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1.

Introduction

As part of the wider Australia Pacific LNG (APLNG) Project, owned by Origin Energy Limited (Origin; 37.5%
interest), ConocoPhillips Australia Pacific LNG Pty Ltd (ConocoPhillips; 37.5% interest) and Sinopec Australia
Pacific LNG Pty Limited (Sinopec; 25% interest), ConocoPhillips Australia Operations Pty Ltd (COPA) operates
a natural gas to LNG production and marine export facility on Curtis Island near Laird Point, Queensland. The
APLNG Project has a life of at least 30 years, and is made up of three primary elements:
•
•
•

Gas fields in the Bowen and Surat Basins of south-west and central Queensland
A 530km high pressure gas transmission pipeline from the gas fields to Curtis Island, near Gladstone in
central Queensland and
The LNG Facility (APLNG Facility), which is currently comprised of two liquefaction trains each producing
(at design capacity) approximately 4.5 million metric tonnes per annum (Mtpa) of LNG. The APLNG Facility
includes gas processing plant, utilities such as power generation and distribution and marine and ancillary
facilities required to support APLNG Facility operations.

Origin Energy Upstream Operator Pty Ltd is responsible for the ‘upstream’ component of the APLNG Project
which includes gathering, gas and water facilities, electrification and water treatment. COPA is responsible for
the ‘downstream’ component of the APLNG Project, which includes the operation and decommissioning of
the APLNG Facility on Curtis Island. Figure 1.1 presents the regional setting and location of the APLNG Facility.
The APLNG Facility is located on Lot 3 on Survey Plan 228454, Lot 5 on Survey Plan 283963 and Lot 6 Survey
Plan 283963 (APLNG Facility Land) within the Curtis Island Industry Precinct of the Gladstone State
Development Area (GSDA), approximately 13km north-west of Gladstone (refer to Figure 1.1).
The APLNG Facility is authorised by a Petroleum Facility License (PFL 20) and Environmental Authority No.
EPPG00715613 (EA), as well as Approval No. 2009/4977 under the Environment Protection and Biodiversity
Conservation Act 1999 (Commonwealth) (EPBC Act Approval).
Substantial completion of Train 1 was achieved on 30 June 2015 with LNG production commencing in
December 2015. Start-up of Train 2 occurred in 2016 with LNG production commencing in October 2016.
Substantial completion of Train 2 was achieved on 9 July 2017.

1.1.

Background

This document describes the Receiving Environment Monitoring Program (REMP) as developed and
implemented for the APLNG Facility. A baseline receiving environment marine water quality monitoring
program was developed in response to the Coordinator-General’s (CG) report on the Environmental Impact
Statement (EIS) for the APLNG Facility, which was reflected in the Environmental Authority (EA) conditions.
These conditions were based on the Facility’s potential impacts on marine water quality, predominantly from
treated desalination and sewage treatment plant (STP) effluent discharges. Since this time, the desalination
and STPs have been removed from the scope, with potable water now supplied by the Gladstone Area Water
Board (GAWB) and effluent streams now conveyed via pipeline to the Gladstone Regional Council treatment
facility on the mainland.
The EA specifies that a REMP be developed and implemented to monitor and record the effects of
contaminants on the receiving environment whilst contaminants are being discharged from the LNG facility.
Marine water quality sampling for the baseline REMP commenced in December 2010 and included an intensive
duplication process to verify program accuracy. Key community (mangrove) monitoring commenced in 2012.
Comprehensive water quality and mangrove programs continued through 2014 to support the completion of
the LNG tanks hydrostatic test water releases.
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Following the March 2015 annual review, the REMP was revised to ensure long-term monitoring reflected the
expected remaining site discharges. The main changes made in the 2015 revision included revised water
quality and mangrove sampling frequencies and parameters.
This revision of the REMP (2019) incorporates the outcomes from a comprehensive review of the monitoring
program and data collected between February 2015 (Field Trip 100) and February 2019 (Field Trip 120). This
revision of the REMP has been certified by suitably qualified specialists as detailed in Appendix 1.

1.2.

Objectives

The objectives of the REMP are to monitor and record the effects of contaminants on the receiving
environment whilst contaminants are being discharged from the APLNG Facility, with the aims of identifying
and describing the extent of any adverse impacts to local environmental values and monitoring any changes
in the receiving environment. This has been achieved by:
•
•
•

Describing the baseline conditions of the receiving waters and key communities in the vicinity of the
APLNG Facility through the development, implementation and completion of a comprehensive baseline
monitoring program which was completed in 2014;
Monitoring LNG tank hydrostatic test water releases to ensure adequate mixing and dilution, to determine
the extent of the mixing zone to validate modelling estimates, and to confirm compliance with water
quality objectives while hydrostatic test waters are being released which was also completed in 2014; and
Continuing to monitor for potential adverse impacts caused by the release of contaminants during the
completion of construction, and during commissioning, start-up and operations.

This revision of the REMP provides an overview of the condition of the receiving waters of the Western Basin
within Port Curtis and of key mangrove communities, and describes the ongoing monitoring program which
has been designed to focus on identifying and describing long-term changes associated with stable operations
at the APLNG Facility.
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2.

Description of Receiving Environment and Environmental Values

2.1.

Overview

The APLNG Facility is located south of Graham Creek and Laird Point on the south-western side of Curtis Island,
within the Gladstone Port Limits. Laird Point is located on the northern boundary of Port Curtis and marks the
start of The Narrows, a 20,903ha tidal passage separating Curtis Island from the mainland. The Narrows is part
of the Great Barrier Reef Coast Marine Park and is zoned as a habitat protection zone. All Port waters below
the mean low water (MLW) mark lie within the Great Barrier Reef World Heritage Area (GBRWHA), as does
Curtis Island. Therefore, the APLNG Facility and its associated marine infrastructure are located within the
GBRWHA.
Port Curtis is a natural deep-water embayment with water depths to 13 m. The Port is largely protected from
the open ocean by Curtis and Facing Islands. Port Curtis has areas which are largely unaffected by human
activity as well as areas that have been highly modified by port developments and various industries. The
primary land use within the Port Curtis catchment comprises grazing (~72%), with minor land uses including
national parks and conservation parks (9%), forestry (8%) and urban and industrial development (3%) (DSITIA,
2014).
The Gladstone Regional Council area, adjacent to Port Curtis, has a population base of approximately 63,000
(at 2018) people. Over the past 20 years this region has developed into Queensland’s largest multi-commodity
port, housing the world's fourth largest coal export terminal. The major exports are coal, alumina, aluminium,
cement products, Liquefied Natural Gas (LNG) and liquid ammonia. Many industries operate in the Port Curtis
region including Queensland Alumina Limited, Boyne Smelters Limited, Orica Australia, Cement Australia
Proprietary Limited, Yarwun Alumina Refinery, Wiggins Island Coal Export Terminal, GLNG, QCLNG, and APLNG
Facilities on Curtis Island.
The Port Curtis region, including The Narrows, contains extensive wetland habitats including saltmarsh,
saltpan, mangroves and extensive seagrass meadows. Habitat types within the coastal and marine footprint
of the Facility’s infrastructure include intertidal mud flats, seagrass meadows and sandy/silty seabed. These
aquatic habitats support a number of species of conservation significance including dugong and marine turtles,
with the endemic flatback turtle nesting on the eastern beaches of Curtis Island, as well as fisheries production.
The Port Curtis region, including the location of the APLNG Facility marine infrastructure, is situated within the
Rodds Bay Dugong Protection Area.

2.2.

Marine Water Quality

Port Curtis is a well-mixed estuary due to its large tidal range (4 – 5m) (Storey et al. 2007). Existing water
quality conditions in the region have been examined by a number of industrial and port users, through the
Port Curtis Integrated Monitoring Program (PCIMP), periodically by the former Department of Science,
Information Technology and Innovation (DSITI), the former Department of Environment and Heritage
Protection (EHP), and more recently the Gladstone Healthy Harbour Partnership (GHHP). Most of the previous
studies on water quality in the region have focused on particular activities and as such provide limited
information specific to the Western Basin area of Port Curtis, which is the receiving waters for releases from
the APLNG Facility.
Discussion of water quality provided below is derived from REMP data analysed for the immediate receiving
waters from the APLNG Facility and for The Narrows (where the reference sites are located), refer to Figure
4.1.
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2.2.1.

Physicochemical Characteristics

The assessment of physicochemical parameters for the REMP includes turbidity (measured as Nephelometric
Turbidity Units (NTU)), dissolved oxygen (DO-%sat and mg/L), pH, electrical conductivity (EC-µS/cm),
temperature (°C), and salinity (measured as Practical Salinity Units (PSU)). Vertical profiling is conducted
throughout the water column at 0.5m intervals at all sites in order to assess any stratification of the water
column.
Physicochemical data collected from REMP inception in December 2010 through to December 2014 indicated
that the waters adjacent to the APLNG Facility and into The Narrows were of similar quality and were heavily
influenced by temporal factors including seasonality, prevailing weather, depth of sampling (through water
column) and tidal conditions, i.e. spring and neap tides.
When compared to the long-term Curtis Island, Calliope River and Boyne River Basins Environmental Values
and Water Quality Objectives (Curtis Coast Water Quality Objectives - CCWQOs) (EHP 2014), the data collected
between February 2015 and February 2019 showed:
•
•
•

pH was consistently within the acceptable range at both Western Basin and The Narrows.
Dissolved Oxygen was at or just below the CCWQO for the Western Basin and was typically above the
CCWQO for The Narrows.
Turbidity was at or just above the dry season CCWQOs, i.e. in the absence of discharges from the APLNG
Facility, and was typically below the wet season CCWQOs for both the Western Basin and The Narrows.

Analysis of the 2015-2019 physicochemical dataset has again shown that temporal factors (field trip and
sampling date), tidal conditions (spring and neap tides) and season (wet versus dry) continue to explain most
of the variability observed in the dataset (approximately 53%), with Site (Western Basin versus The Narrows)
explaining virtually none.

2.2.2.

Chemistry

Historical data on dissolved metal concentrations within Port Curtis suggests there are a range of signature
metals from a number of the industries and mineral deposits in this region including Silver (Ag), Arsenic (As),
Cobalt (Co), Chromium (Cr), Copper (Cu), Nickel (Ni), Lead (Pb), and Zinc (Zn) (Holmes 1984; Apte et al 2005).
Metals and metalloids (i.e. aluminium, arsenic, iron and nickel) can come from natural sources such as bedrock
and soil erosion; however, they can also come from industrial and other anthropogenic sources.
Although no significant point sources of metals exist on APLNG Facility Land, minor leaching may occur from
surfaces along with entrainment of exhaust fumes from diesel vehicles, and minor quantities may be present
in stored liquid fuels for example diesel for back-up generators.
Trends observed in the chemical analyte dataset collected between February 2015and February 2019 include:
•

•

For metals and metalloids:
- No seasonal or spatial patterns were observed for any metals or metalloids (dissolved and total), with
median values showing achievement of the CCWQOs for all metals under baseflow and flow
conditions, with the exception of aluminium.
- Aluminium concentrations were recorded above the long-term WQOs during flow events in the
Western Basin (one value) and The Narrows (three values). Elevated concentrations of aluminium, and
other metals have been previously reported in the Port Curtis Region (REMP 2015; Apte et al 2005;
Jones et al 2005).
For nutrients:
- Ammonia was generally higher during the dry season in comparison to the wet season.
- There were no strong seasonal or spatial patterns in total nitrogen.
- Total phosphorus was generally higher in the Western Basin, than in The Narrows.
- Reactive phosphorus was generally higher during flow events.

Document Number

Revision Date:

Revision Number:

ABUE-450-EN-N05-C-00012

20-Jan-2021

001

Official copy located in EDMS. Unstamped, printed copies are UNCONTROLLED documents and MAY NOT BE CURRENT

7 of 38

Receiving Environment Monitoring Program
During baseflow conditions, i.e. in the absence of flows from the APLNG Facility, the 80th percentile
ammonia and total nitrogen WQOs were not achieved at some sites in both the Western Basin (all
sites for ammonia and one site for total nitrogen) and The Narrows (all sites for ammonia and two
sites for total nitrogen).
Total Suspended Solids (TSS) concentrations were typically higher during the dry season; however, median
values remained well below the Queensland Water Quality Guidelines 2009 (QWQGs) (DEHP 2013) for
enclosed coastal and mid-estuarine environments. TSS concentrations were moderately elevated during
flow events with some individual values recorded above the long-term CCWQOs in both the Western Basin
(one value above mid-estuarine) and The Narrows (three values above mid-estuarine).
-

•

Analysis of the chemistry dataset from February 2015 through to February 2019 has shown that temporal
factors (field trip), flow (average daily streamflow >100m3/s), season (wet versus dry), tidal conditions
(ebb/flood and spring/neap) and recent rainfall explain approximately 31% of the variability observed in the
dataset, with Site (Western Basin versus The Narrows) explaining only 0.08% of the observed variability.

2.3.

Key Communities

The health of the receiving environment is also assessed through the monitoring of key communities.
Mangrove communities have been chosen as the indicator of receiving environment health over seagrass
communities, given that seagrass in the immediate vicinity of the APLNG Facility is sparse and highly variable,
and large-scale dredging has occurred in the area as part of the Western Basin Dredging Project.
The APLNG Facility surrounds a large stand of mangroves that extends between 120m and 200m from a small
tidal creek that drains into Port Curtis. This stand of mangroves contains red mangrove (Rhizophora stylosa),
yellow mangrove (Ceriops tagal var. australis), grey mangrove (Avicennia marina) and milky mangrove
(Excoecaria agallocha). The APLNG Facility was designed to retain this area of mangroves. Two other isolated
areas of mangroves were also retained between the roll-on/roll-off landing (RO-RO) and the ferry causeway;
and between the ferry causeway and Material Offloading Facility (MOF). However, these areas are less than
0.5 hectares in size each.
The REMP was implemented to detect long-term changes to mangrove health that may be associated with the
initial clearing and reclamation works as well as ongoing operations and long-term hydrological changes such
as sediment deposition or altered tidal and freshwater influences.
Mangrove monitoring undertaken adjacent to the facility and at reference sites in Graham Creek from 2012
to February 2019 has demonstrated the following:
•
•
•
•
•
•
•

Monitoring between 2012 and 2015 showed an increase in seedling volume over time at some LNG sites
but not at Reference sites, indicating possible recovery post construction (Worley Parsons 2015). Data
collected since 2015 shows growth rates remaining relatively uniform at both LNG and Reference sites.
Between 2015 and 2019 the number of crab burrows has been higher at the Reference sites for the
majority of field trips. However, the differences are not statistically significant.
Elevated pore water pH was recorded at LNG sites, but did not correlate to stormwater discharge events
from the APLNG Facility and was considered to be within the range of natural variability.
Pore water temperature and salinity was also predominantly higher at LNG sites, when compared to
Reference sites during most field trips, but the differences were not statistically significant.
Dry weight leaf litter was statistically significantly higher at LNG sites compared to Reference sites for all
field trips between 2015 and 2019, indicating a higher level of productivity at the LNG sites.
As documented in the previous revision of the REMP ‘mature trees’ data has been too variable (and has
not correlated with the known biological function of tree growth), to be of use for detecting impacts.
Differences in canopy cover were not statistically significant between LNG and Reference sites.
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3.

REMP Framework

The REMP is a requirement of both Commonwealth and Queensland approvals issued under key legislation as
detailed below.

3.1.

Environment Protection and Biodiversity Conservation Act 1999

The APLNG Facility on Curtis Island has been approved under the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act), by Approval EPBC 2009/4977. The EBPC Act provides a legal framework to
protect and manage nationally and internationally important flora, fauna, ecological communities and
heritage places – defined as matters of national environmental significance (MNES).
EPBC Act Approval condition 25(c) (and condition 28) requires that the Operational Environmental
Management Plan for the APLNG Facility include an environmental monitoring and sampling program for
operations where there is potential to adversely impact on MNES. Monitoring that is undertaken to comply
with the approved REMP addresses these requirements.

3.2.

Environmental Protection Act 1994

The objective of the Environmental Protection Act 1994 (EP Act) is to protect Queensland’s environment while
allowing for ecologically sustainable development. The EP Act enables an environmental authority to be issued
for environmentally relevant activities, and establishes environmental protection policies to cover specific
aspects of the environment including water and wetland biodiversity.

3.2.1.

Environmental Authority

Environmental Authority (EA) EPPG00715613 issued for the APLNG Facility under the EP Act, requires the
development and implementation of a REMP to monitor and record the effects of contaminants on the
receiving environment whilst contaminants are being discharged from the site, with the aims of identifying
and describing the extent of any adverse impacts to local environmental values and monitoring any changes
in the receiving waters.
Condition B28 of the EA specifies what must be addressed within the REMP. Table 3.1 below provides details
of these requirements, where they are met and their current status as at November 2019.
Table 3.1: REMP requirements
EA Condition
B28(a)

B28(b)

EA Requirement
Description of potentially affected receiving waters including key
communities and background water quality characteristics based
on accurate and reliable monitoring data that takes into
consideration any temporal variation (e.g. seasonality)
Description of applicable environmental values and water quality
objectives to be achieved (i.e. as scheduled pursuant to the
Environmental Protection (Water) Policy 2009)

How this is addressed
Section 2 Description of
receiving environment and
environmental values
Section 3 REMP Framework

B28(c)

Any relevant reports prepared by other governmental or
professional research organisations that relate to the receiving
environment within which the REMP is proposed

Section 2 Description of
receiving environment and
environmental values
Section 2.1 Overview

B28(d)

Water quality targets within the receiving environment to be
achieved, and clarification of contaminant concentrations or
levels indicating adverse environmental impacts during the REMP

Section 3.4 derived
investigation levels

B28(e)

Monitoring for any potential adverse environmental impacts
caused by the release of contaminants

Section 4.1 Marine water
quality
Implementation of this REMP
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EA Condition
B28(f)
B28(g)

B28(h)

B28(i)

B28(j)

EA Requirement
Monitoring of hydrostatic test water releases to ensure adequate
mixing and dilution
Sampling to determine the extent of the mixing zone at various
tidal phases (including vertical profile) to validate modelling
estimates for hydrostatic test water releases.
Monitoring of toxicants likely to be present in the hydrostatic
test water releases to assess the extent of the compliance of
concentrations with water quality objectives and the extent of
the toxicity zone.
Monitoring of selected physical chemical parameters (including
turbidity, pH, dissolved oxygen saturation, conductivity,
temperature) that would assist in quantifying the mixing and
dilution of the contaminant releases
The locations of monitoring points including monitoring transects
away from the outfall of the designated release points as well as
control locations

B28(k)

The proposed sampling depths

B28(l)

The frequency or scheduling of sampling and analysis

B28(m)

Any historical datasets to be relied upon

B28(n)

Description of the statistical basis on which conclusions are
drawn

B28(o)

Any spatial and temporal controls to exclude potential
confounding factors

How this is addressed
Completed
Completed

Completed
Sections 4.1.4 Physicochemical
parameters and chemical
analytes
Implementation of this REMP
Section 4.1.1 Sampling locations
Section 4.2 Key community
health monitoring
Section 4.1.5 Routine water
quality sampling
Section 4.1.2 Sampling
times and intensity
Section 2 Description of
receiving environment and
environmental values
Section 2.1 Overview
Sections 4.2.8 Statistical
analysis and
5 Reporting and review
Implementation of this REMP
Section 4.1.1 Sampling locations
Section 4.1.2 Sampling times
and intensity

In addition, Condition A17(h) of the EA requires the development of a non-routine receiving environment
monitoring program, to be specifically implemented in the event of an emergency or incident to
examine/assess environmental impacts. An emergency event or incident is defined as:
An emergency or environmental incident that releases contaminants to the marine environment not in
accordance with the conditions of the EA, and that has caused or may cause environmental harm.
Additional details on non-routine monitoring are provided in Section 4.1.6.
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3.2.2.

Environmental Protection (Water and Wetland Biodiversity) Policy 2019

The Environmental Protection (Water and Wetland Biodiversity) Policy 2019 (EPP), subordinate legislation to
the EP Act, is the principal legislative basis for water quality management in Queensland. The EPP embodies
the principles of the National Water Quality Management Strategy and provides the framework for
establishing local environmental values, management goals and water quality objectives for Queensland
waters which present a truer picture of the values and water quality of local waterways.
The Queensland Water Quality Guidelines (QWQG) (DEHP 2013), provide the starting point for establishing
the objectives and act as default values, along with the Australian and New Zealand Guidelines for Fresh and
Marine Water Quality (ANZECC Guidelines), in the absence of local objectives.
In November 2014 the Department of Environment and Heritage Protection (EHP, now DES) released the Curtis
Island, Calliope River and Boyne River Basins Environmental Values (EVs) and Water Quality Objectives (WQOs)
– hereafter referred to as the Curtis Coast Water Quality Objectives (CCWQO), which have now been included
in schedule 1 of the EPP. These locally relevant water quality objectives (or targets) represent long-term goals
for receiving waters and are not individual point source emission objectives.
The environmental values identified in the CCWQO that are relevant to the receiving waters for releases from
the APLNG Facility – the Western Basin, are:
•
•
•
•
•
•

Aquatic ecosystems
Human consumer
Secondary recreation
Visual recreation
Industrial use
Cultural and spiritual values.

The CCWQOs state that where more than one value applies to a given body of water, the most stringent water
quality objective for each indicator applies. They define the receiving waters of the Western Basin as
“moderately” disturbed, due to historical use, including nearby industrial port activities and the influence of
flows from the Fitzroy River through The Narrows.
Water quality objectives and guidelines relevant for the purposes of comparison, shown in order of
application, include:
•
•
•

CCWQO 2014. The Curtis Coast (Curtis Island, Calliope River and Boyne River Basin) Environmental Values
and Water Quality Objectives (CCWQOs), (EHP, 2014)
QWQG 2013. Table 3.2.1a of Queensland Water Quality Guidelines (QWQG) for slightly to moderately
disturbed waters using the enclosed coastal and mid-estuarine water type (DEHP 2013).
ANZECC/ARMCANZ 2018. Australian and New Zealand Guidelines for Fresh and Marine Water Quality.
Australian and New Zealand Governments and Australian state and territory governments, Canberra, ACT,
Australia. https://www.waterquality.gov.au/anz-guidelines.

3.3.

Other Legislation and Approvals

Marine plants in Queensland are protected under the Fisheries Act 1994, which includes the protection of all
marine plants, including mangroves, seagrass, salt couch, salt marshes etc. The destruction, damage or
disturbance of marine plants without prior approval from Fisheries Queensland is prohibited.
Marine parks are established over tidal lands and waters to protect and conserve the values of the natural
marine environment while allowing for its sustainable use. A Marine Park Permit is required for research
conducted within the Great Barrier Reef Coast Marine Park located to the north of the APLNG Facility. Marine
Park Permit QC18/026 is held to support ongoing water quality and mangrove monitoring in the habitat
protection zone of the Coast Marine Park (Appendix 2).
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3.4.

Derived Investigation Levels

Internal Investigation Levels (IILs) have been established for physicochemical parameters that specifically
relate to releases from the APLNG Facility. The IILs are used to trigger further investigation to identify potential
causes of deviations from expected water quality conditions. These values are not long-term guidelines but
are used as a trigger to initiate further investigation while in the field at the time of sampling.
The IILs have been set following a comprehensive review of all vertical profile baseline data collected between
December 2010 and December 2013 for the reference sites only (i.e. not sites adjacent to the APLNG Facility
or dredging operations). Further discussion on the way the IILs are used is provided in Section 5.1. Table 3.2
provides the compiled 95th percentile and 5th percentile IILs for turbidity and DO, respectively, for the full
vertical profile of References sites for Field Trips 3 – 75. For pH, IILs of 7-8.4 are specified, which are consistent
with the QWQG values although lower than the CCWQOs which are 7.2 and 7.4 for low and high salinity
conditions respectively.
Table 3.2: Investigation levels based on full vertical profile of reference sites for Field Trips 3-75
Parameter

Investigation level (5th to 95th
percentile of all reference sites FT3FT75)

Limit type

Turbidity (NTU)

Upper 95th %ile

39.8

Dissolved Oxygen (DO)

Lower 5th %ile

71.3

Upper

7.0

Lower

8.4

pH

Chemical analytes are compared to the baseline dataset, CCWQOs and ANZECC guidelines as detailed in Table
5 and Section 5.1.
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4.

Monitoring Program

The REMP consists of the following components:
•
•
•

Ongoing routine marine water quality monitoring;
Non-routine emergency or environmental incident marine water quality monitoring; and
Key community (mangrove) health monitoring.

Each of these components is discussed in the following sections.

4.1.

Marine Water Quality

Data gathered and analysed for the four-year period from February 2015 to February 2019, along with a review
of risks associated with ongoing operation of the APLNG Facility, has been used to inform this revision of the
water quality monitoring program component of the REMP.

4.1.1.

Sampling Locations

Eight sampling sites were established in 2010; four sites adjacent to the APLNG Facility (‘LNG’ or ‘Western
Basin’ sites) and four 'Reference' sites. The LNG sites consist of two inshore sites (D1 and D2) and two offshore
sites (C1 and C2), which are located approximately 400m from the inshore sites. The four reference sites
comprise two inshore (REF1 and REF3) and two offshore sites (REF2 and REF4) located in the Great Barrier
Reef Coast Marine Park north of Graham Creek. Sampling at these sites is subject to the requirements of the
State Marine Park Permit (see Appendix 2).
Routine monitoring will continue at all sites with the exception of REF3 and REF4 as data has consistently
demonstrated little to no spatial difference between LNG sites and Reference sites with water quality in the
Western Basin and The Narrows being very similar (Hillgrove Industries 2019). Further to this, Port Curtis
Integrated Monitoring Program (PCIMP) site NW50, located in the immediate vicinity of REF3 and REF4, is
sampled every 6-months and this data is available to compliment the APLNG REMP.
However, monitoring at sites REF3 and REF4 would recommence as part of a non-routine receiving
environment monitoring program implemented in the event of an emergency or environmental incident to
examine/assess potential impacts.
Figure 4.1 and Table 4.1 provide details on the locations of all sites monitored to date.
Table 4.1: REMP water quality sampling locations
Site

Description

*Northing

*Easting

D1

LNG inshore

0315080

7370764

D2

LNG inshore

0314277

7371836

C1

LNG offshore

0314742

7370572

C2

LNG offshore

0313949

7371673

REF 1

Reference onshore

0310175

7379076

REF 2

Reference offshore

0310001

7378851

**

Reference onshore

0311336

7377007

REF 4**

Reference offshore

0310999

7376793

REF 3

*MGA94; Zone 56
** for non-routine monitoring program only
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Figure 4.1: REMP marine water quality sampling locations
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4.1.2.

Sampling Times and Intensity

From November 2011, all field sampling was conducted on a two week on / two week off basis, alternating
between two modes of execution:
1. Monitoring physicochemical parameters and collecting samples for chemical analysis at all eight sites
(both inshore and offshore), and
2. Monitoring physicochemical parameters at all eight sites and collecting samples for chemical analysis at
the four inshore sites only.
This continued until the completion of the LNG Tank hydrostatic test monitoring program and was then
revised, along with a number of other changes in 2015, to reflect the nature of ongoing discharges. These
changes included a reduction in sampling frequency from fortnightly to quarterly, on both spring and neap
tides at all eight sites; and the inclusion of non-routine monitoring to be initiated in response to an emergency
event or environmental incident.
This revision of the REMP (2019) includes the following amendments as recommended by Hillgrove (Hillgrove
Industries 2019), to the marine water quality program:
•

•

Routine monitoring conducted 6-monthly (February and August), on both spring and neap tides at six sites
(both inshore and offshore), with a reduction in the number of Reference sites from 4 to 2 for the routine
monitoring program. This includes monitoring physicochemical parameters and collecting samples for
chemical analysis; and
Non-routine event monitoring at all eight sites (both inshore and offshore) to be initiated in response to
an emergency event or environmental incident, where safe to do so.

4.1.3.

Visual Observations

At all sites during each sampling event, visual observations recorded include weather (wind direction and
speed, cloud cover and sea state) and tidal state, and photographic evidence is collected where relevant.
Observations of potential contaminants are to be investigated and if the APLNG Facility is determined as the
source non-routine sampling may be triggered.

4.1.4.

Physicochemical Parameters and Chemical Analytes

The physicochemical parameters and limits of reporting (LOR) measured in this program are listed in Table
4.2.
Table 4.2: Physicochemical parameters and limits of reporting (LOR)
Parameter
Temperature

Units

LOR
0.01

°C

pH

0.01

Salinity

PSU

0.01

Turbidity

NTU

0.1

Electrical conductivity

µS/cm

0.01

Dissolved oxygen

%sat and mg/L

0.1

A review of the risks to receiving waters from activities associated with ongoing operations was conducted
looking at potential contaminants of concern and changes were proposed to the suite of chemical analytes to
be tested during routine monitoring based on this review and data collected since 2015. Ongoing analyses will
be conducted for suspended and dissolved solids, relevant dissolved metals and metalloids, total petroleum
hydrocarbons (TPH) and BTEX screen and ultratrace nutrients as shown in Table 4.3 below.
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Table 4.3: Chemical analytes, units, limits of reporting (LOR) and guideline values
Analyte

Units

Total Dissolved Solids @180oC

CCWQOs
(Table 2C)

LOR

mg/L

1

mg/L

1

Aluminium

µg/L

5

24

ID

Iron

µg/L

5

-

ID

Arsenic

µg/L

0.5

ID

ID

Cobalt

µg/L

0.2

Copper

µg/L

1

1.3

1.3

Lead

µg/L

0.2

4.4

4.4

Manganese

µg/L

0.5

-

ID

Nickel

µg/L

0.5

7

7 (99%)

Zinc

µg/L

5

15

15

Total Suspended Solids (SS)
- CCWQOs as 20th, 50th and 80th percentiles.

-

ANZECC (95% unless
specified)
-

Dry 4-8-17
Wet 7-13-29

-

Dissolved Metals in Saline Water

1

BTEX
BTEX Screen

µg/L

-

Ultra-Trace Nutrients - CCWQOs as 20th, 50th and 80th percentiles.
Ammonia as N

µg/L

0.1

3-3-8

-

Oxidised Nitrogen

µg/L

0.1

1-4-16

-

Total Nitrogen

µg/L

10

145-170-210

-

Filtered Recoverable Phosphorus

µg/L

0.1

1-3-7

-

Total Phosphorus

µg/L

1

14-18-29

-

Total Recoverable Hydrocarbons (TRH)
TPH/TRH (Screen)

4.1.5.

µg/L

Routine Water Quality Sampling

In situ water quality monitoring of physicochemical parameters is undertaken using a multi-parameter waterquality meter with logging capability. At each site, replicate measurements are taken at 0.5 m intervals to 0.5m
above the bottom. Data is stored on the logger using the logging capabilities and downloaded daily to a laptop
computer for data security.
Water samples for laboratory analyses are collected approximately 0.5m below the surface at each site. A total
of 12 samples are collected bi-annually (i.e. 6 locations x 2 tidal cycles (spring and neap)). Sample bottles/jars
are supplied by the analytical laboratory. Samples for dissolved metals and dissolved nutrients are field filtered
through a 0.45μm filter. All other samples for chemical analysis are transferred directly to the supplied sample
bottles.
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Samples are placed into eskies with ice and stored in accordance with the laboratory specifications. Samples
are submitted under chain of custody documentation to the laboratory and Sample Receipt Notification (SRN)
is provided by the laboratory to confirm samples are received within holding times.

4.1.6.

Non-Routine Water Quality Sampling

Sampling will be conducted in response to emergency events or environmental incidents to examine/assess
potential environmental impacts where contaminants have been released to marine waters not in accordance
with the conditions of the EA, where environmental harm has been or may be caused. Scenarios where
monitoring may be initiated include the release of sediments or chemicals to marine waters where there is a
potential to cause significant environmental harm. Releases of any volume of contaminants to water are
required to be reported to the State in accordance with the EA, including details of any sampling conducted
or proposed. Where there is a potential impact to matters of national environmental significance (MNES),
further reporting is also required in accordance with the EPBC Act Approval.
Sample bottles/jars will be maintained by the monitoring consultant to facilitate rapid sample collection.
Parameters for analysis will include those specified for routine analysis. Other parameters and additional
sampling locations may be included at the direction of environmental personnel in response to the specific
nature of the incident under investigation, and any potential health and safety constraints.
Where possible, sampling will be conducted over a range of tidal conditions (e.g. ebb and flood), to assess any
temporal variation in the dispersion and dilution of contaminants.

4.1.7.

Quality Assurance / Quality Control (QA/QC)

Instrument calibration, field duplicates, trip blanks and equipment (rinsate) blanks are routinely undertaken
as part of good Quality Assurance / Quality Control (QA/QC) to evaluate field precision, check for
contamination and to assess sample handling and field procedures.
Instrument calibrations are undertaken prior to the water quality probe going to site. In addition, the water
quality probe is sent to the manufacturer for a full calibration every three months or if results vary greater
than 10% between field trip based upon natural variation.
All chemical analyses are conducted by a NATA certified laboratory, unless otherwise accepted in writing by
the State administering authority.
Duplicate analyses are conducted on each field trip on a select number of samples. Duplicates are used for the
purpose of documenting the precision of the sampling program but are also used to assess variability of the
water body itself. Duplicates will be collected for a minimum of 10% of the samples collected for analysis.
Trip blanks are samples of deionized water (usually analyte free) taken from the laboratory, transported out
into the field and returned to the laboratory unopened. They are conducted on each day of the field trip. A
trip blank is used to document contamination attributable to shipping and field handling procedures. Trip
blanks are useful in assessing contamination of volatile organics samples.
Equipment or rinsate blanks are collected for dissolved metals, total phosphorus, total nitrogen and total
recoverable mercury on the last day of field sampling. Rinsate blanks are used to examine any potential
contaminants that may be introduced from the equipment.
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4.2.

Key Community Health Monitoring

The health of the receiving environment is assessed through the monitoring of mangrove communities. During
construction three sites adjacent to the APLNG Facility and two reference sites in Graham Creek were
monitored on a quarterly basis to support the identification of any short-term trends associated with clearing,
reclamation and discharges from the site including hydrostatic test waters. The locations of the monitoring
sites are shown in Figure 4.2, and the latitude and longitude for each is shown in Table 4.4.
Reference sites were selected to be a representative of the size and composition of the mangrove communities
present within APLNG Facility Land. The APLNG Facility sites were established in areas where the mangrove
communities were healthy and not showing signs of stress at program commencement. At each site, two 50m
transects were established parallel to the shoreline to increase intra-site replication to improve the statistical
power of the sampling design.
The initial design of the mangrove monitoring program was based on the methods recommended in the
Monitoring and Sampling Manual 2009: Environmental Protection (Water) Policy 2009, Version 1 September
2009 (current at the time of establishment): Part F: Monitoring Mangrove Forest Health (DERM 2009). The
variables monitored from commencement in 2012 through to February 2019 included:
•
•
•
•
•
•

Seedlings - height, diameter and leaf counts (n)
Crab burrows – counts (n)
Water chemistry - pH, turbidity and temperature
Leaf litter - total number of leaves (n), number of leaves damaged by herbivory, dry weight
Mature Trees – diameter and height for R. stylosa and C. tagal
Canopy cover.

The monitored parameters were adjusted to suit the mangrove communities, local conditions, the Marine
Park Permit (Appendix 2), and the requirements of the code for self-assessable development works for
educational, research or monitoring purposes in a declared fish habitat area or involving removal, destruction
or damage of marine plants (MP05). The pre-works advice sheet for the self-assessable code MP05, is
submitted to the Department of Agriculture, Fisheries and Forestry (DAFF) Northern Fisheries Centre prior to
any of the work being conducted.
A review of mangrove data conducted in 2015 supported a reduction in monitoring frequency for some
parameters from quarterly to biannually or annually, and also supported the cessation of monitoring at LNG
site 1.
A comprehensive review of mangrove monitoring data from 2012 to 2019 was completed by ERM (ERM 2019),
who found that the long-term dataset showed an initial period of recovery between 2012 and 2015, followed
by a stabilisation of mangrove health, demonstrating negligible impact from operational activities. ERM
recommended that ongoing monitoring be relevant to the risks associated with stable operations at the
Facility, focussing the assessment of long-term trends, and be responsive to emergency events or
environmental incidents.
It was recommended that ongoing annual monitoring of mangrove forest structure, seedling regeneration and
crab burrow counts continue at LNG sites 2 and 3, located within the most significant mangrove community
adjacent to the APLNG Facility, and at both Reference sites. ERM also recommended that the reduced
monitoring frequency be supplemented by remote sensing, as detailed in the following sections. Details of the
monitoring methods used historically and amendments to ongoing application based on ERM’s
recommendations, are provided below.
The program design, including sampling locations and monitoring intensity, will continue to be reviewed
annually and adjusted as recommended by a suitably qualified person.
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Table 4.4: All REMP mangrove monitoring locations
Site

Latitude

Longitude

Reference 1

-23.7368

151.2011

Reference 2

-23.7379

151.1988

LNG Site 1

-23.7526

151.1790

LNG Site 2

-23.7564

151.1813

LNG Site 3

-23.7627

151.1875
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Figure 4.2: Mangrove monitoring sites
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4.2.1.

Mangrove Leaf Litter Trapping

The rate of litter production can indicate the health of a mangrove community (DERM 2009 and DES 2018b).
A healthy system will produce a high and/or stable volume as older leaves are shed and replaced with new
leaves, however a decline in production may indicate that a community is under stress (DERM 2009 and DES
2018b). Mangrove litter production has historically been measured using three nets (75cm by 50cm) along
each transect. Nets were suspended evenly under either stilted mangrove (Rhizophora stylosa) or grey
mangrove (Avicennia marina) (using nylon rope and cable ties), as these species are highest set among the
mangrove community. This also allowed for tidal variation without compromising the contents of the nets (see
Figure 4.3). The contents of the nets were collected and data on the following parameters was analysed:
•
•
•
•
•

Dry weight
Total number of leaves (n)
Number of leaves damaged by herbivory
Number of leaves present not attributable to mangrove species (i.e. blown in leaves)
Presence/absence of twigs

For analysis of trends the Monitoring and Sampling Manual (DERM 2009 and DES 2018b), refers to the
collection of data for at least three years as some species of mangroves only produce propagules once every
2-3 years. However, R. stylosa produces propagules at least annually between April and November (and twice
a year in some environments), and A. Marina produces capsules annually generally between January and
March. Leaf litter data has been collected consistently for seven years at most sites.
Data from leaf litter analysis indicates that during stable operations at the APLNG Facility higher productivity
has been recorded at the LNG sites compared to Reference sites, and that the quality of the data is likely to be
compromised as a result of leaf decay occurring over the extended exposure period. Moving forward an
alternative approach of monitoring mangrove forest structure on an annual basis, supported by remote
sensing, will be used to focus on long-term mangrove ecosystem health.
Figure 4.3: Leaf litter nets

Leaf litter traps will be reinstalled in response to a significant contamination or release event, with results
compared to the baseline dataset and Reference sites and the program revised accordingly.
Note: In accordance with the Marine Parks Permit (permit number QC18/026 current until 14 June 2021, no
more than two 10L buckets of fallen plant material (mangrove leaves, twigs, etc.) can be collected per day
using leaf litter traps.
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4.2.2.

Seedling Regeneration

Seedling regeneration within an area can result in long-term changes within mangrove communities. The
background report to the mangrove monitoring and sampling guidelines (DES 2018b) states that the rate in
which seedlings grow is a more important indicator for determining likely long term community maintenance
or change within an area, as seedlings respond to environmental changes more rapidly than mature trees.
The assessment of seedling regeneration data at LNG sites over the last 7 years had indicated rapid recovery
from short-term construction impacts between 2012-2015, and stabilisation from 2015 onwards. Given that
no further disturbance activities are planned at the APLNG Facility, ongoing monitoring will focus on the
assessment of long-term trends by monitoring annual mangrove forest structure including seedling
regeneration, supplemented by remote sensing. The data will be reviewed annually, and the program revised
accordingly.
Between 2015 and February 2019 at each site two separate seedling regeneration transects were measured
biannually with the first twenty-five seedlings (or all the remaining seedlings) recorded along each transect
(Figure 4.4).
Ongoing monitoring will be conducted in three permanently established 5 x 5m quadrats at each site on an
annual basis. At each site, seedlings within each quadrat will be counted and heights recorded and species
richness, seedling density and above-ground biomass will be determined.
More frequent seedling regeneration monitoring will be conducted in response to a significant contamination
or release event, with results compared to the baseline dataset and Reference sites.
Figure 4.4: Seedling counts from LNG Site 1

4.2.3.

Pore Water Chemistry

Historically, water quality monitoring was conducted at one metre intervals along each seedling regeneration
transect. Results showed statistically significant differences in pH between LNG and Reference sites, with pH
values predominantly higher at Reference sites during most field trips. However, the fluctuations between pH
measurements were relatively small, averaging between 6.5 and 7.5 at both sites types.
There was no correlation between pH and stormwater release events from the APLNG Facility, indicating that
the results are most likely due to natural variation. Given that the historical program was measuring standing
water within the mangrove forest, and not pore water, and that the results indicate the influence of ambient
conditions and natural variability rather than operational activities, monitoring for this parameter will not
continue.
However, the assessment of standing water quality will recommence in response to a significant
contamination or release event, with results compared to the baseline dataset and Reference sites.
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4.2.4.

Canopy Cover

Historically at each site transect, three canopy photographs were used to qualitatively estimate percentage
canopy (see Figure 4.5) to indicate whether any environmental stresses had occurred, resulting in the shedding
of leaf matter.
Statistically significant changes in canopy cover were recorded at all sites between 2012-2015. Biannual
monitoring from 2015 to February 2019 indicates no statistically significant differences between LNG and
Reference sites.
DES (2018a and 2018b) recommends the use of light meter readings to calculate the Leaf Area Index (LAI).
However, restrictions around the conditions under which measurements can be taken make this approach
difficult to implement given existing tidal, access and mobility constraints at these sites.
Instead, Projective Foliage Coverage (PFC) will be used during the annual mangrove forest structure
monitoring program to provide quantitative results that can be statistically analysed both spatially and
temporally.
Figure 4.5: Images taken of the canopy cover at various sites

4.2.5.

Crab Burrow Counts

The assessment of crab burrow counts compliments leaf litter trapping as crabs can be sensitive to pollution
and their absence may indicate stress.
Historically three quadrats (50cm x 50cm) were monitored biannually at each site within the seaward zone
and the number of crab burrows within each quadrat was counted and recorded (Figure 4.6).
Results from the construction monitoring phase did not show any significant differences in crab burrow counts
per square metre between the Reference and LNG sites. High variability was recorded, as expected in the
short-term, however the method is recommended for long-term trend monitoring. Long-term monitoring
from 2012-2019 has shown that the number of crab burrows is slightly higher at Reference sites, but the
difference is not statistically significant. Given that no further disturbance activities are planned at the APLNG
Facility, ongoing monitoring will focus on the assessment of long-term trends by monitoring annual mangrove
forest structure including crab burrow counts, supplemented by remote sensing. The data will be reviewed
annually, and the program revised accordingly.
More frequent crab burrow count monitoring will be conducted in response to a significant contamination or
release event, with results compared to the baseline dataset and Reference sites.
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Figure 4.6: Crab burrow quadrats

4.2.6.

Mangrove Forest Structure

Mangrove forest structure refers to the composition of a mangrove community in terms of canopy height,
stem density, age, tree diameter and species present. The mangrove assessment guidelines (DES 2018a)
recommends mangrove forest structure as a method that should be used to provide data on the diversity and
structure of a mangrove community, monitoring long-term changes to indicators of ecosystem health
including:
•
•
•
•
•

Canopy cover
Species richness
Tree density
Above-ground seedling and adult biomass, and
Basal Area.

Using these indicators, data from an ecological and community perspective is gained rather than data from
individual trees. These area parameters tend to response slowly to environmental change but can be used as
long-term indicators of habitat health (ERM 2019).
The parameters to be measured within mangrove forest structure include: estimation of canopy cover,
measurement of stem diameter, measurement of irregularly shaped trees, sapling and seedling counts, height
estimation, stem diameter of irregularly shaped trees, tree position (tagging and recording) and soils, as per
the mangrove assessment guidelines (DES 2018a).
Canopy cover will be measured quantitatively as projective foliage cover (PFC) using a PFC tube. Twenty
measurements will be taken, and cover will be classified as ‘open’ (0-5%), ‘sparse’ (6-25%), ‘moderate’ (2650%) or ‘dense’ (>50%).
Mangrove forest structure will be monitored using three 10 x 10m quadrats, at least 20m apart along the
original 50m transects (i.e. two quadrats on one transect and one on the other), and will consist of the
following steps:
1) Utilise the existing 50m transects running parallel to the shoreline (given the mangroves at the LNG sites
narrowly fringe the shoreline), with 10 x 10m quadrats placed 20m apart in vegetation representative of
the mangrove community or at regular intervals in each forest zone along the transect.
2) Use the compass to establish the bearing to follow.
3) Identify the major forest types or zones along the transect.
4) For each forest type, find an area to the left of the transect that is representative (in terms of floristics and
structure) of that mangrove community.
5) Within each quadrat, record the canopy cover, species type, tree height, sapling/seedling number and
stem diameter. Only record half the plot if there is a large number of trees and shrubs present, and the
canopy is even within the plot.
Mangrove forest structure monitoring will be conducted in the same season annually.
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4.2.7.

Remote Sensing

High resolution satellite images are available for APLNG Facility Land. The images are captured by the satellite
at a variety of oblique angles and therefore to enable a time series approach each image needs to be rectified
(geographically matched) to the 2018 image with a focus on the site and immediate surrounds.
Analysis of the images should be undertaken using ER Mapper image analysis software, or similar, with the
final GIS processing and mapping completed in ArcGIS Desktop.
The image analysis methodology to be applied to each image may include, as required, a combination of the
Normalised Difference Vegetation Index and the Normalised Difference Water Index to separate mangrove
canopy from terrestrial forest canopy and the application of a ‘water mask’ to remove the influence of standing
water from the results.
The resulting data layer would show a solid block for the mangrove canopy and an amount of ‘speckle’ included
from the terrestrial forest due to the heterogeneity of the forest canopy. Post processing in GIS can then be
applied to remove the speckle and provide the final result.
This methodology is appropriate for time series/multidate analysis as it will identify substantive canopies of
healthy mangroves (that is canopies of greater than the spatial resolution of the imagery – 2.5 x 2.5 m) and
areas of significant change will be apparent as shown in the historical assessment in Figure 4.7 below.

4.2.8.

Statistical Analysis

Statistical analysis, including Univariate Nested Analyses of Variance (ANOVAs) where relevant, will be
performed on the dataset for the following measures:
•
•
•

Mangrove forest structure – canopy cover, species richness, tree density, above-ground seedling and adult
biomass and basal area
Seedlings - height, diameter and n, and
Crab burrows- n
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Figure 4.7: Historical remote sensing assessment of mangrove spatial distribution and health
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5.

Reporting and Review

5.1.

Marine Water Quality

Reporting for the REMP includes non-routine event-based, and routine biannual and annual reporting.
Collated physicochemical water quality data is compared against internal investigation levels following each
sampling event. If the levels recorded at LNG sites trigger the investigation levels, an internal assessment will
occur. The assessment criteria include a review of site meteorological, tidal and sea state data as well as
photographic evidence derived from the field sampling program (as identified in Table 5.1).
Table 5.1: Investigation level screening criteria (observed)
Date:
Site No.:

Time:
Waypoint:

GPS Coordinates:
E

Moon Phase / Event
Based (circle one)

Spring

N

Neap

King

Event-Based

Time and height of previous high tide:
Time and height of previous low tide:

Tide:

Estimation of tide height at time of
sampling and Tide at time of sampling
(Ebb or Flood)

____________________m

Events/Incidents at LNG Facility with potential to cause significant environmental harm in receiving
environment:
(if Yes – consider initiation of non-routine sampling, i.e. if safe/practicable to do so)
Weather at monitoring site:
Wind speed (circle one):

0kn

Wind direction (circle one):
Swell (circle one):

Cloud cover (circle one):

N

0-5kn

NE

Calm (glassy)
0m

E

5-10kn
SE

Calm (ripples)
0-0.1m

Clear
0%

Scattered
25%

S

10-20kn
SW

Smooth
(wavelets)
0.1-0.5m
Partly cloudy
50%

>20kn
W

Slight
0.5-1.25m
Mostly cloudy
75%

NW
Moderate
1.25-2.5m
Overcast
100%

If the screening criteria can adequately explain the anomalies, no further action will be taken. If the anomalies
cannot be explained based upon the site screening criteria further investigation will be conducted and
reported (including the measured criteria identified in Table 5.2).
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Table 5.2: Investigation level screening criteria (measured)
BOM Wave Rider Buoy Information (Gladstone) - Parameter

Value

Wave height (m):
Wave direction (°TN):
Wind speed (knots):
Wind direction:
Tidal range (previous 48 hours)

Max: _______

Min: _______

Sea surface temperature (°C):
Recorded rainfall (last 24hrs)
Recorded rainfall (last 5 days)
Discharge threshold (m3/s) – measured at Castlehope gauging
station, Calliope River

100-500

https://www.dnrm.qld.gov.au/water/water-monitoring-and-data/portal

>1000

500-1000

Biannual reporting will be undertaken using tabular assessment of both physicochemical and surface water
chemistry against the baseline dataset (5th-95th percentiles where relevant), CCWQOs and ANZECC
guidelines. Elevated results for monitoring locations adjacent to the LNG Facility will be reviewed, and
consecutively elevated results that are verified by the analysing laboratory will be investigated. The
investigation will include a review of:
1) On-site activities or incidents with the potential to cause the release of the elevated parameter(s);
2) Publicly available information on other potential sources of elevated parameter(s) within the port and
catchment;
3) Meteorological and sea-state conditions prior to and during sampling; and
4) Other publicly available monitoring data for the region including reference sites, for example GHHP.
Where the review indicates that the source of the elevated parameter(s) is the APLNG Facility and there is the
potential for significant environmental harm, for example impacts to MNES, incident investigation procedures,
which may include non-routine monitoring, and notification requirements will be implemented in accordance
with the EA and EPBC Act Approval as detailed in the Operational Environmental Management Plan (OEMP).
Routine and non-routine reporting will align with the State EA and EPBC Act Approval requirements as
specified in the OEMP.

5.2.

Key Communities

Reporting of mangrove health monitoring will be undertaken on an annual basis, with results from remote
sensing reviewed after each image capture and rectification.

5.3.

Program Review

The program will be reviewed on an annual basis, at a minimum, and in response to emergency events or
environmental incidents where sampling is undertaken.
Requirements for plan submissions will be in accordance with the EPBC Act Approval, however additional time
for review will be provided where possible.
The program will continue to be revised in accordance with the recommendations from a suitably qualified
person following any review.
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6.
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Appendix 1: REMP Certification
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Appendix 2. State Marine Park Permit
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