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Note To Reader

he Antarctica to Australia — New Zealand Desktop Study was developed as
a comprehensive technical report to determine the feasibility of building a
sensor-equipped submarine fiber optic cable system in the Southern Ocean.

This first-of-its-kind project, led by the National Science Foundation, seeks to
expand communications and research-sharing capabilities from McMurdo Station,

an important United States research base in Antarctica, to Australia and New
Zealand.

The Antarctic Science Monitoring And Reliable Telecommunications (SMART)
cable system presents a unique opportunity to collect subsea data in near-real time,
while increasing communications and access between this distant continent and the
rest of the world.

The original Comprehensive Desktop Study was submitted to the National Science
Foundation in August 2022.

We thank all who contributed to the development of this
publicly available version of the desktop stud).

DISCLAIMER: Any opinions, findings, and conclusions or recommendations expressed in this
document are those of the author(s) and do not necessarily reflect the views of the National
Science Foundation. The contents, including graphics, provide examples and samples of the
proposed cable project and are for illustrative purposes. Portions of the Desktop Study
(e.g., main narrative, appendices, etc.) have been redacted due to the commercial business
proprietary nature of the information, information that is of a deliberative nature, and
information subject to potential restriction in compliance with OMB Circular A-11. Areas of
redaction are so noted by a footnote or other appropriate indicators.

Graphics, navigation charts, and bathymetry information are included for illustrative
purposes to display potential proposed cable routes and are used with permissions through
fair use, publicly available information, or purchased datasets (e.g., Esri, AutoCAD, Global
Mapper, etc.). Images of McMurdo Station were provided by the National Science Foundation.
Graphics using Google Products follow the Use Policy with GBS Registration and attributions.
Some graphics were created using ArcGIS® software by Esri, ArcGIS® and ArcMap™ and are
the intellectual property of Esri and are used herein under license. Copyright © Esri. All rights
reserved. For more information about Esri® software, please visit www.esri.com.
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Harnessing the Potential of

Science and Technology
For a Powerful Future.

Some portions of this document may have been
modified to ensure the information was
suitable for public release.
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Antarctica is a unique frontier with many
environmental, biological, and geological
discoveries yet to be made; it is also a
technological frontier as it is the only
remaining continent without submarine
fiber optic communications, relying on low-
bandwidth  satellite for information
transmission. The addition of a new SMART
cable system could open a world of
discovery, scientific excitement, and
international engagement.
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Lhe intersection of science and technology

15 a place of exciting innovation.

The National Science Foundation seeks
to explore the construction of the
SMART cable system through strategic
partnerships among government, science,
and emerging technology sectors to
promote scientific discoveries via the
U.S. Antarctic Program.
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® ANTARCTICA TO AUSTRALIA - NEW ZEALAND

SMART CABLE SYSTEM

(( The National Science Foundation

McMurdo Station is the largest U.S. Antarctic Program research station. It is
managed by the NSF's Office of Polar Programs and serves as the logistical entry and staging
point for the bulk of U.S. activity in Antarctica.

McMurdo Station provides the essential logistical hub for U.S. science research in Antarctica.
Essentially a self-contained small town with a population that can reach 1,000, it represents
the largest single human outpost in Antarctica, yet shares a single Internet network service
that ranks its speed 68" out of 184 countries for median household speed.

As a result, the NSFs Office of Polar Programs and the NSF Office of Advanced
Cyberinfrastructure are exploring the feasibility of a Science Monitoring and Reliable
Telecommunications (SMART) Submarine Fiber Optic Cable system connecting McMurdo
Station with the global Research and Education Network Infrastructure via Australia or
New Zealand.

This Desktop Study examines a preliminary cable route, potential landings, optimal technical
design, and the installation and maintenance options for this innovative cable connection.

~Patrick Smith, 2023

Office of Polar Programs, External Communications, National Science Foundation
3415 Eisenhower Avenue, Suite W7100, Alexandria, VA 22314 Email: oppcomms@nsf.gov
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® SETTING THE FOUNDATION FOR THE

DESKTOP STUDY

“The IceCube Neutrino Observatory, South Pole
Telescope, and BICEP/Keck, for example,
currently produces >1 TB of data per day, but
only transmits on the order of 100GB per day
via satellite. This results in reduced data quality,
limits timely measurement feedback, inhibits the
ability to respond to transient events, and causes
other operational headaches. In the coming
decades, plans for these South Pole scientific
platforms will result in ten times greater data
volumes than today. Increased bandwidth is
essential for the continued progress of U.S. and
international research in Antarctica.”

2021 Antarctic Subsea Cable Workshop Report
(Neff et al., 2021 pg.9)

A i \ 2021Antarctic Subsea Cable Worksho H
(‘ ? ] High-Speed Connectivity Needs to Advance US Antarctic Sciencg T h e 2021 Anta rctl c Wo r ks h o p
\Z R @ mwsmsmyo i ( &
2021 Antarclic Subeea Cable Werkshop Beport: In June 2021, more than 100 participants from science,
High-Speed Connectivity Needs to Advance US .
Antarctic Science technology, government, and industry gathered to

address questions around the value and feasibility of

AN N . . . .

" [%Fﬁ P FH ‘:l deploying a new submarine fiber optic cable system to
i L McMurdo Station in a virtual “ANTARCTIC SUBSEA CABLE

WORKSHOP.” The results were published in an

October 2021 report (Neff et al., 2021).

October 1, 2021
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WORKSHOP FINDINGS

2021 Antarctic Subsea Cable Workshop Report: High-Speed
Connectivity Needs to Advance U.S. Antarctic Science

The projected Scientific Monitoring and Reliable Telecommunications (SMART) cable system would provide
meaningful solutions to four fundamental challenges expressed in the 2021 Antarctic Subsea Cable
Workshop Report which the NSF would like to address:

FINDING 1: Existing and future Antarctic research would be significantly enhanced if bandwidth limitations were
eliminated through the availability of a modern submarine fiber optic cable system.

FINDING 2: A new SMART submarine cable could be constructed with embedded instrumentation that would
itself enable meaningful new research and understanding of the Southern Ocean and Antarctica.

FINDING 3: Robust bandwidth for interpersonal connectivity for scientists and staff, if thoughtfully
approached, could be transformative for research and work functions, participation in Antarctic science,
education, engagement, and community wellbeing.

FINDING 4: Construction of a new SMART cable that provides essentially unlimited bandwidth to McMurdo is
feasible and could also serve as the platform to extend connectivity to deep-field research sites as well as
critical research programs at Amundsen-Scott South Pole Station. This level of connectivity can transform the
science and research platforms for future generations. (Neff et al., 2021)

McMurdo Base Station, Antarctica
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® Science Monitoring And Reliable Telecommunications
(SMART) Cables

EMERGING TECHNOLOGY

An Antarctic SMART cable presents a unique
opportunity to capture largely undiscovered
information in the Southern Ocean.

A SMART cable is a submarine fiber optic
cable that is equipped with specially
designed sensors which collect information
including seismic data, ocean temperature,
and pressure. This technology could
significantly ~ enhance  tsunami  and
earthquake early warning efforts, as well as
provide valuable insight for marine research,
climate change, and sea level rise. The NSF
OPP, the Antarctic science community, and
academic researchers are collaborating with
commercial SFOC suppliers to shape and
further exciting SMART cable developments.

(Yarr65, 2023)

Figure 0-1. Tectonic plates across the
Antarctic region.

5ensof pod Temperal’®
pressure &
Senso"s (.b
-7;:; S cavle
For more information BT T —
on the development am T /
(SNAM, 2023) e
of SMART cable
Figure 0-2. Illustration of a repeater housing showing two

technology, see
Section 18.0,
Scientific Sensors.

possible sensor mounting locations ((a) on the end of repeater

housing under the bell housing or (b) in an external pod.
Accelerometers are mounted inside the pressure housing (c)).
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Distributed Acoustic
Sensing System

A second sensing technology being
considered for the Antarctic cable
involves including extra fiber optic
strands (within the cable) which are
dedicated to sensing vibrations
occurring along the cable.

Distributed Acoustic Sensing (DAS)
technology is made possible by
shore-based lasers called DAS
Interrogators sending thousands of
light pulses down a strand of “dark
fiber” (an optical fiber strand not
used for communications). The
dark fiber strand is dedicated to
measuring  the light pulses
which are reflected back, or
“backscattered,” down the length of

Figure 0-3. A view of

an iceberg in Antarctica.

the cable, to the DAS Interrogator.
The DAS Interrogator “interprets”
the vibrations by decoding the
interruptions in the pulse rhythms;
complex algorithms analyze the
disturbances in the pulses to
determine  what is  causing
the vibration.

DAS is utilized as a vibration sensor
array, providing opportunity for
geophysical sensing and undersea
monitoring along the length of a
fiber optic or power cable.

DAS technology is currently used in
both terrestrial and submarine
cable systems.

The Antarctic

SMART Cable will
transform
research and
information
sharing, giving
the world a
glimpse into life
beneath the ice.

- Research in
Real-Time

7 N

Multiple sensing
technologies give
the seabed a “voice,”
offering access to
near real-time
undersea data.

$

An Antarctic cable
could relay data at

1-10 Terabits per
second (Tbps), enabling
high speed
communications.

High Speed
Connection
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Figure ES-0-1. A visualization of clouds forming over Antarctica.

Leveraging Technology
to Build Connectivity,
Collaboration and
Community

Global Broadband Solutions, LLC as well as other potential sites for
(GBS) is pleased to support the high-speed, low-latency telecommunications
National Science Foundation (NSF) in and scientific data transport purposes.

the execution of this comprehensive The cable system can provide essential

Australia and New Zealand to Antarctica
Submarine Fiber Optic Cable (SFOC) Desktop
Study (DTS).

This DTS provides NSF with a detailed report
containing the necessary information for
designing an SFOC in the Antarctic region
closest to the McMurdo Station, and several
other NSF identified landing points in
New Zealand, Australia, Macquarie Island,

12| Page

telecommunications services to McMurdo
Station and has the capability to incorporate
“Science Monitoring Cables,” also known as
Science Monitoring And Reliable
Telecommunications (SMART) cables, to
support the current and ongoing scientific
projects, programs, and missions in the
region.
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This Desktop Study is a comprehensive National Science Foundation reference for
Submarine Fiber Optic Cable development, stakeholder communications, planning,
infrastructure decision making, resource allocation, business case analysis,
requirements development, and acquisition strategy.

The objective of the DTS is to provide NSF, for the first time, with a detailed report containing the
necessary information for understanding the feasibility, route, cable protection, Rough Order of
Magnitude (ROM) cost, and estimated schedule for landing a SMART cable at up to five potential
NSF-specified landing sites:

e McMurdo Station main cable landing, located at 77° 51' 1.6452"S and 166° 40' 5.4408"E

Invercargill main cable landing, located at 46°26'17.78"S and 168°13'57.20"E
e A pre-existing alternative main cable landing near Sydney

e Macquarie Island optional branch landing, located at 54° 29' 59.1792"S and 158° 56'
13.509"E

e Terra Nova Bay, Antarctica, optional branch/festoon landings

(Lucibella, 2017)

Figure ES-0-2. The icebreaking vessel, the Polar Star, approaches McMurdo Base.
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The primary SFOC routes identified and provided by NSF for development and analysis were
selected to connect an Antarctic landing point with onward connectivity to commercial, research,
or academic telecommunications service providers in New Zealand or Australia for
interconnection to the World Wide Web (WWW). Each proposed route was developed to include
an optional branch landing at Macquarie Island and an optional branch pointed toward other
Antarctic research locations in the Terra Nova Bay area, having the potential to connect to
international Antarctic stations located there.

The DTS also identified two technically feasible route alternatives, each with optional routes to
Macquarie and the Terra Nova Bay area.

1. Routing for a suitable landing location on the South Island of New Zealand, and
2. Routing for a suitable landing location on the southeastern coast of Australia.

This DTS report provides the critical components required to support a Marine Route Survey
(MRS) and detailed system design. Elements of the DTS include necessary detailed descriptions,
ROM cost estimates to support business case analysis of this system and other
telecommunications-based alternatives, permitting requirements, as well as the proposed
landing sites. While the DTS is focused on the SFOC system between NSF specified-landing sites,
additional terrestrial analysis was incorporated to identify Cable Landing Station (CLS) locations
at each site.

This Desktop Study is the first step in the process to develop a Submarine Fiber Optic Cable
system and provides the baseline route, initial permitting assessment, Rough Order of Magnitude
cost estimates for future steps including surveys, other required studies, permitting feasibility,
design, implementation, operations, administration, maintenance, and repair of the system.

(Rejcek, 2015)
Figure ES-0-3. The United States Coast Guard vessel, the Polar Star, nears McMurdo Base.
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SFOC Development Process

There are six major phases for the development and implementation of an SFOC, with each phase
containing major tasks and supporting sub-tasks (Figure ES-0-4). The DTS is part of the initial
Planning phase (Figure ES-0-4, Column 1), determines feasibility, and is the basis for the next
steps in final requirements, permitting, acquisition, design, and implementation.

Planning Acquisition Detail Design J Manufacture Installation Operations
& Test
Requirements - : Syete ,-: = {| Undersea&land | |} : Operations
: i : H : Center
Research : : : R;:f:;?rr}s : : Operations,
: : Cable Stations |} : : Maintenance,
Desktop Study, » |3 [  Discussions/ | : :\ : i CebleStations || sgministration&
Marine Route : Negotiations i . : Terminal Equip : : Repair
Survey Clvil Works 5 Terminal Equip E Management
: IM P : [ integrationof | i i| CablesStations
Develop Final |} i | Network Design |} | SMART Devices : : Management
Requirements : : & Network : Wwet & Dry Plant : Marine Install :
é : Integration : : § Document
isiti : H e H : : Managemen
Acquisition : : : Cable Stations i Testing & H anagement
Strategy : : : : Acceptance :
: : : : : Spares
Approvals : : : : : Management &
: : : : Logistics
Start Permitting
Process

(Koopalethes, 2022)

Figure ES-0-4. Submarine Fiber Optic Cable Development Process.

The DTS provides the early-planning information needed to launch the next phases, to include
business case analysis of alternatives, permitting feasibility, and the route that is the basis for the
MRS. The MRS can be conducted in the Planning phase or the Detail Design phase. Conducting
the MRS in the Planning phase, using supplier approved representatives, can save schedule,
potentially reduce costs, and provide the system buyer with a fully designed route as part of the
acquisition process. The route(s), as outlined in the DTS report, are the foundation of the MRS
development.
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Data Collection

The GBS Team conducted comprehensive research and development of the DTS through the
collection, evaluation, and integration of the most up-to-date data and information from
Government, academic, and commercial source databases, Admiralty charts, open-source and
academic research, bathymetric data, Earth science research papers, natural and man-made
hazards data, geographic and meteorological studies, desktop and on-site visits, and analysis by
SFOC Subject Matter Experts (SMEs). GBS had a specific focus on “Antarctic-unique”
requirements, to include science sensor accommodation, ice scour risk, sea state/sea ice cover
conditions, Antarctic Treaty environmental compliance requirements as implemented by the
United States Government, ice breaking vessel requirements, and polar region operational
requirements for marine survey vessels and cable ships.

Travel to landing sites by the DTS Team for data/information collection was strictly limited and
the Team worked remotely with on-site and local personnel to complete the GBS comprehensive
site survey form. Travel limitations during the project included:

¢ No travel to Antarctica; information gathered by working closely with NSF personnel
(Project Managers, Infrastructure support personnel, and others, as recommended and
available) who made arrangements for technical data transfer of site related information.

e Travel to Australia and New Zealand was extremely limited due to COVID-19 concerns and
quarantine restrictions which necessitated arrangements for technical collaboration and
consultation with local site SMEs.

Branching Unit Locations

GBS identified Branching Unit (BU)
Locations for additional cable
branch extensions to the Australian
Antarctic program research station
on Macquarie Island, as well as a
potential extension to international
Antarctic research stations located
in the general vicinity of Terra Nova
Bay, Antarctica. Other areas of
scientific research were identified
along the cable routes in
coordination with the NSF Project
Manager (PM) and the NSFs

scientific stakeholder community. (Becker, 2016)
Figure ES-0-5. A view of Macquarie Island.

16 |Page



National Science Foundation

N -+

The Desktop Study identified two routes that support the National Science Foundation
requirement.

1. The first route is from Invercargill, New Zealand, to McMurdo, with a BU landing at
Macquarie Island.

2. The second route is from an existing Horizontal Directional Drill (HDD) bore landing
in Clovelly Beach, Australia, to McMurdo, with a BU landing at Macquarie Island.

Both routes provide additional BUs to serve the areas mentioned above, as well as areas that
were identified through dialogue with NSF's scientific stakeholder community during report
development for inclusion of prospective seismic sensing capabilities.

As will be exhibited throughout the DTS Report, both routes are considered technically feasible
and inclusive of SMART cable technology. The SFOC is designed to minimize system subsea
hazards and risks along the entire route(s).

Analysis of Alternatives

The DTS process included research, development, and evaluation of two routes to address the
requirements of minimizing risks to the cable, while allowing for the SMART capabilities as
outlined in the Performance Work Statement (PWS). The results of the information collection
process were used in the assessment of NSF provided SFOC landing points, probable landing
approaches, near-shore cable protection requirements, landing site conditions, necessary civil
works (e.g., trenching, BMH, cable landing stations, power requirements, etc.), and identification
of initial regulatory requirements, including identification of required permits and environmental
approvals.

The following Analysis of Alternatives (AoA) summarizes the two routes based on critical factors,
including technical capability, budget, permitting, landings, and ability to support the scientific
community.
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Australia and New Zealand - Antarctica DTS Route Options
Analysis of Alternatives (AoA) Comparison’

New Zealand (NZ) — Antarctica

Australia (AU) - Antarctica

Scientific Interest

System Length (km) 4,913.858 6,423.966
Estimated number of Repeaters 50-55 65-70
Capable of supporting SMART or Yes Yes
scientific sensing nodes

Percentage of Route in Areas of ~90% ~65%

Data Center Connectivity

Planned (DataGrid); NZ

Existing (Equinix); AU

Terrestrial Backhaul to datacenter

Build Required; Potential to be built

Existing Conduits Full; Build Required

community areas of interest

by Data Center provider (NZ) (AU)
Onward connectivity to other major Yes Yes
global locations
Cable Crossings 0 8+
Branches to support nearshore Yes Yes
monitoring in the Ross Sea area
Branches to support initial science 5 3

! Cost information has been redacted for commercial proprietary reasons.
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Based on the Analysis of Alternatives, the recommended route for the system would
be from New Zealand to McMurdo Station.

While both route options are technically feasible and can incorporate SMART cable technology
and connect to the WWW for global transport of NSF data and information, the New Zealand to
McMurdo Station route is recommended for the following reasons:

e Thisis a shorter system route thereby providing the lowest cost alternative.

e This route presents the ability to serve additional subsea areas identified to date by the
NSF's scientific stakeholder community.

e This route poses the lowest relative trawler-type vessel fishing risk.
e There are no current cable crossings to be engineered and managed.

Additional discussion with the NSF's scientific stakeholder community will follow based on the
recommended DTS route.

Figure ES-0-6 identifies the placement of seismic arrays along the route which would enhance
scientific research; there are three potential arrays possible along the New Zealand to Antarctica
route, whereas the Australia route would only accommodate one array.

Figure ES-0-6. [Redacted]. Feedback from Scientific Community;
potential seismic arrays on the main cable route in New Zealand.
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Route Design

The proposed Antarctica to Australia/New Zealand (AU/NZ) DTS SFOC route was developed based
on the landing site locations specified by NSF, with numerous SMEs reviewing all aspects of the
end-to-end cable route. Additionally, local SMEs in Australia, New Zealand, NSF, and McMurdo
Station were consulted and provided support related to conducting detailed site survey reports,
identification of local infrastructure, environmental requirements, McMurdo Base requirements,
and other essential SFOC development factors.

SMEs evaluated numerous design criteria considerations during the cable route development
process with the objective of reducing the overall risk to the cable system while maintaining the
shortest and best scientific sensor deployment route possible. The main system trunk between
New Zealand or Australia and McMurdo Station also identified Branching Unit (BU) locations.
These BU locations are required for connection to Macquarie Island, other optional landing
points, and potential locations for scientific sensor deployments. The full route summary can be
found in Section 2.0 of the DTS.

SMEs conducted detailed analyses of potential routes to locate the subsea cable on the lowest
grade and risk seabed. Areas considered government-owned, environmentally sensitive and/or
controlled seabed assets, as well as seabed areas, were avoided. Avoidance of the
environmentally sensitive areas was purposeful to incorporate environmental permitting
restrictions, however, such restrictions did constrain the subsea route.

At locations where the DTS route crossed existing submarine cables, the crossing locations were
chosen to provide the optimal crossing angles and avoid proximity to repeaters to avoid potential
cable maintenance operations. The cable route was developed by GBS SMEs incorporating all
DTS information and determined to be technically feasible and meet all the criteria of the DTS
requirements.

Permitting and Authorizations

The process of preparation, submission of required documents with supporting information, and
responses to interrogatories to secure the necessary authorizations and permits for the
installation and operation of the SFOC, is detailed and time-consuming. The DTS permitting
section (Section 3.0) is the result of a detailed review of the environmental and other
requirements at each of the landing locations. Section 3.0 provides an initial assessment of the
permits required to install and operate a system in these areas.

The office of the Senior Advisor, Environment, Polar Programs, NSF, has the requisite expertise
and understanding of the process for addressing environmental, authorization, and permitting
requirements in Antarctica in accordance with The Antarctic Treaty. It is this office that should be
the lead for securing required permits and authorizations in the Antarctic for developing and
operating the SFOC with the support of SFOC SMEs.

A set of permitting matrices was developed and supplied to NSF as part of the DTS to allow for a
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future Permitting Feasibility Study (PFS) at the selected locations to complete the permitting
application and approval process. The permitting process may be initiated as early as practicable;
however, the process cannot be completed without the full results of the MRS to incorporate into
the permitting applications. Such detailed seabed environment details and route information
must be completed for inclusion in the Environmental Assessments (EAs) required for each
jurisdiction in which permits are required. Every landing has these requirements to receive
permits and permissions to install, operate, and maintain an SFOC system. The permitting
process, subject to regulatory jurisdiction for each location, can take 18-24 months, or more.

Authorizations for all actions within the Antarctic, defined as the area south of 60-degree South
Latitude, including all ice shelves, are covered by the Antarctic Treaty System (ATS). The Antarctic
Treaty (Treaty) regulates international cooperation in Antarctica. The Treaty was signed by
12 countries with active research in and around Antarctica, on 1 December 1959, and was
entered into force on 23 June 1961.

Permitting requirements for McMurdo, which are governed by the Treaty, as well as
requirements for landings in New Zealand, Australia, and Macquarie, are all addressed in
Section 3.0 of the DTS Report, and all locations have been assessed and determined to be
achievable for permitting an SFOC to all identified landing points. Senior Environmental and
authorization advisors for the NSF Polar Programs Office who have critical local knowledge and
understanding of the processes should be utilized in this process.

Scientific Sensing

Beyond the determination of SFOC feasibility, the development and implementation of Scientific
Sensing is not part of this DTS requirement; however, DTS Section 18.0 provides an overview of
some of the developing SMART and Distributed Acoustic Sensing (DAS) systems and capabilities.

The technical capability of Scientific Sensing in an SFOC from Antarctica to Australia or New
Zealand can be accomplished through multiple methods, some of which are available today, and
others that are in development. Using a Branching Unit with a scientific array has been utilized
in many applications and is technically feasible and currently available as an option for the
scientific BU's identified in the route(s). SMART cable and repeater technology is currently in
development, and DAS technology, which uses the fiber optic cable as a sensor along the fiber
path, has been used in existing submarine and terrestrial fiber optic cable systems. Each of these
technologies can be integrated into the DTS systems.
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Executive Summary Closing
To summarize, the DTS Report covers the research and development of two trunk routes:

e The first from Invercargill, New Zealand, to McMurdo, with optional BU landings at
Macquarie Island and the Terra Nova Bay area.

e The second route from an existing HDD bore in Clovelly Beach, Australia, to McMurdo,
with optional BU landings at Macquarie Island and the Terra Nova Bay area.

Each of these routes is technically feasible, minimizes risks as much as practicable along the
route, and provides the ability to add SMART sensor capabilities on the system. When the two
routes were compared through an AoA, the route from New Zealand to McMurdo was
recommended due to a lower cost for coverage (both routes cover a comparable geographic
area), a shorter length (thereby reducing external threats from anchors and fishing), and landing
point proximity to a proposed major data center.

The Desktop Study is the first step and foundation of the development of a Submarine
Fiber Optic Cable system. It is the underpinning for determining the technical
feasibility, initial permitting assessment, ROM cost estimates, and initial route
development data.

This information is used to support the next steps in the system design, which include
a Marine Route Survey, permitting, and, ultimately, the final design, implementation,
operation, maintenance, administration, and repair of the National Science
Foundation cable system.
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Figure ES-0-7. Aerial view of McMurdo Station.
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1.0 DESKTOP STUDY (DTS) DEVELOPMENT METHODOLOGY

This NSF AU/NZ to Antarctica DTS Report was conducted to support the development of an SFOC
based communications transport capability from Australia or New Zealand to Antarctica, using a
repeatered fiber optic cable, with the potential for SMART cable capabilities. The DTS Report was
developed in accordance with the requirements of the Performance Work Statement (PWS) and
the guidance provided by International Cable Protection Committee (ICPC) Recommendation 9,
“Minimum Technical Requirements for a Desktop Study.” References specific to each task are
found at the end of each report section.

Submission

Global Broadband Solutions, LLC (GBS) submits this Desktop Study with its DTS Team of Tetra
Tech Inc., and Arnos Telecommunication Services. Specific sections were prepared by Subject
Matter Experts (SMEs) in these areas. The cable route was developed by GBS SMEs in
coordination with other Team member support and review, as well as reviewed with the Naval
Seafloor Cable Protection Office (NSCPO) to ensure the route met all requirements of the NSCPO
and avoided any conflicts with U.S. Government subsea infrastructure.

Sources

The DTS Team utilized open-source, publicly-available data, directly from the National Science
Foundation and from the National Oceanographic and Atmospheric Administration (NOAA), the
National Aeronautics and Space Administration (NASA), the National Geospatial Intelligence
Agency (NGA), the National Intelligence Mapping Agency (NIMA), and the United States Geological
Survey (USGS). Details of the compilation of the route development and description are found in
Section 2.0 of the DTS Report.

Approach

The GBS Team Project Management approach utilized a SME Focus as outlined throughout the
Project Management Plan (PMP) documentation submitted at project kick-off. Specific SMEs in all
areas of the SFOC development life cycle were utilized to ensure expert level review of all areas
of the DTS report. The critical components of the DTS output (System Landings; System Rough-
Order-of-Magnitude (ROM) Pricing; Cable Protection and Routing) all received input and review
by SMEs in their respective areas.

As part of the DTS, the GBS Team researched and identified the potential permits and regulatory
requirements for the SFOC route and landing the SFOC at the required end points. Regulatory
permits and environmental requirements are included, listing permits, points of contact and
other relevant information. The GBS Project Manager (PM) assigned permit research to the most
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experienced (i.e., Australian/New Zealand personnel where relevant) resources and SMEs as
required.

GBS consulted with the NSF Office of Polar Programs regarding environmental compliance
unique to Antarctica. Based on this research, the GBS Team permitting SMEs developed the GBS-
formatted permitting matrices that identify all permitting and regulatory requirements for each
area of the route and landing sites. The PM monitored progress on the permitting requirements
throughout the project.

Process

Because of the global conditions during the Period of Performance (PoP) and to mitigate
Covid-19 travel issues to Australia and New Zealand, the GBS Team utilized local resources to
conduct Site surveys and evaluate potential landing locations using the GBS Comprehensive Site
Survey Report (SSR) template that was analyzed by GBS Team SMEs related to the landing
conditions, approach, and other factors. GBS worked directly with NSF PMs to gather landing
information and any relevant data on the Antarctic site due to the inability to access the site
during the project period.

GBS conducted internal weekly Team status reports and provided detailed monthly reports and
Interim Progress Review (IPR) briefings to relevant stakeholders as required. This DTS report
utilized the above methodology to leverage SME and other resources to compile all sections of
the research and documentation required to develop the recommended DTS SFOC system
routes. The DTS routes have been determined to be technically feasible and mitigate known risks
to increase survivability, provide the critical inputs for the Marine Route Survey (MRS), and
ultimately support the implementation of an SFOC system between Australia or New Zealand and
Antarctica.

1.1. SFOC Risk Table

In the design of Submarine telecommunication cable systems, the cable route engineers factor
in major cable survivability risks when choosing a route and identifying cable landing sites. Both
Table 1-1 and Table 1-2 identify some of the risks associated with the cable landing route areas.

Some of the risks are contingent on Government and regional restrictions while others are
natural, geological, or biological factors. Submarine telecommunication cables have been landed
worldwide in many different environmentally challenging locations. Risk mitigation has been
designed into the DTS routes outlined in this report to protect the cable system and maintain its
designed life cycle.
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Table 1-1. Submarine Fiber Optic Cable (SFOC) Risk Table.

SYDNEY INVERCARGILL MACQUARIE ISLAND MCMURDO STATION

SFOC CABLE RISK MATRIX | - a o
Existing Underground Infrastructure YES NO YES YES
Site analysis required from As-Builts YES YES YES YES
Pre-laid Shore End Required NO YES YES NO
Technical limitations NO NO YES YES
Ice Scouring NO NO NO YES
Seasonal Ice Movement NO NO NO YES
Seismic Activity YES YES YES NO
Commercial Fishing Activity YES YES YES YES
Anchoring YES YES YES NO
Geological Risks YES YES YES YES
Cable Crossings YES NO NO NO
Pipeline Crossings YES NO NO NO
Cable Protection Zone YES NO NO NO
Restiriction Zones YES YES YES YES
Ice Access for cable repair required NO NO NO YES
Multiple Cable Landings YES NO NO NO
HDD Required YES NO NO YES
Landing Site Access restrictions NO NO YES YES
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Table 1-2. Risks Descriptions Table.
RISKS DESCRIPTION

Cable landing sites can have existing utilities buried and
Existing Underground previously installed, careful examination of the as-built data and
Infrastructure regional utility organization needs to be coordinated with the
route engineering design team.

Cable landing shore and terrestrial sites may have as-built
Site Analysis Required from| documentation with different agencies. All data and physical
As-Built Documentation verification of these utilities needs to be verified for the final
system design.

Does the shore landing site have the required water depth of 20
Pre-Laid Shore End Required | m for SFOC installation vessels? If not, a shallow draft vessel will
be required to pre-lay the SFOC in this location.

Does the site have technical limitations for the system, existing
infrastructure for the new SFOC system, power, and terrestrial
conduit routes? This information allows the designers to factor
in requirements needed for the SFOC system.

Technical Limitations

Does the site have any visible ice scouring on the seabed in the
SFOC installation area? The seabed will need a Marine Route

Ice Scouring Survey to determine the sea floor ice disturbance in order that
the SFOC can be installed or buried to protect the cable
infrastructure.

Does the site have any visible seasonal ice movement on the
seabed or water column in the SFOC installation area? This area
needs a Marine Route Survey to determine the ice disturbance
so the SFOC can be installed or buried under the affected area.

Seasonal Ice Movement

Does the terrestrial or subsea area have any recorded seismic
Seismic Activity activity that needs to be designed into the system for avoidance
or protection requirements?
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Is there any commercial fishing activity near shore or offshore
that may disturb the cable installation? What type of fishing is
done, type of fishing gear and water depth the fishing activity is
Commercial Fishing Activity | happening? This all determines cable route, installation, and
cable type. Some areas have or can have Cable Protection Zones
(CPZ) which are important to subsea cable and pipeline
survivability.

Does the near shore or offshore area have recreational or
commercial ship anchoring activity? The route needs to be
examined for this activity as it can determine the route location,
installation type, cable type, and required protection measures.
Some areas have or can have CPZs, which are important to
subsea cable and pipeline survivability.

Anchoring

Does the near shore or offshore deeper water area have any
Geological risks? These could be slopes, ridges, valleys, or
subsea outcroppings that can cause a submarine cable to have
Geological Risks a suspension or abrasion to the cable in water energy from
storms and/or tidal activity. The cable route engineers use this
information to design the cable route in avoidance of these
areas and determine the cable type and installation method.

Does the cable route have any known in service or out of service
subsea cable or pipeline crossings? There are agreed upon
crossing guidelines for this type of crossing that include
installation crossing angles and protection, as well as
identification for future systems or repairs. The International
Cable Protection Committee (ICPC) has documentation that
commercial and government owned cable systems follow for
best industry practices.

Cable or Pipeline Crossings

Does the cable route approaching the landing area have a CPZ
already indicated on nautical charts?

Some areas for new cable installations have guidelines or
requirements on how to apply for this designation and have the
areas noted on all publicly available nautical charts for both
commercial and recreational use.

Cable Protection Zone
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Many cable landings and routes have restricted areas for many
different reasons. Some are environmentally sensitive areas,
research areas, previous dumping grounds, historical UXO
Restriction Zones areas, commercial utility installations, and other areas
identified as restricted. The cable route engineers use the
known data to route and mitigate these areas for route design
and installation.

If there is seasonal ice that is on the cable route, a plan needs
to be in place should a cable disturbance or break occur and
seafloor access is required. Plans have been designed for this
type of repair and vessels identified with known equipment for
subsea cable repair.

Ice Access For Cable Repair
Required

Are there other subsea cable systems landing in the same area?
The route engineers will use this information to route the new
cable around and identify the spacing required for future repair
or recovery of the cable. The ICPC has guidelines for the
installation of cable in the proximity of in service and out of
service cables and pipelines.

Multiple Cable Landings

Is Horizontal Directional Drilling (HDD) required to install a
subsea cable conduit for the landing site of an SFOC system?
Many countries and regions have environmental or geological
HDD Required requirements for this type of cable to least disturb the shore
features when installing a new cable. This is taken into
consideration by the cable route engineers when designing the
cable landings.

Are there physical or regional restrictions for site access or
equipment required for the SFOC installation? In remote
locations there are numerous limitations on equipment,
meteorological limitations, and resource factors that need to be
planned into the system installation.

Landing Site Access
Restrictions
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2.0 ROUTE AND LANDING SITE APPROACH
IDENTIFICATION

2.1.General Route Selection Discussion and Rationale

The proposed AU/NZ to Antarctica DTS SFOC route was developed based on the landing site
locations supplied by NSF, with numerous SMEs reviewing all aspects of the cable route.
Additionally, local SMEs in Australia, New Zealand, NSF, and McMurdo Station were consulted
and provided support related to the local infrastructure, environmental requirements, base
requirements, and other factors.

There were numerous design criteria considerations during the cable route selection process in
the DTS, all with the intention of reducing overall risk to the cable system while maintaining the
shortest and best scientific sensor deployment route possible. As a result of the DTS, the cable
route from New Zealand to McMurdo Station (Figure 2-1) is 4,913.86 kilometers (km) and the
optional branch into Macquarie Island is 204.4 kilometers. There is also an alternative landing in
Sydney, Australia into an existing Horizontal Directional Drilled (HDD) conduit that has been
evaluated in the DTS, with a total distance of the Australia to McMurdo Station route (Figure 2-2)
of 6,423.97 km. The main system between New Zealand or Australia and McMurdo Station also
has Branching Unit (BU) locations identified. These BU locations are for Macquarie Island, other
optional landings, and possible locations for scientific sensor deployments.

Significant effort to place this cable system on the perceived lowest grade and roughness seabed
was undertaken; however, measures had to be taken to avoid government-owned,
environmentally sensitive and/or controlled seabed assets and seabed areas. Avoidance of the
environmentally sensitive areas was purposeful to avoid environmental permitting restrictions,
but also constrained the route’s direction.

Where the DTS route crosses existing submarine cable systems, crossing locations were chosen
to provide the best crossing angle and avoid proximity with repeaters which would aid in any
potential cable maintenance operations. The cable route was developed by GBS SMEs in
coordination with Tetra Tech engineering support and review, as well as reviewed with the
U.S. Naval Seafloor Cable Protection Office (NSCPO), Australian Government
Telecommunications Security Risk Branch, and New Zealand POC to ensure the route met all
requirements of local subsea route criteria, identified all crossings, and avoided any conflicts with
Government subsea infrastructure.

The approach to Sydney and traversing the submarine cable route protection zone shelf was
highly constrained by existing cable system placements, charted military areas, and dumping
sites. Given the lack of route flexibility for planning the placement of the cable and resulting
proximity to potentially hazardous seabed surface and seabed subsurface obstructions, special
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attention to the cable route survey plan will be needed in order to secure a risk mitigated cable
corridor.
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Figure 2-1. New Zealand to McMurdo Station Route Chart.
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Figure 2-2. Australia to McMurdo Station Route Chart.
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The detailed route description below will outline notable route information starting from Sydney,
AU towards the Macquarie BU, then describing the remaining routes.

2.2.Sydney Route Description

Clovelly, Sydney, Australia (AU) to Macquarie BU

The Australia landing at Clovelly utilizes a pre-existing Beach Manhole (BMH).

Figure 2-3. [Redacted]. Beach manhole.

The egress from Clovelly includes eight (8) cable crossings within the southern Sydney Cable
Protection Zone. Each of the cable crossings will require specialized crossing agreements given
the spacing is less than 2 times water depth with less than ideal crossing angles (per the ICPC
recommendations), making installation, as well as future maintenance operations hazardous to
existing cables.

The cable will exit the HDD and immediately cross two (2) cables, requiring a 40-degree crossing
angle in order to set up an east-south-east parallel run between two other cables Figure 2-4.
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Figure 2-4. Egress from horizontal directional drill exit point and cable crossings.

The cable then proceeds to a crossing turn due south (Figure 2-5), crossing three (3) cables at
approximately 60 degrees and continuing south-east on the previous heading, running parallel
down slope towards the shelf break. The route then crosses the last previously crossed cable at
80 degrees before performing an s-turn on the upper slope, crossing two (2) more cables at
approximately 60 degrees before proceeding down the continental shelf. Landing in this area will
require critical crossing agreements, critical monitoring of anchoring vessels and fishing activity.
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Figure 2-5. Cable protection zone and existing cable crossings.
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The cable route then proceeds at full ocean depth south-south-east towards the Macquarie Ridge
over seemingly benign seabed. The presence of seamounts along the route and potential
discovery of un-surveyed seamounts and other geological hazards is a possibility (Figure 2-6).

Figure 2-6. Seamounts and geologic features along the proposed route between Australia and

Macquarie.

The traversal over the Macquarie Ridge to the BU has been chosen for a location with the least
amount of overall vertical rise (Figure 2-7), but that rise is still over 1,000 meters with an unknown
double ridge extension that is more prevalent along the Macquarie Ridge to the south (Figure
2-8).

2.5 km 5.0 km 7.5 km 10.0 km 24.10 km

Figure 2-7. Macquarie Ridge crossing profile.
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Figure 2-8. Macquarie Ridge crossing to branching unit.

The approach to the Macquarie BU will require traversing ridges and seamounts that will only be
identified and resolved during the cable route survey (Figure 2-9).

The remainder of the route, from the Macquarie BU to McMurdo Station, is identical to the route
described in the Invercargill to McMurdo Station route description in Section 2.4 below.
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Figure 2-9. Australia - McMurdo depth profile.

2.3.Macquarie Route Description

The Macquarie Island BU is located at 54° 44.00736'S, 161° 58.54485' E in a water depth of 4,800
meters (Figure 2-10). The BU is situated in a convenient flat seabed location to serve as the BU
for either the New Zealand or Australia route backbone options. The route proceeds west from
the BU towards Macquarie Island past two seamounts located north of the route before
proceeding up the steep slope of the Macquarie Ridge towards the direct landing (Figure 2-11).
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This landing site can have a near shore direct landing from the cable ship without the need for
HDD. Water depths and seafloor route will need a marine survey for a definitive route.

Figure 2-10.  Macquarie Island branching unit.
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Figure 2-11.  Macquarie landing approach.
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The route proceeds through a nearshore gap in the rock and coral before landing at the BMH on
Macquarie Island located at 54° 29.97785'S, 158° 56.21549' E with an elevation of 3 meters above
Mean High Water (MHW) having an overall 3D cable length of 204.4 km (Figure 2-12).

50 km

Figure 2-12.  Macquarie depth profile.

2.4.Invercargill, New Zealand, to McMurdo Station Route Description

The New Zealand landing at Oreti Beach along Dunns Road was provided by NSF based on
preliminary conversations with a supplier to maximize future onshore and offshore route
locations and backhaul conduits (Figure 2-13, Figure 2-14 and Figure 2-15).

Before addressing the primary landing location, it is worth mentioning an alternative landing site
BMH at Oreti Beach North Entrance off Ferry Road was identified at coordinates 46° 23.48931'S,
168° 11.88846' E with an elevation of 2.4 meters above MHW. This site has a shorter and
potentially less technical terrestrial route to the planned Datacenter Cable Landing Station (CLS).
However, if a commercial entity lands at the southern Oreti Beach primary landing it would be
beneficial for NSF to leverage the infrastructure and permitting groundwork to save planning and
installation time, as well as reduce the incremental environmental impact in the region.

The landing sites in this region are very shallow and will require detailed marine survey and burial
installation plan. A separate shallow water near shore vessel will be required as well as a direct
lay burial plan. It is recommended that this area have a Cable Protection Zone (CPZ) to protect
the buried cable installation from anchoring and fishing activity.

500 km 1000 km 1500 km 2000 km 2500 km 3000 km 3500 km 4000 km 4500 km 4871 km

Figure 2-13.  New Zealand - McMurdo depth profile.
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Figure 2-14.  Oreti Beach North (Alternate) landing.
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Figure 2-15.  Oreti Beach, New Zealand: Primary (southern route) and Alternate (northern route)
landings.
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The primary BMH for the New Zealand end of the cable is located on the north side of Dunns
Road with an elevation of 5.8 meters above MHW near Oreti Beach (Figure 2-16).

4 4 / & Google Earth

Imagery date: 1/13/18-newer  Google Landsat/ Copernicus Data SI0, NOAA, U.S. Navy, NGA, GEBCO

Figure 2-16.  Primary landing.

The route will land directly onto Oreti Beach (Figure 2-17), a popular 26 km stretch of sandy beach
visited by beach goers, surfers, mountain bikers, horseback riders and motor vehicle enthusiasts,
most notably a testing and racing site for Burt Munro’s modified Indian motorcycle which was
featured in the movie The World's Fastest Indian.” Numerous recreational motorsport tracks and

facilities can be found in the area, suggesting a high recreational usage of the beach and
neighboring roads.
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(The Swim Guide, 2002)

Figure 2-17.  Oreti Beach visitor activity.

The egress from the car park to the surf zone is slightly downhill, following the same gradual
slope that continues offshore for 7 to 8 kilometers, before reaching safe water depths for the
main cable lay ship in approximately 20 meters Water Depth (WD). Between the beach and the
start of conventional lay, the route will bypass a charted wreck in 15 meters WD and remain north
of Halfway Rocks, which is located on the 20-meter WD contour, suggesting possible rock
outcropping in that depth regime.

The route then diverts due west into Foveaux Strait until safely past Escape Reefs and Raratoka
Island to the north and Stewart Island to the south. The route continues west and begins its
descent into the Solander Trough about 20 km south of Solander Island (Figure 2-18).
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Figure 2-18.  New Zealand Solander Trough descent.

As the route descends into the Solander Trough, there are submarine canyons to the north and
south, which the route diverts around by maintaining a westerly direction. The route then
continues due south towards the Macquarie BU navigating around ridges, seamounts, and
troughs travelling between the Macquarie Ridge and Auckland Escarpment (Figure 2-19).

(Lewis et al., 2006)

Figure 2-19.  Puysegur Trench and Solander Trough contour map.

ANTARCTICA | AUSTRALIA | NEW ZEALAND | DESKTOP STUDY 2022




National Science Foundation

The Solander Trough is generally space constrained with respect to cable safety but is
scientifically important to traverse and safer than crossing the Puysegur Trench or Macquarie
Ridge (Figure 2-20).
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Figure 2-20.  Seafloor contours near Auckland Islands showing variability and high relief.
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The route placement due west of the Auckland Islands is constrained by the Macquarie Ridge to

the west and a large seamount to the east as seen in Figure 2-21. Seismic activity is to be
expected, as well as deep water currents.

The Macquarie BU is situated within the Emerald Basin at approximately 4,800 meters WD. The
global bathymetry suggests a relatively flat bottom for placement of the BU; however, localized

slopes are to be expected during the cable route survey and placement will be finalized post-
survey.
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Figure 2-21.  Proposed cable placement in Southwest Pacific Basin through Fractured Zones.
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The route then heads south-east towards the Pittman Fracture Zone, but diverts south, crossing
the Erebus Fracture Zone and Terror Fracture Zone over the Pacific-Antarctic Ridge (Figure 2-22).
The chosen route avoids high-relief bathymetry as much as possible while traversing the ridge.
Localized slopes and hazards due to seismic events, such as seabed movement, slumping and
the unlikely emergence of hotspots could impact the cable anywhere along or near the facture
zones.
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Figure 2-22.  Approach to Ross Sea and McMurdo Sound, Antarctica.

After crossing the Pacific-Antarctic Ridge, the route heads due south, passing east of the
Tangaroa Seamount before heading south-west past the Vulnerable Marine Ecosystem (VME)
zones denoted as red polygons in Figure 2-22 to the North and up the Ross Sea continental rise
south of Hillary Canyon.
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The route then proceeds west Into McMurdo Sound north of Beaufort Island before hooking
south around the east side of Ross Island into McMurdo Sound.

The approach through McMurdo Sound and to Hut Point Peninsula and ultimately McMurdo
Station traverses in water depths greater than 500 meters until the northward turn up the slope
south of Winter Quarters Bay (Figure 2-23).
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Figure 2-23.  Approach to Hut Point Peninsula, Antarctica.

The steep slope to McMurdo Station is helpful in protecting against bergy bits that can calve off
the tabular icebergs, limiting the length of cable on the seabed exposed to such a rare event. The
HDD exit point is planned for 30 meters water depth (WD) based on McMurdo diver observations
that sea and fast ice have not interacted or scarred the seabed in depths of 30 meters. Another
positive indicator the ice does not regularly interact with the seabed is the preserved state of the
debris field within and south of Winter Quarters Bay. The HDD exit will ultimately be positioned
after the results of the cable route survey are analyzed (Figure 2-24). The Antarctic landings do
not lend themselves to a direct shore landing, only HDD as the yearly fast sea ice interaction with
the shallow depths can damage the cable installation.
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Figure 2-24.  Approach to McMurdo Station, Antarctica.

The landing at McMurdo Station is at coordinates 77° 50.93493' S, 166° 39.82901' E, with an
elevation of 1.9 meters above MHW. An optional landing point “B” was identified near the primary
landing to facilitate an alternate HDD point, BMH, and terrestrial route (Figure 2-25).

The conceptual terrestrial routes outlined in the image below were supplied by NSF Civil
operations and depict the use of existing utilidor right-of-way, new utilidor, burial etc. to get to
the new data center which is the subsea cable termination point. Terrestrial installations and
manhole installations will all follow MCM design procedure and requirements.
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(National Science Foundation, 2022)

Figure 2-25.  McMurdo Landing Site Options "A" and "B". (Notional routes supplied by NSF.)

Ice scouring on the seabed in this area was described by the MCM Dive Operations Manager as
not visible in water depths of 30 m or more, however, there are historical photos of icebergs
broken off from the main ice shelf which are seen in the landing areas (Figure 2-26).
This reinforces the need for a detailed Marine Route Survey in this area and the Ross Sea region.
The MRS data will provide the cable engineering group with the information needed to build the
proper cable and burial assessment required for this landing. The engineering and design would
also impact warranty on the system.
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(NSF/Erin Herd, 2020)
Figure 2-26  McMurdo Landing Site icebergs.

2.5.Invercargill - NZ Cable Protection Zone Recommendation

The New Zealand Ministry of Transport set in place a policy for protecting New Zealand's
undersea cables and pipelines. The submarine cables and pipelines around New Zealand carry
their electricity, telecommunications, and energy sources such as oil and gas. These cables are
vital to New Zealand's power and communications systems and to the New Zealand economy.
Fishing or anchoring around these cables can potentially cause serious harm to the cables. Even
hooking a cable with a fishing line or lightweight anchor can do real damage to a cable’s protective
outer layer. Damage to cables creates significant risk of power cuts and telecommunications
service outages, which can take a lot of time and be costly, particularly in this geographic region.
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Cable Protection Zones (CPZs) were put in place to protect these vital undersea infrastructure
systems (Figure 2-27 and Figure 2-28). All anchoring and most types of fishing are banned in CPZs
to prevent cable damage. These examples demonstrate what would be recommended in this

area by a Marine Route Survey.

oo
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(Toita Te Whenua Land Information New Zealand, 2022)

Figure 2-27.  Cable Protection Zones example from Cook Strait Nautical Chart.
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(Toita Te Whenua Land Information New Zealand, 2022a)

Figure 2-28.  Cable Protection Zones example from Invercargill Landing and Cable Protection
Zone Nautical Chart.
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@ To establish a CPZ, a cable system may apply to the:

Ministry of Transport

PO Box 3175

Wellington

New Zealand

The application must include:

1. Area to be protected

Proposed construction of the cable or pipeline

Purpose for the cable or pipeline

Timeframe for laying the cable or pipeline

Consultation you undertook to satisfy the requirements of section 12(2) of the Act

vk wnN

Different types of ships or fishing operations may be eligible for exemptions or variations from
the standard prohibitions under the Act. These may arise as a result of consultation with the
fishing industry, for example, and you should include these details in your application.

e CPZinformation from “Protecting New Zealand's Undersea Cables | Ministry of
Transport; New Zealand Ministry of Transport 2020 publication:

https://www.transport.govt.nz/about-us/what-we-do/queries/protecting-new-zealands-
undersea-cables/

2.6.Sydney Terrestrial Route

While we have identified that there is an existing HDD conduit available, there are no available
terrestrial conduits that lead to one of the inland data centers. Therefore, a new terrestrial route
will need to be identified and a conduit constructed for this project. The area between the cable
beach landings and the data centers is located approximately 8 km inland in a primarily a
residential and commercial urban area of Sydney (Figure 2-29).

Figure 2-29.  [Redacted]. Existing terrestrial route and notional terrestrial route for proposed cable
project.
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3.0 PERMITTING, RIGHT OF WAY AND REGULATORY
REQUIREMENTS

This section of the DTS addresses Permitting, Right of Way (ROW), Seabed Occupancy and
Regulatory requirements related to the design, installation, and maintenance of an SFOC system.
These matters require a great deal of upfront information collection, which must be further
validated through detailed fieldwork, before submission to the relevant authorities.

Section 3.0 of the DTS describes the processes and regulatory requirements for this information
gathering to ensure proper permitting planning and authorizations for the proposed SFOC. This
section is intended to present preliminary information to guide project development for future
research, field work and investigations including but not limited to the Permitting Feasibility Study
(PFS) and Marine Route Survey (MRS). Section 3.0 is structured according to the proposed DTS
route by country (i.e., Australia, New Zealand, Antarctica), by landings by country or continent,
and then any sub-jurisdiction requirements.

NOTE: To apply for any of the authorizations and permits outlined in Section 3.0,
a Permitting Feasibility Study should be conducted to confirm exact requirements for
permitting and authorizations for the proposed Submarine Fiber Optic Cable.

In addition, a Marine Route Survey must be completed to supply information for the
various environmental assessments and cable installations for each jurisdiction.
Landings and installations have requirements to receive authorizations, permits, and
permissions to design, install, operate, and maintain a Submarine Fiber Optic Cable
system which are identified and confirmed in a Permitting Feasibility Study.
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A decorative view of Australia, New Zealand, and surrounding islands.

3.1.Australia

SFOC system planning, installation, and operation requires various forms of approvals from
Australian, State, and local level government agencies. Additionally, key stakeholders, such as
third-party marine and seabed users, need to be notified of the proposed activity.

The following sections describe each of the relevant permits and approvals required for the
installation of the Australian component of the SFOC. The following information has been
provided to NSF for each required permit:

e Permit name/description/activity

e Permit granting authority and point of contact details

e Estimated time for activity or permit approval

e Supporting documents required for application submission
e Dependencies (list of predecessor permits)

e Estimated costs and fees

Permits and approvals required for the installation and operation of an SFOC project include the
four key categories of information listed below, and are explained in the corresponding sections:

e 3.1.2 Cable carrier/operator license
e 3.1.3 Terrestrial and marine environmental assessment
e 3.1.4 Terrestrial cable system installation

e 3.1.5 Marine and seabed user agreements.

2022 ANTARCTICA | AUSTRALIA | NEW ZEALAND | DESKTOP STUDY 2022




National Science Foundation

The permits and permissions required for the cable landings in Australia, including the Sydney
and Macquarie Island, are summarized in Figure 3-1, Figure 3-2, Figure 3-3, and Figure 3-4.

Figure 3-1. [Redacted]. Sydney Permitting Requirements.
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Figure 3-2. [Redacted]. Sample Sydney Excel Permit Matrix

Figure 3-3. [Redacted]. Macquarie Island Permitting Requirements.
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Figure 3-4. [Redacted]. Sample Macquarie Excel Permit Matrix.

3.1.1. Maritime Boundaries

The permitting process begins by having a thorough grasp of maritime boundaries. For a project
of this size, where boundaries traverse multiple countries and continents, it is essential to
maintain detailed maps and take note of all legislation that governs those areas. This will include
national and international regulations - the origins of which may span decades to more than one
hundred years.

International: The United Nations Convention on the Law of the Sea (UNCLOS) established the
framework for the territorial sea baseline and maritime zone boundaries and created rules that
must be followed by all member countries regarding maritime boundaries, access to the various
marine zones, and management of resources and activities within those boundaries. The
Convention was ratified by Australia in 1994,

National: Delineation of Australia’s maritime boundaries is managed by Geoscience Australia
(https://www.ga.gov.au/scientific-topics/marine/jurisdiction/australia).

Australia’s maritime zones are shown in Figure 3-5 and the relationship between the zones are
shown in Figure 3-6.
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Maritime Zones
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Figure 3-5. Australia’s Maritime Boundary Zone Definitions.
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Figure 3-6. Australia’s Maritime Features, Limits and Zones.

Domestically, the Seas and Submerged Lands Act 1973 declares Commonwealth sovereignty over
the Territorial Sea (TS) and certain Commonwealth rights in respect of the Contiguous Zone (CZ),
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Hydrographic charts, upon which the territorial sea baseline along the coast is based, is Lowest
Astronomical Tide (LAT).

3.1.2. Cable Carrier and/or Operator License

A carrier license under the Commonwealth Telecommunications Act 1997 is required prior to the
installation of the SFOC that connects to Australia. The act is governed by the Australian
Communications and Media Authority (ACMA). Any carrier who intends to install a submarine
cable in Australian waters must apply for a permit from ACMA.

Under the act, and in accordance with ACMA, installation of submarine cables requires an
environmental assessment to be undertaken unless the installation is exempt. As existing BMH
and HDD facilities will be used for the project, the low impact installation (as defined in subclause
6(3) of Schedule 3 of the act and Telecommunications (Low-impact Facilities) Determination 2018)
does not require an environmental assessment.

The Sydney landing site is located within the designated Southern Sydney Protection Zone which
recognizes submarine communications cables as nationally important infrastructure and aims to
protect them from human interferences. A Protection Zone permit application to the ACMA will
be required under the Telecommunications Act 1997.

In summary,

e Apply for Carrier License from the ACMA
e Requires environmental assessment unless exempt

e Requires Cable Protection Zone permit from ACMA

3.1.3. Terrestrial and Marine EA

The following regulatory approvals are required for the installation of an SFOC system in Australia
and its territories, particularly for the branching unit to Macquarie Island.

Commonwealth Environment Protection and Biodiversity Conservation Act 1999

The project will require referral to the Australian Government Department of Agriculture, Water,
and the Environment (DAWE) under the Environment Protection and Biodiversity Conservation
Act 1999 (EPBC Act). This Act governs the protection of the environment, including Matters of
National Environmental Significance, such as Commonwealth-listed threatened and migratory
species and Commonwealth marine parks.

To determine whether a proposed activity requires assessment and approval under the EPBC
Act, a referral must be submitted to the Commonwealth Minister for the Environment via the
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online portal. Following a period of public exhibition of the referral, the Minister or her delegate
will determine whether the proposed activity is a ‘controlled action’ and requires assessment
under the EPBC Act or ‘not a controlled action.’

A pre-lodgment meeting with DAWE and desktop biological study (terrestrial and marine aspects)
will need to be completed prior to submission of the referral. Following acceptance of the referral,
DAWE has 20 business days to determine whether the action is a ‘controlled action’ or ‘not a
controlled action.’ If the Minister or her delegate determines the action is a controlled action,
then a determination will need to be made on the level of assessment required to address
potential significant impacts on affected Matters of National Environmental Significance.

EA Under Commonwealth and State Legislation

Submarine and onshore telecommunication cables are exempt from Commonwealth and State
government planning approval under certain circumstances. The activities must be low impact
and not in an environmentally sensitive area as defined in the relevant legislation and planning
policies.

An environmental impact assessment will be required to determine whether the proposed
activities will or will not have a significant impact on environmentally sensitive areas and
associated environmental values.

Terrestrial and marine surveys will be required to determine the presence of environmentally
sensitive species and areas along the entire proposed SFOC route. Findings from the terrestrial
and marine surveys will inform the environmental impact assessment which will be provided to
Commonwealth and State government agencies to inform their decisions.

The proposed SFOC will traverse environmentally sensitive areas on the Macquarie Island
segment defined in relevant Commonwealth and State legislation and planning policies, including
Macquarie Island World Heritage Area (Cwlth), Macquarie Island Marine Park (Cwlth) and
Macquarie Island Nature Reserve (Tas). Bilateral agreements between the Commonwealth and
State governments allows for a single assessment process considering impacts on matters of
national and state environmental significance. A bilateral agreement s currently in place between
the Australian and Tasmanian governments and could be applied to the project, if the Australian
Government determines this is the most efficient approvals pathway and that impacts on the
Commonwealth marine area can be adequately addressed by that process. If the Australian
Government does not support use of the bilateral agreement for the Commonwealth marine
area, separate environmental assessments will be required, i.e., one under the EPBC Act and one
under relevant Tasmanian legislation. Preparation of an environmental assessment can take
between 9 and 12 months to complete, in addition to regulatory decision periods.
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Tasmanian National Parks and Reserves Management Act 2002

The Macquarie Island Nature Reserve covers the entire island and up to 3 nautical miles (5.5 km)
offshore. Any proposed developments within this area must comply with the Tasmanian National
Parks and Reserves Management Act 2002 and Macquarie Island Nature Reserve and World
Heritage Area Management Plan 2006.

Under the Act, the project will be subject to the Reserve Activity Assessment (RAA) process to
determine whether the proposed activities will impact environmentally significant species or
areas. A meeting with representatives from Tasmania Parks and Wildlife Services will be required
to determine the applicable level of assessment. The RAA will assess potential impacts from
installation of the SFOC, as well as seek approval for entering the Macquarie Island Marine Park.

Terrestrial and marine surveys will be required to inform the RAA process. Depending on the
level of assessment required, the approval process may take between 4 and 18 months. The RAA
process could be completed under a bilateral agreement with the Australian Government as a
single consolidated impact assessment.

Other Relevant Legislation
Table 3-1 provides a summary of additional Commonwealth and State legislation that should be

considered as part of the installation of the proposed SFOC.

Table 3-1. Other Relevant Legislation Considered

Legislation Relevance to the project

Commonwealth Historic Shipwrecks | This purpose of this act is to preserve and protect historic wrecks and relics in Australian
Act 1976 waters. No historic wrecks were identified along the cable route. Any wrecks identified
during marine surveys would be under the jurisdiction of this act.

Commonwealth Native Title Act 1993 | This act recognizes the land rights of the Indigenous persons of Australia. No native title
applications or determinations exist along the cable route.

Defense Force Regulations 1952 This act outlines the regulations relating to Australia’s military interests. As described in this
act, the Australian Department of Defense must be notified of intent to enter any Defense
training areas, including vessel movements.

NSW Coastal Protection Act 1979 This act includes provisions for the use and occupation of the coastal region in New South
Wales. As existing BMH and HDD facilities will be used for this project, installation of the
SFOC is exempt from further assessment under this legislation based on other SFOC
projects’ experience.

NSW Environmental Planning and | The objective of this act is to preserve the environmental values within New South Wales.
Assessment Act 1979 As existing facilities will be used for this project, no further approvals are required under
this act.
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Legislation Relevance to the project

NSW State Environmental Planning | The purpose of this policy is to streamline the planning and processing in New South Wales.
Policy Infrastructure 2007 Telecommunication facilities are covered by this policy and are exempt from development
applications.

In summary,

e Referral submitted to Commonwealth Minister for the Environment via the online
portal.

e Pre-lodgment meeting with DAWE and Desktop Biological Study prior to Referral
submission.

e Environment impact assessments (9-12 months), terrestrial and marine surveys
must be completed in advance to inform agencies for decisions.

e Reserve Activity Assessment (RAA) - meetings, terrestrial and marine surveys.
e Shipwrecks identified.
¢ Indigenous persons rights cannot be infringed along route.

¢ Notification to Defense.

3.1.4. Terrestrial Cable System Installation

The following permits and approvals may be required for the installation of the terrestrial cable
route.

Road occupancy license under the NSW Roads Act 1993

Where terrestrial cable installation locations occupy traffic lanes or footpaths of arterial roads, a
Road Occupancy License (ROL) is required. The license is issued by the relevant road authority to
allow the works to be undertaken in a safe manner. A traffic control plan will need to be prepared
prior to commencement of works to manage potential disruptions to traffic, pedestrian and
cyclist movements. An allowance of 10 business days should be included for this process.

Ground excavations

Prior to any ground disturbance works, a Dial Before You Dig search needs to be completed to
identify any underground services and infrastructure. An allowance of two business days should
be included to receive results.

2022 ANTARCTICA | AUSTRALIA | NEW ZEALAND | DESKTOP STUDY 2022




National Science Foundation

Consultation with Randwick City Council

In accordance with the Local Environment Plan, prior to any ground disturbance works the
relevant local government should be consulted. For this project, Randwick City Council should be
notified of the proposed activities, including intent to access the existing BMH at Clovelly and
construction works along the terrestrial cable route.

In summary,

e Road Occupancy License (ROL) based on traffic control plan
e Dial Before You Dig search

¢ Notification of Randwick City Council

3.1.5. Marine and Seabed User Agreements

Where applicable, agreements should be established between NSF and other marine and seabed
users for the completion of marine surveys and marine cable installation. Within the Southern
Sydney Protection Zone, a proponent must notify other cable owners no later than 21 days before
the proposed activity (i.e., marine survey, cable installation).
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A decorative view of New Zealand.

3.2.New Zealand

The likely permitting steps and requirements for the Invercargill landing (terminating at the beach
manhole) can be summarized as follows:

Coastal Permit: Obtained via Resource Consent granted by Environment
Southland (in accordance with requirements of Regional Coastal Plan and
Southland Land and Water Plan). Anticipated timeframe of 30 days for decision
from Council regarding application, assuming application contains all necessary
information. This process may take longer however, due to sensitivities and the
need for engagement between various Territorial Authorities. A conservative
timing estimate would be three months.

Land use Permit: Obtained via Resource Consent granted by Invercargill City
Council (in accordance with requirements of District Plan). Anticipated timeframe
of 20 days for decision from Council regarding application, assuming application
contains all necessary information.

The relevant consent applications to each of the relevant Territorial Authorities can be submitted
simultaneously; it is likely that the regulators will consult one another regarding the project.

2022

Submission of documentation to EPA regarding matters in the EEZ (at least 40 days
before the activity occurs, and then following completion of activity).
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e Consultation with various stakeholder groups e.g., Iwi. (at least 25 days before the
activity occurs in terms of the EPA requirements in the EEZ; the views expressed
by Iwi groups must accompany the application for Resource Consent, therefore
consultation is to occur prior to submission of the application).

The permitting summary is provided in Figure 3-7 and the detailed permitting matrix is provided
in Figure 3-8. The permitting and regulatory process is described in the sections below.

Figure 3-7. [Redacted]. New Zealand Permitting Summary.
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Figure 3-8. [Redacted]. Sample New Zealand Excel Permit Matrix.

3.2.1. New Zealand Maritime Zones

The proposed SFOC traverses all recognized maritime zones of New Zealand. Consequently, the
project planning, installation, and operation process requires consideration, notification and
approvals procedures from various government agencies and related entities to be completed.
Additionally, notice and consultation with other stakeholders and interested third parties
regarding development works and resource access, if any are present along the planned cable
route, must be made. These procedures are outlined further below.

Under the United Nations Convention on the Law of the Sea (UNCLOS), there are various
maritime zones defined generally by their distance from the land, but more precisely, as their
distance from the Territorial Sea Baseline (TSB). New Zealand ratified UNCLOS in 1996.

New Zealand's main maritime zones are shown in Figure 3-9 and are described in the ensuing
sections.
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Exclusive Economic Zone
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(Toitt Te Whenua LINZ, n.d)

Figure 3-9. New Zealand Maritime Zones

Inland Waters Landward of the Baseline

The internal waters are all those areas of the sea that are on the inside of New Zealand, including
any areas of the sea that are on the landward side of the baseline of the territorial sea of New
Zealand.

Territorial Sea Baseline -12 Nautical Miles

The Territorial Sea is an area of water not exceeding 12 nautical miles (1 nautical mile is equal to
1,852 meters) in width which is measured seaward from the territorial sea baseline. The territorial
sea is part of New Zealand's sovereign territory. The government's power to govern this marine
area is the same as on land, although other states have rights established under international
law, such as ‘innocent passage’ of their vessels.

Contiguous Zone 12-24 Nautical Miles

The contiguous zone lies on the seaward side of the territorial sea, extending from 12 to 24
nautical miles from the low-water mark. It overlaps with the EEZ. This is not part of New Zealand’s
territory. Under UNCLOS, in addition to the rights New Zealand has in this area as part of the EEZ,
New Zealand has the right to police the area to prevent or punish infringements (of customs,
fiscal, immigration or sanitary laws and regulations) in its territory or territorial sea.
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Exclusive Economic Zone (EEZ) 12-200 Nautical Miles

The EEZ is an area of sea beyond and adjacent to the territorial sea. The outer limit of the
Exclusive Economic Zone cannot exceed 200 nautical miles from the territorial sea baseline.
Where the New Zealand EEZ abuts the maritime zone of another nation, a median line between
the nations is agreed. The EEZ is not part of New Zealand's territory, but under UNCLOS, New
Zealand has sovereign rights for the purpose of exploring, exploiting, conserving, and managing
all of its living and non-living natural resources. These resources include marine life, oil, gas and
minerals and energy produced from water, currents, and winds. Other countries retain the
freedom of navigation and over-flight and can lay submarine cables and pipelines within New
Zealand's EEZ.

Continental Shelf 12-350 Nautical Miles

Continental shelf refers to the seabed and subsoil of those submarine areas that extend beyond
the territorial limits of New Zealand, throughout the natural prolongation of the land territory of
New Zealand, to the outer edge of the continental margin, or to a distance of 200 nautical miles
from the baselines from which the breadth of the territorial sea is measured (as described in
Sections 5 and 6 [and 6A] of the Territorial Sea and Exclusive Economic Zone Act 1977) where the
outer edge of the continental margin does not extend to that distance. The continental shelf is
essentially the area that surrounds a landmass where the sea is relatively shallow compared to
the open ocean. It is geologically part of the land, and, under international law, a state has
exclusive rights over the non-living resources (e.g., minerals) and sedimentary species (e.g.,
oysters and sponges) in and on the seabed.

Beyond the Continental Shelf

The seabed and subsoil beyond the continental shelves of New Zealand and other countries is
called The Area.’ The water column outside the territorial sea and EEZ of New Zealand and other
countries is the high seas. All states have ‘freedom of the high seas’ which includes freedom of
navigation, overflight, laying cables and pipelines, constructing artificial installations, fishing, and
scientific research. This is not owned by any particular country but vested in humankind as a
whole and administered by the International Seabed Authority. No state can claim or exercise
sovereignty or sovereign rights over the Area.

3.2.2. Permitting Summary

The permitting process to land a submarine cable in New Zealand centers primarily on the
Resource Management Act 1991 (RMA), which is the primary national environmental
management legislation. The RMA is available at:
https://legislation.govt.nz/act/public/1991/0069/latest/DLM230265.html. Territorial Authorities
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(which include city, regional, district and unitary authorities) administer the RMA and control
which activities are permitted, which can be permitted through resource consent, and which
activities are prohibited. The resource management rules differ between districts and regions.
With 11 regional councils, 61 city or district councils, and six unitary councils in New Zealand, it is
best not to assume that because a consent wasn't needed in one town, that one won't be needed
in another. There are also differences within a city, district, or region.

In the Southland region of New Zealand, the Territorial Authorities include Environment
Southland Regional Council (Environment Southland), Invercargill City Council and Southland
District Council. Territorial Authorities are generally responsible for various aspects of resource
management including roading, agriculture, reserves, waste management, water management,
building consents and land use and subdivision. These entities also have relationships with Iwi
and other government and community organizations. These Territorial Authorities oversee
certain aspects of the resource consent process, which is the process of obtaining permission for
an activity that might affect the environment that isn't already allowed for in the relevant
management plans that apply in the jurisdictional area.

The Environment Southland, Invercargill City Council regulatory processes, as well as the
Environmental Protection Authority (EPA) requirements for projects located in New Zealand's
Exclusive Economic Zone, are described further in the following sections.

3.2.3. Resource Management Act 1991

The purpose of the Resource Management Act 1991 (RMA) is to promote the sustainable
management of natural and physical resources. The RMA requires that all persons exercising
functions and powers under it, in relation to managing the use, development, and protection of
natural and physical resources, shall:

e Recognize and provide for the specified matters of national importance listed in
Section 6.

e Have particular regard to the other matters listed in Section 7.

e Take into account the principles of the Treaty of Waitangi (Te Tiriti o Waitangi).

Under Sections 13, 14 and 15 of the RMA, many activities involving the beds of lakes and rivers,
water or water bodies, and the discharge of contaminants into water can only occur if they are
expressly allowed by a rule in a regional plan, or by a resource consent. Section 30 of the RMA
gives regional councils specific functions relating the control of the use of any land (including the
beds of lakes and rivers) for the purposes of soil conservation, water quality, water quantity and
the maintenance of ecosystems in water bodies, and the avoidance or mitigation of natural
hazards. Regional councils also have functions relating to controlling the planting of plants in the
beds of lakes and rivers, the maintenance of indigenous biological diversity and the integration
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of strategic infrastructure and land use.

The RMA is the main law governing how people interact with natural resources. As well as
managing air, soil, freshwater and the coastal marine area (to the 12 nautical mile Territorial Sea
jurisdiction limit), the RMA regulates land use and the provision of infrastructure, which are
integral components of New Zealand’s resource management system.

People can use natural resources if doing so is allowed under the RMA or permitted by a resource
consent. A resource consent is permission from the local council for an activity that might affect
the environment, and that isn't allowed ‘as of right’ in the district or regional plan.

The RMA classifies activities into six classes: permitted, controlled, restricted discretionary,
discretionary, non-complying and prohibited. These different classes determine aspects such as
whether a resource consent is required before carrying out the activity, what will be considered
when making a decision on a resource consent application and whether a resource consent must,
may or may not be granted. Rules in regional and district plans determine within which category
an activity falls.

e A restricted discretionary activity must comply with any requirements,
conditions and permissions specified in the RMA, regulations or relevant plan and
requires a resource consent before it can be carried out. Council can exercise
discretion as to whether or not to grant consent, and to impose conditions, but
only in respect of those matters over which it has restricted its discretion in the
plan or over which discretion is restricted in national environmental standards or
other regulations.

e A permitted activity may be carried out without the need for a resource consent
so long as it complies with any requirements, conditions and permissions
specified in the RMA, in any regulations, and in any applicable plans or proposed
plans.

3.2.4. The Role of Councils

There are currently 11 regional councils in New Zealand with boundaries broadly coinciding with
water catchment areas. The Local Government Act 2002 requires that regional councils have a
key role under the RMA, which charges them with the integrated management of the natural and
physical resources of a region. A district in New Zealand is a territorial authority area governed
by a district council as a second tier of local government in New Zealand, below regional councils.

Regional councils are responsible for the administration of many environmental and public
transport matters, while the district councils administer local roads and reserves, sewerage,
building consents, the land use and subdivision aspects of resource management, and other local
matters.
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Under Section 67(3) of the RMA, a regional plan must give effect to any operative national policy
statement. There are currently four operative National Policy Statements and one operative New
Zealand Coastal Policy Statement:

National Policy Statement for Freshwater Management 2014 (as amended in 2017)
National Policy Statement for Renewable Electricity Generation 2011

National Policy Statement on Urban Development Capacity 2016

National Policy Statement on Electricity Transmission 2008

New Zealand Coastal Policy Statement 2010

Making decisions under the RMA is usually the responsibility of Territorial Authorities,
i.e., regional and district/city councils, in their role of consent authorities. They do this through
regional policy statements, plans, and resource consents. There are five types of resource
consent: Land-use consent, Subdivision consent, Coastal permit, Water permit, Discharge permit.

Regional Councils are generally responsible for environmental and public transport matters.
Regional Councils prepare regional policy statements and regional plans to assist the Council to
carry out its functions under the RMA which include:

Integrated management of the natural and physical resources of the region

Ensuring there is sufficient development capacity in relation to housing and
business land

Soil conservation

Water quality and quantity (freshwater and seawater)
Air, water, and land pollution

Biodiversity conservation

Marine and freshwater ecosystems

Natural hazards (avoidance and mitigation)
Contaminated land (identification and monitoring)

Activities in the coastal marine area (in conjunction with the Minister of
Conservation)

Introduction of plants into water bodies
Allocation of water (freshwater and seawater) and contaminant discharge capacity

Strategic integration of infrastructure with land use

Regional Councils also have a general duty to monitor inter alia the state of the environment of
the region, the efficiency and effectiveness of policies and methods in policy statements and
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plans and the exercise of resource consents within the region. Regional Councils must also make
available to the public information enabling the public to be better informed about the role of
the council and information enabling the public to participate effectively under the RMA. The
proposed cable site is in the Southland region of the South Island and the Southland Regional
Council holds regulatory authority, along with the Southland District Council and Invercargill City
Council.

Southland Regional Council (Environment Southland)

The Environment Southland plans page lists a range of activities which are "permitted.” This
means a resource consent is not required provided an activity meets the conditions of the
relevant permitted activity rule.

In the Southland region, there are various resource management plans developed by the
Southland Regional Council under the RMA.

The proposed Southland Water and Land Plan is intended to provide direction and guidance
regarding the sustainable use, development and protection of water and land resources in the
Southland region. This Plan fits within, and is influenced by, an RMA framework of national,
regional, and local policy documents. The proposed Southland Water and Land Plan is currently
in a formal Environment Court process. The plan has been divided into two parts - Topic A and
Topic B. The court has heard from all parties in relation to Topic A and released an interim
decision on this topic in late December 2019. The next steps and the timing will be determined
by the court. The plan will be final once the court issues its final decision and any appeals to the
High Court are considered. It is not certain when this will be, but it is unlikely to occur before the
end of the year. The decisions version of the proposed plan supersedes the notified version. The
decisions version of the proposed Southland Water and Land Plan has legal effect from 4 April
2018, but the existing operative plans still have full legal effect and weight. Some existing activities
have been allowed (permitted) by the operative plans, but they require a resource consent under
the proposed plan. In some cases, existing activities may continue without consent if the effects
are the same or similar in character, intensity, and scale, if an entity was carrying out the activity
before the notification of the decisions on the proposed plan (4 April 2018). Existing Use Rights
need to be discussed with the council consents team.

For the avoidance of doubt, no rule in the Southland Water and Land Plan currently applies in
the coastal marine area.

The Regional Coastal Plan has effect over the Coastal Marine Area. Southland’s coastal marine
area extends from the line of mean high-water springs out to the 12-nautical mile territorial sea
limit (22.2 km) from Awarua Point to Brothers Point. This covers over 3,000 kilometers of
coastline; approximately one seventh of the New Zealand coastline. The Regional Coastal Plan
sets out how Environment Southland will carry out its resource management responsibilities in
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the CMA.

The values of Southland's coast are described, and issues of management identified.
Fundamental principles in the management of the Coastal Marine Area are set out and then
sections of the plan deal with specific matters, including estuaries, coastal water, air, occupation,
the seabed and foreshore, structures in the coast, coastal processes and protection works, cruise
ships and other ships in internal waters, recreational activities, marine farming, surface water
activities, financial contributions, and bonds to be made.

The regulatory framework is explained below.

The Coastal Marine Area is defined by Section 2 of the Resource Management Act as:

The foreshore, seabed and coastal water, and the air space above the water -

a) of which the seaward boundary is the outer limits of the territorial sea:

b) of which the landward boundary is the line of mean high-water springs, except
that where that line crosses a river, the landward boundary at that point shall be
whichever is the lesser of -

c) one kilometer upstream from the mouth of the river; or

d) the point upstream that is calculated by multiplying the width of the river mouth
by 5.

For the parts of the activity within the Coastal Marine Area, the rules from the Coastal Plan apply
(see https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-
us/plans-and-strategies/regional-plans/coastal-plan/documents/coastal_plan_december_2013.pdf),
Environment Southland, 2013); otherwise, the rules of the proposed Southland Water and Land
Plan apply.

Section 12(1) states that “No person may, in the coastal marine area,

a) reclaim or drain any foreshore or seabed; or

b) erect, reconstruct, place, alter, extend, remove, or demolish any structure or any
part of a structure that is fixed in, on, under, or over any foreshore or seabed; or

¢) disturb any foreshore or seabed (including by excavating, drilling, or tunneling) in
a manner that has or is likely to have an adverse effect on the foreshore or
seabed (other than for the purpose of lawfully harvesting any plant or animal); or

d) depositin, on, or under any foreshore or seabed any substance in a manner that
has or is likely to have an adverse effect on the foreshore or seabed; or

e) destroy, damage, or disturb any foreshore or seabed (other than for the purpose
of lawfully harvesting any plant or animal) in a manner that has or is likely to
have an adverse effect on plants or animals or their habitat; or
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f) introduce or plant any exotic or introduced plant in, on, or under the foreshore
or seabed - unless expressly allowed by a rule in a regional coastal plan and in
any relevant proposed regional coastal plan or a resource consent.”

Coastal Plan Rules that will be triggered by laying of a submarine cable at Sandy
Point (RMA - Territorial Sea), are as follows:

Rule 9.1.7 - Occupation by submarine lines or submarine cables.

Submarine lines or submarine cables used for communication purposes may be required in the
coastal marine area to ensure all members of the community can have access to
telecommunications. These lines or cables are provided for in a different manner to suspended
lines as the nature of their effects is likely to be different, particularly once installed. There may
be some adverse effects at the time of construction, while any ongoing adverse effect can be
avoided, remedied, or mitigated by appropriate design and consent conditions. Accordingly,
these line and cables have been provided for as restricted discretionary activities.

Except as provided elsewhere in the Plan occupation by submarine lines or submarine cables in,
on or under the bed of the coastal marine area is a restricted discretionary activity. The Council
shall restrict its discretion to the following matters:

a) any effect on public access and recreational opportunities

b) any effect on recognized navigation routes and anchorages

c) any effect on benthic ecology

d) any effect on the stability of the seabed and foreshore

e) any effect on amenity values where the shore end of any submarine line is
visible

f) any effect on cultural, heritage or archaeological values

g) any effect on areas of significant indigenous vegetation and significant habitats
of indigenous fauna

h) any effect on the economic wellbeing of people and communities.

Rule 9.1.8 - Occupation of cables and lines on existing lawful structures

The occupation of cables and lines on lawfully established structures may be necessary for
communication purposes. In circumstances where the cable or line is securely fixed and taut
against the structure, the adverse effects are considered to be minimal.

Occupation of cables and lines on existing lawful structures, provided the cables or lines are
securely fixed and taut against the structure is a permitted activity.

Rule 10.2.4 Deposition of material on the seabed

This Rule provides a process for considering the effects of human initiated deposition activity on
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the seabed. Deposition can have major impacts on the biota within the coastal marine
environment. It can cause changes physically and chemically leading to biological change.
Organisms that have adapted to specific habitats cannot adjust to the sudden changes resulting
from deposition. This may lead to the displacement of some species and an alteration of
community composition. There is a specific concern regarding the effects of deposition on
benthic ecosystems. The disposal of contaminated material, obtained from dredging or
excavations within the coastal marine area, into another part of the coastal marine area needs
to consider the effects of disposal on the receiving environment.

Rule 11.2.10 - Placement of submarine lines or cables

Except as provided elsewhere in the Plan placement of submarine lines or submarine cables in,
on or under the bed of the coastal marine area is a restricted discretionary activity. The Council
shall restrict its discretion to the following matters:

a) any effect on public access and recreational opportunities

b) any effect on recognized navigation routes and anchorages

¢) any effect on benthic ecology

d) any effect on the stability of the seabed and foreshore

e) any effect on amenity values where the shore end of any submarine line is
visible

f) any effect on cultural, heritage or archaeological values as listed in Appendix
8 of the Regional Coastal Plan for Southland

g) any effect on areas of significant indigenous vegetation or significant habitats
of indigenous fauna

h) any effects on the economic well-being of people and communities.

Submarine lines or cables used for communication purposes may be required in the coastal
marine area to ensure all members of the community can have access to telecommunications.
These lines or cables are provided for in a different manner to suspended lines, as the nature of
their effects is likely to be different, particularly once installed. There may be some adverse
effects at the time of construction, while any ongoing adverse effect can be avoided, remedied,
or mitigated by appropriate design and consent conditions. Accordingly, these lines have been
provided for as restricted discretionary activities.

Resource Consent

There are five types of resource consents associated with the various Regional Plans.

The Ministry for the Environment's guide, “Applying for a Resource Consent,” provides detail to
help with understanding the resource consent process. Environment Southland strongly
recommends review of this document before preparing a consent application.
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The same website also provides an overview of the main stages of the application process.
The two resource consents which are likely to be most relevant for the SFOC project are: the
Coastal Permit authorized by the Regional Council and the Land-use consent authorized by the
Environment Southland Regional Council (with potential jurisdictional/regulatory overlap with
Southland District Council and Invercargill City Council). Environment Southland can advise on
which resource consents will be required before the application is submitted.

Environment Southland recommends discussing the proposal with the council and others
potentially affected by it while the proposal is being developed and prior to submitting the
application for resource consent. Contact information for the duty consents officer is provided in
Table 3-2. They also offer a free half-hour meeting to discuss resource consent requirements and
any other questions before the application is submitted for processing.

Table 3-2. Environment Southland Contact Information

Address for Service

Environment Southland Duty Consents Officer Tel: 0800 76 88 45
Email: service@es.govt.nz

Based on the rules and requirements of the Regional Coastal Plan for Southland, an application
for resource consent to obtain a coastal permit in order to undertake project works (which are
likely to be categorized by council as ‘restricted discretionary activities’) will need to be made
to Environment Southland. Generally, an application for a resource consent is required when:

e A proposed activity is not specifically addressed in the plan

e A proposed activity cannot meet the conditions of a relevant permitted activity
rule; and/or

e Aproposed activity is listed as a controlled, restricted discretionary, discretionary,
or non-complying activity.
Resource consent is typically required to:
e Dam, divert, take and/or use water;
e Undertake activities in the coastal marine area;
e Undertake activities in/over/near waterbodies;
e Discharge contaminants to air, land or water;

e And/or use land for certain activities.
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Part A and Part B of required resource consent application are available, respectively, at:

e https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environme

nt/consents/consent-forms/documents/Part%20A%20-

%20Application%20General%20Details.pdf

e https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environme
nt/consents/consent-forms/documents/part-b-by-topic/apply-for-a-coastal-permit/part_b_-

_coastal_permit__not_whitebait_stand_.pdf

The resource consent application process will require the preparation of an Assessment of
Environmental Effects (AEE) and should include the following;:

The list of activities and their description (including engineering diagrams showing
the dimensions and position of structures).

The proposed date of commencement of the activity and the proposed date of
completion.

Description of the existing environment and the assessment of marine life;
wetlands, wildlife habitats or bird nesting habitats; other activities occurring in the
same area; areas of aesthetic, cultural, heritage or scientific value; waste
discharges, water takes, monitoring sites. This is to include photographs, maps or
aerial photographs showing the locations of activities, nearby waterbodies,
wetlands, estuaries and wildlife habitat, and the locations of other existing coastal
activities in proximity to the proposed activity.

The current condition of the beach (e.g., degrading/aggrading/signs of shoreline

erosion), nature of seabed (e.g., muddy, sandy, silty, rock,) and if other activities
have altered the seabed or foreshore.

Assessment of effects on the coastal environment in the short term and long term,
and assessment of effects on any other users of the coastal area where the
proposed activity will occur. This should consider:

» The effects on the broader community, including any social, economic, and
cultural effects on items such aesthetic, recreational, scientific, historical,
spiritual, or cultural value, or other exceptional value, for present or future
generations;

» Physical effects on the locality such as landscape and visual effects; and

» Ecosystem effects including on plants or animals and any physical
disturbance of habitats and natural and physical resources.

Discharge of contaminants into the environment, including any reasonable
emissions of noise, and options for the treatment and disposal of pollutants; any
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risk to the broader community, or the environment through natural hazards or
the use of hazardous substances or hazardous installations.

e Description of the monitoring or mitigation measures to be undertaken to help
avoiding, remedy or mitigate the actual or potential effects on the environment,
including measures to minimize the release of silt, sediment, concrete, and other
contaminants into the water for construction works.

e Description of any possible alternative locations or methods for undertaking the
activity and why these alternatives have not been selected.

e Evidence of any consultation undertaken for the application. This may include (but
not be limited to) consultation with adjoining landowners, other consent holders
in the immediate area, iwi, government departments/ministries, territorial
authorities, advisory bodies, non-governmental organizations, industry
representatives.

e Assessment of whether the proposed activity is contrary to any of the relevant
provisions of the New Zealand Coastal Policy Statement; Regional Policy
Statement for Southland; Regional Coastal Plan for Southland; any other relevant
Resource Management Regulations or National Environmental Standards.

A guide to preparing an AEE is provided by the Ministry for the Environment and is available
online here: https://environment.govt.nz/assets/Publications/Files/aee-guide-aug06.pdf. An
additional guide for assessing the completeness of the AEE and ensuring it meets the
requirements in Schedule 4 of the Resource Management Act 1991 (RMA) is provided here:
https://www.qualityplanning.org.nz/node/564. It is important to confirm completeness prior to
submitting the application to avoid delays in the permitting process.

Depending on whether the Council determines that the scope of works presents an issue to the
navigational safety of water users, which is likely, a Coastal Permit Technical Comment may need
to be filled out and submitted to the Harbormaster for comment. This will need to be done before
the resource consent application is made to Environment Southland. The form should be
completed and included with any consent application for an activity in a navigable water body
that affects, or may affect, navigational safety. This includes applications for the installation,
extension, or removal of a structure in a navigable water body, any reclamation, and any
commercial surface water activity in any navigable water body. The Coastal Permit Technical
Comment form is available from Environment Southland at:

e https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environme
nt/consents/consent-forms/documents/part-b-by-topic/extract-
gravel/Harbourmaster%20Technical%20Comment%20-%20Navigational%20Safety%20-
%20APP-%20XXXX.pdf?msclkid=378952b1af3911ec88089870b248b608
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Consultation with Stakeholders

To support the application, supplementary information derived from consultation with ‘affected
persons’ will be required, including sports and recreation clubs, government
departments/ministries (e.g., Department of Commerce [DOC]), Maritime NZ and Iwi groups
which claim interest (this needs to be done before an application is made to Environment
Southland).

The Marine and Coastal Area (Takutai Moana) Act 2011 provides a legal framework for iwi, hapu
and whanau interested to be recognized in the marine and coastal areas around New Zealand. It
gives groups the chance to obtain Customary Marine Title, which recognizes that the group has
an interest in a specific area of the coast and gives the group certain rights. Environment
Southland has been notified of four Customary Marine Title applications for coastal waters in
Southland, lodged with the High Court.

Currently, all prospective applicants for resource consents for coastal activities in Southland
must, before making the resource consent application to Environment Southland:

e |dentify which iwi groups have applied for Customary Marine Title in the area
affected by the resource consent application

¢ Notify the iwi groups (using the contact details below) and 'seek their views' on the
application
e Provide with the consent application any views expressed by the iwi groups

Environment Southland will consider the views of the Customary Marine Title group when making
decisions on coastal resource consent applications. If Customary Marine Title is awarded to these
groups, activities requiring a resource consent (including controlled activities) will not be able to
be undertaken unless an 'RMA permission right' has been obtained from the group.

The Sandy Point area, where the proposed cable landing is located, is under an area with special
interests to Te Runanga o Ngai Tahu and the local lwi group, Te Ao Marama.

e Contact information for local southern iwi Te Ao Marama is: office@tami.maori.nz,
phone 03 931 1242.

e Contact information for Te Runanga o Ngai Tahu and Te Aomarama is provided in Table
3-3:

Table 3-3. Te Runanga o Ngai Tahu Contact Information

Contact Contact Details
Te Rinanga o Ngai Tahu Whanui Rachael.brown@bellgully.com
George.dawson@bellgully.com
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info@ngaitahu.iwi.nz

or

Te Rananga o Ngai Tahu
PO Box 13046

Christchurch 8141
Tel: +64 3 366 4344

If affected parties have been identified, proponents will need to talk about their plans with them
and include their written approval forms (Council can provide these) with the application. Any
site plans should also be signed by the affected parties and attached to these forms. Affected
parties do not have to provide written approval if they oppose the proposal. If proponents cannot
get written approval from them, the consent application may be notified. This means the affected
parties would have the opportunity to make a submission and speak at a hearing before Council.
Alternatively, proponents can reconsider their proposal and redesign it in a way that does not
affect those parties.

Invercargill City Council

The Invercargill City Council Planning and Resource Management Division carries out the
Council's functions and responsibilities as prescribed in the Resource Management Act 1991. This
includes the development and administration of the District Plan, processing resource consents,
and undertaking environmental education initiatives. Other responsibilities include the
management of the contract for valuation services.

The District Plan classifies different kinds of activities:

e Controlled activities - always granted resource consent, but council can impose
conditions on the consent to minimize environmental effects.

e Restricted discretionary activities - can grant or decline consent, and impose
conditions that relate only to the matters listed in the District Plan

o Discretionary activities - can grant or decline consent and impose conditions
relating to anything which might have an environmental effect.

¢ Non-complying activities - can only grant consent if the adverse environmental
effects are minor, or if the application meets the District Plan’s objectives and
policies. Council can impose conditions relating to anything which might have an
environmental effect.

The area inland of Oreti Beach, including the dune habitat, is classified as Rural under the
Invercargill City Council District Plan. Consultation will be required with Invercargill City Council
regarding any earthworks at Oreti Beach and Dunns Road, where the proposed beach manhole
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is to be located and disturbance along the road corridor is anticipated. Several Rules in the
District Plan are likely to apply, however the discretionary nature of the activities in the context
of the rules is to be assessed by council. Following initial consultation, a certificate of compliance
may be issued if the council determines that activities do not require resource consent. If the
extent of works is deemed to require a land use resource consent, i.e., requires a Land Use
permit, then the resource consent application process must be followed.

Special conditions are also likely to apply to the coastal ecosystems due the designation of the
area as a Reserve, i.e., the proposed cable landing site being within the Sandy Point Domain.
Invercargill City Council will have discretion as to which activities are permitted, prohibited and/or
require a resource consent, and any additional conditions, in the context of Sandy Point Domain.

The land wuse consent application form is available at: https://icc.govt.nz/wp-
content/uploads/2014/11/Planning-Land-Use-Consent.pdf

If required by both Invercargill City Council and Environment Southland, the same Assessment of
Environmental Effects can likely be submitted to both regulatory agencies. Alternatively, a
targeted AEE that only applies to the activities regulated by the District Plan could be prepared.
It is anticipated that a degree of crossover and consultation between the councils will occur. The
same process for consultation with affected parties will apply for the consent application to the
Invercargill City Council as it did for Environment Southland.

The Affected Persons Written Approval form is available at: https://icc.govt.nz/wp-
content/uploads/2014/11/Planning-Affected-Persons-Written-Approval.pdf .

Traffic and public access management protocols are likely to be required during the period of
works. It is also likely that works undertaken within the legal boundaries of State Highways and
other roads will require the written approval of the New Zealand Transport Agency as well as the
Invercargill City Council.

Southland District Council

Southland District Council is responsible for the land parcels outside of the Invercargill City
Council jurisdictional boundary (as defined in the District Plan). Southland District Council
manages infrastructure and amenities including roads, urban and rural water supplies, sewerage
schemes, cemeteries, community halls, community housing units, libraries, reserves, and parks.
Its role encompasses the management and improvement of physical assets such as roads and
bridges, but also the wider Southland communities' social, economic, cultural, and environmental
wellbeing. The proposed data center location would fall under the jurisdiction of the Southland
District Council. A building consent will be required to construct the data center, and other
requirements may apply depending on the nature and extent of work. Conditions can be put on
resource consents to ensure that an activity is carried out as stated in the application or as
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revised by the decision and that adverse effects are mitigated or remedied. For example, on a
large-scale subdivision or construction project, a condition may be imposed requiring a
Landscape Management Plan to be produced that describes how, what, when and by whom any
landscaping activities would be undertaken and maintained, for example weed control. The
provisions of the Fourth Schedule of the Act set out the general requirements for matters to be
included in an AEE of a proposal on the environment, to accompany applications for resource
and subdivision consents. As with the Environment Southland Regional Council and Invercargill
City Council, the Southland District Council recommends communication ahead of an application
for resource consent and can provide resource consent advice.

The resource consent application form and associated information requirements are available
at: https://www.southlanddc.govt.nz’/home-and-property/resource-planning/district-plan/the-

plan/

e https://www.southlanddc.govt.nz/assets/Planning-Resource-Consent/District-Plan/6.1-
Information-for-Resource-Consents.pdf

e https://www.southlanddc.govt.nz/services/do-it-online/apply-for-it/planning-and-resource-
consents/

An overview of the consent application process for Southland District Council is available at:

e https://www.southlanddc.govt.nz/home-and-property/resource-planning/forms-and-
guides/

e https://www.southlanddc.govt.nz/assets/Planning-Resource-Consent/Resource-Consent-
Guides/Resource-Consent-Application-Guide.pdf

3.2.5. Exclusive Economic Zone and Environmental Protection Authority
(EPA)

New Zealand law sets the activities that can take place in offshore waters. Beyond the coastal
marine area (12 nautical mile Territorial Sea maritime zone boundary), the regulatory regime
provided by the Exclusive Economic Zone and Continental Shelf (Environmental Effects) Act 2012
(EEZ Act) is administered by the Environmental Protection Authority and designed to cover
previously unregulated activities beyond the 12 nautical mile jurisdiction of the RMA. Pursuant to
the EEZ Act are the Exclusive Economic Zone and Continental Shelf (Environmental Effects—
Permitted Activities) Regulations 2013.

The EEZ Act sets up a management and decision-making framework for managing the effects of
activities in the EEZ and Continental Shelf. Within this framework, the Ministry for the
Environment is empowered to make regulations to cover technical matters, including by
classifying activities as permitted, discretionary, or prohibited, which are defined as follows:
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e Permitted activities can proceed subject to compliance with any relevant
conditions and are generally localized or would have a low impact on the marine
environment. They include: laying, maintenance, and removal of seafloor cables;
burials at sea; exploration and prospecting activities; and some types of discharge.

e Prohibited activities are effectively banned and no Marine Consent can be issued
for them.

o Discretionary activities are subject to a Marine Consent application process.

Under the EEZ Act, laying of submarine cables is usually considered a permitted activity.
Therefore, no Resource Consent is required, and a Marine Consent from EPA is not needed, but
the activity must meet some terms and conditions to be carried out lawfully. The rules for
permitted and discretionary activities are in the following Regulations:

e Exclusive Economic Zone and Continental Shelf (Environmental Effects - Permitted
Activities) Regulations 2013

e Exclusive Economic Zone and Continental Shelf (Environmental Effects - Non-
Notified Activities) Regulations 2014

e Exclusive Economic Zone and Continental Shelf (Discharge and Dumping)
Regulations 2015

e Exclusive Economic Zone and Continental Shelf (Environmental Effects - Burial at
Sea) Regulations 2015

In general, before a permitted activity commences, the proponent must contact the EPA and
provide information about what they intend to do. This is required by law for certain activities.
This makes sure that we can assess that what they propose is permitted, and that they aren't
inadvertently planning to do anything illegal. For most activities affected iwi, hapd, customary
marine title groups and protected customary rights groups must also be informed in advance.

EPA also monitor reports on the activity once it is underway to ensure the rules are followed.
They may also inspect the operations if there is a risk of non-compliance. Generally, the law
requires a report to be sent to EPA with details about how the activity was undertaken and
showing that it was performed legally.

Requirements for Permitted Activities under EEZ Regulations

The EEZ regulations permit the placement of a submarine cable on or under the seabed, or the
removal of a submarine cable from the seabed, provided the entity undertaking the activity:

o Notifies the Environmental Protection Authority (EPA) at least 40 working days
before the activity commences;
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¢ Notifies iwi, hapQ, customary marine title groups and protected customary rights
groups at least 25 working days before the activity commences;

¢ Notifies the EPA within 24 hours of the date on which the person commences the
activity;

¢ Notifies the EPA within 24 hours of the date on which the person completes the
activity concerned; and

e Provides the EPA with a post-activity report detailing the activity undertaken, the
dates, the location, estimates of the activity’s environmental footprint (including
an estimate of volume of material removed, if applicable).

The regulations also require the EPA to monitor permitted activities to determine whether they
are being undertaken in accordance with any conditions imposed by the Permitted Activities
regulations.

Form 1, Form 2, Form 3 and Form 4 of the Exclusive Economic Zone and Continental Shelf
(Environmental Effects - Permitted Activities) Regulations 2013 need to be completed, as follows:

Form 1: Pre-activity notification to EPA

e Details of person undertaking permitted activity

e General description of permitted activity

e Timing of permitted activity

e Location of permitted activity

e Otherinformation
» Name of ship or ships involved in activity
» International call sign or vessel number of the ship or ships involved
= Associated license number (under the Continental Shelf Act 1964)

» Associated permit number (under the Crown Minerals Act 1991)

Form 2: Pre-activity notification of relevant iwi

The person/entity intending to undertake a permitted activity must notify EPA, iwi, hapa,
customary marine title groups and protected customary rights groups as soon as practicable
when they receive notice that a permitted activity has commenced or has been completed.

Form 3: Initial environmental assessment and sensitive environments contingency plan

e Describe the activity concerned,;

e State the coordinates of the area within which the activity will be conducted;
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e Describe in general terms (using the best available information) the environment
likely to be encountered when the activity is being undertaken;

e |dentify and describe any sensitive environments that are likely to exist within the
area; and

e Detail the methods that will be used to undertake the activity.
In relation to any sensitive environment that is likely to be encountered,
e Assess the feasibility of carrying out the activity in another location
e Assess, in the following order, the feasibility of measures that could be taken to:
* reduce the amount of contact with the seabed:
» carry out alternative lower-impact activities:

» change the methods of operation to lower the impact of the activity on the
environment.

The plan must incorporate the best available information, which means the best information
that, in the circumstances, is available without unreasonable cost, effort, or time.

Form 4: Post-activity report, including:

e Details of person undertaking permitted activity

e Description of permitted activity

e Location of permitted activity

e Details of environment of area where activity undertaken
e Environmental footprint of activity

e Details of measures taken to avoid, mitigate, or remedy adverse effects on the
sensitive environment

All forms related to the Exclusive Economic Zone and Continental Shelf (Environmental Effects -
Permitted Activities) Regulations 2013 are available at:

o https://www.legislation.govt.nz/regulation/public/2013/0283/latest/DLM5270655.html
In summary,
e Notify Councils
e Follow Rules outlined in the Regional Coastal Plan

e Resource consent application process will require the preparation of an
Assessment of Environmental Effects (AEE)

e Consult Stakeholders
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¢ Invercargill City Council land use consent application form
e Request building consent from the Southland District Council for the data center

e Contact EPA using appropriate forms.

3.2.6. Other New Zealand legislation

Additional legislation may apply to the Invercargill landing, or activities in NZ waters, which are
discussed below.

Marine Mammal Protection Act 1978

The Marine Mammal Protection Act (MMPA) (1978) provides for the protection, conservation and
management of marine mammals in New Zealand and its territorial waters, including within 12
nautical miles of the Ross Dependency and the internal waters of the Ross Sea. The MMPA is
administered by the Department of Conservation. Under the Act, a permit from the Minister of
Conservation is required to hold in captivity or take a marine mammal (seal, whale, dolphin,
porpoise, dugong, or manatee), whether alive or dead. Application forms and further information
are available from: http://www.doc.govt.nz/get-involved/apply-forpermits/interacting-with-
marine-mammals/.

Biosecurity Act 1993

The Biosecurity Act (1993) is administered by the Ministry for Primary Industries (MPI) and aims
to exclude unwanted organisms from New Zealand. Under the Act, the importation of any plants,
animals or plant or animal products requires an Import Health Permit. This applies also to media
which could harbor organisms (e.g., water and soil). The Act also contains requirements for
ensuring aircraft, ships and containers entering New Zealand are pest and soil free, and for
import and disposal of human waste, medical waste, and food waste.

Maritime Transport Act 1994

The Maritime Transport Act 1994 is the primary legislation that describes the role and functions
of Maritime New Zealand. It sets out the legal framework for maritime safety and protection of
the marine environment, including;:

¢ licensing of ships and crew
e investigation of maritime accidents
o offences, response for oil spills planning and preparedness

e other aspects of maritime law such as salvage, liability for pollution damage,
limitation of liability, and compensation.
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Regulations made under the Maritime Transport Act 1994 include:

e Maritime Levies Regulations 2016
e Maritime Transport Act (Conventions) Order 1994/273
e Maritime Transport (Fund Convention) Levies Order 1996/337

e Maritime Transport (Maximum amounts of liability for pollution damage) Order
2003

e Qil Pollution Levies Order 2013/154
e Qil Pollution Levies Order 2016
e Maritime (Offences) Regulations 1998/444

e Maritime Transport (Infringement Fees for Offences Relating To Major Maritime
Events) Regulations 1999/243

e Maritime Transport Act (Marine Protection Conventions) Order 1999/263
e Shipping (Charges) Regulations 2016
e Marine Protection (Offences) Regulations 1998/205.

This Act also provides for the Minister of Transport and Governor General to make maritime and
marine protection rules. These rules contain the detailed standards and requirements that the
maritime community are required to comply with. The Maritime New Zealand Director is
responsible for enforcing this Act however the Ministry of Transport (MoT) administers it. The
MoT is responsible for this legislation and for making recommendations to the Government if it
needs to be improved or changed in any way.

Hazardous Substances and New Organisms Act 1996

The purpose of the Hazardous Substances and New Organisms Act (1996) is to protect the
environment, and the health and safety of people and communities, by preventing or managing
the adverse effects of hazardous substances and new organisms. This Act is administered by the
Environmental Protection Authority (EPA). Under the Act, approval is required to import a species
that has not been brought into New Zealand since the Act came into force. The Act provides for
rapid assessment of applications to import species that cannot survive in the New Zealand
environment. Soil and water samples being imported to New Zealand may contain micro-
organisms. If the samples are being imported to study the micro-organisms, a Hazardous
Substance and New Organism (HSNO) Act approval must be sought. If, however, the samples are
being imported for analysis to which the presence or absence of micro-organisms is irrelevant,
no approval is required (although normal MPI controls apply - see Biosecurity Act information
above). Further information can be accessed from the EPA website at: www.epa.govt.nz The
hazardous substances part of the Act requires that all chemicals and hazardous substances are
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registered and handled in accordance with specified controls. This is managed by WorkSafe New
Zealand (http://www.worksafe.govt.nz/worksafe). Import of hazardous waste is controlled under
the Customs and Excise Act 1996 (see above). Under the Customs and Excise Act 1996 and the
Imports and Exports (Restrictions) Prohibition Order (No 2) 2004, import of hazardous waste into
New Zealand requires a permit from the EPA.

Animal Welfare Act 1999

Under the Animal Welfare Act (1999), no one may carry out research, testing, or teaching involving
the use of animals (including mammals, birds, fish and other animals including some
invertebrates as defined under the Act) unless they are by contract working under an approved
code of ethical conduct. Most research institutions have an Animal Ethics Committee (AEC) with
an approved code. AEC approval is required before commencing any work involving animals in
Antarctica. Further information is available from the Ministry for Primary Industries website:
https://www.mpi.govt.nz/protection-and-response/animal-welfare/.
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A decorative view of Antarctica.

3.3.Antarctica

Authorizations for all actions within the Antarctic, defined as that area south of 60-degree South
Latitude, including all ice shelves, are covered by the Antarctic Treaty System (System). The
System includes the Antarctic Treaty (Treaty), described further in Section 3.3.1, and a collection
of agreements that foster peaceful use and freedom of scientific investigation and cooperation
in Antarctica (ATS, 1959; ATS, 1991).

Authorizations and any permits for the installation and operation of the SFOC are necessary and
take time to prepare, submit, review, and receive approvals. The most conservative approach to
ensure appropriate and timely approvals are received is to conduct a Permitting Feasibility Study.
The information presented in this DTS introduces the regulatory processes and timelines
required to conduct projects in Antarctica. Authorizations are required prior to any activities in
the region, including survey and cable installation (e.g., terrestrial, pre-laid shore end, main-lay,
landing, terminal station, right-of-way). The proposed project must be reviewed and approved
through a consultative process required by the System. Only after initial consultation and the
completion of a PFS, can authorization requirements and timelines be confirmed. A preliminary
listing of authorizations and agencies associated with this review and/or approvals are provided
in Figure 3-10.
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Figure 3-10.  [Redacted]. Sample McMurdo Station Excel Permit Matrix.

3.3.1. The Antarctic Treaty (Treaty) and the Antarctic Treaty System
(System)

The Antarctic Treaty (Treaty) regulates international cooperation in Antarctica. The Treaty was
signed by 12 countries with active research in and around Antarctica, on 1 December 1959, and
was entered into force on 23 June 1961. The total number of Parties to the Treaty today is 54
(ATS, 2022a; USDOS, 2021, 2022). The Treaty is comprised of 14 Articles that regulate
international relations with respect to Antarctica, with the main purpose to establish Antarctica
as a scientific preserve that shall be used for peaceful purposes (ATS, 1959; SAT, 2016). The Treaty
also provides the right of inspection between Treaty members, including scientific stations,
vessels, aircraft, and cargo, representation at meetings with the other Contracting Parties, and
bans military activity, nuclear testing, and disposal of nuclear waste.

The Treaty, and related agreements including the Protocol on Environmental Protection to the
Antarctic Treaty (Protocol), reaffirms conservation principles for the protection of the Antarctic
environment and dependent associated ecosystems (ATS, 1991; SAT, 2016). The Antarctic Treaty
System (System) as defined in Article | of the Protocol "means the Antarctic Treaty, the measures in
effect under that Treaty, its associated separate international instruments in force and the measures
in effect under those instruments” (ATS, 1991, p. 2). The System seeks to protect Antarctica and
surrounding waters for peaceful, international, collaborative, scientific research and free
exchange of scientific observations and results.
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3.3.2. Protocol on Environmental Protection to the Antarctic Treaty
(Protocol)

The Treaty identifies protections to environmental stewardship through the Protocol, which was
signed on 4 October 1991 in Madrid and entered into force on 14 January 1998 (ATS, 1991; SAT,
2016, 2022b; USDOS, 2022). In the Protocol, the Parties commit themselves to the comprehensive
protection of the Antarctic environment and dependent and associated ecosystems, and
designate Antarctica as a natural reserve devoted to peace and science (ATS, 1991).

The Protocol on Environmental Protection to the Antarctic Treaty is comprised of 27 Articles and
six (6) Annexes and “establishes the framework for comprehensive protection of the Antarctic
environment and is commonly referred to as the Madrid Protocol” (SAT, 2016, p. 7).

Annexes | to IV were adopted in 1991 together with the Protocol and entered into force in 1998
(SAT, 2022b). Annex V on Area Protection and Management was adopted separately by the 16th
Antarctic Treaty Consultative Meeting (ATCM) in 1991 and entered into force on 24 May 2002, and
Annex VI on Liability Arising from Environmental Emergencies was adopted by the 28" ATCM in
Stockholm in 2005 and will enter into force once approved by all Consultative Parties (ATS, 2005,
2022b; SAT, 2016). The Protocol and Annexes |-V listed below can be downloaded from the
Antarctic Treaty System website (https://www.ats.ag/e/protocol.html), and Annex VI can be
retrieved from https://documents.ats.aq/recatt/att249_e.pdf.

e Annex | Environmental Impact Assessment

e Annex Il Conservation of Antarctic Fauna and Flora

e Annex Il Waste Disposal and Waste Management

e Annex IV Prevention of Marine Pollution

e AnnexV Area Protection and Management

e Annex VI Liability Arising from Environmental Emergencies

Many of the Annexes will apply to the proposed SFOC, but the most relevant articles of the
Protocol and Annexes for initial planning are described in the following sections:

e Protocol Article 3 - Environmental Principles
e Protocol Article 8 - Environmental Impact Assessment

e Protocol Annex 1 - Environmental Impact Assessment

Before the Articles and Annexes are reviewed in detail, it is important to note that because of the
requirements they represent, any work done in the Antarctic must first be evaluated for
environmental impacts; if the work meets certain criteria, then several different environmental
impact assessments must be performed in advance of any (i.e. SFOC) work or research beginning
to predetermine the impacts the project may have on the environment.
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The Protocol includes specific protections for the Antarctic environment which all
parties associated with the Project must abide by.

This DTS examines the three Protocol Articles most relevant to this project: Articles 3 and 8, and
Annex 1, which will determine the environmental assessments needed.

Protocol Article 3 Environmental Principles and “Activities”

Protocol Article 3 Environmental Principles states, “The protection of the Antarctic environment
and dependent and associated ecosystems and the intrinsic value of Antarctica, including its
wilderness and aesthetic values and its value as an area for the conduct of scientific research, in
particular research essential to understanding the global environment, shall be fundamental
considerations in the planning and conduct of all activities in the Antarctic Treaty area”
(ATS, 1991).

Specific considerations for planning and conducting activities in the region require review
through the EIA process prior to commencement of activities and are outlined further in the
Protocol and guidelines for preparing an EIA in the Antarctic (ATS, 1991; ATS, 2016). These
activities include scientific research, preservation, tourism, governmental/non-governmental
actions, and associated logistical support.

The proposed SFOC involves a cross-section of these activities and will therefore be designed,
planned, and conducted to comply with the environmental principles in Article 3 of the Protocol
to:

e Limit adverse impacts on the Antarctic environment and dependent and
associated ecosystems;

e Avoid significant effects on climate, weather, water and air quality, biological and
ecological systems, and the terrestrial, glacial, or marine environments;

e Allow prior assessments of, and informed judgments about, possible impacts on
the Antarctic environment and dependent and associated ecosystems and on the
value of Antarctica for the conduct of scientific research;

e Accord priority to scientific research and to preserve the value of Antarctica as an
area for the conduct of such research, including research essential to
understanding the global environment; and,

e Provide advance notice to other Contracting Parties in accordance with Treaty
Article VII (5) of all expeditions, including associated logistic support activities.
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Protocol Article 8 Environmental Impact Assessment

Article 8 of the Protocol pertains to specific environmental impacts that result from activities in
the Antarctic. Activities including research, tourism, and all other governmental and
non-governmental activities mentioned in the Treaty must follow assessment procedures
outlined in Article 8 and Annex I. Three levels of impacts identified in Article 8, and further
described in Annex |, are those activities having (ATS, 1991; ATS, 1991a):

(a) less than a minor or transitory impact;
(b) a minor or transitory impact; or

(c) more than a minor or transitory impact.

The Guidelines for Environmental Impact Assessment in Antarctica provide background
information for proposed activities, more specifically that ‘activities in the Antarctic Treaty area
shall be planned and conducted on the basis of information sufficient to allow prior assessments of,
and informed judgments about, their possible impacts on the Antarctic environment and dependent
and associated ecosystems and on the value of Antarctica for the conduct of scientific research’ (ATS,
2016, p. 2). Combined, the Articles, Annexes and Guidelines relate to any changes in activity, both
an increase and decrease or changes in facilities, including decommissioning, etc. to protect
Antarctica and its dependent and associated ecosystems (ATS, 2016).

The proposed Project will require an environmental assessment at one of the three levels
listed above. These levels are discussed in detail in Protocol Annex | Environmental Impact
Assessment. The design, installation, and maintenance of the SFOC will ensure that the
assessment procedures set out in Protocol are applied during the PFS, MRS and any Project
planning to determine the level of environmental assessment needed.

Annex | to the Protocol on Environmental Protection to the Antarctic Treaty —
Environmental Impact Assessment

Annex | to the Protocol on Environmental Protection to the Antarctic Treaty pertains to EIAs.
There are 8 Articles in Annex | EIA which define the required environmental assessment process.
Both Annex | and Article 8, along with guidelines to complete an EIA in the Antarctic, are used to
determine how the Project will impact the environment in Antarctica and produce an early
baseline which may change as the process moves to more in-depth evaluation. This initial
baseline is necessary to start the Project planning and determine which level of the
environmental assessment is needed.

Project planning will begin at Annex | Article 1 Preliminary Stage; it progresses based on the level
of environmental impact that the project will have on the Antarctic environment. This process is
described further in Section 3.3.3. The Annex | articles are described as follows (ATS, 1991a, 2016):
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1. Article 1 Preliminary Stage determines that activities have less than a minor or
transitory impact and the activity may proceed forthwith.

2. Article 2 Initial Environmental Evaluation is an activity that has more than a minor
or transitory impact and then must include (a) a description of the proposed activity,
including its purpose, location, duration and intensity; and (b) consideration of
alternatives to the proposed activity and any impacts that the activity may have,
including consideration of cumulative impacts in the light of existing and known
planned activities. The activity may proceed provided appropriate procedures are in
place to assess and verify the impact of the activity as documented in the Initial
Environmental Evaluation.

3. Article 3 Comprehensive Environmental Evaluation (CEE) is needed when the
Initial Environmental Evaluation (or otherwise) results conclude that an activity may
have more than a minor or transitory impact.

4. Article 4 Decisions to be Based on CEE allows for the proposed activity to proceed
either in original or modified form.

5. Article 5 Monitoring includes key environmental indicators that assess and verify
impacts following the completion of a CEE to provide regular and verifiable records
of impacts to (a) enable assessments to be made of the extent to which such
impacts are consistent with the Protocol; and (b) provide information useful for
minimizing or mitigating impacts, and, where appropriate, information on the need
for suspension, cancellation or modification of the activity.

6. Article 6 Circulation of Information ensures that information be circulated to
Parties, forwarded to the Committee on Environmental Protection (CEP), and made
publicly available including information related to Article 1, 2 and 3.

7. Article 7 Cases of Emergency relating to safety of human life or of ships, aircraft or
equipment and facilities of high value or the protection of the environment which
provide for activities to take place without the completion of the above mentioned
procedures, but notice is provided to all Parties and to the Committee within 90 days
of those activities with an explanation of activities.

8. Article 8 Amendment or Modification provides for changes to this Annex following
Article IX of the Treaty.

3.3.3. Environmental Impact Assessment (EIA)

These three documents, Article 8 of the Protocol, Annex |, and Guidelines for EIA in Antarctica,
set forth important environmental principles that guide environmental protection in Antarctica;
they establish the requirements for Environmental Impact Assessments (EIAs), the three
categories of environmental impacts - less than minor or transitory impact, minor or transitory
impact, more than a minor or transitory impact - and the review process (ATS, 1991a; ATS, 2016).

The varying level of environmental impact requires varying levels of evaluation and review. In the
Preliminary Stage of the EIA, environmental impacts are to be assessed and considered in
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accordance with appropriate national procedures prior to commencement to determine if they
have less than a minor or transitory impact (see Protocol Article 3, Protocol Annex | Article 1; ATS,
2016, p. 2). In general, the Preliminary Stage includes the following: scope of the activity,
cumulative impacts, detrimental effects to the Antarctic Treaty Area, environmentally safe
operations, monitoring, and capacity to respond to accidents (ATS, 2016).The results of the
Preliminary Stage can either, “proceed, be preceded by an IEE if predicted impacts are likely to be no
more than minor or transitory, or be preceded by a CEE if the predicted impacts are to be more than
minor or transitory” (ATS, 2016, p. 3). Unless it has been determined that an activity will have less
than a minor or transitory impact, or unless a CEE is being prepared (following Article 3 of Annex
), then an IEE is prepared (ATS, 1991a). Thus, if the proposed activity is determined to have, or
potentially have, a minor or transitory impact, or more than a minor or transitory impact, then an
IEE is prepared for prior assessment. If an IEE indicates or if it is otherwise determined that the
proposed activity is likely to have more than a minor or transitory impact, a CEE is prepared and
follows a specific sequence for review described in Guidelines for EIA in Antarctica (ATS, 2016).
The requirements for the IEE and CEE, and the review process are outlined in the Guidelines (see
ATS, 2016 Figure 1 Steps of the EIA process for Antarctic Activities, p. 5) and subsections
of this DTS.

The proposed Project requirements may change during design and planning phases. It is
generally recommended to start with the IEE and move into the draft CEE, if required. In making
the determination to proceed with and IEE or CEE, refer to Annex | of the Protocol which states,
“Although the key to decide whether an activity shall be preceded by an IEE or a CEE is the concept of
“minor or transitory impact”, no agreement on this term has so far been reached...The difficulty with
defining “minor or transitory impact” appears to be due to the dependence of a number of variables
associated with each activity and each environmental context” (ATS, 2016, p 3). The Guidelines
outline elements to include in a project plan that may be used for review and interpretation in
ElAs for individual, site-specific activities which are related to Article 8 and Annex | of the Protocol
that can be used for further development of this proposed Project (ATS, 2016).

Initial Environmental Evaluation (IEE)

The environmental assessment must contain sufficient detail to assess whether the proposed
activity may have more than a minor or transitory impact on the Antarctic environment following
Article 8 of the Protocol, Annex |, and Guidelines for EIA in Antarctica (Guidelines) (ATS, 2016). The
Guidelines describe the need for sufficient information to allow prior assessments of and informed
judgements about possible impacts on the Antarctic environment and dependent and associated
ecosystems (see ATS, 2016, p. 2). Information to develop the EIA includes consultation to gather
the best available information, professional advice, technical expertise for proposed activities,
and a review of past projects. It is also reviewed by national authorities to decide whether a CEE
is required, or the project moves to the implementation and review phase (ATS, 2005; ATS, 2016).
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Information required in the EIA process includes (see Annex |, Article 2.1 (a)(b); ATS, 2016):

o A description of the proposed activity, including purpose, location, duration, and
intensity; and,

o Consideration of alternatives to the proposed activity and any impacts that the
activity may have, including consideration of cumulative impacts in light of existing
and known planned activities).

Some aspects of the proposed activities associated with the SFOC Project may be able to move
forward with an IEE. This possibility would need to be explored during the PFS. As data is gathered
and the Project details become clearer, preparation of a CEE may be required.

Comprehensive Environmental Evaluation (CEE)

A draft CEE is prepared if the determination during the EIA process has been made that a
proposed project includes impacts that are likely to cause more than minor or transitory impacts
(ATS, 2016; ATS, 2005). Draft CEEs are developed following Annex |, Guidelines for EIA in
Antarctica and appropriate national procedures, authorizations and/or permits which may
include monitoring, and should include consultation with technical experts in subject matter and
the EIA process, and a review of previous EIAs (see EIA database
https://www.ats.aq/devAS/EP/EIAList?lang=e also referenced in ATS, 2016, p. 6 ) (ATS, 2005; ATS,
2016).

As per Article 3.2. a CEE shall include (SAT, 2016) (see also https://www.ats.aq/e/eia.html):

a) a description of the proposed activity including its purpose, location, duration
and intensity, and possible alternatives to the activity, including the alternative of
not proceeding, and the consequences of those alternatives;

i) adescription of the initial environmental reference state with which predicted
changes are to be compared and a prediction of the future environmental
reference state in the absence of the proposed activity;

j) adescription of the methods and data used to forecast the impacts of the
proposed activity;

k) estimation of the nature, extent, duration, and intensity of the likely direct
impacts of the proposed activity;

l) consideration of possible indirect or second order impacts of the proposed
activity;

m) consideration of cumulative impacts of the proposed activity in the light of
existing activities and other known planned activities;

n) identification of measures, including monitoring programs, that could be taken
to minimize or mitigate impacts of the proposed activity and to detect
unforeseen impacts and that could provide early warning of any adverse effects
of the activity as well as to deal promptly and effectively with accidents;
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o) identification of unavoidable impacts of the proposed activity;

p) consideration of the effects of the proposed activity on the conduct of scientific
research and on other existing uses and values;

g) an identification of gaps in knowledge and uncertainties encountered in
compiling the information required under this paragraph;

r) anon-technical summary of the information provided under this paragraph; and

s) the name and address of the person or organization which prepared the CEE
and the address to which comments thereon should be directed.

Due to the scope and nature of the proposed marine and terrestrial activities associated with an
SFOC project, a draft CEE may be required with the following estimated timeline (ATS, 2016):

e Draft CEE is made publicly available and circulated to all Parties, which shall also
make it publicly available for comment - 90 days comment period (Annex 1 Article
303

o Draft CEE forwarded to the Committee at same time as circulated to all Parties -
at least 120 days prior to upcoming ATCM (Annex 1 Article 3 (4));

e 15-month limitation for receipt of comments from Committee from the date of
the circulation of the draft CEE;

e 60-days before project commencement - Address/summarize all comments and
produce Final CEE and circulate to all Parties which make them publicly available
in the Antarctic Treaty area.

3.3.4. EIA Review - Antarctic Treaty Consultative Meeting (ATCM) and
Committee for Environmental Protection (CEP)

Proposed projects in the Treaty region require review and content of an EIA is based on the level
of impact to the environment. The Protocol, more specifically, Articles 10, 11 and 12 outline the
comprehensive protection of the Antarctic environment and dependent and associated ecosystems
which occur by ATCMs and the CEP. These Articles illustrate the relationship of the ATCM and
CEP, and describe CEP function, reporting, and membership including the invitation of the
Scientific Committee on Antarctic Research (SCAR) and the Scientific Committee for the
Conservation of Antarctic Marine Living Resources (CCAMLR) as observers in sessions (ATS, 1991;
CCAMLR, 1980; SCAR, 2022).

The annual meeting of the Treaty Consultative Parties is called the ATCM. The CEP meeting is
concurrent with the ATCM and pertains to environmental protections related to the Treaty and
Protocol. The CEPs function is to provide advice and formulate recommendations to the Parties
in consultation with SCAR, CCAMLR, and other relevant scientific, environmental, and technical
organizations (ATS, 1991, Article 12).
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The CEP can meet to review proposed projects outside of the annual ATCM meeting (see ATCM
schedule https://www.ats.aq/e/atcm.html). The CEP Chair can convene an Intercessional Contact
Group (ICG) to consider draft CEEs and consult with CEP Members following specific procedures
(see http://www.ats.aq/documents/cep/CEE_Procedures_e.pdf). The ICGs can report on draft CEEs
during upcoming CEP meetings (ATS, 2016). Then, the CEP, as an expert advisory body, can
provide advice and formulate recommendations to the ATCM related to ElAs at their annual
meetings (ATS, 2016; SAT, 2016).

In Summary:
e Preliminary Stage submission and review to determine the need for an IEE and/or CEE

e Draft EIA documentation, developed following appropriate national procedures,
authorizations and/or permits which may include monitoring information, are circulated
to all Parties, and made publicly available through the System

e EIA review by the ATCM must be submitted at least 120 days prior to the upcoming
meeting for consideration

e The maximum time for ATCM review is no longer than 15 months from the date of
circulation of the draft

e Public comment period lasts for 90 days

e Final EIA includes comments on the draft and is circulated to all Parties and to make
publicly available at a minimum of 60 days prior to activities is completed to address and
summarize all comments.

EIA authors need to incorporate and coordinate the timing of submissions, reviews, comments,
and approvals with field activities (e.g., survey, construction, etc.) due to accessibility of McMurdo
Station and region due to ice cover. The timeline for the submission and review of an EIA is
important when considering the need for several orchestrated steps to align with the ATCM
meeting schedule (see CEP http://www.ats.aq/documents/cep/CEE_Procedures_e.pdf and ATCM
https://www.ats.ag/e/committee.html), consultations, and a period for comments from the
international community and public comment.

3.3.5. Other Considerations

Due to the unique characteristics and international and national protections for the Antarctic
region, a PFS should be conducted to identify all required authorizations, permissions, and
permits prior to the commencement of any activities in the region. The EIA process and
requirements in earlier sections of this documentillustrate the complexity and estimates of time
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necessary to complete the early phases of an SFOC to McMurdo Station. The following sub-
sections outline other considerations for moving forward with the Project and should be
confirmed by a PFS.

National Oceanic and Atmospheric Administration and The Marine Mammal
Protection Act

The Marine Mammal Protection Act (MMPA) includes incidental take, harm, entanglement, or
disruption of animals during surveying and/or construction during cable-laying. The National
Oceanic and Atmospheric Administration (NOAA) and National Marine Fisheries Service (NMFS)
[also known as NOAA Fisheries and NOAA/NMFS] MMPA has two types of permits, the Scientific
Research and Enhancement Permits for Marine Mammals, and Incidental Harassment
Authorization (IHA) (NOAA/NMFS, 2022a). The former includes activities related to scientific
research which should not apply to project activities for MRS and construction-related efforts.
The latter is completed through consultation between the NSF and NOAA/NMFS Incidental Take
Program and examines proposed MRS and construction activities to determine if adverse effects
may occur. MRS activities typically include sub-surface imaging, grab samples, etc. and
construction includes a proposed HDD. If permitting is required, the consultation and review
process may take months to over a year for review and application materials can be found on
the NOAA/NMFS website (NOAA/NMFS, 2022b).

Antarctic Conservation Act and Permits (ACA)

The Antarctic Conservation Act as amended by the Antarctic Science, Tourism, and Conservation
Act, requires a permit for activities including the take of “native animals or birds, engage in
harmful interference, enter ASPAs [Antarctic Specially Protected Areas], introduce nonindigenous
species into Antarctica, or import/export any Antarctic fauna and flora into/from the United
States” (NSF, n.d.). NSF OPP coordinates the sharing of information related to science, tourism,
and conservation within the OPP, NOAA/NMFS MMPA and the Antarctic Treaty and the Protocol
on Environmental Protection to the Antarctic Treaty through the CEE. Antarctic Conservation Act
permits are required as they relate to the proposed research projects and activities that may
engage in harmful interference, may enter ASPAs, and/or possibly introduce species to
Antarctica, and/or introduce substances designated as waste, discharge designated waste
(NSF, 2022c).

Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR)

The Commission on the Conservation of Antarctic Marine Living Resources (CCAMLR) was
established for the purpose of protecting and conserving the marine living resources in the waters
surrounding Antarctica (NOAA/IA, 2022). Article | defines the geographic region and the
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overarching concept of living marine resources: to the Antarctic marine living resources of the area
south of 60° South Latitude and to the Antarctic marine living resources of the area between that
latitude and the Antarctic Convergence which form part of the Antarctic marine ecosystem
(Convention on the Conservation of Antarctic Marine Living Resources art. 1, opened for
signature 20 May 1980, 33 U.S.T. 3476, 1329 U.N.T.S. 47, CCAMLR, 1980; refer also to
https://www.ccamlr.org/en/organisation/camlr-convention-text#1). The boundary is defined using
the Antarctic Convergence and overlaps with the Treaty (south of 60" parallel) in some areas
(Figure 3-11-Hogweard Antarctic Convergence). CCAMLR defines the Antarctic Convergence in
Article 1(4) as a line “joining the following points along parallels of latitude and meridians of
longitude: 50 °S,0 550 °S, 30 °E; 45 °S, 30 °E; 45 °S, 80 “E; 55 °S, 80 °E; 55 °S, 150 “E; 60 °S, 150
°E; 60 °S, 50 °W; 50 °S, 50 “W; 50 °S, 0 ” (CCAMLR, 1980).

The Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR) was initiated
in 1980 due to concerns regarding the exploitation of food sources for Antarctic organisms
including finfish, mollusks, crustaceans, and sea birds found in the Antarctic Convergence
(CCAMLR, 2022). As a result, a conference was held and a Convention was developed and went
into force in 1982 to conserve marine resources, establish the structure of the Commission,
provide for an advisory Scientific Committee and subsequent working groups, and to outline
international cooperation.

CCAMLR uses an ecosystem-based approach is used to address living marine resources for
approximately 10% of the Earth’s oceans, and incorporates standards designed to ensure the
conservation of populations and the Antarctic marine ecosystem as a whole (NOAA/IA, 2022).
CCAMLR should be consulted for current conservation measures when preparing an EIA to review
current environmental protections, marine protected areas, listed species, regulations,
notifications, etc. The 2021-2022 Schedule of Conservation Measures in Force can be found at
the CCAMLR website (CCAMLR, 2022a,b).
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Figure 3-11.  Geographic boundaries of the Commission on the Conservation of Antarctic Marine
Living Resources (CCAMLR) (Antarctic Convergence) and Treaty (south of 60th parallel).

CCAMLR's focus on reducing risks associated with harvesting and incidental take by vessels
permitted in the area includes licensing, monitoring, and inspection, with additional measures to
address lllegal, Unreported and Unregulated (IUU) vessels (CCAMLR, 2022a,b). Vessels are
permitted to enter the area and CCAMLR maintains a list of vessels from participating countries
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(see participating countries:
http://www.austlii.edu.au/au/other/dfat/treaty_list/depository/CCAMLR.html) which are licensed
for fishing (see list of registered and non-CCAMLR registered). There is an annual meeting of the
Standing Committee on Implementation and Compliance (CCAMLR, 2022c).

CCAMLR is comprised of 25 member states and the European Union. CCAMLR members are
members of the Scientific Committee and designate a qualified representative/expert advisor to
be the primary point of contact for Committee matters. The Scientific Committee meets as often
as necessary to fulfil its functions; regular meetings of the Committee are typically held annually
(see CCAMLR Rules of Procedure of the Scientific Committee Basic Documents Part 4 Rule 4
https://www.ccamlr.org/en/system/files/e-pt4_2.pdf). Meeting materials are distributed a
minimum of 100 days prior to meetings and supplementary items for the meeting agenda are
submitted no later than 65 days before the beginning of the meeting with background
information (see Rules 5 and 6 CCAMLR https://www.ccamlr.org/en/system/files/e-pt4_2.pdf.
Conservation measures and resolutions in accordance with Article IX are available on the
CCAMLR website (https://cm.ccamlir.org/) and the most recent Schedule of Conservation
Measures in Force were adopted at the 40" meeting 18-29 October 2021
https://www.ccamlr.org/en/system/files/e-schedule2021-22.pdf).

Ross Sea Region Marine Protected Area (MPA)

CCAMLR established a marine protected area (MPA) in the Ross Sea encompassing than 1.5
million square kilometers of the Ross Sea around Antarctica with an accompanying research and
monitoring plan and a Special Research Zone (Figure 3-12) (CCAMLR, 2016). The MPA was
designated in 2016 and entered into force on 1 December 2017 (Brooks et al., 2021; NZDC, 2022).
During CCAMLR's 35th annual meeting, which concluded on 28 October 2016, in Hobart,
Australia, after initial proposal by the U.S. and New Zealand, the MPA was adopted by consensus
(NOAA, 2022). The features within the MPA include seamounts and habitats used by fish,
invertebrates, mammals, birds during part of all or a portion of their lifecycle; 1.1 million square
kilometers are termed general protection zone where no commercial fishing will be allowed for at
least 35 years (NOAA, 2022).

The MPA designation seeks to “achieve a suite of specific objectives, which include: to conserve
biodiversity, ecological structure, and ecosystem dynamics and function throughout the Ross Sea
Region; to protect ecosystem processes, core distributions of species, vulnerable habitats, and
areas of importance to the life cycles of toothfish, seals and penguins; to promote research
(including monitoring); and to provide reference areas for studying and separating the impacts
of environmental change and fishing (Brooks et al., 2021; CCAMLR, 2016).
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Figure 3-12. Ross Sea Region Marine Protected Areas.

Antarctic Specially Protected Area (ASPAs)

In the Protocol, Annex V Management of Protected Areas provides for consideration and
designation of ASPAs and Antarctic Specially Managed Areas (ASMAs) which “protect outstanding
environmental, scientific, historic and aesthetic or wilderness values and scientific research” (SAT,
2016 p.10). If permits are necessary, the Protocol requires the CEP to provide input and
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recommendations to the Parties of the Treaty (SAT, 2016 p.11). Management plans for ASPAs and
SMAs should be consulted to identify current requirements (ATCM, 2022).

Proposed activities within ASPAs should be included within a CEE and reviewed by the CEP. The
Treaty may require permissions for field activities within ASPAs. Consult the current ASPA
Management Plan to ensure that the proposed activities (e.g., sampling, sample sites,
transportation, equipment used and length of time, etc.) and any measures that will be taken to
address restoration if impacts are expected to occur and reports provided to the permitting
entity(ies) once activities are completed (e.g., evidence of damage, etc.). National authorities issue
permits for entry and activity within ASPAs to meet the current requirements of the Treaty and
Protocol review process. A PFS can confirm requirements for ASPAs and if this information must
be included in an EIA, if required.

Vulnerable Marine Ecosystem (VMEs)

Vulnerable Marine Ecosystems are described as benthic ecosystems associated with seamounts,
hydrothermal vents, deep-sea trenches, submarine canyons, oceanic ridges, etc. (CCAMLR,
2022d).

CCAMLR establishes conservation measures to protect these slow growing benthic ecosystems
in the Southern Ocean to limit fisheries that may have detrimental impacts to these habitats in
addition to lllegal, Unreported and Unregulated (IUU) in Antarctic waters. A PFS can confirm the
requirements of VMEs and ensure the most current information about registered VMEs within
the project footprint and confirm the most up-to-date licensed vessels approved by CCAMLR to
fish in the region to determine cable risks and to initiate consultation with affected fishing
interests through this process and if needed, additional stakeholder engagement with fishing
companies and/or individuals. The Registry of VMEs is maintained by the CCAMLR (CCAMLR,
2022d; see VME Registry https://www.ccamlr.org/en/document/data/ccamlr-vme-registry).

Environmental Policy and Compliance

Environmental policies and compliance may include contractor activities such as those related to
Environmental Health and Safety programs including field operations and those activities in
support of field operations and recognizes the need to preserve the unique environment of
Antarctic while meeting the goals of the USAP. The Antarctic Support Contract (ASC) should be
reviewed for the most up-to-date requirements and subcontractor agreements, equipment, etc.
to ensure EPC compliance with the Treaty Protocol and USAP requirements as well as a PFS
conducted to evaluate required authorizations for construction-related activities.

Related Considerations for McMurdo Station - New Zealand

The anticipated approvals and considerations for the proposed Project in Antarctic waters related
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to the cable connection to New Zealand are listed below and in earlier portions of this DTS. Other
NZ legislation such as the Marine Mammal Protection Act 1978, and the Animal Welfare Act 1999,
are also both relevant and practical to implement in Antarctica, and therefore applicable to the
conditions of the (Ross) Dependency. A PFS will confirm required authorizations, approvals, and
permits for the proposed Project.

e Provide advance notification and EIA under Antarctica (Environmental Protection)
Act 1994

e Acquire permit under Antarctica (Environmental Protection) Act 1994
e Acquire permit under Marine Mammal Protection Act 1978

e Acquire permit under Antarctic Marine Living Resources Act

2022 ANTARCTICA | AUSTRALIA | NEW ZEALAND | DESKTOP STUDY 2022




+ National Science Foundation

3.3.6. Antarctica References

Secretariat of the Antarctic Treaty (ATS). (1959). The Antarctic Treaty. Retrieved March 17,
2022 from https://www.ats.aq/e/antarctictreaty.html

ATS. (1991). The Protocol on Environmental Protection to the Antarctic Treaty: Environmental Protocol.
Retrieved March 14, 2022 from https://www.ats.aq/e/protocol.html

ATS. (2005). Environmental Impact Assessment: Circulation of information: Resolution 1 (2005) -
ATCM XXV - CEP VI, Stockho/m. Retrieved July 20, 2022 from
https://www.ats.aq/devAS/Meetings/Measure?lang=e&id=346

ATS. (2016). Guidelines for Environmental Impact Assessment in Antarctica Annex to Resolution 1
(2016) ATCM XXXIX — CEP XIX, Santiago. Retrieved March 14, 2022 from
http://www.ats.aq/documents/recatt/Att605_e.pdf

ATS. (2017). Procedures for intersessional CEP consideration of draft CEESs. Retrieved July 30, 2022

from http://www.ats.ag/documents/cep/CEE_Procedures_e.pdf

ATS. (2022a). Committee for Environmental Protection (CEP) Handbook. Retrieved March 2022
from https://www.ats.aq/devAS/EP/CEPHandbook?lang=e#

ATS. (2022b). Meeting Documents Archive. Retrieved March 2022 from
https://www.ats.aq/devAS/Meetings/DocDatabase?lang=e)

Brooks, C.M., Bloom, E., Kavanagh, A., Nocito, E.S., Watters, G.M., & Weller, J. (2021).
The Ross Sea, Antarctica: A highly protected MPA in international waters. Marine
Policy 134, 104795, https://doi.org/10.1016/j.marpol.2021.104795

Convention for the Conservation of Antarctic Marine Living Resources (CCAMLR). (1980).
Text of the Convention on the Conservation of Antarctic Marine Living Resources. Basic

Documents, Part 1. Canberra, Australia 7-20 May 1980. Retrieved March 14, 2022 from

https://www.ccamlr.org/en/system/files/e-pt1_3.pdf

CCAMLR. (2016). Conservation Measure 91-05 (2016). Ross Sea Region Marine Protected Area.
Retrieved March 14, 2022 from https://cm.ccamir.org/en/measure-91-05-2016

CCAMLR. (2022a). Conservation Measures. Retrieved March 14, 2022 from
https://www.ccamlr.org/en/conservation-and-management/conservation-and-managment

CCAMLR. (2022b). Schedule of Conservation Measures in Force 2021-2022. 40th Meeting of the
Commission October 18-29 2021. Retrieved March 14, 2022 from
https://www.ccamlr.org/en/system/files/e-schedule2021-22.pdf

2022 ANTARCTICA | AUSTRALIA | NEW ZEALAND | DESKTOP STUDY 2022



https://www.ats.aq/e/antarctictreaty.html
https://www.ats.aq/e/protocol.html
https://www.ats.aq/devAS/Meetings/Measure?lang=e&id=346
http://www.ats.aq/documents/recatt/Att605_e.pdf
http://www.ats.aq/documents/cep/CEE_Procedures_e.pdf
https://www.ats.aq/devAS/EP/CEPHandbook?lang=e
https://www.ats.aq/devAS/Meetings/DocDatabase?lang=e
https://doi.org/10.1016/j.marpol.2021.104795
https://www.ccamlr.org/en/system/files/e-pt1_3.pdf
https://cm.ccamlr.org/en/measure-91-05-2016
https://www.ccamlr.org/en/conservation-and-management/conservation-and-managment
https://www.ccamlr.org/en/system/files/e-schedule2021-22.pdf

National Science Foundation

2022 ANTARCTICA | AUSTRALIA | NEW ZEALAND | DESKTOP STUDY 2022

CCAMLR. (2022¢). Standing Committee on Implementation and Compliance (SCIC). Retrieved
March 2022 from https://www.ccamlr.org/en/document/publications/terms-reference-
and-organisation-work-standing-committee-implementation-and

CCAMLR. (2022d). Vulnerable Marine Ecosystems (1’MEs). Retrieved March 14, 2022 from

https://www.ccamlr.org/en/compliance/vulnerable-marine-ecosystems-vmes and
https://www.ccamlr.org/en/document/data/ccamir-vme-registry

Environment Southland. (2013). Regional Coastal Plan for Southland. Retrieved August 11, 2023

from
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-
us/plans-and-strategies/regional-plans/coastal-
plan/documents/coastal_plan_december_2013.pdf

Geoscience Australia. (2013a). Maritime Zones Australia [Image]. Retrieved August 8, 2023
from https://commons.wikimedia.org/wiki/File:Maritime_zones_Australia.gif Image 1s
licensed under the Creative Commons Attribution 3.0 Australia license. No changes
were made from original file.

Geoscience Australia. (2013b). Relationship of maritime features, limits, and zones. Retrieved
August 8, 2023 from
https://commons.wikimedia.org/wiki/File:Maritime_features_limits_zones_Australia.gif.
Image is licensed under the Creative Commons Attribution 3.0 Australia license. No
changes were made from original file.

Hogweard. (2015). Geographic boundaries of the CCAMIR (Antarctic Convergence) and Treaty (south
of 601h parallel). Wikimedia Commons. Retrieved March 14, 2022 from

https://upload.wikimedia.org/wikipedia/commons/thumb/0/00/Antarctic-Convergence-
Map.TIF/lossy-page1-514px-Antarctic-Convergence-Map.TIF.jpg

National Oceanic and Atmospheric Administration (NOAA). (2022). Marine Protected Area in
Antarctica’s Ross Sea: International Affairs. Retrieved March 14, 2022 from
https://www.fisheries.noaa.gov/national/international-affairs/marine-protected-area-
antarcticas-ross-sea

National Science Foundation (NSF). (2022). Polar Programs: Antarctic Conservation Act (ACA)
and Permits. Retrieved March 22, 2022 from
https://www.nsf.gov/geo/opp/antarct/aca/aca.jsp

NSF. (n.d.) Antarctic Conservation Act Permit Application Form: NSF Form 1078. Retrieved
March 22, 2022 from
https://www.nsf.gov/geo/opp/antarct/aca/nsf01151/ACA_permit_form_2019_2022.pdf



https://www.ccamlr.org/en/document/publications/terms-reference-and-organisation-work-standing-committee-implementation-and
https://www.ccamlr.org/en/document/publications/terms-reference-and-organisation-work-standing-committee-implementation-and
https://www.ccamlr.org/en/compliance/vulnerable-marine-ecosystems-vmes
https://www.ccamlr.org/en/document/data/ccamlr-vme-registry
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-us/plans-and-strategies/regional-plans/coastal-plan/documents/coastal_plan_december_2013.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-us/plans-and-strategies/regional-plans/coastal-plan/documents/coastal_plan_december_2013.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-us/plans-and-strategies/regional-plans/coastal-plan/documents/coastal_plan_december_2013.pdf
https://commons.wikimedia.org/wiki/File:Maritime_zones_Australia.gif
https://commons.wikimedia.org/wiki/File:Maritime_features_limits_zones_Australia.gif
https://upload.wikimedia.org/wikipedia/commons/thumb/0/00/Antarctic-Convergence-Map.TIF/lossy-page1-514px-Antarctic-Convergence-Map.TIF.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/0/00/Antarctic-Convergence-Map.TIF/lossy-page1-514px-Antarctic-Convergence-Map.TIF.jpg
https://www.fisheries.noaa.gov/national/international-affairs/marine-protected-area-antarcticas-ross-sea
https://www.fisheries.noaa.gov/national/international-affairs/marine-protected-area-antarcticas-ross-sea
https://www.nsf.gov/geo/opp/antarct/aca/aca.jsp
https://www.nsf.gov/geo/opp/antarct/aca/nsf01151/ACA_permit_form_2019_2022.pdf

National Science Foundation

New Zealand Department of Conservation Te Papa Atawha (NZDC). (2022). Ross Sea region
Marine Protected Area. Retrieved July 19, 2022 from https://www.doc.govt.nz/about-
us/international-agreements/antarctica-treaty-system/ross-sea-region-marine-protected-
area/

New Zealand Ministry for the Environment. (2021a). Applying for a resource consent. Publication
date 1 February 2021. Retrieved August 11, 2023 from

https://environment.govt.nz/publications/applying-for-a-resource-consent/

New Zealand Ministry for the Environment. (2021b). Getting involved in the resource consent
process. Publication date 13 April 2021. Retrieved August 11, 2023 from

https://environment.govt.nz/guides/getting-involved-in-the-resource-consent-process/

NOAA /National Marine Fisheries Service (NMFS). (2022a). NO.AA/NMES Protected
Resonrces Permits and Authorizations: Incidental Take Authorizations Under the Marine
Mammal Protection Act. Retrieved March 14, 2022 from

https://www.fisheries.noaa.gov/topic/laws-policies#marine-mammal-protection-act

NOAA/NMEFS. (2022b, Januaty). Authorizations and Permits for Protected Species (APPS). Online
Application Instructions and Help Document. NOAA/NMFS Oregon Department of Fish
and Wildlife. Retrieved March 22, 2022 from
https://apps.nmfs.noaa.gov/docs/title_pg _and_toc.pdf?id=20220411

NOAA/International Affairs (IA). (2022). Commission for the Conservation of Antarctic Marine
Living Resources. Retrieved March 14, 2022 from https://www.fisheries.noaa.gov/west-
coast/international-affairs/commission-conservation-antarctic-marine-living-resources

Scientific Committee on Antarctic Research (SCAR). (2022). SCAR Code of Conduct for
Geosciences Field Research Activities in Antarctica: Attachment A [DRAFT] 2019 ATCM and
CEP. Prague, Czech Republic. Retrieved March 14, 2022 from

https://www.scar.org/antarctic-treaty/actm-papers/atcm-xlii-and-cep-xxii-2019-prague-
czech-republic/5320-atcm42-att090/file/

Toita Te Whenua LINZ (Land Information New Zealand). (n.d.) New Zealand’s maritime Zone.
https://www.linz.govt.nz/guidance/marine-information/charts/maritime-boundary-
definitions

U.S. Department of State (USDOS). (2021). Awntarctic Treaty. Retrieved March 17, 2022 from
https://2009-2017.state.gov/t/avc/trty/193967.htm

USDOS. (2022). 02. Protocol on Environmental Protection to the Antarctic Treaty. Retrieved July 17,
2022 from https://www.state.gov/protocol-antarctic-treaty/

2022 ANTARCTICA | AUSTRALIA | NEW ZEALAND | DESKTOP STUDY 2022



https://www.doc.govt.nz/about-us/international-agreements/antarctica-treaty-system/ross-sea-region-marine-protected-area/
https://www.doc.govt.nz/about-us/international-agreements/antarctica-treaty-system/ross-sea-region-marine-protected-area/
https://www.doc.govt.nz/about-us/international-agreements/antarctica-treaty-system/ross-sea-region-marine-protected-area/
https://environment.govt.nz/publications/applying-for-a-resource-consent/
https://environment.govt.nz/guides/getting-involved-in-the-resource-consent-process/
https://www.fisheries.noaa.gov/topic/laws-policies#marine-mammal-protection-act
https://apps.nmfs.noaa.gov/docs/title_pg_and_toc.pdf?id=20220411
https://www.fisheries.noaa.gov/west-coast/international-affairs/commission-conservation-antarctic-marine-living-resources
https://www.fisheries.noaa.gov/west-coast/international-affairs/commission-conservation-antarctic-marine-living-resources
https://www.scar.org/antarctic-treaty/actm-papers/atcm-xlii-and-cep-xxii-2019-prague-czech-republic/5320-atcm42-att090/file/
https://www.scar.org/antarctic-treaty/actm-papers/atcm-xlii-and-cep-xxii-2019-prague-czech-republic/5320-atcm42-att090/file/
https://www.linz.govt.nz/guidance/marine-information/charts/maritime-boundary-definitions
https://www.linz.govt.nz/guidance/marine-information/charts/maritime-boundary-definitions
https://2009-2017.state.gov/t/avc/trty/193967.htm
https://www.state.gov/protocol-antarctic-treaty/

IDENTIFICATION OF
GEOLOGICAL RISKS

-



b e o

42

National Science Foundation

4.0 IDENTIFICATION OF GEOLOGICAL RISKS

This section describes the geological conditions and potential hazards that may be presentin the
Project area. Geological features along the AU/NZ to Antarctica route that could present
hazardous conditions for the submarine cable are described in this section. These features
include:

e Active tectonic plate boundaries and associated seismic hazards, such as plate
movement, earthquakes and liquefaction;

e Sediment movement, slope failure and turbidity currents within coastal,
continental shelf and deep marine settings;

e Proximal and distal tsunami hazards; and

e Volcanic and hydrothermal hazards.

4.1.Regional Geology and Tectonic Setting

The study area comprises a large region of the South Pacific between the landing sites of Sydney
in Australia, Invercargill in New Zealand, and McMurdo Station on Ross Island, in Antarctica.
These sites, and the respective continental masses that they sit upon are separated by large
bodies of water that range from approximately 500 meters (m) to 5,000 m including the Tasman
Sea, South Pacific Ocean, and Ross Sea. The geological history of the region is dominated by the
interactions between the Indo-Australian, Pacific, and Antarctic plates over the last several
hundred million years.

The modern Indo-Australian and Pacific plate boundary is a complex one and displays many
changes over its extent, from subduction of the Pacific Plate below the Indo-Australian Plate in
the North Island of New Zealand to a strike-slip relationship along the South Island. These
movements have resulted in rapid uplift and the growth of the Southern Alps. The Foveaux Strait
separates the South Island from the small, rugged mass of Stewart Island on the continental
shelf.

The Puysegur Trench (up to 6000 m deep) formed due to the subduction of the Indo-Australian
Plate under the Pacific Plate south of New Zealand (a reverse of relationship to the North) (Stern,
2004). It lies to the west of the northern tip of the Macquarie Ridge, which separates the trench
from the Solander Trough. To the west is the expanse of the Tasman Basin, which extends across
the distance from New Zealand to Australia.

The Solander Trough (or Solander Basin) is a bathymetric low and sedimentary depocenter
bound to the west by the Puysegur Ridge and to the east by the Campbell Plateau. Eocene in age,
the Solander Trough formed through rifting associated with the plate boundary and the Puysegur
Ridge. The trough extends roughly 500 kilometers (km) along a NE to SW lineament as it gently
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slopes from 100 m to 3000 m depth (Patel et al., 2021).

The Solander Trough merges southward into the relatively flat abyssal seafloor of the Emerald
Basin (~5000 m depth) (Carter and McCave, 1997; Patel et al., 2021). The Emerald Basin extends
in a NNE-SSW direction, opening towards the SW Pacific Basin. The Emerald Basin-Solander
Trough-system is considered the southernmost part and the starting point of the ENZOSS
(Eastern New Zealand Oceanic Sedimentary System (Carter et al., 1996) a system of regional
sediment recycling driven by deep oceanic currents around the plateau located east of the New
Zealand shelf. The Hjort Plateau, located east of the Hjort Ridge and south of Emerald Basin rises
to depths of 1000 m to 3500 m and comprises numerous scarps, lineaments, and volcanic edifices
(Mekel et al., 2003).

The Macquarie Ridge (or Macquarie Ridge Complex) represents the submarine expression of the
Indo-Australian and Pacific plate boundary south of New Zealand. It has undergone an extensive
and rapid evolution, encompassing divergent, transform and convergent relative plate motion
dating from 40 million years ago (Ma) to the present day (Massell, 2000). The Macquarie Ridge is
1600 km long and between 10 and 40 km wide. It comprises a rugged bathymetry and is generally
shallower than 1000 m depth along the length of its axis (Schuur et al., 1998; Massell, 2000). It is
one of the steepest underwater topographies on Earth, being nearly 6000 m tall but only 40 km
wide (Massell, 2000). Macquarie Island, the only above surface representation of the ridge, is a
unique type of ophiolite (uplifted and exposed oceanic crust), and because of this is listed as a
UNESCO World Heritage Site (Conway, 2011).

The Macquarie Triple Junction Zone (Figure 4-1) marks the transform fault boundary system
where the Indo-Australian, Pacific and Antarctic plates collide and interact. It is thought to have
been active since ~48 Ma (Meckel et al., 2003). To the east of this point the plate boundary
transitions into the Pacific-Antarctic Ridge.

The Ross Sea sits within the Ross Embayment of Antarctica. It overlies a deep Antarctic
continental shelf; an average of 500 m depth compared to 130 m for most shelfs. The shelf
formed as a result of glacial marine sedimentary deposition during multiple advances and
retreats of the Antarctic Ice Sheet during the Oligocene and later (Luyendyk et al., 2003). The
deepest basement rocks of the shelf are faulted into multiple graben/basin systems aligned in a
NNE to SSW orientation. Ross Island, where McMurdo Station is situated, is comprised of four
large, basaltic volcanoes (Parmelee et al., 2015). Mt Erebus, the only one of the four that is active,
is the southernmost active volcano in the world. The stratovolcano frequently has lava lakes in
its 250 m wide summit crater and is primarily monitored by satellite.
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Figure 4-1. Project Overview and Macquarie Triple Junction.

4.2.Australia

The proposed Sydney landing site is located on a section of coastal cliffs near Coogee Beach,
Sydney. From here the route traverses the narrow continental shelf of Australia, across the
Tasman Sea and then crosses the Macquarie Ridge before reaching the Macquarie BU.

4.2.1. Seabed and Coastal Geology

Published geology (Herbert, 1983) indicates that the Sydney cliff sections at the landing site are
comprised of the Hawksbury Sandstone, a medium to coarse-grained quartz sandstone with
minor shale and laminate lenses (Figure 4-2). The sandstone is approx. Triassic (~240 Ma) in age
and part of the Sydney Basin sedimentary succession. In places, the Hawkesbury Sandstone is
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overlain by marine-deposited and aeolian-reworked fine- to coarse-grained quartz-lithic sand
(termed Botany Sands) with abundant carbonate and sporadic humic debris within stabilized

dunes.
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Figure 4-2. Clovelly Approach and Landing Site Geology.
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This landing would take advantage of an existing HDD conduit and beach manhole, but a new
terrestrial conduit to the data center would be needed. The area between the cable beach
landings and the data centers located approximately 8 km inland is primarily a residential and
commercial urban area of Sydney. Our assessment has not identified any significant geological
features which would impact the development of a terrestrial alignment for the proposed cable.

Immediately offshore, the proximal Sydney coastal floor is comprised of rocky reefs (likely of
Hawksbury Sandstone or related Sydney Basin units) and sands of varying compositions, ranging
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from fine to coarse grained, with varied mud and carbonate shell abundances (OEH, 2017). Based
on bathymetric maps of the shallow coastline (OEH, 2016) the sandstone (and related units) may
extend as much as 3 km outwards (to approx. 40 m to 50 m depth).

The Australian continental shelf is narrow (50 km wide) with a steep continental rise. The sea
floor is comprised of mostly terrigenous and calcareous sands and muds. The Tasman Basin
seafloor is comprised mostly of calcareous globigerina ooze and pelagic clays. With some sands
and muds interpreted as having been transported via fan systems from the shelf (Krause, 1967;
Conolly, 1969; Standard, 1961).

The Macquarie Ridge is very steep and rugged, rising to 6,000 m over only 20 km on either flank
(Figure 4-3). The seafloor is composed of alkaline to sub-alkaline basaltic pillow lavas, massive
and sheet lava flows, lava talus, volcaniclastic breccia, diabase, and gabbro (Conway, 2011). Much
of this material was formed during effusive mid-ocean ridge volcanism at the relic Macquarie
spreading center, and has since been sheared, accreted, and exhumed along the modern
transpressional plate boundary (Conway, 2011).

Macquarie Island, the sole exposed section of the Macquarie Ridge is comprised of similar
materials - uplifted ocean floor, volcanic breccia, pillow lavas, and sediments (Conway, 2011). The
proposed landing site is located on Macquarie Island near Australia’s subantarctic research base,
the Macquarie Island Station. No significant geologic features are expected to impact the
development of a terrestrial route for the proposed cable.
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Figure 4-3. Macquarie Ridge Bathymetry.

4.2.2. Seismic Hazards

The Sydney Basin experiences infrequent seismicity due to its distance from
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boundaries (Estrada et al., 2016). Most earthquakes near Sydney occur under the Blue Mountains

and are associated with the Lapstone Structural Complex. A paleo seismological

study by Clark

(2010) estimates that maximum earthquake magnitudes ~M 7.0 might occur with an average

frequency of between 1-2 million years.

The Tasman Basin appears to be relatively seismically inactive and is not anticipated to present

a significant hazard to the submarine cable.

The Macquarie Ridge is associated with the active Indo-Australian and Pacific plate boundary.
Earthquakes frequently occur and are dominantly shallow (0 km to 33 km depths). A powerful
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strike-slip earthquake occurred on 23 May 1989, 250 km north of the Macquarie Islands
(Magnitude 8.2) - and is possibly the largest intraoceanic event of the 20th century
(Anderson, 1990).

The recent seismic history has been considered as part of this assessment which has identified
areas of relatively high and low seismicity. These are shown in Figure 4-4. From a geological risk
perspective, it is preferable to avoid the areas of known higher relative seismicity, although this
may be unavoidable in some cases.
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(MarineRegions.org, 2019; USGS, 2022; Bird, P., & and Ahlenius, H., 2014, Esri et al., n.d.a.)
Figure 4-4. Seismic Activity in Project Area (Earthquakes since 2000).

4.2.3. Tsunami Hazards

Tsunamis present a potential hazard primarily at the cable landings to land-based infrastructure.
The tsunami hazard present at the Sydney and Macquarie Island landings is described in the
following sections.
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Sydney

Tsunami hazards are most likely to be earthquake-generated and sourced from distant areas
such as the Puysegur Ridge. A study by Dall'Osso et al. (2009) considers existing exposure to
tsunamis to be relatively low along the Sydney coastline, but this could increase significantly
under higher sea level conditions caused by combinations of tide and/or long-term sea level rise.
Generally, there is a higher risk of disruption in shallower waters.

Macquarie Island

The research station and cable landing are situated on a thin (200 m), low-lying (Approx. 5 m
maximum elevation) strip of Macquarie Island and are likely highly susceptible to tsunami
inundation. Potential earthquake-induced tsunamis are likely to be sourced from either the
Puysegur Ridge, Macquarie Ridge or further afield such as the South American coast (e.g., Peru).
Slope failures within the flanks of the Macquarie Ridge proximal to Macquarie Island could
potentially generate localized tsunami.

4.2.4. Volcanic Hazards

No volcanic hazards are expected in this section of route, either on the continental shelf or within
the Tasman Basin and on Macquarie Ridge.

4.2.5. Hydrothermal Hazards

There is little evidence to suggest the widespread presence of hydrothermal zones along the
continental shelf of Australia or within the Tasman Basin.

There is little evidence of widespread presence of hydrothermal zones along the Macquarie
Ridge. Unmapped localized zones may be present, and if any are identified during the marine
route survey, the cable should be routed around them.

4.2.6. Slope Stability

Turbidity Currents and Sediment Movement from Shelf to Basin

Many submarine canyons exist along the eastern continental margin of Australia. The distribution
and morphology reflect the plate tectonic history of the continent since the break-up of
Gondwana and long-term processes associated with canyon development that vary at regional
to local scales. Canyons may be topographically complex or simple in form, and are highly
variable in size, with planar areas ranging from 1 km2 to 4695 km? (Huang et al., 2014).
They vary in extent across the outer continental shelf and continental slope to abyssal plain. Most
canyons are well separated from the coast and river mouths. From a geological risk perspective,
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intersection with any submarine canyons or active sediment pathways should be avoided, where
possible.

Slope Failures, Turbidity Currents and Sediment Movement

The topography of the Macquarie Ridge is rugged, steep, and highly variable. It is likely that many
sedimentary transport systems exist (e.g., submarine canyons) that extend perpendicular to the
axis of the plate boundary. Analysis and bathymetric studies of the seafloor in detail is required
to ascertain the exact nature and structure of any sedimentary pathways that occur within the
areas that may influence the cable route. If identified during the marine route survey, the cable
route should be adjusted as necessary to avoid intersection with active sediment pathways,
particularly at right angles to the direction of transport.

4.3.New Zealand

This section of route comprises the onshore pathway from the proposed data center location to
the proposed Oreti Beach landing site, as well as the offshore pathway from Oreti Beach to the
Macquarie BU.

4.3.1. Seabed and Coastal Geology

Oreti Beach is a relatively flat, sandy beach that gradually transitions into the shallow continental
shelf of the Foveaux Strait. The almost featureless seafloor slopes gently westward from depths
between 20 m and 80 m and is comprised mostly of cobbles, gravels, and coarse sands with
varying abundances of calcareous material (Cullen, 1967). The Solander Trough is connected to
the Foveaux Strait via a system of submarine canyons (Figure 4-5). The seafloor of the trough is
comprised mostly of sand and mud. Carbonate content can reach 40% to 60% within the
southern parts of the trough (Bostock et al., 2019). A cluster of seamounts separates the Solander
Trough from the Emerald Basin, where the sediment cover transitions into current-swept muds,
alternating with manganese nodules and a dense, benthic nepheloid layer (Carter & Wilkin, 1999).
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Figure 4-5. Bathymetry Along Proposed Cable Route - Solander Trough.

From the landing site at Oreti Beach, the terrestrial route will connect to a data center located
several kilometers north of Invercargill city (Figure 4-6). The approx. 20 km route traverses
residential and commercial urban areas, rural farmland and coastal dunes and beach sands.
Published geological mapping (Turnbull & Allibone, 2003) indicates the landscape is dominated
by numerous Pleistocene to Holocene clastic sediments defined as alluvial gravels, sands, and
silts (with possible isolated pockets of loess and peats). Many units are linked to estuary and
tributary systems as well as active and relict sedimentary fans. These are underlain by Late
Cretaceous to Permian basement rocks of New Zealand. Various degrees of weathering are
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reported within the recent sediments.

Our assessment of the general area of consideration has not identified any significant geological

features which would impact on the creation of a terrestrial alignment of the proposed

cable.

Although the sedimentary soils are of an age and composition which may be considered
susceptible to liquefaction the area is not considered to be any higher risk than many other
locations in New Zealand where similar infrastructure has been successfully installed and

maintained.
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(NIWA, 2016a,b; USGS, 2022, GNS Science, n.d.; Esri et al., n.d.a.)
Figure 4-6. Invercargill Approach and Terrestrial Route.
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4.3.2. Seismic Hazards

The onshore Invercargill region is a relatively seismically inactive region of New Zealand. Activity
along the plate boundary to the west is significant, however, and can produce large earthquakes.
Ground shaking intensities of greater than MMVII (Modified Mercalli 7) in Invercargill were
reported by Glassey (2006) as having a probability of less than 2% in 50 years, a return period of
approximately 2500 years or greater. The probability of earthquake shaking strong enough to
cause liquefaction in Invercargill is considered low by the standards of many New Zealand cities
(e.g., Wellington, Stirling et al., 2002) however a 2012 report shows that the Invercargill area and
its surrounding geological units occupy a range of categorizations from Negligible, Moderately
and Very Highly susceptible to liquefaction (Glassey & Heron, 2012).

A faulting zone exists within the northern Solander Trough, the Tauru Fault is highlighted in the
literature (e.g., Patel et al., 2021) and considered active (Figure 4-7). Little information can be
identified of the magnitude or timescales of movement along this fault.

(Adapted from Patel et al., 2021.)
Figure 4-7. [Redacted]. Box Model of the Solander Trough

The Tauru fault can be seen in black near the head of the trough.

Significant seismic activity occurs along the extent of the plate boundaries. The recent seismic
history has been considered as part of this assessment and has identified areas of relatively
higher and lower seismicity. Please refer to Figure 4-4 in Section 4.2.2. From a geological risk
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perspective, it is preferable to avoid the areas of known higher relative seismicity.

4.3.3. Tsunami Hazards

In a report produced by GNS Science (Power, 2013) the maximum amplitude of a 500-year return
period event (50th percentile) near Invercargill is approx. 5 m height. Tsunamis are most likely to
be sourced from the Puysegur Ridge and Peru, although other locations within New Zealand
(such as the Kermadec Arc) and further afield are potential source locations.

Tsunami inundation could affect the landing site infrastructure and the cable within the shallow
near-shore environment at Oreti Beach. However, risk to the cable and any associated
infrastructure is likely to reduce with distance further inland.

4.3.4. Volcanic Hazards

There is no evidence of significant volcanic hazards in this region. Solander Island (Hautere)
volcano located approx. 60 km off the coast of the South Island is most likely extinct; although
recent studies have revealed that the last eruption was much more recent than previously
believed (as young as 150 thousand years ago) (Morteimer et al., 2008).

4.3.5. Hydrothermal Hazards

There is little evidence to suggest the presence of hydrothermal zones. Unmapped localized
zones may be present, particularly along the extent of the Macquarie Ridge and active plate
boundaries. It is preferable to avoid any identified hydrothermal zones.

4.3.6. Turbidity Currents and Sediment Movement from Shelf to Basin

The channel system at the head of the Solander Trough is the primary pathway for sediment
gravity flows that descend along its axis (Patel et al., 2021). It is unclear how active these sediment
pathway systems are. The channels were the most active during glacial low-stand conditions
when sediment was supplied to the shelf edge and are inferred to have been mostly inactive
during the Holocene. Little sediment has been observed in the Solander Trough at latitudes south
of Auckland Island, thought to be due to strong currents of the Subantarctic Front which
penetrates Macquarie Ridge at circa 53.5°S (Bostock et al., 2019; Carter & McCave, 1997).
Terrigenous sediment is observed extending into the Emerald Basin. The total accumulated
sediment thickness reduces markedly from 1,200 m in the trough, to 800 m in the basin close to
the sea mounts (Carter & McCave, 1997) indicating significant interception by these topographic
highs.

Erosion is likely actively taking place. Bottom current speeds of 20 cm/s and greater have been
observed and are thought to be due to bottom currents flowing through the gaps in the
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Macquarie Ridge (Carter & McCave, 1997; Carter & Wilkin, 1999).

It is unknown if seismic activity (earthquakes and faulting), which is shown in Figure 4-8,
contributes to sediment gravity flows along the Solander Trough. Steep sided levees along the
flanks of the trough and other steep slopes (such as the south edge of Solander volcano)
represent possible sources of sediment gravity flows. From a geological risk perspective,
smoother, less steep topographies that avoid intersection with canyons and other sediment
pathways are preferable.

(USGS, 2022.; Bird, P., & and Ahlenius, H., 2014, Esri et al., n.d.a.)

Figure 4-8. Proposed Cable Route Through the Southern Pacific Ocean and Antarctic

Continental Margin.
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4.4.Antarctica

South of Macquarie Island the proposed route traverses the remainder of the Emerald Basin and
Hjort Plateau before crossing the Antarctic-Pacific plate boundary where it climbs the Antarctic
continental margin into the Ross Sea and Ice Shelf (Figure 4-7).

4.4.1. Seabed and Coastal Geology

The Ross Sea overlies a deep continental shelf with an average depth of approx. 500 m
(Figure 4-9) (Davey, 2004). It formed during the Oligocene and later as a series of glacial marine
sedimentary units deposited during multiple advances and retreats of the Antarctic Ice Sheet
across the sea floor. The rocks of the shelf are faulted into multiple graben/basin systems that
are aligned in an approx. NNE to SSW orientation (Davey, 1981). Glacial deposits vary greatly over
short distances.
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Figure 4-9. Bathymetry on Approach to McMurdo Station.
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The Ross Ice Shelf is the world's largest body of floating ice, lying at the head of the Ross Sea
(Rignot et al., 2013). The near vertical ice front to the open sea is more than 600 km long and
between 15 m and 50 m high above the water surface (Scheffel et al., 1980). The mean ice
thickness is approx. 300 m along a line at about 79°S latitude (Rafferty, 2011). The shelf moves
1 m to 3 m outwards per day, with freezing water and glacial input adding to the bulk of the ice.

McMurdo Station is located on Hut Point Peninsula, a narrow stretch of land on Ross Island. Ross
Island is formed from four large volcanoes that are dominantly basaltic. The substrate is likely
comprised of in-situ or reworked volcanic lavas and breccias. There are no significant geological
features which should impact the development of the terrestrial route to the data center.

4.4.2. Seismic Hazards

There is both a potential earthquake shaking and a tsunami hazard to McMurdo Station from
local earthquake sources. The Antarctic Plate is viewed as relatively seismically inactive for a
continental plate (Reading, 2002), however studies have shown that its seismic activity is
comparable to that of other plates of similar size and kinematics (Okal, 1981). The apparent lack
of activity may in part be due to the lack of seismic stations (Burbidge et al., 2020) although ice
may also play a role in suppressing earthquake shaking (Reading, 2007).

The largest instrumentally recorded earthquakes on the Antarctic plate have occurred at its
offshore boundaries. In 1998, a M 8.1 earthquake occurred near the Balleny Islands, and in 2013,
a M 7.7 earthquake occurred in the Scotia Sea. Both produced small instrumentally observed
tsunamis at distant tide-gauge stations (Burbidge et al., 2020). The largest earthquakes in recent
recorded history within the Ross Sea have occurred in the west; a M 5.5in 1993, and a M 5.1 in
2012.

Henrys et al. (2008) identified several normal faults in the Ross Sea rift basin west and northwest
of Ross Island using seismic data. In particular, there is a small normal fault just east of the Hut
Point Peninsula, which may be associated with the line of volcanism passing through Mt. Erebus
and Mt. Bird and to the area of rifting north of Ross Island (Naish et al., 2007).

If significant loss of ice were to occur from the ice sheets, the isostatic rebound effect may lead
to additional earthquakes (McGuire, 2012), although this is thought to be a relatively slow process
operating on timescales of centuries.

4.4.3. Tsunami Hazards

A tsunami from a distant source could be a very rare, but plausible onshore hazard to McMurdo
Station. In an assessment of distal source tsunami (more than three hours travel time) for Scott
Base by Burbidge et al. (2020), the largest tsunamis from a distant source comes from the
Mexican part of the Central American subduction zone. Other sources of significant tsunami were
the Tonga Trench and Kermadec-Hikurangi subduction zones to the north of New Zealand and
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the Hjort Trench subduction zone to the south of New Zealand. Burbidge et al. (2020) concluded
that the maximum tsunami in the Ross Sea from large events could become quite high (up to as
much as 6 m) and that a tsunami of about 1.4 m offshore is a potential inundation hazard. In
addition to the tsunami itself, the amount of inundation would also depend on the tide at the
time of the tsunami and any potential sea level rise due to global warning. A unique factor is the
potential effect of the ice shelf on tsunamis traveling in the Ross Sea (Burbidge et al., 2020). The
bedrock beneath the Ross Ice Shelf can be as deep as 1 km from the Mean Sea Level and the ice
shelf only grounds on a few high points within the sub ice shelf cavity.

In addition to distant earthquakes, Burbidge et al. (2020) recognized that tsunamis may also be
generated from the following sources:

e Rockfall and icefall landslides into the sea from Ross Island or Victoria Land (a
region of eastern Antarctica).

e Submarine landslides on the continental shelf edge.
e Volcanic events on Ross Island or Victoria Land volcanoes.
e Glacier or ice shelf calving events, and iceberg capsizing.

e Local earthquakes.

Several of the above processes may become more frequent due to climate change, and the time
frames over which these take place are variable and poorly constrained
(e.g., Burbidge et al., 2020):

e Rock and ice falls: if melting and refreezing of ice happens more frequently and
more likely late in the summer each year.

e Submarine landslides: if the nature and volume of sediment deposition changes
due to retreat of ice shelves and deglaciation.

e Volcanic events: due to isostatic rebound and/or changes in sub-surface pressure
if the weight of ice reduces.

e Glacier or ice shelf calving: if the calving process accelerates and/or changes in
style.

The absence of historically recorded events in McMurdo Sound from these sources, and the very
few reports of similar tsunami-causing events elsewhere in Antarctica, provides some
reassurance that the current-day hazard posed by these sources is low (e.g., Burbidge et al.,
2020). However, this must be interpreted in the context of a short historic record (about 75 years),
generally low population, and sparse instrumentation.

4.4.4. Volcanic Hazards

Mt. Erebus volcano has a well-established historic and geologic record of explosive eruptions.
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Strombolian eruptions in the main crater, which often houses lava lakes, have been commonly
observed since regular monitoring commenced in 1972 (Caldwell & Kyle, 1994). Eruptions can
produce ejecta that reach a few hundred meters from the main crater. Occasionally (e.g., in 1984)
the frequency and energy of the Strombolian eruptions increase to eject material up to 1 km
from the vent in the main crater. Phreatomagmatic eruptions, caused by steam build-up, can
occur (e.g., in 1993), and ash ejection from the main crater was recorded on 15 December 1997
(Harpel et al., 2004). Ten lava flows have been recorded in the rock-record during a period of
effusive activity dating between 8.5 and 4.5 ka (Parmelee et al., 2015). 37 phreatomagmatic
eruptions are recorded in englacial tephra on Mt Erebus, erupted between 71 thousand years
ago to only several hundred years ago (Harpel et al., 2008). These eruptions were found between
2 km and 20 km from the main crater. One eruption in this sequence at 39 ka is thought to be
Plinian in scale, affecting areas up to 200 km away in East Antarctica.

Ballistic ejecta from Strombolian eruptions and lava flows are unlikely to pose a hazard to
McMurdo Station, but ash fall from large scale (e.g., sub-Plinian to Plinian) magmatic and
phreatomagmatic eruptions could have a potential effect. Significant ash fall can accumulate on
roofs and other structures causing them to collapse from the weight. Ash fall is unlikely to
damage buried infrastructure such as cables.

4.4.5. Hydrothermal Hazards

There is little literature recording the presence of hydrothermal zones within the Macquarie
Triple Junction Zone or along the Antarctic-Pacific Ridge. Unmapped localized zones may be
present.

4.4.6. Turbidity Currents and Sediment Movement from Shelf to Basin

There are some possible active sediment pathways within the basin and graben structures within
the Ross Sea e.g., Wilson Canyon.
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5.0 CLIMATOLOGY REPORT

Current weather patterns (meteorology) and long-term weather averages (climatology), need to
be considered when designing the cable system between Australia, New Zealand, and Antarctica.
Sydney, Australia, has humid subtropical climate that shifts from mild and cool in winter
(June - August) to hot in the summer (December - February). In Sydney, the wet season runs
January through June and the dry season from July through December. There is a potential
reduction in tropical cyclone activity in the area during El Nifio years.

Macquarie Island has a moderate climate, despite the high latitude, due to stable sea surface
temperatures, with daily mean temperatures only varying approximately 4° C, from 3.3° Ciin June
(winter) to a high of 7.1° C in January (summer). Precipitation on Macquarie Island is relatively
consistent throughout the year with the least amount of rain fall between June and November.
Macquarie Island frequently has gale force and higher winds with the summer months
(November - February) being the most likely to have less stormy conditions.

The cable landing in Invercargill, New Zealand, has a marine climate with moderate air
temperatures. The location is typically subjected to the prevailing westerly winds at the
subtropical latitudes, but also sees southerly outbreaks of polar air masses. The daily mean
temperature is highest in December through February (summer). Precipitation is relatively
consistent throughout the year, but the highest precipitation is in May and June.

At the landing in McMurdo, Antarctica, the average low temperatures are below -20 °C from
March to September, and extreme lows in the autumn, winter and spring months (March through
October) are below -40°C. The cold air has extremely low humidity resulting in low annual
precipitation and classification of the area as a desert. Most of the precipitation falls as snow,
with the most snowfall in February, May, and June. The cold temperatures, strong winds, wind
chill, and extremely low humidity are significant hazards to personnel and equipment.

Regional variations in temperature, precipitation, winds, and storms are further discussed in the
following sections. Each section below also states whether data were available for download from
a public source, or if the primary source of information was studies and summaries conducted
by others, including academic literature or government websites and reports.

5.1.Regional / Transit

The proposed cable route covers 44 degrees of latitude, from 34 °S in Sydney, Australia, to
McMurdo Station, Antarctica, at 78 °S. The project traverses global-scale atmospheric circulation
cells which are identified as the Hadley cell, Ferrel cell, and Polar cell (Figure 5-1). The Hadley cell
forms as equatorial air is heated and forced to travel south. This air starts at the speed of Earth's
rotation at the equator, and as it moves south at height, it is forced to the left by the Coriolis
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effect. The air also increases in velocity, creating the westerly subtropical Jetstream at altitude.
This air cools and sinks and returns north to the equator. This eastward-directed return flow is
the Trade Winds.

(ECMWF model, via windy.com)

Figure 5-1. [Redacted]. Surface Winds in Project Area with Superimposed General Atmospheric
Circulation Patterns

A similar pattern occurs over the Antarctic continent and South Pole as Polar Cells. The ocean
provides relative warmth to the air mass over Antarctica, causing air to rise around the edge of
the continent, moving towards the South Pole at height, and returning to the coast extremely dry
and cold, deflecting to the left to become an easterly wind.

In between these two heat-driven circulation cells, the mid-latitude Ferrel Cells operate, with air
sinking at 30 °S alongside the Hadley air moving poleward, and air rising alongside Polar Cell air
moving towards the Equator at height. The deflection of the poleward-moving air to the left
produces a band of westerly winds between 40 °S and 50 °S (the Roaring Forties). Since there is
no major landmass, these winds travel uninterrupted around the Southern Ocean, driving ocean
currents and large waves (please refer to Section 6.0 for additional details).

This idealized view of global wind patterns only exists in an average sense - actual weather is
influenced by local topography and chaos over a wide spatial scale. A snapshot of the surface
wind field in Figure 5-1 shows two or three strong westerly wind systems related to low- or high-
pressure centers propagating westward. The winds rotating around a pressure center are
symmetric in speed relative to the pressure center, but since the whole system is moving
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westward, the winds towards the west are reinforced from the point of view of a stationary
observer, and easterly winds are, on average, suppressed.

AUSTRALIA

5.2.Australia

Weather patterns and climate for the portion of the project in Australia and Australian waters are
discussed in the following sections.

5.2.1. Temperature and Precipitation

Temperature and precipitation information for the Sydney and Macquarie Island areas are
summarized in this section.

Sydney

The climate in in the vicinity of the proposed cable landing in Sydney is humid subtropical, shifting
from mild and cool in winter (June to August) to hot in the summer (December to February). The
climate is moderated by the proximity of the city to the ocean, with no extreme seasonal
differences. The daily mean temperature varies from a low in July of 12.7 °C to a high of 22.8 °C.
in January. Monthly average temperatures recorded at the Sydney Airport, Australian Bureau of
Meteorology (AusBOM) Station 066037, are provided in Table 5-1.

Precipitation in Sydney is the lowest from July through December, ranging from 59.6 mm to 80.2
mm during these months (Table 5-2). Annual rainfall at the Sydney airport is 1080.4 mm, with
rainfall occurring on an average of 129 days per year.

Table 5-1. Temperature Averages and Extremes, Sydney Airport (Station

066037)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Record high °C 464 | 429 | 412 |36.8 [ 300 |268 |27.0 | 311 | 356 | 391|434 |432
Average high °C 26.7 | 265 | 254 | 230|202 |17.7 | 17.2 | 184 | 20.7 | 227 | 242 | 25.9
Daily mean °C 228 | 226 | 213 | 188 | 158 | 136 | 127 | 135 | 16.0 | 18.0 | 19.7 | 214
Average low °C 190 | 191|176 | 143 111 |88 |73 |83 | 106 | 134|156 | 176
Record low °C 9.7 112 |74 6.1 |30 10 |[-01 (12 |23 |48 |59 |82

(AusBOM, 2022a)
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Table 5-2. Precipitation Statistics, Sydney Airport (Station 066037)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean Monthly 939 | 117 | 120.7 | 105 | 952 | 1245 | 689 | 757 |59.6 | 701802729
Precipitation (mm)
Average # of 113 | 11.7 | 126 11 107 | 114 9.2 8.9 93 |[10.7 | 11.3 | 10.6
Precipitation Days

(AusBOM, 2022a)

Macquarie Island

Temperatures on Macquarie Island are moderate, despite the high latitude, due to the stable sea
surface temperatures. The annual temperatures range from a daily mean of 3.3 Cin June and July
(winter) to a high of 7.1 C and 7 C in January and February (summer), respectively. Monthly
temperature statistics for Macquarie Island are presented in Table 5-3.

Precipitation at Macquarie Island is relatively consistent throughout the year with the least
amount of rain fall between June and November. The annual rainfall on the island is 997.2 mm
(Table 5-4) which is distributed over an average of 317 days per year. There are very few hours of
sunshine available at this location.

Table 5-3. Temperature Averages and Extremes, Macquarie Island (Station

300004)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Record high °C 136 | 17 126 | 122 |10 106 | 8.3 8.5 8.6 103 | 116 | 144
Average high °C 8.8 8.7 8 7 5.9 5.1 49 |51 5.4 58 | 6.6 8
Daily mean °C 7.1 7 6.4 54 |42 3.3 3.3 34 35 39 |46 6.1
Average low °C 5.3 53 |48 37 |26 1.6 1.6 1.6 16 |2 28 |43
Record low °C 0.6 06 |23 |45 |68 |-7 94 |89 |87 |46 |-39 |17

(AusBOM, 2022b)

Table 5-4. Mean Monthly Precipitation [mm], Macquarie Island (Station
300004)

Monthly Mean 889 | 862 | 1013 | 935 |88 |776 |745 |76 759 | 776 | 738 | 81
Precipitation [mm]
(AusBOM, 2022b)
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5.2.2. Winds

Wind patterns for the Sydney and Macquarie Island areas are described in this section.

Sydney

Wind patterns in and around the project area provided in Table 5-5 were recorded and/or
estimated from data collected at the Sydney Airport. The station data summary provided
information on the maximum wind gust in each month based on over 80 years of data. Average
wind speeds tend to be highest in the summer (December - February) but higher winds are also
present into late autumn (November) and early spring (February).

Table 5-5. Wind Statistics, Sydney Airport (Station 066037)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Monthly Mean 116 |[11.0]103 |95 [93 |96 |96 |100 | 104 | 108 | 116 | 11.6
Wind Speed (kts)
Max Wind Gust (kts) 821 | 583|691 659|702 |702 589|621 |59.9 |68.0]821 |680

(AusBOM, 2022a)

Macquarie Island

Raw wind data was not readily available, but summaries indicate the record consists entirely of
westerly, northwesterly, and southwesterly winds due to the island’s location in the middle of the
prevailing westerlies (Table 5-6).

Figure 5-2, reproduced from Streten (1988), shows the number of days per month with gale-force
winds (>17 m/s or 34 knots) at the Macquarie Island station; the summer months of November
through February are the most likely months to find less stormy conditions.

Table 5-6. Wind Statistics, Macquarie Island (Station 300004)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Monthly Mean 175 | 185 | 196 | 199 [ 19.2 | 184 | 181 | 187 | 194 | 19.7 | 185 | 175
Wind Speed [kts]

Max Wind 913 | 783 | 972 | 923 | 923 |913 | 961 | 853 | 999 |86.9 | 76.1 | 864
Gust [kts]
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(AusBOM, 2022b)

Figure 5-2. [Redacted]. Number of Days per Month with Gale-force Winds.

5.2.3. Weather Patterns

The El Nifio / Southern Oscillation has an effect on the Sydney area climate, but much of the
literature discusses extremes in rainfall, i.e., drought and floods, which are less relevant to this
project. There is, however, a potential reduction in tropical cyclone activity during El Nifio years
(AusBOM, 2021).

5.2.4. Hazardous Weather

Sydney

Sydney is subject to local thunderstorms and regional low-pressure systems termed “East Coast
Lows.” These can strengthen quickly, i.e., overnight and drive high waves. The Australian Bureau
of Meteorology records severe thunderstorms, defined as having >2 cm hail, >90 km/h (48.5 knot)
wind gusts, flash flooding or tornadoes. There were about 1000 such events over the period
2000-2019 in all of New South Wales; 120 of these were in the Sydney region. There are
approximately six severe thunderstorms per year near Sydney by this rough measure.

Macquarie Island

Storms - westerly-propagating low-pressure systems are frequent and severe in the Southern
Ocean. Streten (1988) states that fronts or low-pressure systems pass Macquarie Island every
five to six days. Additionally, there are gale force winds (>17 m/s or 34 knots) 4 - 10 days per

2022 ANTARCTICA | AUSTRALIA | NEW ZEALAND | DESKTOP STUDY 2022




National Science Foundation

month and the strongest wind gusts recorded between 1948 and 1983 were 900-100 knots.

An analysis of the frequency of (relatively) calm wave conditions is provided in Section 6.2.4. A
more complete metocean analysis could download model-predicted winds at multiple locations
along the cable route and assess extreme wind frequencies.

NEW ZEALAND

5.3.New Zealand

5.3.1. Temperature and Precipitation

The cable landing in Invercargill, New Zealand, has a marine climate with moderate air
temperatures. The location is typically subjected to the prevailing westerly winds at the
subtropical latitudes, but also sees southerly outbreaks of polar air masses. The daily mean is
highest from December through February (summer), ranging from 13 - 14.2°C and lowest from
May to July (winter), ranging from 5.3° to 8°C. Monthly temperature statistics are presented in
Table 5-7.

Precipitation in Invercargill is relatively consistent throughout the year. Rainfall at three stations
close to the proposed landing site range from 1,148 to 2,463 mm annually, with the highest
monthly precipitation in May and June of 120 and 125 mm, respectively (Table 5-8).

Table 5-7. Temperature Averages and Extremes, Invercargill Aero
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Record high °C 33.8 | 321 | 288 | 255 | 209 | 184 |16.7 | 21 231 | 246 | 275 | 288
Average high °C 187 | 186 | 17.1 | 149 | 123 |10 |95 | 111 | 131 | 144 | 158 | 175
Daily mean °C 142 (139 | 125 | 104 |8 59 |53 |66 85 |99 114 |13
Average low °C 96 (93 |79 58 |38 19 |1 2.2 4 54 |7 8.6
Record low °C -09 |-24 |-24 |-49 | 69 |-74|-90|-80 |-45|-32|-20 |-04

(Macara, 2013)

Table 5-8. Mean Monthly Precipitation [mm)], Invercargill Area Stations
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Southwest 108 93 115 104 120 125 107 | 108 111 106 109 107
Cape AWS

Puysegur Point | 241 179 | 212 215 | 228 211 192 | 193 196 186 | 203 | 207
Invercargill 115 87 97 96 114 104 85 |76 84 95 90 105
Aero

(Macara, 2013)
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5.3.2. Winds

The dominant wind direction at Invercargill Airport is from the west-southwest as winds are
steered by the presence of Stewart Island, while at Puysegur Point, winds from the southeast are
more common. The mean monthly wind speeds are presented for these three stations in Table
5-9. Gusts are common in all seasons (Table 5-10), though spring (Sep-Nov) has the highest wind
speeds, ranging from 21.8 to 22.5 knots, and winter (Jun-Aug), ranging from 6.7-22.5 knots.

Table 5-9. Wind Statistics, Invercargill Area Stations
Mean Monthly Wind Speed (knots)
Location Jan | Feb | Mar | Apr May Jun Jul | Aug | Sep | Oct Nov Dec

Southwest Cape 204|190 | 21.0 | 199 | 216 204 | 189 | 199 |225 |220 | 218 19.7
AWS

Puysegur Point 16.3 | 161 | 16.2 | 148 | 154 142 | 133 | 143 | 167 |17.0 | 167 15.7

Invercargill Aero 104 | 9.5 9.2 8.7 8.4 7.7 6.7 7.3 9.3 106 | 11.0 10.2
(Macara, 2013)

Table 5-10. Wind Gust Statistics, Invercargill Area Stations

Days per Year with Wind Gusts over Thresholds

Location >33 knots >50 knots
Southwest Cape AWS 257 120
Puysegur Point 210 73
Invercargill Aero 109 15

(Macara, 2013)

5.3.3. Weather Patterns

Regional climate patterns that influence weather near Invercargill include the El Nifio-Southern
Oscillation (ENSO), the Interdecadal Pacific Oscillation (IPO), and the Southern Annular Mode
(SAM) also known as the Antarctic Oscillation. There are complex interactions between these
patterns. In general, a positive SAM brings fewer storms to New Zealand and stronger winds and
more storms in the Southern Ocean and Antarctica. The SAM has been in a positive phase more
often than not for the past few years (NIWA 2021).

5.3.4. Hazardous Weather

Storms bringing high winds and heavy rain are the main weather hazard in the Invercargill area.
River crossings have the potential to cause damage during flood events, severing data and power
connections.
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ANTARCTICA

5.4.Antarctica

The route leaves the mid-latitude westerly wind belt around 60 °S and enters the Ross Sea around
70 °S. A prevailing wind called the Ross Ice Shelf Air Stream transports cold continental air in a
generally northeastward direction over the entire Ross Sea, guided by topography and mesoscale
weather patterns.

5.4.1. Temperature and Precipitation

Average low temperatures are below -20 °C from March to September, and extreme lows in the
autumn, winter and spring months (March through October) are below -40 °C (Table 5-11). Air
this cold can hold almost no moisture, so the McMurdo environment also has extremely low
humidity. In fact, the average annual precipitation of 21.6 cm classifies the area as a desert. Most
of the precipitation falls as snow, with the most snow fall in February, May, June and (Table 5-12).
The average number of snowy days appears higher than the number of precipitation days; this
may be due to the counting of blowing snow which is not new precipitation.

Table 5-11. Temperature Averages and Extremes, McMurdo Station
Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec

Record high °C 102 |59 -11 |0 -13 |33 -44 | -2 -3.7 |45 10 10.8

Average high °C -06 | -73 | -162|-173 | -21 -204 | -21.7 | -22.7 | -208 | -143 | -6.5 | -0.4

Daily mean °C -28 | -88 | -173|-209 | -23.3 | -229 | -258 | -274 | -25.7 | -19.4 | -9.7 | -3.5

Average low °C -46 | -114|-213 | -234 | -26.5 | -26.8 | -284 | -29.5 | -27.5 | -19.8 | -10.9 | -4.4

Record low °C =221 | -25 | -433 | -41.9 | -44.8 | -439 | -50.6 | -494 | -451 | -40 | -285 | -18
(NOAA, 2022)

Table 5-12. Precipitation Statistics, McMurdo Station
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Average 16 |29 |15 18 |21 28 |17 |13 10 |20 [12 14
Precipitation (cm)
Average Snowfall (cm) 66 | 224 | 114 | 127 |17 178 | 14 | 6.6 76 | 135 |84 10.4

Average # of 26 |47 |32 45 |55 57 | 47 |41 3 32 |24 25
Precipitation Days

Average # of 128 | 176 | 178 | 164 | 162 | 156 | 153 | 145 | 133 | 145 | 135 | 13.8
Snowy Days

(NOAA, 2022)
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5.4.2. Winds

The western Ross Sea is the most active source of mesoscale cyclones in the region
(Carrasco et al., 2003). As these storms interact with the Transantarctic Mountains that separate
the Ross Sea from the Antarctic interior, they can generate gale-force winds at McMurdo. More
storms were found by analysis of weather stations than satellite imagery as there is not always
enough moisture for the characteristic clouds to be observed. Weaker events tend to approach
McMurdo from the northeast, while stronger events overtop the mountains and approach from
the south. Extreme wind events are discussed in the hazardous weather section below.

Table 5-13 summarizes monthly average wind speeds at McMurdo Station. There are dozens of
weather stations nearby, and complex local topography produces local changes to the wind
regime. Unfortunately, wind gust data or summaries were not easily retrieved at this location,
though this information may be available by making direct contact with researchers. The
relatively low average wind speeds may be somewhat misleading; the NOAA data may be over-
averaged.

Table 5-13. Wind Statistics, McMurdo Station

Monthly Mean 87 [ 1.7 [ 132 | 122 | 122 |126 | 113 | 111 | 109 | 107 |95 8.9
Wind Speed [kts]
(NOAA, 2022)

5.4.3. Weather Patterns

Changes in the Antarctic Oscillation, also termed the Southern Annular Mode, can see the band
of strong westerly winds move to the north or south. A positive phase of the SAM can bring
stormier weather and oceanic heat to the Ross Sea, reducing sea ice extent (Simmonds & King,
2004; NIWA, 2021).

5.4.4. Hazardous Weather
Cold weather and wind chill are significant hazards to personnel and equipment at McMurdo.

Extremely low humidity offers a static electricity hazard to electronics, as well as the ability to dry
out materials at a rapid rate (wood, rubber, etc.).

Strong winds are a hazard at McMurdo. Weber et al. (2016) characterized extreme wind events
in the McMurdo area with a 15 m/s (29 knot) threshold and found up to eight such events per
year. The storm of record in May 2004 saw 94-knot winds at a nearby station (the McMurdo
anemometer was destroyed during this event).

Blowing snow compounds the wind hazard at more moderate wind speeds; when winds are
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greater than 48 knots station policies prohibit travel other than inside enclosed vehicles with
ratios; when winds are over 55 knots outdoor activity is not permitted. Blowing snow, besides
reducing visibility, can buildup on structures.
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6.0 OCEANOGRAPHY REPORT

This section summarizes the oceanography, including wave and current climate, water levels, and
ocean temperature parameters along the proposed cable route and landing sites. The types of
hazards from ice and icebergs around McMurdo Station are also discussed.

Each section states whether data was downloaded and analyzed or whether data summaries
published by others were relied upon. Data that was not readily available was summarized from
academic literature or government websites and reports.

6.1.Regional

6.1.1. Currents

Across the Pacific Ocean there are several layers of currents that flow in different directions at
different water depths. Currents along the surface are primarily wind dominated while
subsurface currents are dictated by the water temperature and salt content, which is called
thermohaline circulation. Thermohaline circulation, in combination with surface currents, creates
the global current cycles known as the great ocean conveyor belt shown in Figure 6-1 (Williams
and Ferrigno, 2012). The project area will generally see cold deep water moving east-northeast
and warm shallower currents moving east. The Southland Current (SC) and the Westland Current
(WQ) are related to the Subtropical Front (STF), which separates the global water masses of
Subantarctic Water (SAW) and Subtropical Water (STW). The East Australian Current (EAC) and its
extension (EACx) transport warm subtropical water to the Tasman Sea.

itlantic
Ocean

Pacific Ocean

'y
Indian Ocean e\ﬁ\"“
o
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COLD AND SALTY DEEP CURRENT

Great Ocean Conveyor Belt

(Williams and Ferrigno, 2012)

Figure 6-1. Global Ocean Circulation — the Great Ocean Conveyor Belt.
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The Southland Current (SC) is a subtropical front (STF) that separates the subtropical water
masses from the uniformly cold Subantarctic water mass in the project area south of New
Zealand. This interface is normally around 45 °S, but it is diverted farther south by the NZ
landmass. The SC and the Westland Current (WC) are related to the Subtropical Front (STF), which
separates the global water masses of Subantarctic Water (SAW) and Subtropical Water (STW). The
East Australian Current (EAC) and its extension (EACx) transport warm subtropical water to the
Tasman Sea. The Antarctic Circumpolar Current (ACC) and its bounding fronts dominate the
proposed cable path (Figure 6-2).

The ACC is forced by the persistent westerly (eastward) winds, which in turn are driven by global
atmospheric circulation cells. Within the ACC there are multiple fronts, which are the boundaries
between water masses along which currents can concentrate. The Subantarctic Front (SAF) flows
across Macquarie Ridge and can scour sediment in topographic gaps where flow is concentrated,
or as eddies impinge upon sloping seafloor (Chiswell et al., 2015). The Ross Sea Gyre is a
clockwise-rotating current pattern that spins off of the ACC; mean currents near the cable route
on the west side of the Ross Sea are therefore northward on average (Dotto et al., 2018). The East
Australian Current is a western boundary current that brings warm water from the tropics south
along Australia’s east coast.

Figure 6-2. [Redacted]. Major Ocean Currents Around New Zealand.

Atime series of predicted ocean currents were extracted at seven locations along the cable route
from the global ocean model hybrid isopycnal-sigma-pressure (generalized) coordinate ocean
model (called Hybrid Coordinate Ocean Model or HYCOM). The HYCOM model is maintained by
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