	8
	cs

	511
	9
	cs

	512
	10
	cs

	513
	11
	-

	514
	12
	-

	515
	13
	cs

	516
	14
	-

	517
	16
	-

	518
	17
	-

	520
	18
	-

	521
	19
	-

	522
	20
	-

	523
	21
	cs

	524
	22
	-

	525
	23
	cs

	526
	24
	cs

	527
	25
	cs

	529
	26
	cs

	530
	27
	-

	531
	28
	cs

	532
	29
	cs

	533
	30
	cs

	
	31
	-

	534
	32
	cs

	535
	33
	fs

	538
	34
	cs

	539
	35
	cs

	540
	36
	cs

	541
	37
	fs

	542
	38
	fs

	543
	39
	cs

	544
	40
	cs

	545
	41
	cs

	546
	42
	fs

	547
	43
	cs

	548
	44
	-

	549
	45
	cs

	550
	46
	cs/shell

	551
	47
	fs

	        ASR Ref
	Sample No.
	Substrate

	552
	48
	fs

	553
	49
	-

	554
	50
	cs/shell

	555
	51
	cs

	556
	52
	-

	557
	53
	-

	558
	54
	cs

	559
	55
	cs

	560
	56
	cs/shell

	561
	57
	cs

	562
	58
	cs

	563
	59
	cs

	564
	60
	fs

	565
	61
	cs

	566
	62
	cs/shell

	567
	63
	cs

	568
	64
	fs

	569
	65
	cs

	570
	66
	cs/shell

	571
	67
	

	572
	68
	cs

	573
	69
	cs

	574
	70
	hard sand

	575
	71
	cs

	576
	72
	shell

	577
	73
	cs/shell

	578
	74
	-

	579
	75
	-

	581
	76
	shell

	582
	77
	-

	583
	78
	fs

	584
	79
	-

	595
	80
	fs

	596
	81
	fs

	597
	82
	cs

	598
	83
	cs

	600
	84
	cs

	601
	85
	cs

	602
	86
	cs

	603
	87
	cs

	604
	88
	cs

	605
	89
	cs

	606
	90
	cs

	607
	91
	cs

	608
	92
	cs

	609
	93
	fs

	        ASR Ref
	Sample No.
	Substrate

	610
	94
	fs

	611
	95
	fs

	612
	96
	fs

	613
	97
	fs

	614
	98
	fs

	615
	99
	-

	616
	100
	-

	617
	101
	fs

	618
	102
	cs

	619
	103
	fs

	620
	104
	fs

	621
	105
	fs

	622
	106
	fs

	623
	107
	-

	624
	108
	fs

	625
	109
	fs

	626
	110
	cs

	627
	111
	cs

	288
	112
	cs

	289
	113
	cs/shell

	290
	114
	cs

	291
	115
	fs

	292
	116
	cs

	293
	117
	cs

	294
	118
	cs/shell

	295
	119
	cs/shell

	296
	120
	cs

	303
	121
	cs/shell

	304
	122
	cs

	305
	123
	cs

	306
	124
	cs

	307
	125
	cs

	308
	126
	cs

	309
	127
	cs

	310
	128
	cs

	311
	129
	fs

	312
	130
	cs

	313
	131
	cs

	314
	132
	cs

	316
	133
	cs

	318
	134
	cs/shell

	319
	135
	cs

	320
	136
	cs

	321
	137
	cs

	322
	138
	cs/shell

	323
	139
	cs

	324
	140
	cs

	325
	141
	fs

	326
	142
	fs

	        ASR Ref
	Sample No.
	Substrate

	328
	144
	cs

	330
	146
	-

	331
	147
	cs

	332
	148
	fs

	335
	149
	cs

	336
	150
	fs

	337
	151
	fs

	338
	152
	fs

	339
	153
	-

	340
	154
	cs

	341
	155
	cs

	342
	156
	-

	343
	157
	fs

	344
	158
	-

	345
	159
	fs

	346
	160
	-

	347
	161
	cs

	348
	162
	cs

	350
	163
	cs

	351
	164
	-

	359
	165
	-

	360
	166
	-

	361
	167
	cs

	362
	168
	-

	363
	169
	cs

	364
	170
	cs

	365
	171
	fs

	366
	172
	fs

	367
	173
	fs

	368
	174
	cs

	369
	175
	cs

	370
	176
	cs

	371
	177
	cs/shell

	372
	178
	cs

	373
	179
	fs

	374
	180
	cs

	375
	181
	-

	376
	182
	cs

	378
	183
	cs

	379
	184
	fs

	380
	185
	cs

	381
	186
	cs

	382
	187
	cs

	383
	188
	fs

	384
	189
	cs

	385
	190
	fs

	387
	191
	cs

	388
	192
	fs

	389
	193
	fs


	        ASR Ref
	Sample No.
	Substrate

	390
	194
	fs

	391
	195
	cs

	393
	196
	cs

	394
	197
	fs

	395
	198
	cs

	396
	199
	fs

	397
	200
	fs

	398
	201
	fs

	400
	202
	fs

	401
	203
	fs

	402
	204
	cs

	404
	205
	cs

	405
	206
	cs

	406
	207
	cs

	410
	208
	-

	411
	209
	cs

	413
	210
	cs

	414
	211
	fs

	415
	212
	cs

	416
	213
	-

	418
	214
	-

	419
	215
	-

	420
	216
	fs

	421
	217
	cs

	422
	218
	-

	423
	219
	-

	430
	221
	-

	431
	222
	-

	429
	226
	-

	442
	237
	-

	443
	238
	-

	444
	239
	-

	448
	240
	-

	449
	241
	cs

	450
	242
	fs

	451
	243
	cs

	452
	244
	cs

	453
	245
	cs

	454
	246
	cs

	455
	247
	fs

	456
	248
	fs

	457
	249
	cs

	458
	250
	fs

	461
	251
	fs

	462
	252
	-

	464
	253
	cs

	466
	255
	-

	467
	256
	cs


	        ASR Ref
	Sample No.
	Substrate

	468
	257
	cs

	433
	223,224
	-

	434
	225,226
	-

	436
	226,227
	-

	437
	227,228
	-

	438
	227,230
	-

	439
	231,232
	-

	440
	233,234
	fs

	441
	235,236
	-


Appendix 11 Tech Publ 275 Full data set

NIWA 2005 SAMPLING SITES WITHIN TRANSMISSION CABLE ROUTE

	Zone
	Sample Ref.
	Depth (m)
	Sediment Particle size
	Habitat Community Summary
	Score*
	Species
	Count

	
	
	
	Coarse

(%)
	Medium

(%)
	Fine

(%)
	Mud

(%)
	
	
	
	

	H Subtidal
	K70
	0.25
	1.26
	44.94
	53.58
	0.23
	Ripples
	1
	Decapoda pantophilus australis
	1

	
	
	
	
	
	
	
	Bioturbation
	1
	Misc Crustacea mysida
	1

	
	
	
	
	
	
	
	Fellaster
	1
	
	

	
	K69
	2.33
	0.05
	6.49
	92.58
	0.88
	Ripples
	1
	Decapoda paguristes setuous
	1

	
	
	
	
	
	
	
	Bioturbation
	2
	Echinodermata fellastar zealandica
	2

	
	
	
	
	
	
	
	Fellaster
	2
	Nemertean nemertean
	1

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	K67
	-
	-
	-
	-
	-
	Ripples
	1
	-
	

	
	
	
	
	
	
	
	Bioturbation
	3
	
	

	
	
	
	
	
	
	
	Fellaster
	2
	
	

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	K66
	6.49
	4.92
	63.67
	29.84
	1.57
	-
	Amphipoda phoxoecphalidae spp
	2

	
	
	
	
	
	
	
	
	Echinodermata fellastar zealandica
	1

	
	K156
	-
	-
	-
	-
	-
	Ripples
	1
	-
	

	
	
	
	
	
	
	
	Bioturbation
	2
	
	

	
	
	
	
	
	
	
	Fellaster
	2
	
	

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	K72
	13.63
	0.92
	7.28
	88.81
	3
	Ripples
	1
	Algae sp3
	1

	
	
	
	
	
	
	
	Bioturbation
	2
	Echinodermata fellastar zealandica
	2

	
	
	
	
	
	
	
	Fellaster
	2
	Ophiuriodea amphiura rosea
	1

	
	
	
	
	
	
	
	Gastropods
	2
	Polychaeta gluceria spp
	1

	
	
	
	
	
	
	
	Weed
	1
	Polychaeta owenia spp
	5

	
	
	
	
	
	
	
	
	
	Polychaeta sigalianidae sp2
	1

	
	I105
	1.0
	0
	7.11
	92.76
	0.14
	-
	-
	Cumacea diastylopsis sp
	0.5

	
	
	
	
	
	
	
	
	
	Holuthurian trochodota
	1

	
	
	
	
	
	
	
	
	
	Nemertean nemertean
	0.5

	
	
	
	
	
	
	
	
	
	Polychaeta heteromastus
	1

	
	
	
	
	
	
	
	
	
	Polychaeta nereidae
	0.5

	
	I132
	9.01
	0.07
	12.72
	81.36
	5.34
	-
	-
	Amphipoda ringaringa sp
	0.7

	
	
	
	
	
	
	
	
	
	Nemertean nemertean sp
	0.7

	
	
	
	
	
	
	
	
	
	Polychaeta nereidae sp
	0.3

	
	
	
	
	
	
	
	
	
	Polychaeta aglaophamus sp
	0.3

	S Subtidal
	K158
	7.14
	0.02
	1.13
	98.12
	0.73
	Ripples
	1
	BIVALVIA Myadora sp.
	2

	
	
	
	
	
	
	
	Bioturbation
	2
	GASTROPODA Turbonella-like
	1

	
	
	
	
	
	
	
	Gastropods
	2
	HOLUTHURIAN sp2
	9

	
	
	
	
	
	
	
	Bivalves
	2
	POLYCHAETA Aglaophamus
	2

	
	
	
	
	
	
	
	
	
	POLYCHAETA Owenia sp
	7

	
	K155
	-
	-
	-
	-
	-
	Ripples
	1
	-
	

	
	
	
	
	
	
	
	Bioturbation
	2
	
	

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	
	
	
	
	
	
	Sponges
	1
	
	

	
	
	
	
	
	
	
	Hydroids
	1
	
	

	
	K159
	-
	-
	-
	-
	-
	Ripples
	2
	-
	

	
	
	
	
	
	
	
	Bioturbation
	0
	
	

	
	
	
	
	
	
	
	Fellaster
	1
	
	

	
	
	
	
	
	
	
	Gastropods
	3
	
	

	
	SK159
	-
	-
	-
	-
	-
	Ripples
	1
	-
	

	
	
	
	
	
	
	
	Bioturbation
	2
	
	

	
	
	
	
	
	
	
	Fellaster
	1
	
	

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	
	
	
	
	
	
	Bivalves
	1
	
	

	T Subtidal
	K162
	0
	0.28
	0.69
	98.38
	0.65
	Ripples
	1
	BIVALVIA Divaricella sp
	1

	
	
	
	
	
	
	
	Bioturbation
	1
	BIVALVIA Myadora sp.
	3

	
	
	
	
	
	
	
	Gastropods
	1
	GASTROPODA Turbonella-like
	2

	
	
	
	
	
	
	
	Hydroids
	1
	HOLUTHURIAN Trochodota dendyi
	4

	
	
	
	
	
	
	
	
	
	POLYCHAETA Macroclymenella stewartensis
	2

	
	K165
	0
	0.55
	2.84
	85.82
	10.79
	Bioturbation
	2
	-
	

	
	
	
	
	
	
	
	Tube dwellers
	1
	
	

	
	
	
	
	
	
	
	Epifauna
	1
	
	

	
	K164
	0
	0
	0.17
	96.11
	3.72
	Bioturbation
	3
	-
	

	
	
	
	
	
	
	
	Fellaster
	1
	
	

	
	
	
	
	
	
	
	Gastropods
	2
	
	

	
	
	
	
	
	
	
	Tube Dwellers
	0
	
	

	
	SK164
	-
	-
	-
	-
	-
	-
	-
	AMPHIPODA Phoxocephalidae spp
	1

	
	
	
	
	
	
	
	
	
	ASTEROIDEA Patiriella regularis
	2

	
	
	
	
	
	
	
	
	
	BIVALVIA Macomona liliana
	7

	
	
	
	
	
	
	
	
	
	BIVALVIA Myadora sp.
	1

	
	
	
	
	
	
	
	
	
	BIVALVIA Nucula hartvigiana
	10

	
	
	
	
	
	
	
	
	
	DECAPODA Halicarcinus whitei
	2

	
	
	
	
	
	
	
	
	
	DECAPODA Macropthalmus hirtipes
	2

	
	
	
	
	
	
	
	
	
	DECAPODA Paguristes setuous
	1

	
	
	
	
	
	
	
	
	
	GASTROPODA Diloma subrostrata
	1

	
	
	
	
	
	
	
	
	
	GASTROPODA Micrelenchus sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Asychis sp
	3

	
	
	
	
	
	
	
	
	
	POLYCHAETA Cirratulidae
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Heteromastus filiformis
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Macroclymenella stewartensis
	3

	
	
	
	
	
	
	
	
	
	POLYCHAETA Notomastus sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Owenia sp
	2

	
	
	
	
	
	
	
	
	
	POLYCHAETA Pectinaria australis
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Prionospio spp
	2

	
	SK97
	-
	-
	-
	-
	-
	Ripples
	1
	-
	

	
	
	
	
	
	
	
	Bioturbation
	2
	
	

	
	
	
	
	
	
	
	Fellaster
	2
	
	

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	K96
	6.04
	20.73
	3.92
	67.26
	8.09
	Bioturbation
	3
	-
	

	
	
	
	
	
	
	
	Hydroids
	2
	
	

	
	
	
	
	
	
	
	Epifauna
	1
	
	

	
	SK96
	-
	-
	-
	-
	-
	Bioturbation
	3
	AMPHIPODA Corophidae sp3
	2

	
	
	
	
	
	
	
	Hydroids
	2
	AMPHIPODA Paradexamine sp
	2

	
	
	
	
	
	
	
	
	
	AMPHIPODA Paracalliope sp
	26

	
	
	
	
	
	
	
	
	
	BIVALVIA Nuculahartvigiana
	15

	
	
	
	
	
	
	
	
	
	BRYOZOA Flat sp1
	13

	
	
	
	
	
	
	
	
	
	DECAPODA Halicarcinus whitei
	1

	
	
	
	
	
	
	
	
	
	DECAPODA Notomithrix sp
	1

	
	
	
	
	
	
	
	
	
	DECAPODA Pontophilus australis
	8

	
	
	
	
	
	
	
	
	
	GASTROPODA Maoricolpus roseus
	20

	
	
	
	
	
	
	
	
	
	GASTROPODA Zegalerus tenuis
	3

	
	
	
	
	
	
	
	
	
	ISOPODA Cirolanidae
	1

	
	
	
	
	
	
	
	
	
	MISC CRUSTACEA Pycnogonida
	9

	
	
	
	
	
	
	
	
	
	POLYCHAETA Armandia maculata
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Cossura consimilis
	6

	
	
	
	
	
	
	
	
	
	POLYCHAETA Levinsenia sp
	2

	
	
	
	
	
	
	
	
	
	POLYCHAETA Heteromastus filiformis
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Lumbrineris sp
	3

	
	
	
	
	
	
	
	
	
	POLYCHAETA Magelona sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Orbinia papillosa
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Owenia sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Pholoe sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Phyllodocidae
	2

	
	K160
	4.4
	0.24
	0.99
	96.04
	2.72
	Bioturbation
	4
	-
	

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	
	
	
	
	
	
	Epifauna
	4
	
	

	
	
	
	
	
	
	
	Sponges
	3
	
	

	
	
	
	
	
	
	
	Musculita
	20
	
	

	
	SK160
	-
	-
	-
	-
	-
	Bioturbation
	4
	BIVALVIA Austrovenus stutchburyi
	1

	
	
	
	
	
	
	
	Sponges
	3
	BIVALVIA Musculista senhousia
	18

	
	
	
	
	
	
	
	Bivalves
	2
	BIVALVIA Nucula hartvigiana
	2

	
	
	
	
	
	
	
	Bryozoans
	2
	PHORONIDA Phoronid
	2

	
	
	
	
	
	
	
	
	
	POLYCHAETA Aglaophamus sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Euchone sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Macroclymenella stewartensis
	8

	
	
	
	
	
	
	
	
	
	POLYCHAETA Owenia sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Syllidae
	1

	
	WPT204
	-
	-
	-
	-
	-
	Bioturbation
	3
	-
	

	
	
	
	
	
	
	
	Epifauna
	2
	
	

	
	
	
	
	
	
	
	Sponges
	1
	
	

	
	K163
	3.09
	0.02
	1.09
	98.56
	0.33
	Fellaster
	3
	-
	

	
	SK163
	-
	-
	-
	-
	-
	Fellaster
	3
	BIVALVIAMyadorasp.
	2

	
	
	
	
	
	
	
	
	
	DECAPODAPontophilusaustralis
	2

	
	
	
	
	
	
	
	
	
	ECHINODERMATAFellasterzelandica
	1

	
	K92
	5
	0.58
	3.57
	94.3
	1.55
	-
	-
	-
	

	
	SK92
	-
	-
	-
	-
	-
	-
	-
	BIVALVIAHiatulasiliquens
	1

	
	
	
	
	
	
	
	
	
	BIVALVIAMyadorasp.
	4

	
	
	
	
	
	
	
	
	
	DECAPODAHalicarcinuswhitei
	1

	
	
	
	
	
	
	
	
	
	HOLUTHURIAN Trochodotadendyi
	4

	
	
	
	
	
	
	
	
	
	DECAPODA Callianassasp
	1

	
	
	
	
	
	
	
	
	
	OPHIUROIDEA Amphiurarosea
	1

	
	
	
	
	
	
	
	
	
	PHORONIDA Phoronid
	2

	
	
	
	
	
	
	
	
	
	POLYCHAETA Magelonasp
	1

	
	WPT202
	-
	-
	-
	-
	-
	Bioturbation
	1
	-
	-

	
	
	
	
	
	
	
	Gastropods
	2
	
	

	
	
	
	
	
	
	
	Epifauna
	4
	
	

	
	K90
	6.19
	0.35
	0.32
	96.01
	1.33
	Bioturbation
	1
	-
	-

	
	
	
	
	
	
	
	Hydroid
	2
	
	

	
	
	
	
	
	
	
	Epifauna
	1
	
	

	
	
	
	
	
	
	
	Sponges
	1
	
	

	
	SK90
	-
	-
	-
	-
	-
	Bioturbation
	1
	BIVALVIA Felaniellazelandica
	1

	
	
	
	
	
	
	
	Sponges
	1
	BIVALVIA Hiatulasiliquens
	8

	
	
	
	
	
	
	
	Hydroids
	1
	BIVALVIA Myadorasp.
	1

	
	
	
	
	
	
	
	
	
	PORIFERA Encrusting sp
	13

	
	
	
	
	
	
	
	
	
	BRYOZOA Flat sp
	11

	
	
	
	
	
	
	
	
	
	DECAPODA Pinnotheres sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Aglaophamus sp
	5

	
	
	
	
	
	
	
	
	
	POLYCHAETA Cossuraconsimilis
	1

	
	K89
	.78
	0.89
	3.77
	86.16
	9.18
	Bioturbation
	2
	BIVALVIA Dosiniasubrosea
	1

	
	
	
	
	
	
	
	Gastropods
	1
	BIVALVIA Myadorasp.
	5

	
	
	
	
	
	
	
	Hydroids
	1
	HOLUTHURIAN Trochodotadendyi
	2

	
	
	
	
	
	
	
	Sponges
	1
	MISCELLANEOUS CRUSTACEA  Ostracoda
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Aglaophamussp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Macroclymenella stewartensis
	1

	
	SK89
	-
	-
	-
	-
	-
	Ripples
	1
	-
	-

	
	
	
	
	
	
	
	Bioturbation
	1
	
	

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	K85
	0
	0.49
	4.28
	80.7
	14.52
	Bioturbation
	2
	-
	-

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	
	
	
	
	
	
	Epifauna
	2
	
	

	
	
	
	
	
	
	
	Sponges
	1
	
	

	
	SK85
	-
	-
	-
	-
	-
	Bioturbation
	1
	BIVALVIA Divaricella sp
	1

	
	
	
	
	
	
	
	Gastroids
	1
	BIVALVIA Felaniella zelandica
	2

	
	
	
	
	
	
	
	Weed
	1
	BIVALVIA Macomona liliana
	4

	
	
	
	
	
	
	
	Zostera
	1
	BIVALVIA Mactra sp
	1

	
	
	
	
	
	
	
	Sponges
	2
	BIVALVIA Myadora sp.
	1

	
	
	
	
	
	
	
	
	
	BIVALVIA Nuculahart vigiana
	9

	
	
	
	
	
	
	
	
	
	DECAPODA Macropthalmus hirtipes
	1

	
	
	
	
	
	
	
	
	
	DECAPODA Upogebia sp
	1

	
	
	
	
	
	
	
	
	
	DECAPODA Callianassa sp
	2

	
	
	
	
	
	
	
	
	
	NEMERTEAN Nemertean
	1

	
	
	
	
	
	
	
	
	
	OPHIUROIDEA sp2
	2

	
	
	
	
	
	
	
	
	
	POLYCHAETA Aglaophamus sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Macroclymenella stewartensis
	1

	
	K160
	4.4
	0.24
	0.99
	96.04
	2.72
	Bioturbation
	4
	-
	-

	
	
	
	
	
	
	
	Epifauna
	4
	
	

	
	
	
	
	
	
	
	Sponges
	3
	
	

	
	SK160
	-
	-
	-
	-
	-
	Bioturbation
	4
	BIVALVIA Austrovenusstutchburyi
	1

	
	
	
	
	
	
	
	Sponges
	3
	BIVALVIA Musculistasenhousia
	18

	
	
	
	
	
	
	
	Bivalves
	2
	BIVALVIA Nuculahartvigiana
	2

	
	
	
	
	
	
	
	Bryozoans
	2
	PHORONID APhoronid
	2

	
	
	
	
	
	
	
	
	
	POLYCHAETA Aglaophamus sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Euchonesp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Macroclymenella stewartensi
	s8

	
	
	
	
	
	
	
	
	
	POLYCHAETA Owenia sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Syllidae
	1

	
	WPT200
	-
	-
	-
	-
	-
	Bioturbation
	1
	-
	-

	
	
	
	
	
	
	
	Tube-dwellers
	1
	
	

	
	
	
	
	
	
	
	Gastopods
	1
	
	

	
	
	
	
	
	
	
	Epifauna
	4
	
	

	T Intertidal
	WPT206
	-
	-
	-
	-
	-
	Bioturbation
	1
	-
	-

	
	
	
	
	
	
	
	Tube Dwellers
	2
	
	

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	
	
	
	
	
	
	Hydroid
	2
	
	

	
	
	
	
	
	
	
	Epifauna
	2
	
	

	
	K88
	-
	-
	-
	-
	-
	Bioturbation
	2
	-
	-

	
	
	
	
	
	
	
	Tube Dwellers 
	3
	
	

	
	
	
	
	
	
	
	Gastropods
	3
	
	

	
	
	
	
	
	
	
	Epifauna
	2
	
	

	
	SK88
	-
	-
	-
	-
	-
	Tube Dwellers
	3
	-
	-

	
	I121
	0
	0
	0.01
	98.71
	1.21
	-
	-
	BIVALVIA Nucula
	1

	
	
	
	
	
	
	
	
	
	BIVALVIA Hiatula
	3

	
	
	
	
	
	
	
	
	
	BIVALVIA Macomona
	7

	
	
	
	
	
	
	
	
	
	POLYCHAETA Travisia
	6

	
	
	
	
	
	
	
	
	
	POLYCHAETA Aglaophamus
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Orbinia
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Pseudopolydora
	1

	
	I110
	0
	0
	0.04
	99.36
	0.6
	-
	-
	BIVALVIA Nucula
	5

	
	
	
	
	
	
	
	
	
	BIVALVIA Macomona
	4

	
	
	
	
	
	
	
	
	
	HOLUTHURIAN Trochodota
	1

	
	
	
	
	
	
	
	
	
	ISOPODA Exosphaeroma
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Magelona
	4

	
	I107
	0
	0.07
	0.32
	91.95
	7.66
	-
	-
	BIVALVIAHiatula
	1.3

	
	
	
	
	
	
	
	
	
	BIVALVIAMacomona
	2.7

	
	
	
	
	
	
	
	
	
	CUMACEAColurostylis
	0.3

	
	
	
	
	
	
	
	
	
	DECAPODAMacropthalmus
	0.3

	
	
	
	
	
	
	
	
	
	DECAPODAPinnotheres
	0.3

	
	
	
	
	
	
	
	
	
	GASTROPODATurbonella-like
	0.7

	
	
	
	
	
	
	
	
	
	NEMERTEANNemertean
	1.7

	
	
	
	
	
	
	
	
	
	PHORONIDAPhoronid
	0.3

	
	
	
	
	
	
	
	
	
	POLYCHAETABoccardia
	0.7

	
	
	
	
	
	
	
	
	
	POLYCHAETAHeteromastus
	0.7

	
	
	
	
	
	
	
	
	
	POLYCHAETA Magelona
	4.3

	
	
	
	
	
	
	
	
	
	POLYCHAETA Nereidae
	0.3

	
	I101
	0
	0
	0.08
	98.73
	1.18
	-
	-
	AMPHIPODA Ringaringa
	1.7

	
	
	
	
	
	
	
	
	
	AMPHIPODA Phoxocephalidae
	0.3

	
	
	
	
	
	
	
	
	
	BIVALVIA Hiatula
	0.7

	
	
	
	
	
	
	
	
	
	BIVALVIA Macomona
	4. 7

	
	
	
	
	
	
	
	
	
	BIVALVIA Austrovenus
	1

	
	
	
	
	
	
	
	
	
	CUMACEA Colurostylis
	0.3

	
	
	
	
	
	
	
	
	
	ISOPODA Exosphaeroma
	0. 7

	
	
	
	
	
	
	
	
	
	NEMERTEAN Nemertean
	1.3

	
	
	
	
	
	
	
	
	
	POLYCHAETA Heteromastus
	0.3

	
	
	
	
	
	
	
	
	
	POLYCHAETA Cossura
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Aonides
	0.3

	
	
	
	
	
	
	
	
	
	POLYCHAETA Travisia
	0. 7

	
	K91
	0
	0.19
	0.33
	84.23
	15.25
	Bioturbation
	2
	-
	-

	
	
	
	
	
	
	
	Gastropods
	3
	
	

	
	SK91
	
	
	
	
	
	Bioturbation
	2
	BIVALVIA Divaricella sp
	1

	
	
	
	
	
	
	
	Gastropods
	2
	BIVALVIA Musculista senhousia
	5

	
	
	
	
	
	
	
	
	
	BIVALVIA Zenatia acinaces
	3

	
	
	
	
	
	
	
	
	
	DECAPODA Macropthalmus hirtipes
	1

	
	
	
	
	
	
	
	
	
	GASTROPODA Cominella adspersa
	1

	
	
	
	
	
	
	
	
	
	ISOPODA Exosphaeroma spp
	2

	
	
	
	
	
	
	
	
	
	NEMERTEAN Nemertean
	1

	
	
	
	
	
	
	
	
	
	OPHIUROIDEA Amphiura rosea
	11

	
	
	
	
	
	
	
	
	
	POLYCHAETA Armandia maculata
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Asychis sp
	1

	
	
	
	
	
	
	
	
	
	POLYCHAETA Cossura consimilis
	2

	
	
	
	
	
	
	
	
	
	POLYCHAETA Macroclymenella stewartensis
	4

	
	
	
	
	
	
	
	
	
	POLYCHAETA Pectinaria australis
	1

	
	WPT206
	-
	-
	-
	-
	-
	Bioturbation
	1
	-
	-

	
	
	
	
	
	
	
	Tube Dwellers
	2
	
	

	
	
	
	
	
	
	
	Gastropods
	1
	
	

	
	
	
	
	
	
	
	Hydroid
	2
	
	

	
	
	
	
	
	
	
	Epifauna
	2
	
	

	
	K88
	-
	-
	-
	-
	-
	Bioturbation
	2
	-
	-

	
	
	
	
	
	
	
	Tube Dwellers
	3
	
	

	
	
	
	
	
	
	
	Gastropod
	3
	
	

	
	
	
	
	
	
	
	Epifauna
	2
	
	

	
	SK88
	-
	-
	-
	-
	-
	Bioturbation
	2
	-
	-

	
	
	
	
	
	
	
	Gastropods
	2
	
	

	
	
	
	
	
	
	
	Tube Dwellers
	3
	
	


Appendix 12 Intersleek Information

Insert Intersleek Details.pdf

Appendix 13: Shipwrecks

Extracts from:

Shipwrecks in the Kaipara Harbour from Ryburn, W. R. 1999: Tall Spars, Steamers & Gum. A history of the Kaipara from early European settlement 1854 – 1947. Kaipara Publications. 
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