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Acronyms and Abbreviations 

Acronyms/Abbreviation Description 

ANZG Australian and New Zealand Guidelines 

BCH Benthic Communities and Habitat 

EPA Environmental Protection Authority 

EQC Environmental Quality Criteria 

EQIs Environmental Quality Indicators 

EQMF Environmental Quality Management Framework 

EQOs Environmental Quality Objectives 

EQG Environmental Quality Guidelines 

EQS Environmental Quality Standard 

ESD Environmental Scoping Document 

EVs Environmental Values 

GLpa Gigalitre per annum 

ktpa kilotonnes per annum 

LEPs Levels of Ecological Protection 

MEQ Marine Environmental Quality 

MEQMMP Marine Environmental Quality Monitoring & Management Plan 

MEQP Marine Environmental Quality Plan  

MS Ministerial Statement  

MTs Management Targets 

Mtpa Million tonnes per annum 

NaCl Sodium chloride, commonly known as salt. 

SOP Sulphate of potash 

SWQMS State Water Quality Management Strategy 
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Figure 2: Indicative location of ponds and infrastructure 
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Figure 3: Mardie project offshore export operations 
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southern low-pressure systems sometimes bring limited winter rains. The annual average rainfall is only 

128 mm, and the mean monthly rainfall has a bimodal distribution, peaking in January to March and 

also May to June, with very little rainfall from July to December. Daily rainfall can reach over 300 mm 

during extreme events that may occur one to two times per decade. Evaporation rates in the region are 

high, estimated to exceed by ten times the annual rainfall. 

 

Figure 5: Climate Statistics for Mardie (BOM) 

 Tropical Cyclones and Storm Surge 

The Australian cyclone season extends from November through to April with an average of 10 cyclones 

per year, although not all make landfall. Tropical cyclone winds can generate extreme coastal water 

levels through storm surge and these systems are frequently associated with heavy rainfall that can 

cause significant flooding. The Pilbara region of Western Australia has a high exposure to tropical 

cyclone events, with a typical cyclone track recurving and making landfall on the coastline between 

Broome and Exmouth. The season typically runs from mid-December to April, peaking in February and 

March. The Karratha to Onslow coastline is the most-cyclone prone section of the Australian coast, 

typically experiencing one landfalling event every two years.  

Historical events of significance impacting between Karratha and Onslow include: Trixie 1975, Chloe 

1984, Orson 1989, Olivia 1996, John 1999, Monty 2004, Clare 2006 and Glenda 2006 (Figure 6). In 

late March 2019 the passage of TC Veronica tracked west over the region from offshore of Karratha 

losing intensity as it continued west offshore of Mardie as a tropical low system.  

The north-western coastline of Western Australia is highly vulnerable to the occurrence of storm surge. 

This is due to the frequency of tropical cyclones, the wide continental shelf and relatively shallow ocean 

floor over the Northwest Shelf, as well as the low-lying nature of much of the coastline. In addition, 

tropical cyclone events are strongly associated with flooding due to widespread heavy rainfall. 
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Figure 6: Tracks of notable cyclones impacting Karratha (left) and Onslow (right) 

 Coastal 

 Bathymetry  

The offshore components of the Mardie Project (jetty and dredge channel) are situated in an area shown 

as unsurveyed on marine charts (Figure 3). Mardie Minerals has conducted several detailed 

bathymetric studies over the previously unsurveyed area, as well as surrounding areas to verify chart 

soundings (e.g., Surrich Hydrographics 2019). The jetty will extend from the shoreline at approximately 

+1.5 mLAT, out to an area at 0 mLAT (Figure 7). The berth pocket at the end of the jetty has a design 

depth of -6.7 mLAT and the dredge channel -3.9 mLAT. 
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Figure 7: Bathymetry of jetty and dredge channel 

 Tides 

The Mardie project location experiences a semi-diurnal tide (two highs and two lows a day) and the 

tidal planes have been defined by the National Tide Centre (NTC) based on field measurements 

completed for the project in late 2018 (O2 Marine 2020). The Mardi Gauge (MardiLAT18) datum 

definition completed by the NTC shows that the offset between LAT and MSL is 2.75 m, and the total 

tidal range is 5.185 m. The mean tide range is 3.6 m in springs and 1 m in neaps. 

Measured data from an inshore Aquadopp in November 2018 is shown in Figure 8 illustrating the water 

level time series through the spring and neap cycles. It is noted that the instrument could not measure 

tide levels below -2 m MSL.   

 

Figure 8: Measured water level data from inshore Aquadopp location November 2018 
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Coral species are also present in low to moderate densities within LAU 7. However, the majority of 

corals in the vicinity of LAU 7 are confined to biogenic reefs and rocks fringing the nearby islands. The 

diversity and abundance of corals in LAU 7 was relatively low and confined to sediment tolerant species 

(e.g., Faviidae, Dendrophyllidae, Mussidae and Poritidae). However, a marked increase in diversity and 

abundance of coral species was observed at the fringing reefs surrounding the nearby islands, 

indicating that these areas represent the most regionally significant coral habitats. Although LAU 7 

supports complex BCH, including coral and seagrass species, extensive surveys did not identify any 

subtidal BCH areas that are considered to be locally or regionally significant coral habitats.  

Subtidal BCH distributions are presented within Figure 11. 
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Figure 10: Intertidal Benthic Communities and Habitat and Local Assessment Units 

 



 

 

Mardie Minerals Ltd  
Mardie Project: Marine Environmental Quality Monitoring & Management Plan  
 

18WAU-0002 / R190108 

 
 21 

 

Figure 11: Subtidal Benthic Communities and Habitat and Local Assessment Unit
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Sea Snakes 

The short-nosed sea snake (Aipysurus apraefrontalis) has not been previously recorded in the Mardie 

Project area. This species is typically found in coral reef habitats, which in the waters of the Project 

area are largely confined to the nearshore islands with fringing coral reefs and/or isolated reef patches. 

However, recent modelling and surveys undertaken by have found the species may utilise nearshore 

habitats (Udyawer et al. 2020).  Therefore, the project has the potential to impact the habitat of this 

species and the precautionary approach has been applied for the species.   

 Elasmobranchs 

Sawfish 

The Northwest Marine Region is considered a particularly important area for two sawfish species, green 

sawfish (Pristis zijsron) and freshwater sawfish (Pristis pristis) because the region and adjacent inshore 

coastal waters and riverine environments contain nationally and globally significant populations of 

sawfish species (DSEWPaC 2012). However, relatively little is known about the distribution and 

abundance of sawfish species in north-western Australia (Morgan, 2011). 

Green sawfish occupy estuaries, mangrove creeks and river mouths for their first few years of life 

(Morgan et al. 2015, 2017). In the Pilbara, green sawfish are known to utilise the mouths of major river 

systems as pupping and nursey areas (i.e., Ashburton River), before juveniles migrate into adjacent 

creeks at approximately 3 to 6 months old, and then further offshore to mature at a length of about 3 m 

(Morgan, 2011). Pupping normally occurs in the tidal creeks between September to October, however 

the Project area is unlikely to represent a nursery site based on recent field surveys (Morgan et al 2022). 

The Mardie coastline contains creeks, mangroves and rivers which is suitable habitat for the green 

sawfish. No sawfish recorded during the recent sawfish survey completed within the Proposal by 

Murdoch University and O2 Marine (Lear and Morgan 2022). The habitats surveyed included mangrove 

creeks and mudflats, which are known sawfish habitats and are similar to habitats where sawfish are 

found elsewhere in the region. The lack of sawfish recorded in this study indicates that the area is not 

likely a major habitat or a pupping ground for any species of sawfish. The occasional sightings of Green 

Sawfish in the general region and abundance of this species in nearby nursery habitats (e.g., Ashburton 

River) suggests that this area is likely an occasional foraging habitat along the migratory corridor for 

juvenile and sub-adult. Freshwater sawfish are known migrate along this coastline, with several 

sightings of adult freshwater sawfish in this region and to the south of the study site that all were likely 

originally pupped in the Fitzroy River region of the Kimberley. Previous research has suggested that 

juvenile sawfish do not readily migrate past solid barriers along the coastline which would force them 

to swim into deeper water (D. Morgan and K. Lear, unpublished data; Lear and Morgan, 2022). 

Acoustic tracking of green sawfish from the Ashburton showed that the species does not travel more 

than 700m upstream from the mouth of the river. In the Western Pilbara they are assumed to be present 

in all tidal creeks. In the Project area larger systems are represented by the Robe River and Fortescue 

River. Green sawfish are currently known from Exmouth Gulf, Whim Creek, Beagle Bay, Pender Bay, 

King Sound in WA. Tidal mangrove systems, river estuaries, and rivers of the King Sound provide ideal 

nursery habitat for juveniles <0.5m (Whitty et al, 2011 and Whitty, 2017, Elhassan 2018). 

Manta Rays 

Manta ray presence has been recorded within the waters of the Proposal area. As these records are 

not from targeted studies, the species are unidentified and there is no data to determine occupancy 













 

 

Mardie Minerals Ltd  
Mardie Project: Marine Environmental Quality Monitoring & Management Plan  
 

18WAU-0002 / R190108 

 
 31 

 

Figure 13: Levels of Ecological Protection for the Mardie Proposal  
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Figure 14: Mardie Project Conceptual Site Model 
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Figure 15: Summary of the approach used to derive preliminary Environmental Quality Guidelines 
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 Monitoring and Management Programs 

To ensure that defined EVs and EQOs are not compromised through construction, commissioning and 

routine operation of the Mardie Project a comprehensive monitoring and management program is 

proposed. The elements of the monitoring and management program as they relate to potential MEQ 

impacts from the Project are defined in Table 9, whilst an overview of the monitoring requirements are 

presented in Table 10. 

Table 9: Elements of the Marine Environmental Quality Monitoring and Management  

Element Sub-Elements Rationale 

Pre-
Commissioning 
Baseline 
Monitoring 

Water Quality Monitoring 

Sediment Monitoring 

Benthic Infauna 

Physical Observation 

Subtidal BCH 

To collect sufficient spatial and temporal data with a high level of 
replication from which site specific EQGs and EQS will be derived. 

Potential Project impacts have been identified to water and sediment 
quality, so monitoring has been designed in accordance with ANZG 
(2018) protocols for monitoring and assessment of these values. 

Bitterns Diffuser 
Outfall 
Commissioning 

Bitterns Discharge Quality 

Bitterns Discharge Flowrate 

To implement a monitoring and management program for bitterns 
outfall diffuser commissioning that meets MEQ commitments. 

This program investigates the diluted bitterns being discharged to 
ensure that the design specifications are achieved. If quality of the 
discharge is achieved, then it is assumed through bitterns outfall 
modeling that the EQC within each LEP will be achieved (Note: the 
below program will validate this assumption). 

Marine 
Environmental 
Quality Validation 

Bitterns Whole Effluent 
Toxicity and Contaminant 
Testing 

To identify the toxicity of the final bitterns on suitable laboratory 
selected native species WET Testing will be undertaken by an 
accredited laboratory with the necessary permits and approvals.  

Laboratory assessment of contaminants of potential concern will also 
be undertaken to ascertain which toxicants are highly concentrated in 
the bitterns.  

These results will be used with other monitoring results to validate 
modelled impact predictions and verify the LEPs and EQCs. 

Bitterns Diffuser Outfall 
Validation Testing 

To ensure that the specified bitterns discharge criteria (quality and 
flow rate) are met once routine operations are established. 

These results will be used with other monitoring results to validate 
modelled impact predictions and verify the LEPs and EQCs. 

Model and EQC Validation  To assess whether the defined EQCs are being met at their respective 
LEPs and determine if the discharged bitterns conform with WET 
testing and modelled predictions and required dilutions are being 
achieved at the LEPA/MEPA and MEPA/HEPA boundaries during 
routine operations.  

These results will be used with other monitoring results to validate 
modelled impact predictions and verify the LEPs and EQCs 

Routine 
Operational 
Performance 
Assessment 

Bitterns Diffuser Outfall 
Water Quality 

To ensure that the specified bitterns discharge criteria (quality and 
flow rate) throughout the lifecycle of the Project. 

Ongoing Marine 
Environmental Quality 
(EQGs) 

To verify that impacts from operational activities associated with the 
Mardie Project, such as ocean outfall, port operations and vessel 
operations do not impact MEQ outside the limits of acceptable 
ecological change associated with the defined LEPs. 

Toxicants in Biota (EQS) 

Subtidal Benthic 
Community Habitats (EQS) 

Benthic Infauna (EQS) 

To verify that project impacts and any EQG exceedances are not 
impacting biological indicators outside the levels of ecological 
protection. 
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Element Sub-Elements Rationale 

Sediment toxicant 
bioavailability (EQS) 

Animal kills, death or 
disease (EQS) 
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Table 10: Monitoring Program Overview 

Element Sub-Element Sample 
Requirement 

Parameters Frequency Duration No. of 
Sites 

# Samples 
per site* 

Pre-
Commissioning 
Baseline 
Monitoring 

Water Quality 
Monitoring 

Physico-chemical 
water column 
profiling 

Electrical conductivity 

Salinity 

Temperature 

pH 

Dissolved oxygen 

Turbidity 

Quarterly 2 years 12 1 

Water sampling Hydrocarbons  

Ionic balance 

Metals and metalloids 

Biannual 2 years 4 offshore 
sites 

2 creek 
sites 

1 

Sediment Quality 
Monitoring 

Sediment sampling Particle size distribution 

Total organic carbon and moisture 

Metals and metalloids 

Hydrocarbons 

Once only** NA 10 1 

Benthic infauna Sediment grab 
sample 

Lowest taxonomic level Annual 2 years 10 3 

Subtidal BCH Mixed community 
health 

Percent cover Quarterly 1 year TBD TBD 

Aesthetic 
Observation 

Physical 
observations  

Nuisance organisms  

Large-scale deaths  

Oil/Film  

Natural reflectance  

Objectionable odour 

Floating debris, rubbish, surface slicks 

Quarterly 2 years 12 1 

Bitterns Diffuser 
Outfall 
Commissioning 

Bitterns discharge 
quality 

Water quality 
sensor at bitterns 
holding pond and 
diffuser discharge 
point. 

 

Salinity 

 

 

Daily 

 

During 
commissioning 

 

1 

 

1 
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Element Sub-Element Sample 
Requirement 

Parameters Frequency Duration No. of 
Sites 

# Samples 
per site* 

Bitterns discharge 
flowrate 

Discharge flow rate  

 

Instantaneous flow rate 

 

Hourly 

 

During 
commissioning 

 

1 

 

NA 

 

Marine 
Environmental 
Quality 
Validation 
(immediately 
after 
commissioning 
and once steady 
state operations 
have been 
reached)  

Whole Effluent 
Toxicity Testing 

Final bitterns 
sample 

48-hour larval development test: 
Saccostrea echinate (Milky Oyster) (ESA 
SOP 106) 

8-day Sea anemone pedal lacerate 
development test: Aiptasia pulchella (ESA 
SOP 128) 

Sea urchin larval development test: 
Echinometra mathaei (APHA and ASTM 
protocols) 

Fish larvae development bioassays: 
Kingfish Seriola lalandi (USEPA Method 
1001.0) 

72-hr marine algal growth test: Nitzschia 
Closterium (ESA SOP 110 (ESA 2016) 

Copepod Larval development Bioassay: 
Gladioferens imparipes (ISO 16778 
(2015)). 

Additional or alternative tests may be 
conducted, including those listed in 
Section6.4.4 on advice from DWER or 
Department of Climate Change, Energy, 
Environment and Water (DCCEEW) 

Once only*** NA NA 1 

Bitterns Diffuser 
Outfall Validation 
Testing 

Water quality 
sensor at bitterns 
holding pond and 
diffuser discharge 
point 

 

Salinity 

 

 

Daily 

 

6 Weeks 

 

2 

 

1 

 

Discharge flow rate  

 

Instantaneous flow rate 

 

Hourly 

 

6 Weeks 

 

1 

 

NA 

 

Model and EQC 
Validation  

Physico-chemical 
water column 
profiling 

Electrical conductivity 

Salinity 

Temperature 

pH 

Weekly 6 Weeks 21 NA 
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Element Sub-Element Sample 
Requirement 

Parameters Frequency Duration No. of 
Sites 

# Samples 
per site* 

Dissolved oxygen 

Turbidity 

Physico-chemical 
in-situ data logging 

Electrical conductivity 

Salinity 

Temperature 

pH 

Dissolved oxygen 

Turbidity 

Continuous 6 Weeks 2 NA 

Water Sampling Hydrocarbons  

Ionic balance 

Metals and metalloids 

Weekly 6 Weeks 21 1 

Physical 
observations  

Nuisance organisms  

Large-scale deaths  

Oil/Film  

Natural reflectance  

Objectionable odour 

Floating debris, rubbish, surface slicks 

Weekly 6 Weeks 21 NA 

Routine 
Operational 
Performance 
Assessment 

 

Bitterns Diffuser 
Outfall Water 
Quality 

Water quality 
sensor at bitterns 
holding pond and 
diffuser discharge 
point 

 

Salinity daily Ongoing 2 2 

Discharge flow rate  

 

Instantaneous flow rate  Continuous Ongoing NA NA 

Ongoing Marine 
Environmental 
Quality 

Physico-chemical 
water column 
profiling 

Electrical conductivity 

Salinity 

Temperature 

pH 

Dissolved oxygen 

Turbidity 

Quarterly Ongoing TBD 1 
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Element Sub-Element Sample 
Requirement 

Parameters Frequency Duration No. of 
Sites 

# Samples 
per site* 

Water Sampling To be Determined through the Diffuser 
Outfall and MEQ Validation Phase and 
consultation with EPA 

Biannually Ongoing TBD 1 

Sediment Sampling Particle size distribution 

Total organic carbon and moisture 

Metals and metalloids 

Hydrocarbons 

Biannually Ongoing TBD 1 

Benthic Infauna Lowest taxonomic level As required 
by EQG 
exceedance 

As required by 
EQG 
exceedance 

As required 
by EQG 
exceedance 

3 

Physical 
observations  

Nuisance organisms  

Large-scale deaths  

Oil/Film  

Natural reflectance  

Objectionable odour 

Floating debris, rubbish, surface slicks 

Quarterly  Ongoing TBD 1 

Subtidal Benthic 
Community 
Habitats 

Benthic cover and condition 

Recruitment (seagrass and coral) 

Triennially 
and as 
required by 
EQG 
exceedance 

Ongoing and as 
required by 
EQG 
exceedance 

TBD TBD 

Notes: 

* Excludes field QA/QC sample requirements 

** Excludes previously undertaken investigation reported in O2 Marine 2019a 

*** WET testing and bitterns contamination analysis are also required at any time during which the Project process is altered in any way, thus potentially altering the levels of constituents and therefore possibly the 

toxicity within the discharge stream 
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Site 

Name 
Site Reference and Rationale 

Level of 

Ecological 

Protection 

Easting 

(GDA94 

MGA50) 

Northing 

(GDA94 

MGA50) 

Routine Sampling Tasks 
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S
u

b
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d
a

l 
B

C
H

 

HP1-5 
These sites have been selected to represent baseline 

conditions within the HEPA. 
High 

389729 

389760 

389586 

389561 

389426 

7672294 

7672270 

7672120 

7672065 

7672518 

X X - X X - 

SB1-
SB6 

Indicative sites identified during Pilot surveys adjacent to 
bitterns discharge diffuser located at the nearest sensitive 
receptors to discharge related impacts. Sites have been 

position as close as possible however have been carefully 
selected to avoid potential dredge related impacts within 

the dredging Zone of High Impact (to avoid sampling 
impacted communities from unrelated activities) During 

baseline surveys sites will be refined based on suitability of 
habitats (i.e., percent cover, community types etc.) with 

final locations presented as Routine Operational Monitoring 
sites (Section 6.5.5) 

Variable TBD TBD - - - - - X 

R1-R4 

These sites have been selected to represent reference 
sites located away from the influence of modelled bitterns 
discharge plumes. During baseline surveys sites will be 

refined based on suitability of habitats (i.e. percent cover, 
community types etc) with final locations presented as 
Routine Operational Monitoring sites (Section 6.5.5) 

Variable TBD TBD - - - - - X 
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Figure 16: Proposed Creek Baseline Water Quality Monitoring Locations 
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Figure 17: Proposed mixed community subtidal BCH monitoring locations 
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Sampling Design 

WET testing has been undertaken of the prototype bitterns discharge effluent by ESA. Once the 

commissioning phase of the Project nears completion WET testing will be undertaken when water 

quality of the discharge is considered to be within design specifications and therefore representative of 

actual conditions experienced during routine operations. WET testing will be conducted twice on 

samples taken directly from the raw bitterns namely:  

1. towards the finalisation of Project commissioning to identify the toxicity of the bitterns 

under normal operating conditions; and 

2. within 12 months of commission to validate routine operational discharge. 

Additional WET testing will also be required at any time during which the Project process is altered in 

any way, thus potentially altering the levels of constituents and therefore possibly the toxicity within the 

discharge stream.  

The proposed WET testing sampling program will involve two processes namely: 

1. Range finding test for toxicity to determine if the effluent is toxic and if so, determine 

the appropriate concentration range for subsequent tests, and 

2. Definitive toxicity testing to determine the 10% Effect Concentration (EC10) and 10% 

Inhibitory Concentration (IC10) and No Observed Effect Concentration (NOEC) 

values of effluent for selected species. 

WET testing is proposed to be undertaken on a minimum of five (5) locally relevant species from four 

(4) taxonomic groups. Testing will be in accordance with laboratory NATA accredited methodologies 

and in accordance with ANZG (2018) toxicity sampling and testing protocols. The proposed tests and 

locally relevant species identified for WET testing are listed below: 

1. 48-hour larval development test: Saccostrea echinate (Milky Oyster) (ESA SOP 106) 

2. 8-day Sea anemone pedal lacerate development test: Aiptasia pulchella (ESA SOP 128) 

3. Sea urchin larval development test: Echinometra mathaei (APHA and ASTM protocols) 

4. Fish larvae development bioassays: Kingfish Seriola lalandi (USEPA Method 1001.0) 

5. 72-hr marine algal growth test: Nitzschia Closterium (ESA SOP 110 (ESA 2016) 

6. Copepod Larval development Bioassay: Gladioferens imparipes (ISO 16778 (2015)). 

 

The above tests will be validated closer to the time in collaboration with the preferred laboratory to 

ensure appropriateness of the selected tests and to determine availability of the selected species. If 

new tests or other species are identified in collaboration with the laboratory then the above WET tests 

may be revised accordingly. 

Sampling Methodology 

Samples for WET testing will be collected directly from the raw bitterns prior to any dilutions at the point 

directly before it enters the discharge pipe. Samples will be collected in laboratory supplied sample 

containers and in accordance with sampling instructions and ANZG (2018) protocols. Typically, this 

involves filling plastic sample bottles (~2.5 L) from the bitterns sump once normal operational processes 
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Details of the 21 monitoring locations and associated routine sampling tasks to be completed at each 

location are presented in Table 16 and displayed in Figure 19. 
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Table 16: Marine Environmental Quality Monitoring Locations and Associated Routine Sampling Tasks for MEQ Validation 

Site 

Name 
Site Reference and Rationale 

Level of 

Ecological 

Protection 

Easting 

(GDA94 

MGA50) 

Northing 

(GDA94 

MGA50) 

Routine Sampling Tasks 

P
h

y
s
ic

a
l 

O
b

s
e
rv

a
ti

o
n

s
 

P
h

y
s
ic

o
-c

h
e
m

ic
a
l 

W
a
te

r 
C

o
lu

m
n

 

P
ro

fi
li

n
g

 
W

a
te

r 
Q

u
a
li
ty

 

S
a
m

p
li
n

g
 

In
-s

it
u

 

P
h

y
s
ic

o
c
h

e
m

ic
a
l 

M
o

n
it

o
ri

n
g

 

LP1-7 

These sites are positioned radially from the diffuser location. Monitoring at 
these locations will determine the actual plume extent, with results compared 

within the predicted bitterns outfall plume as modelled by Baird (2021). 
Physicochemical parameters will be recorded from 0. 5m below the surface, 
then at 0.5 m intervals until 0.5 m above the seabed. These sites are located 

within the LEPA.  

Low 

389547 

389615 

389639 

389663 

389707 

389699 

389689 

7672421 

7672379 

7672234 

7672290 

7672990 

7672717 

7672509 

X X X - 

LH1-5 

These sites are positioned radially from the diffuser location. Monitoring at 
these locations will determine the actual plume extent, with results compared 

within the predicted bitterns outfall plume as modelled by Baird (2021). 
Physicochemical parameters will be recorded from 0. 5m below the surface, 
then at 0.5 m intervals until 0.5 m above the seabed. These sites are located 

on the LEPA/HEPA boundary.  

High 

389423 

389692 

389484 

389717 

389612 

7672333 

7672328 

7672463 

7673204 

7672177 

X X X X1 

MH1 

This site is positioned radially from the diffuser location. Monitoring at this 
location will determine the actual plume extent, with results compared within 

the predicted bitterns outfall plume as modelled by Baird (2021). 
Physicochemical parameters will be recorded from 0. 5m below the surface, 

then at 0.5 m intervals until 0.5 m above the seabed. This site is located on the 
MEPA/HEPA boundary. 

High 389702 7673345 X X X - 
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Site 

Name 
Site Reference and Rationale 

Level of 

Ecological 

Protection 

Easting 

(GDA94 

MGA50) 

Northing 

(GDA94 

MGA50) 

Routine Sampling Tasks 

P
h

y
s
ic

a
l 

O
b

s
e
rv

a
ti

o
n

s
 

P
h

y
s
ic

o
-c

h
e
m

ic
a
l 

W
a
te

r 
C

o
lu

m
n

 

P
ro

fi
li

n
g

 
W

a
te

r 
Q

u
a
li
ty

 

S
a
m

p
li
n

g
 

In
-s

it
u

 

P
h

y
s
ic

o
c
h

e
m

ic
a
l 

M
o

n
it

o
ri

n
g

 

HP1-8 

These sites are positioned radially from the diffuser location. Monitoring at 
these locations will determine the actual plume extent, with results compared 

within the predicted bitterns outfall plume as modelled by Baird (2021). 
Physicochemical parameters will be recorded from 0. 5m below the surface, 
then at 0.5 m intervals until 0.5 m above the seabed. These sites are located 

within the HEPA.  

High 

389729 

389760 

389586 

389561 

389426 

389333 

389715 

389717 

7672294 

7672270 

7672120 

7672065 

7672518 

7672605 

7673470 

7673619 

X X X - 

1: In-situ physicochemical monitoring undertaken at LH1 and LH2 only.
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Figure 19: Bitterns Outfall and Offshore Marine Facilities Sites for Validation Sampling 
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Table 19: Preliminary EQSs for routine Marine Environmental Quality Monitoring 

EQI EQS 

Moderate High Maximum 

Salinity in bitterns 

Key toxicants in bitterns 

Dilutions meet 90% SPL 
as determined through 

WET testing 

Dilutions meet 99% SPL as 
determined through WET 

testing 

No change from 
baseline 

concentrations 

Toxicants in Sediment 

Toxicants in Water 

No loss or decline within 
BCH greater than 95% 
percentile of baseline 

conditions 

No change in BCH communities from baseline 
conditions related to discharge or operational 

project activities 

No loss or decline within 
benthic fauna 

communities greater 
than 95% percentile of 

baseline conditions 

 

No change in benthic infauna communities from 
baseline conditions related to discharge or 

operational project activities 

No EQS Apply 

80th percentile of tissue 
toxicant concentrations in 

filter feeders compared with 
suitable reference site 

No detectable 
change from 

baseline levels 

No reports of animal disease or deaths attributable to the Project 

 

Subtidal BCH 

No loss or decline within 
BCH greater than 95% 

percentile of pre-
discharge (i.e. ~3 years 
post dredging) baseline 

conditions 

No change in BCH communities from baseline 
conditions related to discharge or operational 

project activities 

Physicochemical stressors in water/ 
Biological Conditions 

No loss or decline within 
benthic infauna 

communities greater 
than 95% percentile of 

baseline conditions 

 

No change in benthic infauna communities from 
baseline conditions related to discharge or 

operational project activities 

No reports of animal disease or deaths attributable to the Project 

 

 

 Management Triggers 

In order to achieve the purpose, three levels of management triggers have been established which will 

inform Management when contingency measures need to be put into place to ensure that Project 

related impacts are within the acceptable levels so that the EVs and EQOs defined for the Project area 

are not compromised. Contingency measures specific to each assessment program are identified in 

Sections 6.5.4 and 6.5.5 and are typically based upon conducting an investigation into the reason why 

a management trigger was exceeded and putting appropriate corrective actions in place to reduce re-

occurrence. 
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Figure 21: Contingency management framework for routine bitterns discharge quality 

 Ongoing Marine Environmental Quality Monitoring 

Purpose 

The purpose of the ongoing MEQ monitoring program is to collect quantitative data to assess against 

management triggers and ensure that impacts from bitterns discharge and all other associated 

operational activities do not impact MEQ outside the limits of acceptable ecological change for each 

LEP.   

Environmental Quality Guidelines 

Sampling Design 

Table 20 presents the MEQ monitoring events and sampling frequencies, which are based on the lower 

level of risk presented to MEQ by ongoing operational activities than those associated with the 

commissioning and validation phases. 

Final sample locations will be determined based on a combination of where dilution contours are 

identified during the validation monitoring exercise and LEP boundary sites. Sites will also be 

determined by identified operational activities, such as within creeks, shipping areas or where other 

terrestrial activities may impact MEQ. The final sites will typically be a selection of key sites Table 12 

and Table 16 and displayed in Figure 16 and Figure 19. The final sample program will also adopt 

suitable reference sites to provide context to sample data obtained from the impact sites when 

determining assessment against the final EQGs. 
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Subtidal BCH also comprises a routine component to allow ongoing assessment of natural change from 

external factors (sea temperature, climate change, cyclonic activity etc.) and to ensure that whilst robust 

EQG monitoring has been established no impacts outside established EQS will occur. 

 

 

Figure 22: Routine Marine Environmental Quality Monitoring and Assessment Framework 

 

Sampling Methodology 

Toxicants in Biota 

Bioaccumulation is a late-stage testing and monitoring methodology within the phased approach 

described in Figure 22. The objective of monitoring is to determine if toxicants are bioaccumulating at 

a rate that could affect marine life and/or result in seafood being not safe for human consumption. 

Initially, a desktop study will be to determine the likelihood/risk of contaminant bioaccumulation across 

the Project study area. The desktop study will review the concentrations of any contaminant that has 

exceeded the bioavailable EQSs and whether or not the contaminant is likely to bioaccumulate in locally 

relevant species. Guidance procedures and assessment for bioaccumulation testing will follow Simpson 

et al. (2005) and Simpson et al. (2008), and in the ASTM International guide E1688 (2016), Standard 

Guide for Determination of the Bioaccumulation of Sediment-Associated Contaminants by Benthic 

Invertebrates. 
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Figure 23: Management Response Framework for assessment of required action from routine and investigative monitoring programs 
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Figure 24: Ongoing Marine Environmental Quality Monitoring Contingency Management Actions





http://www.waterquality.gov.au/anz-guidelines





