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Figure 4.8  Hydrodynamic model output verification with MSQ tidal observations at Gladstone 
(South Trees), Auckland Point and Fisherman's Landing. 

Figure 4.9 compare the predicted and measured tidal elevation, depth-averaged current speed, and 
current direction at the fixed ADCP deployment location. The timing of the ebb and flood tidal currents 
is well predicted. In some instances the peak current speed is slightly under-predicted. This may be 
attributed to the effects of meteorological forcing included in the measurements but not included in the 
simulation (such as wind) or unresolved, three-dimensional effects (such as turbulence). There is a 
slight discrepancy between the predicted and measured current direction on both the ebb and flood 
tide. Overall, the fixed ADCP measurements compare very well with the model predictions. 
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Figure 4.9  Hydrodynamic model verification with ADCP measurements at a fixed location 
offshore from Laird Point. 

The model verification plots in Figure 4.10 compare the predicted and measured spring tide cross-
sectional flow rates at the three ADCP transect locations (refer Figure 4.3). Positive and negative 
values indicate flood and ebb tidal flow respectively. At the three ADCP transect locations the cross-
sectional flow magnitude is generally well predicted by the hydrodynamic model. Some minor phase 
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discrepancy between the model prediction and measurements is evident during the flood to ebb 
transition. 

 

Figure 4.10  Hydrodynamic model output verification with spring tide cross-sectional flow 
measurements (obtained from ADCP transects) at Graham Creek, Narrows North, and Narrows 
South. 

4.3.3 Flushing characteristics 

The hydrodynamic model was used to predict the existing tidal flushing time within the study area. The 
flushing time refers to the time required for water within a defined subregion to be exchanged with 
water from outside the subregion. Nutrient levels within an aquatic ecosystem and/or the accumulation 
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impact of introduced substances (for example, entering the ecosystem via an outfall discharge) are 
influenced by the flushing time.  

The tidal flushing time was predicted following the ‘e-folding time’ method. The e-folding time refers to 
the time required for the mass of a passive tracer within a defined subregion to be reduced to a value 
of 1/e (approximately 37% of its initial total mass, where e is the natural logarithm e=2.7182). The 
defined subregion for the assessment includes the Western Basin, Graham Creek, and The Narrows 
as illustrated in Figure 4.11. At the beginning of the flushing simulation the tracer is contained within 
the subregion. During the simulation, the tidal hydrodynamics drive the exchange of water into and out 
of the subregion. The mass of the tracer remaining in the subregion is calculated at each model time 
step. Figure 4.11 a) shows the initial distribution of the tracer within the subregion of the model 
domain. Figure 4.11 b) shows the distribution of the tracer during a flood tide after approximately one 
month of tidal flushing. Tidal flushing of the subregion is dominated by water entering from Gladstone 
Harbour. The flushing predictions reported here are based on tidal forcing only and do not consider 
input from river flows or meteorological forcing. 

 

Figure 4.11  Distribution of the passive tracer (red) within the subregion (dashed line): a) initial 
tracer distribution within the subregion, and b) tracer distribution during a flood tide and 
following approximately five days of tidal flushing.    

A time series of the predicted tracer mass relative to the initial mass in the defined subregion is 
presented in Figure 4.12. As the tidal hydrodynamics force the exchange of water into and out of the 
subregion the tracer mass within in the subregion oscillates with a gradually decreasing trend. The 
polynomial fit applied to the predicted tracer mass time series suggests the e-folding flushing time of 
the subregion is approximately 55 days. 

The GPC Western Basin Dredging and Disposal EIS methodology is based on local tidal flushing 
times rather than the sub-region described here.   
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Figure 4.12  Predicted flushing time of the sub-region defined in Figure 4.11. 

4.4 Severe weather events 

As described in Section 3.7, Gladstone is in a region subject to tropical cyclone activity. Both 
hydrodynamic and wave modelling have been used to assess the potential storm tide level and wave 
conditions at the proposed LNG facility site from tropical cyclone wind fields. This section describes 
currents and water levels associated with the storm tide conditions in the existing harbour and 
Western Basin configuration without the proposed dredging and disposal options implemented. 

The modelling does not represent a comprehensive storm tide study, but draws on previous 
benchmark work conducted through James Cook University (Hardy et al., 2004) to assess the 
conditions at the proposed Australia Pacific LNG site produced by a severe storm that could be 
realised within the design life of the plant. 

4.4.1 Currents and water levels 

A 1 in 30 year design storm event was selected from the analysis of tropical cyclones that have 
tracked within 250km of Gladstone as presented in Section 3.6 and parameterised in Table 4.1. The 
30 year ARI coincides with the operational life span of the LNG facility and is a reasonably intense 
tropical cyclone. The synthetic tropical cyclone parameters adopted to simulate storm surge at 
Gladstone are given in Table 4.1. 

Table 4.1  Representative 30 year ARI tropical cyclone parameters used for storm surge 
modelling. 

Forward velocity 
(km/h) 

Radius to 
maximum winds 

(km) 

Maximum wind 
velocity (m/s) 

Central pressure 
(hPa) 

Neutral pressure 
(hPa) 

20 30 45 945 1013 

Idealised east to west tracking tropical cyclone wind and pressure fields were generated from the 
parameters and used to force the hydrodynamic model. Initially water level was set constant to MSL 
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and the cyclone tracks adjusted until the peak surge height at Auckland Point was 1.4m, the 50 year 
ARI surge predicted by Hardy et al. (2004). 

Storm tide water levels at the proposed Australia Pacific LNG site were then computed using the 
hydrodynamic model with tidal forcing at the boundaries and the same synthesised cyclone track used 
to generate the 50 year ARI surge at Auckland Point. In the simulations, the time of the cyclone 
making landfall was varied so the generated surge and tide (at the time of landfall) combined to 
produce a water levels between the 100 year and 500 year ARI storm tide for Gladstone (Queensland 
Government 2004). Table 3.4 indicates that this water level is between 2.82 and 3.51m AHD (no 
allowance for climate change). 

Current and water level predictions were extracted from the model at three locations of interest: 

• Auckland Point (the location reported in Hardy et al. 2004) 

• West of North Passage Island (in the vicinity of the Australia Pacific LNG Option 1b berth) 

• East of North Passage Island (in the vicinity of the Australia Pacific LNG Option 2a berth) 

The predicted water level and current speed for storm tide was compared to normal tide conditions in 
order to assess the potential impact of the idealised severe weather event. 

The largest predicted hydrodynamic impact was associated with a tropical cyclone making landfall at 
Gladstone during spring flood tide conditions because tide and surge currents are combined. Results 
for this event are summarised in Table 4.2. The values in brackets indicate the percentage increase 
from the tide only case to the storm tide event. 

Table 4.2  Predicted impact of a representative 30 year ARI tropical cyclone arriving during 
spring flood tide conditions. 

 Normal spring tide Storm Tide (cyclone landfall at time 
of flood tide) 

 High water level 
MSL (m) 

Current speed 
(m/s) 

Peak water level 
MSL (m) 

Peak current 
speed (m/s) 

Auckland Point 2.19 0.97 3.24 (+32.5%) 1.36 (+28.3%) 

North Passage 
Island West 

2.29 0.78 3.36 (+32.0%) 0.95 (+18.1%) 

North Passage 
Island East 

2.28 0.71 3.33 (+31.4%) 1.09 (+34.8%) 

The model results provide a preliminary account of the hydrodynamic conditions in Gladstone Harbour 
and at the proposed site for the selected design storm event and using existing bathymetry. Storm tide 
water levels and currents at three locations are compared and key findings are as follows: 

• Minor amplification of the storm tide occurs inside the estuary, comparable to the normal tide 
behaviour. Therefore storm tide levels at the proposed site can be expected to be higher than 
Auckland Point elevations by approximately 5%. 

• When a storm tide coincides with flood tide currents under present channel conditions, 
increases in current speed of 20% to 30% could become apparent and, although of relatively 
short duration, there is a high likelihood some morphological changes would occur to shoals 
and channels.  
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The potential impact of the same design storm event and resulting storm tide on the modified 
bathymetry, representing the proposed channel and swing basin development options, is considered 
in Section 6.2.3. 

It should be noted that a total storm tide water level also includes components of wave setup, run-up, 
and the potential for overtopping. The Australia Pacific LNG project site reclaimed levels are designed 
in consideration of all components of total water level associated with storm tide.  

4.4.2 Waves 

Wave growth and propagation associated with ocean swell and severe weather events at the study 
site and within Gladstone Harbour have been assessed using a SWAN (Simulating WAves Nearshore) 
wave model.  

SWAN calculations for Gladstone Harbour were performed on model domain with a 50m grid 
resolution. The model extent was determined based on the largest possible fetch distances relative to 
the study area. 

Previous wave studies within Gladstone Harbour suggest that locally generated wind waves have the 
potential to be larger than ocean swell waves within the study area (BMT WBM 2006). This is due to 
Rodd Peninsula, Facing Island, South Trees Island, and a number of smaller islands within the 
harbour acting to block long period ocean swells from penetrating to the study area. This previous 
finding was confirmed with the wave model. Figure 4.13 presents the significant wave height contour 
and vector map over the model domain for 1m significant wave height with 10sec period ocean swell. 
Figure 4.13 clearly demonstrates the limited swell penetration into Gladstone Harbour. Ocean 
generated swell waves have a very low potential to impact on the proposed Australia Pacific LNG 
facility location. 

Locally generated wind waves on the proposed Australia Pacific LNG facility were also investigated 
using the wave model. A 10min average wind speed of 36m/s, representing a 50 year ARI wind speed 
for the Gladstone region (Australian/New Zealand Standard 1170.2:2002, Part 2: Wind actions), was 
applied across the model domain.  

Wind directions associated with the longest local fetches over water to the Australia Pacific LNG 
facility were modelled. Predominately overland winds from the northern sectors were omitted as these 
winds are not expected to be significant in terms of wave generation. 

Table 4.3 summaries the 50 year ARI local wind wave modelling and presents the predicted significant 
wave heights offshore from the Australia Pacific LNG facility to the north and south of North Passage 
Island. Local wind wave prediction indicates that 50 year ARI winds from the westerly and southerly 
sectors generate the largest waves within the study area. At a location just to the north of North 
Passage Island westerly winds have the potential to generate the largest waves. Southerly winds 
generate the largest waves south of North Passage Island.  

Predicted significant wave height contour and vector maps due to the 50 year ARI wind speed from 
the westerly and southerly directions are shown in Figure 4.14a and Figure 4.14b. The figures indicate 
that North Passage Island provides some protection to the proposed Australia Pacific LNG facility 
location during extreme westerly winds. The shoreline at the proposed site is more exposed to waves 
associated with extreme southerly winds. 
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Figure 4.13  Predicted significant wave height contour and vector map for ocean swell 
penetration study. The white indicates areas where the significant wave height is less than 
0.1m. 

Table 4.3  Summary of local wind wave prediction for 50 year ARI wind speed.  

Significant wave height (m) 10min average local 
wind speed (m/s) 

Local wind direction 
(direction from) 

North of North 
Passage Island 

South of North 
Passage Island 

36 W 1.51 1.35 

36 WSW 1.46 1.39 

36 SSW 1.42 1.55 

36 S 1.37 1.68 

36 SSE 1.25 1.54 

36 ESE 1.12 1.32 

36 E 0.98 1.13 
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Figure 4.14  Predicted significant wave height contour and vector map due local winds with a 
10-minute average wind speed of 36m/s (50 year ARI cyclonic wind speed for Gladstone 
region): a) westerly wind direction, b) southerly wind direction. 
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5. Proposed marine developments 

A general description of the LNG facility, shipping, and the marine components of the Project were 
provided in Section 1. This following section describes the marine components in more detail and, 
where relevant, discusses alternatives being examined. 

5.1 Jetty and ship berths 

The jetty and ship berths will be designed to provide safe mooring for the receipt and support of LNG 
ships, and to ensure the safe transfer of cargo from the onshore storage facilities to the ships. The 
design will be in accordance with all applicable codes and standards including, but not necessarily 
limited to, Oil Companies International Marine Forum (OCIMF), Society of International Gas Tanker 
and Terminal Operators (SIGTTO), American Petroleum Institute (API), and Australian Standards. 

The jetty platform at each berth is proposed as a two level structure consisting of a lower main deck 
and an elevated mezzanine deck. Loading arms would be supported by the lower deck, curbed to 
contain potential LNG spills and sloped to drain for LNG containment. 

A trestle structure is proposed to connect to the shoreline and on-shore tanks.  

A generic berth layout was based on the LNG ship data and the mooring dolphin layout is based on 
OCIMF recommendations for angles of mooring lines. Breasting dolphin positions take into account 
the flat-sidedness of LNG ships, for their various manifold positions forward and aft, to ensure that 
ships do not contact the jetty head and have adequate fender contact. The layout would also 
accommodate the identified LNG ship ranges. The design allows for vessels ranging in size from a 
125,000m3 (285m overall length) to the Q-Flex 217,000m3 vessel (315m overall length). 

A minimum water depth of -13m LAT is required at the berths in addition to any over-dredging depth, 
assumed as 0.3m. The Gladstone Port procedures (2009) stipulate that vessels alongside any berth 
must maintain a minimum of 0.5m Under Keel Clearance. 

Proposed design of the loading platform is shown in Figure 5.1. An additional row of piles is typically 
provided along the berthing face to support the weight of the loading arms and mezzanine platform. 
Also accommodated on the loading platform are valves and piping, a gangway tower, firewater 
monitors, and an anemometer. Utilities include electrical power for equipment and lighting systems, 
potable water, communications and instrument cabling, and nitrogen for purging the loading arms as 
shown in Figure 5.2. 

The berth is designed symmetrically to allow for berthing in either direction. 

5.1.1 Spill Containment 

The design of the loading platform and the pipe trestle incorporates segregated containment systems; 
one for rainwater, and the other for the spilled LNG intercept system, so that all run-off from the 
platform is controlled. No run-off from the platform will be allowed into the Slip. 
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5.1.2 Dredging requirements 

There are currently two location options being considered for the approach channel and swing basin 
layout described as follows and in reference to Figure 1.2:  

• Option 1b has berths and swing basin on the western side of North Passage Island and this site 
is approached by vessels navigating Targinie Channel 

• Option 2a has berths and swing basin on the eastern side of North Passage Island and is 
approached by the proposed channel extension from the Santos and BG LNG sites. 

A minimum water depth of -13m LAT at the berths and in the adjacent channels is required to 
accommodate the design vessel. It is noted that vessel draft may, in practice, be less than 12.2m, as 
the LNG may be less dense than in other locations. 

Normally a berth will require a turning circle of approximately two times ship length (depending upon 
location, tug availability and bow thruster availability). Design considerations have determined the 
swing basin diameter as 600m. GPC stipulate that vessels alongside any berth must maintain a 
minimum of 0.5m Under Keel Clearance. 

Dredging is required for both options and would be undertaken as described in the Western Basin 
Dredging and Disposal Draft EIS (GHD 2009). Option 2a requires more dredging volume due to the 
existing shallow depths on the eastern side of North Passage Island (typically -5mLAT).  

5.2 Materials offloading facility 

The Materials Offloading Facility (MOF) is required to provide the following functions: 

• The offload of modules for LNG trains 

• Offload general construction materials from barges 

• Support to load-out jetty construction. 

The preliminary layout of the MOF is shown in Figure 5.3. A ramp will be the first element to be 
constructed, which will allow initial access to the island, and simultaneous operations of the ramp with 
the construction of the wharf proper. One permanent dock capable of 2,500 tonne loads and crane 
access with roll-on/roll-off ramps to unload heavy equipment, modules and materials will be provided 
for all LNG trains. 

Due to the soft sediments underlying the proposed MOF location, it is expected that dredging of this 
material would be required in order to prepare the site before construction commences. The quantity 
of dredged material to be removed is assumed to be approximately 100,000m3. Note that this does 
not include dredging required for the approach to the MOF which is described and assessed in the 
GPC Western Basin EIS (BMT WBM 2009b).
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5.3 Reclaim area and revetments 

The proposed LNG facility site is to be located within the reclaim area to be located on the intertidal 
mudflats to the south of Graham Creek. As a consequence of the low lying land within the site 
boundaries, and the need to elevate the LNG Plant to an appropriate level for engineering and 
environmental purposes, it is proposed to reclaim an area of approximately 39 hectares as shown in 
Figure 5.4. 

The reclaim area requires earthworks fill material from higher ground within the LNG facility site 
boundaries in order to build the finished level to the design requirement of +6m above Australian 
Height Datum (AHD). The volume of fill material required to achieve finished level is over one million 
cubic metres.  

Armour protection of the causeway and the MOF is proposed to prevent scour of the core material 
during high tides and energetic wave conditions, especially during storms.  
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5.4 Seawater desalination 

Alternate sources of water such as groundwater, and rain water from the local catchment were 
evaluated in pre-feasibility studies, but rejected as not being sustainable to meet the demand.  

Water demand for the proposed Australia Pacific LNG Plant service water system is mainly attributed 
to a fresh water source during construction and operations, in addition to demineralised water required 
for amine make-up in the Acid Gas Removal Unit. Service water will be provided through the operation 
of a seawater desalination unit to supply fresh water. The closest source of marine water is directly 
offshore from the proposed plant.  

Projected water demand and relevant assumptions for the construction phase and operations are 
described in Volume 4, Chapter 3 of the EIS.  

Potable water demand during construction varies from 1-35m3/hr based upon peak workforce loading 
of 2,500 during 40 months and a water demand of 0.284m3/person/day. Water requirement for 
construction is similar for operating conditions with two-trains and has been estimated to be about 
840m3/day. With the expansion of the plant to four-trains water demand would increase to 
approximately 65m3/h or 1544m3/day (Bechtel 2009). 

5.4.1 Desalination unit waste-stream 

In converting the seawater intake stream to fresh water for process and potable water requirements a 
waste stream is developed. The desalination concentrate or brine reject is the residue from the 
desalination plant that is to be returned to the marine environment offshore from the proposed LNG 
facility. The brine reject discharges are a function of the desalination unit efficiency, and a freshwater 
recovery rate of approximately 40% is expected. Brine reject average flow rates are presented in 
Table 5.1 based on a desalination recovery rate of 40% and maximum flow rates based on a 
desalination recovery rate of 35%. The brine reject characteristics are given in  

Table 5.2. 

It has been assumed that the brine reject temperature (after processing) will be comparable to the 
temperature of the ambient marine waters as these are the source for the desalination plant intake. 
Consequently, for the calculation of the density of brine reject, an increase of half a degree Celsius 
has been allowed. The salinity of the brine reject is dependent on the freshwater recovery rate and a 
slightly more saline waste stream is produced with an increased recovery rate. Therefore the salinity of 
the brine reject has been based on the salinity of the ambient marine waters and recovery rates that 
vary between 35-40% result in a range of salinity from 53.1-67.5ppt.  

Table 5.1 Desalination Unit intake and brine reject discharges during the operational phase 

Summary (see tables below) 2 LNG Trains 
(9 MTPA) 

4 LNG Trains 
(18 MTPA) 

Construction 

 Ave. 
Flow 

(m3/hr) 

Max. 
Flow 

(m3/hr) 

Ave. 
Flow 

(m3/hr) 

Max. 
Flow 

(m3/hr) 

Ave. 
Flow 

(m3/hr) 

Max. 
Flow 

(m3/hr) 

SW Intake  

(each pump capacity 180m3/h) 
99  187  109 
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Summary (see tables below) 2 LNG Trains 
(9 MTPA) 

4 LNG Trains 
(18 MTPA) 

Construction 

Brine to outfall1 2 56 68 106 128 62 75 

Product water 34.2  64  38 

brine density 1037 1043 kg/m3 

seawater density 1022 1024 kg/m3 
Note: For operations phase only (construction phase uses less product water) 
1Average brine discharge uses 40% recovery.  
2Maximum brine discharge uses 35% recovery 

The proposed location for the desalination system intake is the Product Loading Facility via a passive 
intake screen attached to a jetty pier.  This is over 600m from the discharge option in front of the MOF. 
The intake is well clear of the brine release initial mixing zone and under normal tide conditions the 
brine should be sufficiently mixed over the water column depth such that concentrations would be 
close to background levels. Consequently, recirculation of elevated brine concentrations back into the 
desalination intake would be avoided.  

Intake rates required for the desalination system are low when compared to total flows in the North 
Passage Channel and have no influence on the hydrodynamics. The impact of the intake on the 
marine ecology is assessed in Volume 4, Chapter 10 of the EIS. 

Table 5.2  Brine reject characteristics 

Wastewater Stream Estimated Characteristics Units 

pH 6 to 8  

TDS 50,000 to 60,000    mg/L 

Calcium, Ca 600-750    mg/L 

Magnesium, Mg 2,000-2,500 mg/L 

Potassium, K 600-800 mg/L 

Sodium, Na 19,000 -22,000 mg/L 

Chloride, Cl 30,000-33,000   mg/L 

Fluoride, F 1.5 -3   mg/L 

Sulphate, SO4 4,000 -6,000 mg/L 

Strontium, Sr 15-25 mg/L 

TSS, average 20-30   mg/L 

TSS, maximum 40 mg/L 

SiO2 1-2  mg/L 

BOD5 5 to 10   mg/L 
Note: Based on first pass brine reject for 2 train LNG Plant (9MTPA) 
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5.5 Treated Wastewater Discharges 

Wastewater streams from various processes and facilities would be treated, screened, and dosed on 
site to bring it in line with acceptable standards for irrigation or re-use within the plant process make-
up water. Using treated wastewater for on-site irrigation, to the extent possible, would reduce the 
quantity of discharge to the sedimentation/holding basins or discharge to marine waters.  

It is estimated a maximum rate of 550 m3/day of construction waste sewage flow would be generated. 
Operation of a waste treatment plant on site was determined to be a more cost effective option than 
transporting the waste stream back to the mainland by truck for disposal. 

Treated sewage effluent would be collected in a tank (can also receive de-oiled process oily water) 
before it is discharged as irrigation water or combined with desalination brine reject in the seawater 
outfall. 

Use will be made of existing proven treatment technologies that are cost effective and prevent adverse 
water quality or other environmental impacts. Liquid waste limits for operational discharges would be 
developed from guidelines to ensure compliance with National and Queensland standards (WQO 
water quality objectives) for fresh and marine water quality in Gladstone as outlined in Volume 4, 
Chapter 10.  

Sewage effluent is not dechlorinated before discharge either to irrigation or to the seawater outfall 
diffuser. Dechlorination is not required with the mixing and dilution in the outfall diffuser system. 
Discharge of sewage effluent is only an alternate to the preferred irrigation. Also, there should not be 
any chlorine in the desalination brine reject as there is a dechlorination step prior to the desalination  
system. 

5.6 Pipeline crossing 

The expansion of Australia Pacific LNG’s existing CSG operations in the Walloons Gasfields 
Development Area in the Surat Basin will supply gas to the proposed LNG facility on Curtis Island.  

Transmission of the gas from the Walloons Gasfields requires the development, construction, and 
operation of a high pressure main transmission pipeline. The main transmission pipeline is expected to 
be a 42inch (1.1m) diameter steel pipe and approximately 450km long, including the underwater 
crossing of The Narrows to reach the LNG Plant on Curtis Island. 

The ultimate gas requirements and train configuration will be determined during the front end 
engineering design (FEED) stage. The LNG Plant will utilise ConocoPhillips proprietary Optimized 
Cascade® technology, which is a proven and reliable technology and is well-suited to a CSG to LNG 
application. 

5.6.1 Location 

The preferred route is presented in Figure 5.5 and provides an overall plan view and profile of the 
approaches and crossing. Figure 5.6 is a larger scale view of the approaches across the wetland to 
the west of The Narrows and Figure 5.7 is a large scale view of The Narrows crossing for the 
Horizontal Directional Drill (HDD) option between Friend Point and Laird Point. 

Figure 5.8 corresponds to proposed cross-sections of the pipeline through the wetland area and 
across The Narrows if a dredged trench has to be used instead of HDD. The options for the crossing 
of The Narrows are discussed in Section 5.6.2 and all construction methodologies follow the same 
pipeline route. 
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Figure 5.5  Gas transmission pipeline 
route crossing to Curtis Island
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NOTES:
1. Pipeline cover depth shown on Sheet 1 and 2 is nominal and will be determined at detailed design stage.
2. Seabed profile shown extracted from DEM prepared from the following data sources:
    The State of Queensland (Department of Natural Resources and Water) [2007] and
    Gladstone Ports Corporation October 2008
3. Vertical datum to AHD.
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AUSTRALIA PACIFIC LNG PTY LIMITED

AUSTRALIA PACIFIC LNG PROJECT EIS

Figure 5.6  Gas transmission pipeline 
route crossing to The Narrows - Sheet 1
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NOTES:
1. Pipeline cover depth shown on Sheet 1 and 2 is nominal and will be determined at detailed design stage.
2. Seabed profile shown extracted from DEM prepared from the following data sources:
    The State of Queensland (Department of Natural Resources and Water) [2007] and
    Gladstone Ports Corporation October 2008
3. Vertical datum to AHD.

This map incorporates data which is
© Commonwealth of Australia  (Geoscience Australia) 2009
The Commonwealth gives no warranty regarding the accuracy,completeness, currency or suitability for any 
particular purpose.
© The State of Queensland (Department of Natural Resources and Water) 2009
Based on or contains data provided by the State of Queensland (Department of Natural Resources and 
Water) 2009.  In consideration of the State permitting use of this data you acknowledge and agree that 
the State gives no warranty in relation to the data (including accuracy, reliability, completeness, currency 
or suitability) and accepts no liability (including without limitation, liability in negligence) for any loss, damage 
or costs (including consequential damage) relating to any use of the data.  Data must not be used for direct 
marketing or be used in breach of the privacy laws.
© WorleyParsons Services Pty Ltd
While every care is taken to ensure the accuracy of this data, WorleyParsons makes no representations or 
warranties about its accuracy, reliability, completeness or suitability for any particular purpose and disclaims 
all responsibility and all liability (including without limitation liability in negligence) for all expenses, losses, 
damages (including indirect or consequential damage) and costs which might be incurred as a result of the 
data being inaccurate or incomplete in any way and for any reason.

Satellite imagery captured by GeoEye-1 on 24 March 2009
Indicative sites supplied by Bechtel.
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AUSTRALIA PACIFIC LNG PTY LIMITED

AUSTRALIA PACIFIC LNG PROJECT EIS

Figure 5.7  Gas transmission pipeline 
route crossing of The Narrows - Sheet 2
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NOTES:
1. Pipeline cover depth shown on Sheet 1 and 2 is nominal and will be determined at detailed design stage.
2. Seabed profile shown extracted from DEM prepared from the following data sources:
    The State of Queensland (Department of Natural Resources and Water) [2007] and
    Gladstone Ports Corporation October 2008
3. Vertical datum to AHD.

This map incorporates data which is
© Commonwealth of Australia  (Geoscience Australia) 2009
The Commonwealth gives no warranty regarding the accuracy,completeness, currency or suitability for any 
particular purpose.
© The State of Queensland (Department of Natural Resources and Water) 2009 
Based on or contains data provided by the State of Queensland (Department of Natural Resources and 
Water) 2009.  In consideration of the State permitting use of this data you acknowledge and agree that 
the State gives no warranty in relation to the data (including accuracy, reliability, completeness, currency 
or suitability) and accepts no liability (including without limitation, liability in negligence) for any loss, damage 
or costs (including consequential damage) relating to any use of the data.  Data must not be used for direct 
marketing or be used in breach of the privacy laws.
© WorleyParsons Services Pty Ltd
While every care is taken to ensure the accuracy of this data, WorleyParsons makes no representations or 
warranties about its accuracy, reliability, completeness or suitability for any particular purpose and disclaims 
all responsibility and all liability (including without limitation liability in negligence) for all expenses, losses, 
damages (including indirect or consequential damage) and costs which might be incurred as a result of the 
data being inaccurate or incomplete in any way and for any reason.

Satellite imagery captured by GeoEye-1 on 24 March 2009
Indicative sites supplied by Bechtel.
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route crossing of The Narrows - Sheet 3
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5.6.2 Pipeline development options 

There are several methods that have been proven in practice to accomplish a major water crossing 
with a high pressure main transmission pipeline. Site specific considerations include the length of the 
crossing, condition of the banks, seabed material, geotechnical conditions, current velocity and water 
level variations.  

Design basis 

All methods require good definition of the minimum seabed profile including estimation of seabed 
lowering caused by erosion and future dredging works. An accurate hydrographic survey is required to 
ensure that a minimum allowable cover height above the pipeline can be maintained for the whole 
operation life of the pipeline. The high pressure main transmission pipeline is a 42in (1.1m) diameter 
continuous welded steel assembly, and will be installed with a minimum depth of cover to be 
determined during the detailed design. 

The type of buoyancy control for the pipeline will be determined at final design stages (preliminary 
concrete coating thickness is 150mm) and the length of pipeline for the crossing will be hydrostatically 
tested separately from the rest of the pipeline before installation. 

For any installation method, bending stresses on the pipe during installation must be considered. For 
trenched installations, before floating or pulling the pipeline into position, a suitable bedding material is 
placed in the bottom of the open trench to support the pipeline and reduce erosion of the open trench 
profile by tidal currents. After lowering into the open trench the pipeline is covered with suitable 
material and backfilled with rock of an appropriate weight and size to reduce the potential for scouring 
and exposure of the pipeline. 

Potential options for pipeline crossing of The Narrows are: 

• Horizontal Directional Drilling (HDD) 

• Flotation method 

• Bottom pull method 

Wet trench crossing of the wetland 

The proposed alignment of the gas pipeline, presented in Figure 1.16, shows the trench would extend 
across the wetlands leading to Friend Point. Once excavation of the trench commences across the 
wetlands it will naturally fill with saline water as a result of ground water flow and forcing from tidal 
waters penetrating into the wetlands through the creeks and tributaries and across the salt pans. 

One option for trench construction under consideration is to work in ‘wet conditions’, rather than pump 
the water out and stabilise trench batters from collapse using shoring methods. Temporary impacts 
would potentially be in the form of suspended solids finding their way into marine waters, construction 
right-of-way (ROW), staging, and extra workspace, while permanent potential impacts would result 
from the operation the permanent ROW. 

Horizontal Directional Drill ing 

Horizontal directional drilling is the preferred method of Australia Pacific LNG for the proposed main 
transmission pipeline crossing of The Narrows to Curtis Island. The technique applied to HDD is not 
described in detail here. Rather this Section addresses issues associated with construction and the 
subsequent environmental issues. 
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The typical workspace area required for drill rigs used in HDD operations is in the order of 50m by 
75m. Working areas are required to be cleared and graded level. Space requirements will vary 
depending on the make and model of the drilling rig and how the various components may be 
positioned. The key components of the drill rig are the rig ramp, the drill pipe, and the control van. 
Locations of these key components are controlled by the drill entry point, but indicative positions are 
included in Figure 5.6 and Figure 5.7. 

Management of the drilling fluid is necessary to avoid potential environmental impacts. Drilling fluid is 
used for a number of tasks in the HDD process including: 

• Cooling and lubricating the drill stem, mud motor and bit 

• Providing hydraulic power to the mud motor which in turn converts hydraulic power to 
mechanical power 

• Carrying cuttings out of the bore hole 

• Stabilizing the bore hole during the drilling process, 

• Sealing fractures in the formation. 

Drilling fluid is usually a mixture of freshwater and bentonite. Bentonite is a naturally occurring clay 
that is extremely hydrophilic – that is has high swelling characteristics. Certain polymers may also be 
used that enhance the drilling fluid benefits. 

Various chemicals and materials can be added to the drilling fluid to adjust its properties, in particular 
to control density, viscosity, plugging and sealing capabilities, and specific conditions such as swelling. 

Disposal of drilling fluids from the site after use are normally achieved as follows: 

• Mix and bury on site (not a viable option inside a marine park) 

• Land spread (as above) 

• Transfer to an approved site or disposal facility 

Flotation method  

This method consists of assembling the complete pipe section for the crossing at the bank and 
covering it with a concrete weight coating to offset buoyancy effects. Transfer of the pipe from the 
shoreline to the pre-dredged underwater trench is undertaken using floating plant and cranes. This 
procedure is more applicable for crossings with low current velocity as manoeuvring floating plant into 
position becomes increasingly difficult with increasing flood and ebb tidal streams. 

There are various techniques used for trenching in addition to carrying the pipe section into position. If 
the pipe section is assembled at a distant location, it can be floated into place with self-propelled 
pontoons and cranes. However, this is specialised plant and availability could be an issue. The trench 
is typically constructed using floating mechanical dredging plant that transfers the marine sediments to 
small barges that remove the material to a designated spoil ground. In this case the material from The 
Narrows is to be barged to the reclamation area to the north of Fisherman's Landing.  

The type of dredge used will mainly depend on the material to be encountered. Across The Narrows 
the bore-log analysis indicates that this is mostly gravely sands, silts and clays. For a narrow trench a 
pontoon mounted large back hoe (purpose built hydraulic excavator) could be used to efficiently 
undertake this work. Wider and deeper trenches would necessitate the use a cutter suction dredge or 
possibly a medium sized trailer suction hopper dredge.   
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Lowering the pipeline into the trench requires a high level of coordination and providing a means of 
adjusting its buoyancy is also needed to sink it into position. Because the pipeline crossing length is 
approximately 1800m and The Narrows is a waterway exhibiting moderate to high current velocity, the 
flotation method would be the least favoured option. 

Bottom pull method 

The bottom pull method is sometimes employed for crossing waterways exhibiting strong currents or 
where the seabed consists of softer material. It is not suitable where exposed rock is found on the 
bottom. 

The concept of this method is to assemble the pipeline string so that its entire length is set out on the 
shore in the extended axis of the planned crossing route. It is pulled into the open dredged trench 
using an anchored winch anchored on the opposite bank of the waterway. 

Construction issues involve the large set out area required for the pipe string to be aligned with the 
crossing, trenching required for placement and cover of the pipeline, coffer dams and dewatering to 
exclude water from trenches at the shoreward ends, and access for large excavators to and from the 
site as well as floating pontoon mounted machinery. The floating pontoons are required to be 
anchored into position for dredging of the underwater pipeline trench to take place and will require 
substantial anchoring systems to hold them from moving with the strong currents in The Narrows. 

Volume of pipeline trench 

The alternative to HDD, being the flotation or bottom pull methods, require trenching of the seabed 
using a dredge. The type of dredge plant most suited for excavating an underwater trench across The 
Narrows would be either a cutter suction dredge, trailer suction hopper dredge, or a large back hoe 
dredge. A typical large back hoe dredge is depicted in Figure 5.9. 

The volume of material to be removed from the trench has been assessed assuming the alignment 
and profile shown in Figure 5.7 

Hydrographic data used for the analysis was provided by Gladstone Ports Corporation from a survey 
undertaken by MSQ during October and December 2008. Sufficient cover depth was allowed for the 
structural integrity of the pipe against erosion forces associated with the waterway and for general 
protection. The overall segment length of the crossing is approximately 1800m. The analysis assumes 
the pontoon mounted mechanical dredge can access most of this length and where it cannot, a land 
based hydraulic excavator would be required to complete the shore crossings. 

The volume associated with a trench crossing will also vary depending on the batter slopes used for 
stability of the trench walls. Geotechnical advice is that the stability of the underwater section would 
require batter slopes varying from 1V:3H to 1V:5H and that local storage is needed to prevent infilling 
of the trench by bed sediments within the time required for the pipeline to be laid into position. 
Consequently, the volume of material required to be dredged for a narrow pipeline trench could vary 
from 90,000m3 to 200,000m3 and a wider trench, with slightly greater cover depth, could require 
800,000m3 to 1,000,000 m3 of material to be removed. 
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Figure 5.9  Backhoe dredging plant (image source: Van Oord 2009) 

A large mechanical dredge has a reasonably high production rate per day. Using a 10m3 bucket, 
production rates would be as much as 3,800m3 to 4,200m3/day (pers. comm., Van Oord Dredge and 
Marine). If a small barge (approximately 800m3) is used to dispose of the dredged material it would 
take just over a month to complete the dredging; however, the disposal of material may require barges 
to time their release with the higher tides to gain access to the shallow areas at the reclamation area 
north of Fisherman's Landing. As a conservative estimate, the time required to dredge the trench may 
ultimately take two months, if barges can only dispose on the rising tide. An alternative to this would 
be double handling, requiring disposal near the reclamation and additional dredging plant to rehandle 
the material into the reclamation. 

It is assumed approvals are being arranged by GPC under the Western Basin Dredging and Disposal 
EIS to remove this dredge material to an approved reclaim area. 
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6. Potential impacts and mitigation measures 

Assessment considered the potential impacts to coastal processes resulting from proposed dredging 
and reclamation in the Western Basin in order to then assess the additional potential impacts from 
proposed coastal components described in Section 5. The impact assessment of the channels and 
swing basins is described in GPC’s EIS for the Western Basin Dredging and Disposal Project and is 
not repeated here. However, information relevant to the establishment of the hydrodynamic model that 
includes the Western Basin developments is described below. This was used as a base from which 
assessments were made of potential impacts associated with the Project jetties, MOF, reclamation 
and revetments, and desalination brine discharge. 

6.1 Modifications to bathymetry 

Other major industrial developments within Gladstone Harbour have been proposed in addition to the 
marine developments proposed by Australia Pacific LNG. The potential impacts of the Australia Pacific 
LNG proposed works cannot be considered in isolation from the other developments within the 
Western Basin.  

The assessment of the potential impacts of modified bathymetry on the local and basin wide coastal 
processes has been undertaken through hydrodynamic modelling and modifying the model 
bathymetry according to the changes presented in Figure 6.1. This represents the different stages of 
the Port of Gladstone Western Basin development and the works proposed by Australia Pacific LNG. 

Figure 6.1a and Figure 6.1b indicate the changes to the existing model bathymetry (Figure 4.1) for 
Option 1b and 2a, respectively and also include GPC proposed dredge and reclamation works. 

The Project’s Option 1b and Option 2a model bathymetries were based upon the existing Western 
Basin bathymetry with modifications to represent the proposed works including: 

• Dredged LNG shipping approach channels (-13.5 LAT) 

• Dredged LNG berth and turning circle areas (-13.5 LAT) 

• Material offloading facility (MOF) structure 

• Dredged approach area to the MOF (-8.5 LAT). 

The same modifications were also applied to the existing Western Basin bathymetry used in the wave 
model (refer to Section 6.2.2). 
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Figure 6.1  Changes to existing model bathymetry for hydrodynamic impact assessment, a) 
Option 1b, and b) Option 2a 
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6.2 Coastal processes 

6.2.1 Hydrodynamics 

Potential changes to tidal water levels and currents from specific dredging and reclamation scenarios 
were assessed in the GPC’s EIS for the Western Basin Dredging and Disposal Project and are not 
repeated in full here. The main conclusions from the EIS additional numerical model results (BMT 
WBM 2009b) that included changes due to Option 1b and 2a dredging are as follows: 

• The dredging and reclamation works will have negligible impact (1cm or less) on high tide levels 
throughout the area 

• Water levels associated with the inclusion of Options 2a and 1b dredging are essentially the 
same as previous simulations of the fully developed dredging and reclamation options for the 
Western Basin 

• In general, current velocities tend to decrease in dredged areas where the depths are greater 
following dredging and higher velocities are predicted upstream and downstream of the newly 
dredged areas where the higher flows enter and exit across the existing bathymetry. 

For Option 1b: 

• In the MOF approach channel, velocities generally decrease although a slight increase is 
predicted where currents exit from the swing basin. Increases in velocity of up to 0.5m/s (ebb) 
are predicted on the shoals adjacent to the MOF channel upstream of North Passage Island. 

For Option 2a: 

• In APLNG Option 2a dredged area, velocities are predicted to decrease up to 0.4m/s (flood tide) 
and 0.5m/s (ebb tide). Current velocity in the MOF approach channel generally decreases 

• Substantial increases in velocity (0.35m/s flood and 0.7m/s ebb) occur on the shoals upstream 
of North Passage Island as a result of increased flows there. 

To provide more detailed hydrodynamic information around the Australia Pacific LNG site and to 
assess potential impacts associated with the Project jetties, MOF, reclamation and revetments, and 
desalination brine discharge hydrodynamic modelling was undertaken by WorleyParsons using 
methodology consistent with the GPC Western Basin Dredging and Disposal EIS. 

Model simulations were performed for the existing (Figure 4.1), Option 1b (Figure 6.1a), and Option 2a 
(Figure 6.1b) bathymetry and also include GPC proposed dredge and reclamation works. 
Consequently, the model results as presented include more than the incremental changes due to the 
development of the Australia Pacific LNG Options. 

• Water level time series plots at location t1 (shown in Figure 6.3) for the representative spring 
and neap tide periods are presented in Figure 6.4. Note that the impact to water level at location 
t1 was representative of the impact to water level within the study area and therefore water level 
comparisons at other locations have not been presented. 

• Current speed time series plots at five locations of interest shown in Figure 6.3 (t1, t2, t3, t4, 
and t5) for the representative spring and neap tide periods are presented in Figure 6.5 through 
Figure 6.9. 

• Current speed contour plots at the instants of peak current velocity. The contour plots show the 
spatial impact of Option 1b and Option 2a relative to the existing conditions. The spatial impact 
contour plots are presented in Figure 6.10 through Figure 6.13. 
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Figure 6.2  Tidal signal at Gladstone South Trees showing times selected for current speed and 
water level impact assessment 

 

Figure 6.3  Locations of interest (t1, t2, t3, t4, and t5) for hydrodynamic impact temporal 
analysis 
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Figure 6.4  Impact to water level at location t1 (offshore from proposed MOF), a) spring tide 
period, and b) neap tide period 

Figure 6.4 presents the water level time series comparison for location t1, situated just offshore from 
the MOF. The predicted impacts to water level due to the Option 1b and Option 2a and were as 
follows: 

• Differences between the two Australia Pacific LNG options are negligible.  

• Relative to the existing case, a negligible impact to the tidal amplitude is predicted. 

• A tidal water level phase shift of approximately -20min was predicted. 
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Figure 6.5  Impact to current speed at location t1 (offshore from proposed MOF), a) spring tide 
period, and b) neap tide period 

Figure 6.5 presents the current speed time series comparison for location t1, situated just offshore 
from the MOF. The predicted impacts of Option 1b at location t1 relative to the existing current speed 
were as follows: 

• Option 1b typically causes a reduction in current speed due to the deepening of the bathymetry 
offshore from the MOF 

• Peak current speeds are typically reduced by up to 30%. 

The predicted impacts of Option 2a at location t1 relative to the existing current speed were as follows: 

• Option 2a is predicted to increase current speed offshore from the MOF up to 30% more. This 
result is in contrast to Option 1b and is attributed to the Option 2a berth and turning circle 
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Figure 6.6  Impact to current speed at location t2 (Option 1b berth/turning circle), a) spring tide 
period, and b) neap tide period 

Figure 6.6 presents the current speed time series comparison for location t2, situated within the Option 
1b berth/turning circle area. The predicted impacts of Option 1b at location t2 relative to the existing 
current speed were as follows: 

• Option 1b is predicted to reduce current speed up to 40% due to the deepening of the existing 
bathymetry for the Option 1b berth and turning circles. 

The predicted impacts of Option 2a at location t2 relative to the existing current speed were as follows: 

• Option 2a is predicted to reduce current speed at t2 similar magnitude to Option 1b.  
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Figure 6.7  Impact to current speed at location t3 (Option 2a berth/turning circle); a) spring tide 
period, and b) neap tide period. 

Figure 6.7 presents the current speed time series comparison for location t3, situated within the Option 
2a berth/turning circle area. The predicted impacts of Option 1b at location t3 relative to the existing 
current speed were as follows: 

• Option 1b is predicted to reduce current speed by less that 10%. Option 1b requires no 
dredging in the immediate vicinity of t3 and therefore the impact at this location is primarily 
attributed to the proposed Gladstone Ports Corporation dredging.  

The predicted impacts of Option 2a at location t3 relative to the existing current speed were as follows: 

• Option 2a results in a reduction in current speed between 30-50%, during both spring and neap 
tide conditions 
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Figure 6.8  Impact to current speed at location t4 (Option 1b approach channel), a) spring tide 
period, and b) neap tide period 

Figure 6.8 presents the current speed time series comparison for location t4, situated within the Option 
1b approach channel and close to the proposed expansion of the Fisherman’s Landing berth and 
swing basin. At the t4 location predicted current speed impact due to Australian Pacific LNG Option 1b 
and Option 2a were as follows:   

• Option 1b and Option 2a are predicted to reduce current speeds by 30-50% compared to the 
existing conditions 
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Figure 6.9  Impact to current speed at location t5 (Option 2a approach channel), a) spring tide 
period, and b) neap tide period 

Figure 6.9 presents the current speed time series comparison for location t5, situated within the Option 
2a approach channel. At most times Option 2a causes an insignificant impact (less than 5%) relative 
to the existing current speed. The predicted impacts of Option 2a at location t5 relative to the existing 
current speed were as follows: 

• Option 2a caused a current speed reduction, typically between 20-30%, during both spring and 
neap tide conditions. 

Figure 6.10 through Figure 6.13 show spatial contour plots of the predicted impact to current speed at 
the instant of peak spring and neap currents within the study area. Regions where the absolute current 
speed impact is less than ±0.1m/s are represented by white in the figures.  

a) 

b) 
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Figure 6.10  Predicted impact to the peak current speed of the spring flood tide relative to 
existing conditions: a) Option 1b, b) Option 2a 
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Figure 6.11  Predicted impact to the peak current speed of the spring ebb tide relative to 
existing conditions: a) Option 1b, b) Option 2a. 
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Figure 6.12  Predicted impact to peak current speed of the neap flood tide relative to existing 
conditions: a) Option 1b, b) Option 2a. 
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Figure 6.13  Predicted impact to the peak current speed of the neap ebb tide relative to existing 
conditions: a) Option 1b, b) Option 2a 

Important findings based on the spatial current speed impact at times of peak spring and neap flow 
assessment were as follows: 
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• A general decrease in current speed throughout the study area is predicted due to deepening 
associated with dredging.  

• Current speed within the Option 2a berth/turning circle area is reduced by up to 0.4m/s. The 
magnitude of the impact is similar on both the flood and ebb phases. 

• The current speed impacts associated within Option 1b berth/turning circle area are expected to 
be dominated by the proposed Gladstone Ports Corporation dredge and reclamation works. 
Decreases of current speed in this area of up to 0.2m/s are predicted. 

• The overall spatial impact to current speeds of Australia Pacific LNG Option 1b is less than 
Option 2a.  

• Offshore and adjacent to the Option 1b MOF, a reduction in current speed of up to 0.3m/s is 
predicted. 

• Offshore from the Option 2a MOF during peak spring tide conditions an increase in current 
speed of up to 0.2m/s is predicted.  

6.2.2 Waves 

Potential impacts to the wave conditions for the Western Basin were generally addressed in GPC’s 
EIS for the Western Basin Dredging and Disposal Project. The following discusses potential impacts to 
wave conditions resulting from dredging Options 1b and 2a, and is consistent with the methodology 
used in GPC’s EIS. 

It was demonstrated in Section 4.4.2 and in previous studies (e.g. BMT WBM 2006) that the study 
area is protected from ocean waves by Curtis, Facing, and other smaller islands within Gladstone 
Harbour. It was not considered necessary to assess the impact to ocean-generated sea and swell 
waves in the study area.  

Minor changes to locally generated wind waves in the Western Basin associated with the proposed 
marine developments were investigated using the wave model (refer Section 4.4.2). The existing wave 
model bathymetry was modified and two new model bathymetries were created represent the 
Australia Pacific LNG Option 1b and Option 2a. The modifications also include the Fisherman’s 
Landing Northern Expansion and dredge areas proposed by GPC (refer Figure 6.1a and Figure 6.1b).  

Following the same approach described in Section 4.4.2, a 10-minute wind speed of 36m/s, 
representing a 50 year ARI cyclonic wind speed for the Gladstone region (Australian/New Zealand 
Standard 1170.2:2002, Part 2: Wind actions), was applied across the Option 1b and Option 2a wave 
model domains from the directions likely generate the largest waves. Table 6.1 summaries the 50 year 
ARI local wind wave impact modelling and presents the significant wave heights offshore from the 
Australia Pacific LNG facility to the north and south of North Passage Island. The Option 1b and 
Option 2a wave height results were compared to the results for the existing model presented in Table 
4.3. The impact in Table 6.1 refers to the percentage difference in wave height between the existing 
and modified bathymetry results.
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Table 6.1  Summary of local wind wave prediction for 50 year ARI wind speed for Option 1b and 
Option 2a. Impact is relative to existing result in Table 4.3. 

  North of North Passage Island South of North Passage 
Island 

10min 
average local 
wind speed 

(m/s) 

Local wind 
direction 
(direction 

from) 

Significant 
wave height 

(m) 

Impact 
relative to 
existing 

conditions 
(%) 

Significant 
wave height 

(m) 

Impact 
relative to 
existing 

conditions 
(%) 

Option 1b      

36 W 1.52 0.66 1.33 -1.50 

36 WSW 1.41 -3.55 1.40 0.71 

36 SSW 1.36 -4.41 1.55 0.00 

36 S 1.34 -2.24 1.68 0.00 

36 SSE 1.24 -0.81 1.56 1.28 

36 ESE 1.13 0.88 1.33 0.75 

36 E 0.98 0.00 1.13 0.00 

Option 2a      

36 W 1.56 3.21 1.42 4.93 

36 WSW 1.48 1.35 1.44 3.47 

36 SSW 1.50 5.33 1.64 5.49 

36 S 1.58 13.29 1.83 8.20 

36 SSE 1.58 20.89 1.74 11.49 

36 ESE 1.42 21.13 1.50 12.00 

36 E 1.17 16.24 1.24 8.87 

Local wind wave modelling for Option 1b suggests the proposed marine developments will have an 
insignificant impact on the extreme wave heights within the study area. The modelling demonstrates 
significant wave heights are either not impacted or are reduced due to the proposed developments. 
This result is primarily due to the reduced fetch associated with the Fisherman’s Landing expansion. 

Option 2a local wave modelling shows increases to the significant wave height for all wind directions. 
The most significant wave impact is associated with winds from the southerly sector. The proposed 
Gladstone Ports Corporation shipping channels and the Australia Pacific LNG Option 2a berth/turning 
circle areas align with the south-easterly winds and provide a deeper area for larger waves to develop. 
Significant wave heights are predicted to increase by up to 20%. Figure 6.14 compares the predicted 
significant wave height contour map for the 50 year ARI wind speed from the south-south-easterly 
direction for the existing and Option 2a case. Figure 6.14b shows larger waves penetrating through 
the proposed Option 2a berth/turning circle area.
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Figure 6.14  Predicted significant wave height contour and vector map due local winds with a 
10-minute average wind speed of 36m/s (50 year ARI cyclonic wind speed) from the south-
south-easterly direction: a) existing case, b) Australia Pacific LNG Option 2a 
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6.2.3 Natural hazards and climate change 

Natural Hazards potentially affecting the coastal zone and their frequency of occurrence are 
addressed in the following sections and include the topics of: 

• Storm surge and storm tide (severe weather induced extreme water levels) 

• Tsunami 

• Climate change (coastal impacts) 

Storm Tide 

Potential impacts associated with tropical cyclone landfall were assessed through hydrodynamic 
simulations. Although not a detailed storm tide study, several scenarios were selected to represent 
severe cyclone tracks reaching landfall at Gladstone in order to assess the potential impact to coastal 
processes at the Australia Pacific LNG Project site. The storm surge and extreme weather current 
speed impact method presented in Section 4.4.1 was repeated using the Option 1b and Option 2a 
hydrodynamic models. This assessment was performed to determine if the proposed marine works 
within the Western Basin increased the vulnerability of the study site to extreme water levels and 
current speeds. 

Following the approach in Section 4.4.1 water level and current speed predictions were extracted from 
the model in the vicinity of the proposed Australia Pacific LNG berth (for Option 1b and Option 2a). 
Table 6.2 presents the peak water level and current speed for tidal forcing only (i.e. “normal” 
conditions) and for tidal with representative 50 year ARI tropical cyclone forcing. The peak water levels 
and current speeds are associated with the cyclone arriving during spring flood tide conditions. Other 
influences that can affect waters levels during tropical cyclones storms such as wave setup, run-up, 
and overtopping have not been considered. The values in brackets in Table 6.2 indicate the 
percentage difference between the tidal forcing only and tidal with tropical cyclone forcing. 

Table 6.2  Predicted impact of a representative 50 year ARI tropical cyclone arriving during 
spring flood tide conditions.  

 Normal  spring tide� Storm tide 
(cyclone landfall at time of flood tide) 

 High water level 
MSL (m) 

Current speed 
(m/s) 

Peak water level 
MSL at berth (m) 

Peak current 
speed at berth 

(m/s) 

Auckland Point 2.19 0.97 3.24 (+32.5%) 1.36 (+28.3%) 

Option 1b berth 2.30 0.66 3.42 (+32.8%) 0.83 (+20.0%) 

Option 2a berth 2.29 0.33 3.40 (+32.4%) 0.49 (+31.7%) 

The results in Table 6.2 suggest the Western Basin and the Australia Pacific LNG dredging works 
result in lower current speeds in the deeper channels and dredged areas, while storm tide water levels 
are not significantly modified compared to existing conditions.  

Compared to the undeveloped Western Basin scenario, the currents in the berth locations for 
Option 1b are reduced by 0.12m/s and for Option 2a, peak currents decrease by 0.6m/s. 

Geoscience Australia (2001) has also assessed the risk to Gladstone City from cyclonic winds and 
storm tide and concluded low-lying areas and areas of older residential coastal development such as 
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Barney Point, and Boyne Island have the greatest level of risk. At the 1% annual exceedence 
probability level, it was estimated that 247 buildings or facilities would experience over-floor 
inundation. 

Tsunami 

The potential for impact by tsunami is considered to be very low considering the 30 year design life of 
the Australia Pacific LNG facility and the top of reclamation level being proposed, approximately 6 m 
AHD, is a sufficient height above HAT level of 2.7 metres.  

Tsunamis have the potential to induce strong currents associated with the long period wave as it 
travels inside the estuary. These strong currents can produce the phenomena known as ship ranging 
that is the application of large transverse forces on the mooring arrangement of the LNG vessel at the 
berth. Because tsunamis can occur at any time and travel at great speeds, they arrive with very little or 
no warning.  

Mitigative action would depend to a large extent on sufficient warning to enable port procedures to be 
complied with, similar to cyclone warnings, requiring vessels to clear the pilotage area once given 
notice via broadcast on VHF channels 13 and 16. Port procedures stipulate that the Harbour Master 
may close the port, wholly or in part, or restrict the movement of vessels in the pilotage area, 
commensurate with the threat to the safety of shipping or the environment.  

Tsunami warnings are issued by the Joint Australian Tsunami Warning Centre (JATWC) operated in 
Canberra by the Bureau of Meteorology (BoM) and GeoScience Australia (GA). The major objective of 
the JATWC is to provide emergency managers with a minimum of 90 minutes warning of a likely 
tsunami impact on Australia. The Bureau of Meteorology uses its network of sea-level monitoring 
equipment including coastal sea-level gauges and DART™ buoys (deep-ocean tsunami detection 
buoys) and tsunami computer models to confirm the existence of a tsunami and estimate its likely 
intensity. 

 Climate change risks to the coast 

Warming of the atmosphere and the oceans is driving a range of other changes, some of which are 
not yet well understood, in the climate system and to coastal processes (Australian Government 
2009b). The complexity of interactions in the coastal zone could lead to a combination of impacts from 
climate change. Of the foreseeable risks associated with coastal processes, the most likely ones are 
inundation in low-lying areas and accelerated coastal erosion.  

According to the Australian Government report (2009b), under climate change both mean conditions 
and extremes will change over a range of time scales. The Intergovernmental Panel on Climate 
Change (IPCC) is the authorative source on projections of sea-level rise. Conclusions about future 
sea-level rise in the IPCC’s Third Assessment Report (TAR, 2001) and Fourth Assessment Report 
(AR4, 2007) were broadly similar. To assess the LNG facility’s vulnerability to climate change, 
predictions have been gathered from the CSIRO, and the Queensland Government. CSIRO 
projections are available for years 2030, 2050 and 2070. 

The CSIRO mid-level sea level rise projection of 0.47 metres by 2070 has been chosen as the basis 
for the impact assessment, representing a conservative estimate for the Project lifespan to 2050. This 
is one of the higher AR4 projections for estimated global sea-level rise (0.79 metres by 2100). Figure 
6.15 shows sea-level rise projections to 2100 from the TAR and AR4 analysis. 

The assessment (Australian Government 2009b) indicates Queensland has the second highest 
number of residential buildings at risk from inundation and this does not include storm tide risk. 
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Figure 6.15  Projections of sea-level rise 

The model projections shown in Figure 6.15 are consistent with the scenarios used in the storm tide 
modelling data described in Section 3.7.  

The potential impact from climate change risks to the coastline at the Australia Pacific LNG Project site 
would be low as design consideration has been given to elevating the reclaimed land level. Finished 
land level includes allowance for sea level rise adjustment based on model projections. 

6.2.4 Marine structures 

Marine structures proposed as part of the Australia Pacific LNG facility infrastructure include the 
Materials Offloading Facility (MOF), and jetties as described within Section 5. 

For both Option 1b and 2a the MOF structure is proposed to be located at the northern end of the site 
and would extend across the intertidal area. In Option 2a the Product Loading Facility jetty is just to 
the south of the existing wetland site and extends across intertidal area to the proposed swing basin 
and berth. Duplication of the first jetty would occur further to the south for the third and fourth trains by 
2016.  

In Option 1b the Product Loading Facility jetty is much longer and extends from the LNG facility to the 
western side of North Passage Island, a distance of approximately one kilometre. Duplication of would 
be confined to loading platform and dolphins for the four-train development. A trestle would be 
required to provide access from one loading platform to the other. In Option 1b the loading platforms 
are adjacent to the Targinie Channel. 

Potential impacts associated with the MOF and Product Loading Facility jetty has been assessed as 
follows: 

• Removal of intertidal area and mangroves. The intertidal area of 15ha where the MOF is 
proposed would require removal of 260m of shoreline including mangroves 

IPCC TAR and AR4 projections 
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• Dredging of the MOF base to provide relatively firm strata for construction purposes and 
disposal of material 

• plumes associated with placement of rock armour protection and leaching of fine sediments 

• Highly visible marine structures protruding into the coastal zone (see also Volume 4, Chapter 7) 

• Restriction of recreational craft in North Passage Channel 

• Decommissioning of the MOF and jetties at the end of their operational life. 

Option 1b requires a greater length of the trestle and associated product loading assets would require 
more over-water structural assembly and treatments, and greater maintenance effort during the 
operational life. 

The current design of the MOF structure protrudes almost normal to the shoreline and approximately 
500m offshore, while the Product Loading Facility jetty in Option 2a is proposed to end approximately 
160m from the shoreline and would be a piled structure with frames about every 25m. Structures 
required in both Options are expected to have a low potential for impact to coastal processes because 
sand transport activity is very low. In either Option the piled LNG Product Loading Facility jetty would 
have minimal impact to current and wave conditions. There is a potential for finer sediments to be 
deposited at the MOF site because it is proposed as a solid structure and would create quiescent 
zones where material may accumulate.  

Dredged material from the MOF would be transported to a GPC approved disposal site as part of the 
dredging works and would not be considered to have a significant impact. 

Plumes associated with rock armour protection and building of the causeway will be limited because of 
the volume involved and would be insignificant compared to dredging works for example. 
Consequently, plumes from the causeway and MOF rock armour construction are considered as a 
minimal impact. 

The potential visual amenity impact of both Options is considered significant, but must be examined in 
context with the declared industry precinct and would also be subject to the viewing aspect. North 
Passage Island provides good screening for the site and for Option 2a structures. From the mainland 
side the island and the load out platform of Option 1b would be more prominent. Greater detail on 
visual amenity is provided in Volume 4, Chapter 7. 

New signage or markers would be required to redirect recreational traffic around the Product Loading 
Facility jetty and MOF in keeping with the exclusion zones and security requirements. Modifications to 
recreational craft navigation routes would be undertaken in liaison with GPC. 

Where required, decommissioning of jetties at the end of their operational life would require 
dismantling and removal of assets above deck level to leave the structure essentially in skeleton form 
and to remain as marine habitat. Deconstruction of marine based structures, unless they themselves 
contain substances or treatments that can breakdown and present harmful impacts to the 
environment, would increase the overall potential for environmental harm. The decommissioning plan 
will consider any requirements for sediment sampling analysis and removal. Berths and approaches 
could be allowed to naturally in-fill over time.  

6.2.5 Reclaim area 

The reclaim area proposed for the site is described in Section 5.3. 



Volume 5: Attachments 
Attachment 27: Coastal Environment Technical Report  - LNG Facility and Pipeline  
 

 March 2010 Page 91 Australia Pacific LNG Project EIS 

Construction of the reclaim area has the potential to generate some turbidity, but would be naturally 
mitigated to a large extent by the intertidal nature of the site. The proposed causeway would follow the 
seaward boundary of the reclamation, located behind the mangrove fringe. Once the causeway is 
constructed, the penetration of the tide into the mangrove creek would finish there. Furthermore, the 
mangrove fringe in front of the causeway would act to trap fine sediments and provide a natural silt 
barrier for low turbidity concentrations associated with the construction process. Sediment run-off can 
also be managed through engineered silt screens. 

Water quality associated with the surface water and ground water seepage will be managed through 
geotextile fabric or similar to mitigate the potential impact to mangroves. 

6.2.6 Swing basin and approaches 

 The assessment of dredging impacts on the swing basins and approach channels were part of the 
Western Basin Dredging and Disposal EIS. This Section addresses the potential impact to local 
coastal processes. 

Hydrodynamic modelling has shown there is a potential for increased sediment movement across the 
North Passage Island shoals (BMT WBM 2009d), and the swing basin layout and design is important 
in regard to the potential for erosion of North Passage Island and the intertidal zone in front of the LNG 
facility. LNG carriers that call to the port on a regular basis, and turn around in 24 hours, manoeuvre 
within the swing basin and potentially generate wave-wash as they berth. The swing basin is dredged 
to -13m LAT with batters designed to obtain sufficient vessel clearance. Australia Pacific LNG will 
continue to assess the swing basin design to mitigate the impact of wave action, whether generated 
by vessels or by local winds that has a potential to erode and collapse the tops of the batter slopes 
when combined with lower water levels. The depth of the swing basin allows low energy wave action 
to propagate, without dissipation, to the shoreline. 

The rate at which erosion could occur would depend upon the amount of wave action in the swing 
basin and approaches in addition to the shoreline characteristics of North Passage Island and the 
inter-tidal area that are identified in Figure 6.16. Potential erosion will be identified and managed 
through monitoring of the shorelines surrounding the swing basin and be conducted on a regular basis 
to provide data on any morphological movements and to trigger mitigation, if necessary. Mitigation 
would include: 

• Rock or mat protection to stabilise the shoreline and dissipate wave energy 

• Measures to stabilise the North Passage Island shoreline, if required 

• Reshaping the upper batter slopes to induce wave breaking before the shoreline berm is 
reached. 

Potential for morphological changes to the shoals upstream and downstream of North Passage Island 
would also be monitored by way of hydrographic survey (as one option) on an annual basis for several 
years to determine if changes are occurring and to implement a management plan if the changes are 
significant. 
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Figure 6.16 North Passage Island and proposed swing basin aerial perspective  

6.3 Flushing and estuary water quality 

The overall flushing characteristic of the estuary is an important mechanism for maintaining water 
quality and the potential impact to the rate of natural flushing of the estuary is important in the 
assessment of turbid plumes and waste stream discharges. The potential impacts on flushing 
characteristics of the estuary were generally addressed in GPC’s EIS for the Western Basin Dredging 
and Disposal Project, The following discusses the potential impacts to flushing characteristics resulting 
from dredging Options 1b and 2a, and is consistent with the methodology used in GPC’s EIS. 

Model bathymetry used in tidal flushing simulations incorporated dredging Option 1b or 2a in addition 
to the dredged channels and Fisherman’s Landing Northern Reclamation. Capital dredging works 
associated with the Australia Pacific LNG Options 1b and 2a are predicted to marginally increase local 
flushing times as follows: 

• Approximately three days for Option 1b, at a location within the swing basin to the east of North 
Passage Island 

• Approximately five days within the swing basin area for Option 2a. 

Model results are consistent with the GPC EIS since current velocities will generally decrease in the 
areas that are dredged deeper. Without the inclusion of Option 1b and 2a, the GPC EIS model results, 
based on the ‘scenario 3’ configuration, predict increases in local flushing times up to four days 
compared to the base case of no dredging or reclamations. The e-folding times increase towards 
Graham Creek and The Narrows. 

Local flushing times in Graham Creek and The Narrows are naturally poor and are not significantly 
affected by dredging works in the Western Basin including the Australia Pacific LNG dredge Options. 

The impacts to marine ecology associated with modified flushing times and potential water quality 
impacts are discussed Volume 4, Chapter 10. 

6.4 Dredge plumes 

Assessment of the dredge plumes resulting from the formation of the swing basins and navigation 
channel was addressed as part of GPC’s Western Basin Dredging and Disposal EIS. It was noted the 
dredge plumes resulting from Australia Pacific LNG’s Option 1b and 2a requirements would not result 
in potential impacts being any greater than those occurring for the other developments. This is based 
upon the assumptions made in the modelling scenarios about dredging equipment and its production 
rates (BMT WBM 2009b, Section 4.2). 

North Passage Island

Mudflat/Reclaim Area

Mangrove fringe 

Proposed Swing 
Basin area

Sand Shoals

Inter-tidal area Sand Shoals
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6.4.1 Dredge plume modelling for the materials offloading facil ity 
construction 

Dredged material for MOF construction would be removed using a backhoe dredge to provide a 
construction base for the MOF. It is assumed that multiple barges, each with a capacity of 400m3, 
would be used to dispose of the material to a nearby land reclamation. Turbid plumes associated with 
the dredging have been assessed using a hydrodynamic model (MIKE21 FM) coupled with a mud-
transport capability. 

The quantity of dredged material for MOF construction will be determined as the design progresses. 
For the purpose of the EIS study, it was assumed that dredging of the MOF area would take 60 days 
and the model used a 10% spill rate from the backhoe bucket to generate the plumes. The fate of 
plumes is primarily a function of currents and settling velocity associated with the sediment types 
encountered. Sensitivity analysis of the upper and lower limits of material settling velocity was 
investigated to determine the effect to plume behaviour. Plume concentrations presented from model 
results are values above the natural background turbidity. 

The inset in Figure 6.17 details the model mesh in the vicinity of MOF and the ten source point 
locations used to input dredge material spill to the model domain. The multiple source points allow the 
dredge spill location to vary throughout the simulation, thus representing a dredger moving to different 
positions throughout the dredge program. MOF dredging is anticipated to take 60 days with a required 
volume per 24hr day of 1800m3. This dredge rate requires six days of dredging to be simulated at 
each of the ten dredge locations. Dredge spill from the backhoe bucket was simulated as a constant 
source input of material during each barge fill period. Each barge was filled with approximately 400m3 
of material. Once full, the barge would steam to the reclaim area and is replaced with an empty barge. 
The barge change over occurs over a 15min period, during which time no dredge spill occurs. MOF 
dredge plume model parameters are summarised in Table 6.3. 

Table 6.3  MOF dredging model parameters 

MOF dredge plume model parameters  

Total dredge volume 108,000m3 

Duration of dredge program 60 days 

Required volume per day (24hr) 1800m3 

Number of model dredge locations (source points) 10 

Time at each model dredge location (source point) 6 days 

Dredge rate 31.5kg/s 

Dredge material spill rate (10% of dredge rate) 3.2kg/s  

Barge fill time (400m3 capacity) 5hrs 

Barge change over time 15min 
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Figure 6.17  MOF construction dredge plume modelling analysis. Outlined areas are Proposed 
Dredging Stages 1A, 1B, 2, and 3 from Western Basin Dredging and Disposal EIS. Inset shows 
dredge source points used in model. 

The fate of a dredge plume will depend on the duration it remains in suspension and how it is 
dispersed by the currents. Knowledge of the material type and sediment settling velocity is essential 
for modelling sediment plumes. URS (2009), on behalf of Santos, performed sediment sampling and 
particle size distribution analysis close to the proposed Australia Pacific LNG MOF. The mean fraction 
percentage for the upper 3.9m of material from bore hole BH26 (the closest bore to the Australia 
Pacific LNG MOF) is presented in Table 6.4. The mean fraction percentages from bore hole BH26 
were used for MOF dredge plume modelling.  
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Table 6.4  Mean percentage material fractions from Soil Bore BH26 (URS 2009) and settling 
velocities used for MOF dredge plume modelling. 

Fraction Material Grain size (mm) Percentage (%) Settling Velocity 
(m/s) 

1 Sand 2 - 0.06 8 0.02 – 0.001 

2 Silt 0.06 - 0.002 36 0.001 – 0.0001 

3 Clay <0.002 54 0.0001 – 0.00001 

Sediments suspended during MOF dredging causing turbid plumes, will slowly settle to the bed once 
the bed shear stresses and fluid turbulence are insufficient to keep the sediment moving. The duration 
the sediment remains in suspension is influenced by the material grain size and settling velocity. The 
finer material with a low settling velocity may remain in suspension for long periods due to the 
relatively strong tidal currents within the study area. Sensitivity of the MOF dredge plume to the upper 
and lower limits of the material settling velocity was investigated. The upper and lower limit MOF 
dredge plume modelling scenarios are defined in Table 6.5.  

Table 6.5  Sediment upper and lower limit MOF dredge plume modelling scenarios. 

Fraction Material Grain size (mm) Percentage (%) Settling Velocity (m/s) 

Upper limit sediment scenario 

1 Sand 2 - 0.06 8 0.02 

2 Silt 0.06 - 0.002 36 0.001 

3 Clay <0.002 54 0.0001 

Lower limit sediment scenario 

1 Sand 2 - 0.06 8 0.001 

2 Silt 0.06 - 0.002 36 0.0001 

3 Clay <0.002 54 0.00001 

In terms of the potential MOF dredge plume impact, the lower limit sediment scenario defined in Table 
6.5 is considered the more conservative modelling approach. Comparing the predicted turbidity 
plumes associated with the upper (best case) and lower (worst case) sediment scenarios a range of 
potential plume impacts are defined. 

The predicted total suspended solids (TSS) concentrations due to MOF dredging reported in this 
section are in addition to the natural TSS concentrations (that is above the background TSS level) 
within the Western Basin. A statistical analysis of the TSS concentration for the simulated 60-day MOF 
dredge program provides an assessment of the potential impact area. The statistical summary is 
based on the conservative assumption of 10% dredge material spillage. Predicted concentrations 
close to the dredge plume source points (that is in the near field) are not accurately predicted by the 
model. The input source is entered into a mesh element and the mass of the component (i.e. the 
dredge material spillage) is initially distributed over the element area and depth. This causes the near 
field concentration seen in the results to be lower than the input value.  
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Figure 6.18 presents a spatial summary of the mean TSS concentration predicted to occur during the 
60 day dredge program for the upper and lower limit scenarios. MOF dredging is predicted to raise the 
TSS concentration within Gladstone Harbour and The Narrows, including Graham Creek.  

Figure 6.18a shows the mean ambient TSS concentration above background for the sediment upper 
limit (best case) scenario. Close to the Graham Creek entrance the mean TSS is predicted to elevate 
by 0.005kg/m3 (5mg/L) during the dredge program. North of the Graham Creek entrance, the predicted 
increase to the mean TSS within The Narrows is less than 0.003kg/m3 (3mg/L). Higher mean TSS 
concentrations are predicted along the Curtis Island shoreline south of Laird Point and between North 
Passage Island. Lower mean TSS concentrations, less than 0.0035kg/m3 (3.5mg/L), are predicted 
between the western side of North Passage Island and Fisherman’s Landing.  

Figure 6.18b shows the increase to the mean ambient TSS concentration for the sediment lower limit 
(worst case) scenario. The lower limit sediment characteristics significantly increase the MOF dredge 
plume spatial impact. Within Graham Creek and surrounding North Passage Island the mean TSS is 
predicted to elevate by more than 0.014kg/m3 (14mg/L) during the MOF dredge program. North of the 
Graham Creek entrance, the predicted increase to the mean TSS within The Narrows is between 
0.002kg/m3 and 0.013kg/m3 (2mg/L and 13mg/L). The plume is predicted to disperse beyond 
Fisherman’s Landing to Auckland Point, noting that the predicted increase to the mean TSS 
concentration in this area is relatively low and less than 0.005kg/m3 (5mg/L), which is well within the 
natural TSS variation in Gladstone Harbour (BMT WBM 2009c).  

 



Volume 5: Attachments 
Attachment 27: Coastal Environment Technical Report  - LNG Facility and Pipeline  
 

 March 2010 Page 97 Australia Pacific LNG Project EIS 

 

Figure 6.18  Statistical mean TSS concentration increase during the 60 day MOF approach 
channel dredge program: a) upper limit sediment settling velocities, b) lower limit sediment 
settling velocities 
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Figure 6.19 is a spatial summary of the maximum TSS concentration predicted to occur during the 60 
day dredge program for the upper and lower limit scenarios. Note that at any given location the 
predicted maximum TSS is likely to be present for only a short period.  

Figure 6.19a shows the maximum TSS concentration for the sediment upper limit scenario. Over 
approximately 5km to the north, south and east (Graham Creek) of the MOF location maximum TSS 
concentrations above 0.005kg/m3 (5mg/L) are predicted to occur. Close to the MOF area a TSS 
concentration above 0.07kg/m3 (70mg/L) is predicted. The highest concentrations close to the working 
area will be present during neap tides. During neap periods the smaller tidal magnitude and current 
velocities only disperse the material a short distance, leading to an accumulation of suspended 
sediment close to the working area. Elevated concentrations up to 0.020kg/m3 (20mg/L) are predicted 
to occur at the entrance to Graham Creek. Beyond the Graham Creek entrance the predicted 
maximum increase to TSS concentration is less than 0.015kg/m3 (15mg/L). Within The Narrows TSS 
concentrations above 0.01kg/m3 (10mg/L) are confined to an area approximately 4km from the MOF.  

Figure 6.19b shows the maximum TSS concentration for the sediment lower limit scenario. For this 
scenario the predicted maximum TSS concentration within 5km of the MOF location is above 
0.02kg/m3 (20mg/L). Elevated concentrations up to 0.06kg/m3 (60mg/L) are predicted to occur at the 
entrance to Graham Creek with TSS concentrations up to 0.04kg/m3 (40mg/L) extending well into the 
creek. Within The Narrows maximum TSS concentrations above 0.015kg/m3 (15mg/L) are predicted 
with higher concentrations (up to 0.03kg/m3 or 30mg/L) occurring along the Curtis Island shoreline. 
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Figure 6.19  Statistical maximum TSS concentration increase during the 60 day MOF approach 
channel dredge program: a) upper limit sediment settling velocities, b) lower limit sediment 
settling velocities 
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Figure 6.20 compares the predicted above background TSS concentration time series for the 
sediment upper and lower limit scenarios. Graham Creek and The Narrows locations of interest are 
presented with the corresponding Gladstone (South Trees) tidal signal for the duration of the dredge 
plume simulation. Note that the simulation continued beyond the 60-day dredge period. This allowed 
the time taken for the TSS concentration to return to background levels following the completion of the 
MOF dredge program to be predicted.  

Figure 6.20 identifies higher concentrations at Graham Creek and The Narrows to occur during 
periods of larger tidal magnitude. During these periods the tidal excursion is sufficient to disperse 
higher TSS concentrations to these far-field locations of interest. During the shorter, neap tide periods 
relatively low TSS concentrations are present at both far-field locations. Following the completion of 
the 60 day MOF dredge program, the sediment upper limit scenario TSS concentrations return to 
background levels within 10 days. For the sediment lower limit scenario, elevated TSS concentrations 
remain for approximately one month following completion of the MOF dredge program. 

Table 6.6 compares the predicted maximum and mean increase to TSS concentration at the four 
locations of interest for the upper and lower limit sediment settling velocity scenarios. At each given 
location the predicted maximum and mean TSS concentration for the upper (best case) and lower 
(worst case) sediment settling velocity scenarios is presented. During the MOF dredging program the 
maximum and mean TSS concentrations at each location is expected to be within the upper and lower 
limit scenario prediction. 

Table 6.6  Predicted maximum and mean TSS concentration above background for the upper 
and lower limit settling velocity scenarios at the four locations of interest.  

TSS concentration above background 

North Passage 
Island East 

North Passage 
Island West 

Graham Creek The Narrows 

Modelling 
scenario 

Max  
(kg/m3) 

Mean 
(kg/m3) 

Max  
(kg/m3) 

Mean 
(kg/m3) 

Max  
(kg/m3) 

Mean  
(kg/m3) 

Max  
(kg/m3) 

Mean 
(kg/m3) 

Upper limit 
sediment settling 
velocity scenario 
(best case) 

0.036 0.005 0.007 0.002 0.013 0.002 0.005 0.001 

Lower limit 
sediment settling 
velocity scenario 
(worst case) 

0.067 0.015 0.024 0.012 0.038 0.011 0.021 0.006 
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Figure 6.20  TSS concentration above background during MOF dredging for the upper and 
lower limit sediment settling velocities: a) Graham Creek, b) The Narrows, c) corresponding 
tide signal at Gladstone (South Trees) 
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Various marine developments are proposed for the Western Basin. The timing of the MOF dredging 
relative to other Western Basin developments is uncertain at this stage. The sensitivity of the MOF 
dredge plume to different stages of Western Basin development was investigated. Changes to the 
model bathymetry were performed to represent three different stages of Western Basin development 
and the MOF dredge program simulation (for the upper limit sediment settling velocity scenario) was 
performed for each stage of development. Table 6.7 compares the predicted maximum and mean TSS 
concentration for the three Western Basin development stages at four locations of interest. The 
predicted maximum and mean TSS concentrations due to MOF dredging at the locations of interest 
are relatively insensitive to the different stages of Western Basin development.   

Table 6.7  Maximum and mean TSS above ambient at receptor locations during the 60 day 
Australia Pacific LNG MOF dredging program sensitivity to Western Basin development stages 

 TSS concentration above background (kg/m3)� 

Western Basin 
development stage 

North Passage 
Island East 

North Passage 
Island West 

Graham Creek The Narrows 

 max mean max mean max mean max mean 

GPC dredging stages 1A, 
1B, 2, 3, and Fisherman’s 
Landing northern 
expansion completed. 

0.036 0.005 0.007 0.002 0.013 0.002 0.005 0.001 

GPC dredging stages 1A, 
1B, 2, and 3 completed. 

0.036 0.005 0.006 0.002 0.013 0.002 0.005 0.001 

Existing bathymetry 0.036 0.005 0.006 0.004 0.022 0.002 0.005 0.001 

6.5 Desalination brine discharge 

Seawater desalination will supply fresh water during both the construction and operational phases of 
the proposed Australia Pacific LNG Project. The maximum design total fresh water demand during the 
operation of four-trains is estimated to be 1400m3/day.  

Considering a fresh water recovery rate of approximately 40%, desalination brine (the waste by-
product of the desalination system) would be discharged at an average flow-rate of 2,400m3/day. In 
the near-field assessment the average flow for two-trains, and the maximum flow for four-trains was 
used to simulate the variation in discharge. An outfall and diffuser would be used to disperse the brine 
into the waters of North Passage Channel.  

The near-field assessment focuses on the dilution achieved with the diffuser design and the changes 
in the brine concentration before reaching the far-field. The far-field is used to assess the potential for 
accumulation of brine concentration within the marine environment as it advects with the tide.  

6.5.1 Near Field Assessment  

Initial dilutions associated with the diffuser design were examined in the near-field assessment. 
Natural seawater characteristics at the entrance of the Calliope River (from DERM data, 1996-2006) 
that are considered to be representative of the waters in the Western Basin vary as shown in Table 
6.8. 
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Table 6.8  Ambient marine water properties 

 Minimum 20th 
percentile 

Median 80th 
percentile 

Maximum 

Temperature (°C) 17.7 22.5 26.2 29.2 33.9 

Conductivity (mS/cm) 29.9 52.7 55 56.6 60.5 

Salinity1 (ppt) 18.5 34.7 36.5 37.6 40.6 
1Derived from Temperature and Conductivity (note Conductivity @ 25ºC). 

Favourable conditions for discharge of desalination brine require the following characteristics: 

• Sufficient depth for mixing to occur and an adequate distance from the shoreline 

• Free flowing current conditions that would disperse the brine 

• Available access for maintenance purposes 

• Free from vessel contact and within the LNG facility marine lease area. 

The brine reject is a negatively buoyant plume that, upon discharge from the diffuser, would sink to the 
bottom unless full mixing can be achieved with the ambient waters. 

The proposed location for the desalination system intake is the Product Loading Facility via a passive 
intake screen attached to a jetty pier, and is over 600m from the discharge option in front of the MOF. 
The intake is well clear of the brine release initial mixing zone and under normal tide conditions the 
brine should be sufficiently mixed over the water column depth such that concentrations would be 
close to background levels. Consequently, recirculation of elevated brine concentrations back into the 
desalination intake would be avoided.  

Intake rates required for the desalination system are low when compared to total flows in the North 
Passage Channel and have no influence on the hydrodynamics. The impact of the intake on the 
marine ecology is assessed in Volume 4, Chapter 10 of the EIS. 

Spring and neap tide velocities were extracted from the hydrodynamic model (used for the far-field 
assessment) at the MOF location corresponding to the outfall diffuser position. These were analysed 
statistically to determine representative peak and slack tide current conditions that could be used in 
the near-field assessment to predict dilutions of the brine reject after discharge from the outfall 
diffuser. 

Table 6.9 Ambient current statistics at MOF outfall site (dredged) 

Statistic Current speed  
(m/s) 

5th Percentile 0.04 

10th Percentile 0.07 

20th Percentile 0.13 

50th Percentile 0.26 

80th Percentile 0.39 

90th Percentile 0.51 

95th Percentile 0.64 
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The model predictions reflect the proposed conditions at the MOF after dredging works and swing 
basins have been completed. Slack tide current was simulated using the 5th percentile current speed. 

Near field simulations were undertaken using the industry accepted CORMIX model to assess the 
initial mixing potential of the site options for the brine reject outfall. 

Assumptions used in the near-field modelling were as follows: 

• The diffuser has been assumed to be perpendicular to the flood and ebb tidal current directions 
and is at least 1m below the LAT level. Initial mixing requires the negatively buoyant plume to 
sink after discharge while entrainment by tidal  currents disperses the brine. 

• Minimum dredged levels at the MOF are -8.5m LAT. Simulations were conservatively based on 
shallower depths that represent existing conditions outside the MOF approach channel. 

• Six diffuser ports were used with a diameter of 50mm and spaced 2m apart over the diffuser 
length of 10m and oriented horizontally with the ambient current flow. 

• Spring and neap tide velocities as per Table 6.9 represented ambient conditions. The model 
current velocity predictions reflect the proposed conditions at the MOF after dredging works and 
swing basins have been completed. Slack tide current was simulated using less than the 5th 
percentile current speed. 

• Scenarios undertaken for the modelling are presented in Table 6.10 and were assigned to 
average and maximum discharges of 16L/s and 36L/s, corresponding to average conditions for 
two-trains and maximum conditions for four-trains, respectively. 

Table 6.10  CORMIX Model Scenarios 

 Ambient   Brine reject characteristics   

case S (ppt) Temp 
(°C) 

Density 
ρ (kg/m3) 

Salinity 
S (ppt) 

Temp  
T (°C) 

Density ρ 
(kg/m3) 

Δρ 
(kg/m3) 

Excess 
discharge 

(mg/L) 

1 34.5 22.5 1023.7 53.1 23 1037.7 14.0 18600 

2 36.5 26.2 1024.1 56.2 26.7 1038.9 14.8 19700 

3 37.5 29.2 1023.9 57.7 29.7 1039.0 15.1 20200 

4 40.5 33.9 1024.5 62.3 34.4 1040.7 16.2 21800 

5 34.5 22.5 1023.7 57.5 23 1041.1 17.4 23000 

6 36.5 26.2 1024.1 60.8 26.7 1042.4 18.3 24300 

7 37.5 29.2 1023.9 62.5 29.7 1042.6 18.7 25000 

8 40.5 33.9 1024.5 67.5 34.4 1044.6 20.1 27000 

In Table 6.10 the excess discharge is the brine content above normal seawater and will depend on the 
efficiency of the desalination process (35%-40%). The eight cases vary with ambient seawater salinity 
and temperature (refer to Section 3.9.1). It was assumed the brine reject temperature would be half a 
degree Celsius warmer by the time discharge through the outfall occurs, but note temperature 
difference has far less influence than the density difference between normal seawater and the 
concentrated brine. 
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Near Field Results 

The CORMIX results predict the brine discharge receives approximately 80:1 dilution within 5m of the 
diffuser and a bottom impact dilution of 187:1 for the average discharge case (16L/s) associated with 
two LNG trains. Conditions of low water and slack tide are considered the worse case scenario for 
mixing of the brine discharge. 

For the maximum brine discharge (36L/s) associated with four-trains at low water and slack tide, the 
CORMIX results predict a dilution of approximately 25:1 within 5m of the diffuser and a bottom impact 
dilution of 57:1. 

Figure 6.21 contains the predicted results from CORMIX for 16L/s and the 36L/s discharges at low 
water slack tide conditions for cases 1 and 8, corresponding to the lower and upper range of brine 
salinity, respectively. 

The brine plume becomes vertically fully mixed in the near field and this carries on into the far field 
indicating that there is negligible likelihood of denser brine layers forming in the deeper swing basin. 

CORMIX simulations for mid (0.3m/s) current speed, predict dilutions of 170:1 at 5 m from the diffuser, 
and for peak (0.6m/s) current speed, predict dilutions of 380:1 at 5 m from the diffuser. Bottom impact 
dilution for mid current speed is over 1100:1 and over 2500:1 for peak current speed. 

In the near-field, it is concluded that there will be no discernible impact from the discharge of the brine 
reject on the water quality in the vicinity of the diffuser as dilutions are adequate at low water slack tide 
and there is full mixing over depth. Increasing tidal currents promote further near-field dilution. 
Potential impacts from other constituents in the brine discharge are assessed under marine ecology in 
Volume 4, chapter 10 of the EIS. 
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Figure 6.21  Near Field dilution with plume centreline distance from diffuser worse case 
scenarios 



Volume 5: Attachments 
Attachment 27: Coastal Environment Technical Report  - LNG Facility and Pipeline  
 

 March 2010 Page 106 Australia Pacific LNG Project EIS 

6.5.2 Far-field results  

Following the initial dilution from the diffuser, the brine is advected and dispersed by the tidal currents. 
Far-field modelling was used to determine if accumulation of the brine occurs within the adjoining 
waterways. 

The fate of the desalination brine discharge and the associated increase to the ambient salinity has 
been assessed for Australia Pacific LNG Option1b (refer Figure 6.1a) and Australia Pacific LNG 
Option2a (refer Figure 6.1b). For both options the desalination brine discharge location was at the end 
of the Australia Pacific LNG MOF. At the discharge location a conservative tracer (the desalination 
brine) was entered to the model domain at an average constant rate corresponding to 2400m3/day. 
The average discharge was simulated for a six month period.  

A statistical analysis of the desalination brine discharge over the simulation period provides an 
assessment of the potential impact area and an estimate of the increase to the ambient salinity within 
the Western Basin. Note that in all simulations the background salinity was assumed to be 36ppt and 
that increases less than 0.01ppt have not been plotted.  

The mean absolute salinity within the study area for Option 1b and Option 2a is presented in Figure 
6.22a and Figure 6.22b respectively. In terms of the predicted mean salinity, the overall spatial extent 
of the impact area is similar for both options. Salinity increases are predicted from beyond Hamilton 
Point, throughout the Western Basin, and into The Narrows. Laird Point and the entrance to Graham 
Creek are areas where brine concentration is predicted to accumulate. The predicted mean salinity 
increase in this area is approximately 0.05ppt. 

Maximum salinity increases for both Options, presented in Figure 6.23a and Figure 6.23b respectively, 
were predicted as 0.08ppt close to Laird Point. Within The Narrows and Graham Creek, the maximum 
salinity increase predicted is 0.06ppt and 0.07ppt, respectively.  Maximum increases in salinity of 
0.11ppt occur for Option 1b on the east side of North Passage Island. Maximum salinity increases, for 
either Option, do not exceed 0.11ppt which is within ambient seawater variation. The potential impact 
from accumulation of salinity resulting from the Australia Pacific LNG discharge is negligible. 
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Figure 6.22  Statistical mean salinity due to Australia Pacific LNG desalination concentrate 
discharge: a) Option 1b, b) Option 2a   
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Figure 6.23  Statistical maximum salinity due to Australia Pacific LNG desalination concentrate 
discharge: a) option 1b, b) option 2a   
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6.6 Cumulative brine discharge impacts 

Far-field cumulative water quality impacts associated with the combined Australia Pacific LNG Project, 
QCLNG Project, and GLNG Project desalination concentrate discharges have been assessed using 
the MIKE21-FM hydrodynamics model coupled with an advection-dispersion module. The fate of the 
combined desalination concentrate discharges and the associated increase to the ambient salinity has 
been assessed for Australia Pacific LNG Option 1b (refer Figure 6.1a) and Australia Pacific LNG 
Option 2a (refer Figure 6.1a). Desalination concentrate discharge locations for the three LNG 
proponents are presented in Figure 6.24.  

 

Figure 6.24  Desalination concentrate discharge locations for cumulative water quality impact 
assessment 

At each discharge location a conservative tracer (the desalination concentrate) was entered to the 
model domain at a constant rate corresponding to approximately 

• 2400m3/day (27.8L/s) for Australia Pacific LNG 

• 1440 m3/day (16.7L/s) for QCLNG, and 

• 1300 m3/day (15.0L/s) for GLNG. 

The location and discharge rate for GLNG and QCLNG were obtained from BMT WBM (2009a) and 
BMT WBM (2009b) respectively. The combined desalination concentrate discharges were simulated 
for a six month period.  

A statistical analysis of the desalination concentrate discharge over the simulation period provides an 
assessment of the potential impact area and an estimate of the increase to the ambient salinity within 
the Western Basin. Note that in all simulations the background salinity was assumed to be 36ppt and 
that increases less than 0.01ppt have not been plotted.  
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The mean absolute salinity within the study area for the combined discharges with Australia Pacific 
LNG Option 1b and the combined discharges with Australia Pacific LNG Option 2a is presented in 
Figure 6.25a and Figure 6.25b respectively. In terms of the predicted mean salinity, the overall spatial 
extent of the impact area is similar for both options. Salinity increases are predicted from beyond 
Auckland Point, throughout the Western Basin, and into The Narrows. The most significant 
accumulation of desalination concentrate occurs at the entrance to Graham Creek and along the 
Curtis Island shoreline from Laird Point to China Bay. The predicted mean salinity increase in these 
areas for Option 1b is approximately 0.06ppt and for Option 2a is approximately 0.05ppt.  

The maximum absolute salinity within the study area for the combined discharges with Australia 
Pacific LNG Option 1b and the combined discharges with Australia Pacific LNG Option 2a is 
presented in Figure 6.26a and Figure 6.26b respectively. For both options the maximum salinity close 
to Laird Point is predicted to exceed 36.11ppt. Within The Narrows and Graham Creek the maximum 
salinity ranges between 36.06ppt and 36.09ppt. Some variation between Option 1b and Option 2a is 
predicted downstream of the discharge location. This is caused by the differences in berth and 
approach channel layout and the subsequent minor changes to the hydrodynamics between the two 
options. The Option 2a berth and turning circles, located on the eastern side of North Passage Island, 
create a deeper area and decrease the current speeds downstream of the discharge location. This 
causes a slightly lower depth-averaged maximum salinity to be predicted along the Curtis Island 
shoreline for Option 2a.  

The far-field model may under predict salinity concentration in the near-field areas close to the 
discharge locations. This is due to artificial dilution within the mesh element used to input the 
desalination concentrate to the model domain. The near-field assessment for the Australia Pacific 
LNG desalination brine discharge is provided in Section 6.5.1. Near-field assessments for GLNG and 
QCLNG may be found in BMT WBM (2009a) and BMT WBM (2009b). 

Table 6.11 compares the predicted maximum and mean salinity at the four locations of interest. With 
the exception of the maximum salinity at North Passage Island East location, no significant difference 
between the predicted mean and maximum salinity at the locations of interest is predicted. Reasons 
for the reduced maximum predicted salinity on the eastern side of North Passage Island for Option 2a 
are discussed above. 

The predicted mean and maximum increases to salinity due to the cumulative discharges of 
desalination concentrate are well within the natural salinity variation in Gladstone Harbour (Table 3.5) 
and are not expected to be detrimental to the marine environment. Salinity tolerances for a range of 
marine fauna are summarised in Australia Pacific LNG Project Marine Ecology Report. 
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Figure 6.25  Statistical mean salinity due to Australia Pacific LNG, GLNG, and QCLNG 
cumulative desalination concentrate discharge: a) Option 1b, b) Option 2a   
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Figure 6.26  Statistical maximum salinity due to Australia Pacific LNG, GLNG, and QCLNG 
cumulative desalination concentrate discharge: a) option 1b, b) option 2a 

Table 6.11  Maximum and mean salinity at locations of interest following six month 
desalination concentrate discharge. 
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Predicted salinity (ppt) 

North Passage 
Island East 

North Passage 
Island West 

Graham Creek The Narrows 

Modelling 
scenario 

max mean max mean max mean max mean 

Australia Pacific 
LNG Option 1b 

36.14 36.07 36.09 36.05 36.10 36.06 36.09 36.04 

Australia Pacific 
LNG Option 2a 

36.10 36.06 36.09 36.05 36.10 36.06 36.09 36.04 

6.7 Pipeline crossing 

A main transmission pipeline is required to cross The Narrows to Curtis Island, terminating at the 
Australia Pacific LNG processing plant. HDD is the preferred method for crossing The Narrows. 
However, if the HDD is operationally unsuccessful, the crossing would be achieved using dredge 
equipment to create a trench for the pipeline to be “pulled” across to Curtis Island. Once the pipeline is 
in place, rock armour would be used to protect the pipeline and gradually the surrounding sediments 
would naturally fill the remaining voids within armour and trench. 

6.7.1 Construction impacts 

Potential impacts of the proposed construction of the pipeline crossing are predominantly associated 
with workspace requirements for both the workforce and equipment (on both banks of the waterway) 
creating a habitat disturbance, and dredge plumes if trenching is required.  

For all construction techniques there will be a potential impact to the wetland on the western side of 
The Narrows resulting from: 

• Excavation of the pipeline trench  

• Clearing and levelling for the layout of pipe strings 

• Construction of access ways to the site 

• Ground and noise disturbance associated with heavy construction equipment. 

The trench excavation width is expected to be 23m assuming one metre each of overcut and cover 
over the pipeline. A 12m wide temporary workspace is required for the pipeline string laid out from the 
waterway shoreline. Some vegetation would need to be removed near the shoreline and is described 
in more detail in Chapter 8: Terrestrial Ecology.   

The Regional Coastal Management Plan (2003) indicates the wetland at Friend Point is a major 
shorebird roost and feeding site that will require careful management and consideration of the 
construction schedule to mitigate the disturbance of roost sites. After construction is completed, the 
wetlands would be reinstated as close to its pre-construction condition, as practicable.  Potential 
impacts and suitable mitigation measures are outlined in Chapter 10 Marine Ecology.    

HDD Construction 

Construction using the HDD technique has a potential impact associated with levelling and clearing 
areas for drilling rigs, equipment, and drilling mud containment either side of the waterway. Potential 
issues with the HDD construction process are summarised in Table 6.12. 
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Table 6.12  HDD Construction Issues 

Potential Risk  Possible cause(s) Possible consequences  

Drilling mud seepage into 
watercourses, either directly or 
indirectly (via land), potentially 
increasing the sediment load, 
deposition and contamination.  

Loss of containment of drilling fluid 
or mud.  

Adverse effects on fish, fish habitat, 
hydrology and downstream water 
users.  Impacts would be variable 
depending on volume and 
connectivity to surface or water 
body. 

Drilling mud seepage onto land 
potentially causing land 
contamination  

Loss of containment of drilling mud. Adverse effects on wildlife, 
vegetation, soils, heritage 
resources and current land use. 

Erosion of areas disturbed in 
creating temporary work sites at 
either end of the HDD. 

Inadequate scour protection placed 
during rehabilitation in areas 
subjected tidal and wave motion.  

Localised erosion of shoreline and 
‘washout’ of vegetation. 
Unexpected widening of the area of 
disturbance. Extended duration of 
disturbance  

Increase in disturbance footprint 
due to redrill or required works to 
retrieve equipment, undertake 
repairs, and so forth.  

Mechanical failure (that is stuck drill 
stem, damaged pipe or coating, and 
so forth). 

Increase in the area of disturbance 
(footprint). Disturbance to 
threatened communities, habitat or 
coastal processes. Extended 
duration of disturbance 

Trench construction 

If the HDD is deemed not feasible, or cannot be completed, the crossing would be constructed using 
another method which would require the dredging of a trench where the pipeline would be laid.  While 
the trench is open there will be some alteration to the natural movement of sediment in the area.  
Once the pipeline is in place, rock armour would be used to protect the pipeline.  Gradually the 
surrounding sediments would naturally fill the remaining voids within the armour and trench.  Following 
the pipeline installation and the infilling of the trench, sediment movements are expected to return to 
the pre-disturbed state. 

Potential issues with the trench construction process are summarised in  

Table 6.13. 

Table 6.13  Potential trench construction issues 

Potential Risk  Possible cause(s) Possible consequences  

Habitat disturbance and 
fragmentation   

Dredging and pipeline construction 
activities.  

Loss of habitat through the removal 
of sediments and increased 
mortality of benthic organisms. 
Potential for flow on impacts to 
pelagic species.  Habitat 
fragmentation.    

Mobilisation of nutrients and 
contaminants.   

Dredging and pipeline construction 
activities.  

Changes to water quality and 
impacts to marine flora and fauna, 
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Potential Risk  Possible cause(s) Possible consequences  
including MNES species. Potential 
to change species composition. 

Decreased water quality Dredging and pipeline construction 
activities.  

Changes to constituent 
concentration in the water due to 
the absorption or release of 
contaminants (i.e. heavy metals). 

Increase to total suspended solids 
(TSS) and elevated turbidity. 

Dredging and pipeline construction 
activities.  

Suspended sediment may limit 
primary production due to a 
reduction of light in the water 
column. Potential impacts to flora 
and fauna (i.e. feeding behaviour)  

Increased sediment deposition Dredging and pipeline construction 
activities. 

Smothering of benthic assemblages 
as suspended sediment settles. 

Turbidity Plume Modelling 

In the event a trench is required for the pipeline in order to cross The Narrows, turbidity plumes 
associated with the dredging of a pipeline trench have been assessed using the MIKE21-FM 
hydrodynamics model coupled with a mud-transport module. A total volume of 106,000m3 of material 
is estimated to be removed using a backhoe dredger. . A 10% spillage of dredge material to the 
waterway was assumed during the backhoe operation. Trenching is assumed to start at Friend Point, 
move across The Narrows, and finish at Laird Point. It was assumed multiple small barges, each with 
a capacity of approximately 400m3, would be used to dispose the dredge spoil to a nearby land 
reclamation area. 

Figure 6.27 shows the proposed pipeline crossing route with the inset providing detail of model mesh 
and pipeline trench plume source points used to input spill material to the model domain. The pipeline 
crossing is expected to be completed prior to other proposed Western Basin marine developments. 
The sensitivity of the pipeline trench plume behaviour to the various stages of Western Basin 
development was also examined and is reported below. 

The inset in Figure 6.27 shows detail of the model mesh in the vicinity of the proposed pipeline 
crossing and the ten source point locations used to input dredge material spill to the model domain. 
Multiple source points allow the spill location to vary throughout the simulation, thus representing a 
dredger slowly moving across The Narrows (starting at Friend Point and finishing at Laird Point) during 
the pipeline trenching program. Pipeline trenching is anticipated to take 60 days with a required 
volume per 24hr day of 1770m3. This dredge rate requires six days of dredging to be simulated at 
each of the ten dredge locations. Dredge spill from the backhoe bucket was simulated as a constant 
source input of material during each barge fill period. Each barge was filled with approximately 400m3 
of material. Once full, the barge steams to the reclaim area and a new empty barge assumes position. 
The barge change over occurs over a 15-minute period, during which time no dredge spill occurs. The 
pipeline trench plume model parameters are summarised in  

Table 6.14.  

Table 6.14  Pipeline crossing trenching model parameters 

Pipeline crossing trenching model parameters  
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Pipeline crossing trenching model parameters  

Total trench volume 106,000m3 

Duration of trenching program 60 days 

Required volume per day (24hr) 1770m3 

Number of model trenching locations (source points) 10 

Time at each model trenching location (source point) 6 days 

Trenching rate 31.5kg/s 

Trenching material spill rate (10% of trench rate) 3.2kg/s  

Barge fill time (400m3 capacity) 5hrs 

Barge change over time 15min 

 

Figure 6.27  Proposed gas pipeline crossing route across The Narrows. Inset shows detail of 
the model mesh and the pipeline trench plume source points. 
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The fate of the trench plume will depend on the duration it remains in suspension and how it is 
dispersed by the currents. Knowledge of the material type and corresponding settling velocity is 
essential for modelling sediment plumes. URS (2009), on behalf of Santos, performed sediment 
sampling and particle size distribution analysis in the vicinity of the proposed pipeline crossing. The 
mean fraction percentage for the upper 5m of material from the URS (2009) soil bores (BH19, BH20, 
BH21, BH25B) is presented in Table 6.15. The mean fraction percentages were used for pipeline 
trench plume modelling. It should be noted that the small percentage of gravel sampled by URS 
(2009) has not been included in the pipeline trench plume modelling scenario. 

Table 6.15  Mean percentage material fractions from soil bores in the vicinity of the pipeline 
crossing (URS 2009) and settling velocities used for trench plume modelling. 

Fraction Material Grain size (mm) Percentage (%) Settling velocity 
(m/s) 

1 Sand 2 - 0.06 20 0.02 – 0.001 

2 Silt 0.06 - 0.002 29 0.001 – 0.0001 

3 Clay <0.002 42 0.0001 – 0.00001 
*Note: the mean percentage of gravel (approximately 9%) was not included in trench plume modelling 

Sediment suspended during pipeline trenching, generating a turbidity plume, will slowly settle to the 
bed once the bed shear stresses and fluid turbulence are insufficient to keep the sediment moving. 
How long the sediment remains in suspension is influenced by the material grain size and settling 
velocity. The finer material with a low settling velocity may remain in suspension for long periods due 
to the relatively strong tidal currents within the study area. Sensitivity of the pipeline trench plume to 
the upper and lower limits of the material settling velocity was investigated. The upper and lower limit 
MOF dredge plume modelling scenarios are defined in Table 6.16.  

Table 6.16  The upper and lower limit pipeline trench plume modelling scenarios, 

Fraction Material Grain size (mm) Percentage (%) Settling Velocity 
(m/s) 

Upper limit scenario 

1 Sand 2 - 0.06 20 0.02 

2 Silt 0.06 - 0.002 29 0.001 

3 Clay <0.002 42 0.0001 

Lower limit scenario 

1 Sand 2 - 0.06 20 0.001 

2 Silt 0.06 - 0.002 29 0.0001 

3 Clay <0.002 42 0.00001 

In terms of the potential pipeline trench plume impact the lower limit sediment scenario defined in 
Table 6.5 is considered the more conservative modelling approach. Comparing the predicted turbidity 
plumes associated with the upper (best case) and lower (worst case) sediment scenarios a range of 
potential plume impact is defined. 
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The TSS concentrations due to trenching reported in this section are in addition to the natural TSS 
concentrations (that is, above the background TSS level) within the Western Basin. A statistical 
analysis of the total suspended sediment (TSS) concentration for the simulated 60-day trenching 
program provides an assessment of the potential impact area. The statistical summary is based on the 
assumption of trenching material spillage of 10%. The predicted concentrations close to the trench 
plume source points (that is, in the near field) are not accurately predicted by the model. The input 
source is entered into a mesh element and the mass of the component (i.e. the dredge material 
spillage) is initially distributed over the element area and depth. This causes the near field 
concentration seen in the results to be lower than the input value. 

Figure 6.28 presents a spatial summary of the mean TSS concentration predicted to occur during the 
60-day trenching program. Pipeline trenching is predicted to raise the TSS concentration within 
Gladstone Harbour and The Narrows, including Graham Creek.  

Figure 6.28a shows the increase to the mean ambient TSS concentration for the sediment upper limit 
(best case) scenario. Elevation of the mean TSS concentration by more than 0.003kg/m3 (3mg/L) is 
confined to approximately 2km from the trenching location. Beyond this distance an increase between 
0.001kg/m3 and 0.003kg/m3 (1mg/L and 3mg/L) to the mean ambient TSS is predicted. The predicted 
increases to the mean TSS concentration for the upper limit scenario are typically less than 
0.005kg/m3 (5mg/L), which is within the natural variation for Gladstone Harbour (BMT WBM 2009c). 

Figure 6.28b shows the increase to the mean ambient TSS concentration for the sediment lower limit 
(worst case) scenario. The lower limit sediment characteristics significantly increase the pipeline 
trench plume spatial impact. Within Graham Creek and surrounding North Passage Island the mean 
TSS is predicted to elevate by approximately 0.01kg/m3 (10mg/L) during the trenching program. North 
of the Graham Creek entrance, the predicted increase to the mean TSS within The Narrows is 
between 0.002kg/m3 and 0.01kg/m3 (2mg/L and 10mg/L). The plume is predicted to disperse beyond 
Fisherman’s Landing to Auckland Point, noting that the predicted increase to the mean TSS 
concentration in this area is relatively low and less than 0.005kg/m3 (5mg/L). 
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Figure 6.28  Statistical mean TSS concentration increase during the 60 day main transmission 
pipeline trenching program: a) upper limit sediment settling velocities; b) lower limit sediment 
settling velocities 
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Figure 6.29 is a spatial summary of the maximum TSS predicted to occur during the simulated 60 day 
trenching program. Note that at any given location the predicted maximum TSS is likely to be present 
for only a short period.  

Figure 6.29a shows the maximum TSS concentration for the sediment upper limit (best case) 
scenario. Over a 6-7km distance to the north and south of the trenching location TSS concentrations 
above 0.005kg/m3 (5mg/L) are predicted to occur. Close to the trenching area a TSS concentration 
above 0.045kg/m3 (45mg/L) is predicted. The highest concentrations close to the working area will be 
present during neap tides. During neap periods the smaller tidal magnitude and current velocities only 
disperse the material a short distance, leading to an accumulation of suspended sediment close to the 
working area. Elevated concentrations up to 0.015kg/m3 (15mg/L) are predicted to occur at the 
entrance to Graham Creek. Beyond the Graham Creek entrance the predicted maximum increase to 
TSS concentration is less than 0.01kg/m3 (10mg/L).  

Figure 6.29b shows the maximum TSS concentration for the sediment lower limit (worst case) 
scenario. For this scenario, peak TSS concentrations up to 0.02kg/m3 (20mg/L) are predicted to 
disperse significant distances into Graham Creek and The Narrows. Elevated concentrations up to 
0.045kg/m3 (45mg/L) are predicted to occur along the trenching route and disperse into the entrance 
to Graham Creek. Maximum TSS concentrations of 0.005kg/m3 (5mg/L) are predicted to reach 
Auckland Point and Ramsay Crossing (northern extent of The Narrows) during spring tide conditions. 
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Figure 6.29  Statistical maximum TSS concentration increase during the 60 day main 
transmission pipeline trenching program: a) upper limit sediment settling velocities; b) lower 
limit sediment settling velocities 
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Figure 6.30 shows the predicted above background TSS concentration time series at the locations of 
interest within Graham Creek and The Narrows (refer ) and the corresponding Gladstone (South 
Trees) tidal signal for the duration of the trench plume simulation. The modelling assumes trenching to 
commence at Friend Point and finish at Laird Point. Note that the simulation continued beyond the 60 
day trenching period to enable a prediction of the time taken for the TSS concentrations to return to 
background levels following the completion of the trenching program to be predicted.  

Figure 6.30 identifies that higher TSS concentrations at Graham Creek and The Narrows will occur 
during larger tidal magnitudes. During these periods the tidal excursion is sufficient to carry higher 
TSS concentrations to the far-field locations of interest. During the shorter, neap tide periods relatively 
low TSS concentrations are present at both far-field locations. Following the completion of the 60 day 
pipeline trenching program, the TSS concentrations predicted for the sediment upper limit scenario 
return to background levels within 10 days. For the sediment lower limit scenario, elevated TSS 
concentrations remain for approximately one month following completion of the pipeline trenching 
program. 

Table 6.17 compares the predicted maximum and mean increase to TSS concentration during the 
trenching program at four locations of interest. At each given location the predicted maximum and 
mean TSS concentration for the upper (best case) and lower (worst case) sediment settling velocity 
scenarios is presented. During the pipeline trenching program, the TSS concentrations at each 
location are expected to be within the upper and lower limit scenario prediction. 

Table 6.17  Predicted maximum and mean TSS concentration above background for the upper 
and lower limit settling velocity scenarios at the four locations of interest  

TSS concentration above background (kg/m3) 

North Passage 
Island East 

North Passage 
Island West 

Graham Creek The Narrows 

Modelling scenario 

max mean max mean max mean max mean 

Upper limit sediment settling 
velocity scenario (best 
case) 

0.011 0.002 0.010 0.002 0.013 0.001 0.008 0.001 

Lower limit sediment settling 
velocity scenario (worst 
case) 

0.029 0.009 0.027 0.009 0.036 0.007 0.025 0.006 
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Figure 6.30  TSS concentration above background during pipeline trenching for the upper and 
lower limit sediment settling velocities: a) Graham Creek; b) The Narrows; c) corresponding 
tide signal at Gladstone (South Trees) 
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Various marine developments are proposed for the Western Basin. The timing of the gas pipeline 
crossing relative to other Western Basin developments is uncertain at this stage and consequently the 
sensitivity of the pipeline trench plume to different stages of Western Basin development was 
investigated. Changes to the model bathymetry were performed to represent three different stages of 
Western Basin development and the pipeline trenching simulation was performed for each stage of 
development. 

Table 6.18 compares the predicted maximum and mean TSS concentration for the three Western 
Basin development stages at four locations of interest. The predicted maximum and mean TSS 
concentrations due to pipeline trenching at the locations of interest are relatively insensitive to the 
different stages of Western Basin development.  

Table 6.18  Maximum and mean TSS above ambient at receptor locations during the 60 day 
main transmission pipeline trenching program sensitivity to Western Basin development 
stages 

Receptor location TSS above ambient (kg/m3) 

North Passage 
Island East 

North Passage 
Island West 

Graham Creek The Narrows 

Western Basin 
development 

stage 

max mean max mean max mean max mean 

Existing bathymetry 0.0107 0.0018 0.0099 0.0022 0.0128 0.0012 0.0077 0.0011 

GPC dredging 
stages 1A, 1B, 2, 
and 3 completed. 

0.0091 0.0014 0.0078 0.0019 0.0129 0.0011 0.0070 0.0010 

GPC dredging 
stages 1A, 1B, 2, 3, 
and Fisherman’s 
Landing northern 
expansion 
completed. 

0.0093 0.0012 0.0092 0.0017 0.0128 0.0010 0.0068 0.0009 

6.8 Siltation and maintenance of dredge areas 

An indicative estimate of the annual siltation of the Australia Pacific LNG dredged areas and the 
average annual dredge maintenance requirements were modelled within the Gladstone Ports 
Corporation Western Basin EIS. Potential predicted impacts (BMT WBM 2009) relevant to the 
Australia Pacific LNG marine options are summarised in this Section. 

The Gladstone Ports Corporation Western Basin EIS (Additional Numerical Modelling, Section 3.3) 
assesses the in-filling of the swing basin and approaches by segregating sand size particles and silts. 
It is predicted that the net sand transport potential in the Option 1b dredged area decreases due to the 
reduction in velocities. Annual sand transport into Option 1b swing basin and approaches ranges 
between 5,500 to 22,000m3/year, and has a net siltation of 48,000m3/year. Silt deposition rate for 
Option 1b is shown in Figure 6.31. 

For Option 2a the predicted coarse material sedimentation is between 12,000m3/year and 
48,000m3/year that includes sand from small zones of increased sand transport potential on the shoals 
between the Materials Offloading Facility approach channel and the Laird Point swing basin upstream 
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of North Passage Island due to the increased velocities in this area. The net silt deposition for Option 
2a is 81,000m3/year and is shown in Figure 6.32. 

 

Figure 6.31  Option 1b Silt deposition rates (BMT WBM 2009) 

 

Figure 6.32  Option 2a silt deposition rates (BMT WBM 2009) 
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Maintenance quantities are a function of the sediment rates and the extent of the dredged area. 
Sedimentation rates of up to 0.08m/year occur for Option 2a and within the approaches to the 
Materials Offloading Facility for Option 1b. For siltation alone, a 0.3m over-dredging allowance should 
accommodate over three years of sedimentation between maintenance dredging campaigns. 
Additional allowance would need to be made for the coarse sized sediments. 

 



Volume 5: Attachments 
Attachment 27: Coastal Environment Technical Report  - LNG Facility and Pipeline  
 

 March 2010 Page 127 Australia Pacific LNG Project EIS 

References 

Australia Government (2007) Tropical Cyclone Database. Bureau of Meteorology. 
http://www.bom.gov.au/weather/cyclone/tc-history.shtml 

Australian Government (2009a) Tide Predictions for Queensland. Bureau of Meteorology. 
http://www.bom.gov.au/oceanography/tides/MAPS/gladstone.shtml#map 

Australian Government (2009b) Climate Change Risks to Australia's Coasts – A first pass national 
assessment. Department of Climate Change, November 2009. 
http://www.climatechange.gov.au/publications/coastline/climate-change-risks-to-australias-coasts.aspx 

Australian Standard 1170.2 (AS1170.2) (2002) Wind Loading on Structures. 

Bechtel (2009) Australia Pacific LNG Project: Project Description for Environmental Impact Statement 
(EIS). Report prepared by Bechtel for ConocoPhillips, September 2009.  

BMT WBM Pty Ltd (2006) Numerical Modelling – Hydrodynamic, Plume Dispersion, Sediment 
Transport and Waves. Report prepared by BMT WBM on behalf of Connell Hatch for Central 
Queensland Ports Authority, November 2006. 

BMT WBM Pty Ltd (2009a) Proposed Santos LNG Facility EIS – Marine Water Quality Assessments. 
Report prepared by BMT WBM on behalf of URS Australia Pty Ltd for Santos Pty Ltd, May 2009. 

BMT WBM Pty Ltd (2009b) Proposed QCLNG Project EIS – Marine Water Quality Assessments. 
Report prepared by BMT WBM on behalf of ERM Pty Ltd for Queensland Curtis LNG, July 2009. 

BMT WBM Pty Ltd (2009c) Gladstone Western Basin EIS – Numerical Modelling Studies. Report 
prepared by BMT WBM behalf of GHD Pty Ltd for Gladstone Port Corporation, September 2009. 

BMT WBM Pty Ltd (2009d) Gladstone Western Basin EIS – AdditionalNumerical Modelling Studies. 
Report prepared by BMT WBM behalf of GHD Pty Ltd for Gladstone Port Corporation, November 
2009. 

BMT WBM Pty Ltd (2009e) Proposed QCLNG Project EIS – Coastal Process Assessments. Report 
prepared by BMT WBM on behalf of URS Australia Pty Ltd for Santos Pty Ltd, July 2009. 

Booij, N., Ris, R. C. and Holthuijsen, L. H. (1999) A third-generation wave model for coastal regions, 
Part I: Model description and validation, Journal of Geophysical Research, Vol. 104, C4:7649-7666. 

Connell Hatch (2006) Environmental Impact Statement Wiggins Island Coal Terminal, Report prepared 
by Connell Hatch on behalf of Central Queensland Ports Authority and Queensland Rail, November 
2006. http://www.cqpa.com.au/Pages/Publications/Wiggins.htm 

Dept. of Environment and Heritage (1998) Storm Tide Threat in Queensland: History, Prediction and 
Relative Risks, Conservation Technical Report No 10, Queensland Government, DEH (now DERM). 

Geoscience Australia (2001) Community risk in GLADSTONE a multi-hazard risk assessment, Cities 
Project, AGSO. Report produced in conjunction with the Bureau of Meteorology and in cooperation 
with Queensland Department of Emergency Services for Gladstone City Council and Calliope Shire 
Council. 

GHD Pty Ltd (2009) Western Basin Dredging and Disposal Draft EIS. Report prepared by GHD for 
Gladstone Ports Corporation, November 2009. 
http://www.gpcl.com.au/Project_Western_Basin_Dredging_&_Disposal_EIS.html 



Volume 5: Attachments 
Attachment 27: Coastal Environment Technical Report  - LNG Facility and Pipeline  
 

 March 2010 Page 128 Australia Pacific LNG Project EIS 

Gladstone Ports Corporation (GPC) (2008), “Update 2008 - 50 year Strategic Plan”, 
http://www.gpcl.com.au/pdf/final_low_cmm5087gpcl_50_year_strategic.pdf 

Hardy, T.A., McConochie, J.D., and Mason, L.B. (2003) Modelling tropical cyclone wave population of 
the Great Barrier Reef, Journal of Waterway, Port, Coastal and Ocean Engineering, Am. Soc. Civil 
Eng., Vol. 129, No. 2, pp. 104-113. 

Hardy, T., Mason, L., and Astorquia, A. (2004) The Frequency of Surge Plus Tide During Tropical 
Cyclones for Selected Open Coast Locations Along the Queensland East Coast. Marine Modelling 
Unit, School of Engineering, James Cook University. 

Herzfeld, M., Parslow, P., Andrewartha, J., Sakov, P., and Webster, I.T (2000) Hydrodynamic 
Modelling of the Port Curtis Region, CRC for Coastal Zone, Estuary and Waterway Management, 
Technical Report 7. 

Kong, L. S. L. (2005) Guarding Against Tsunamis: The Challenge of Building Preparedness at the 
National and Local Levels. Center for Excellence DMHA, Hawaii. http://www.coe-
dmha.org/Liaison/Vol_3No_3/Dept12.htm 

QGC Ltd (2009) Volume 6: Environmental Assessment of Swing Basin and Shipping Channel 
Construction, Draft Environmental Impact Statement, http://qclng.com.au/eis/downloads/ 

Queensland Government (2001) Queensland Climate Change and Community Vulnerability to 
Tropical Cyclones, Ocean Hazards Assessment – Stage 1. Department of Natural Resources and 
Mines, August 2001. 

Queensland Government (2003) Curtis Coast Regional Coastal Management Plan. Environmental 
Protection Agency and Queensland Parks and Wildlife Services, September 2003. 

Queensland Government (2004) Queensland Climate Change and Community Vulnerability to 
Tropical Cyclones, Ocean Hazards Assessment – Synthesis Report. Department of Natural Resources 
and Mines, March 2004. 

Queensland Government (2009a) The Official Tide Tables and Boating Safety Guides 2009. Maritime 
Safety Queensland. 

Queensland Government (2009b) Port of Gladstone Port Procedures & Information for Shipping. 
Maritime Safety Queensland, April 2009. 
http://www.msq.qld.gov.au/Home/Shipping/Port_procedures/Port_procedures_gladstone/ 

Schneider, J. (2006) Assessing Tsunami Risk to Australia. Geoscience Australia, www.ioc-
tsunami.org/iotwswg/files/P1-RA%20WS-%20Australia.pdf,  

URS Pty Ltd (2009) Marine Sediment Investigation: Environmental Investigations of Proposed Capital 
Dredging at China Bay and Pipeline Crossing at The Narrows, Gladstone. Report prepared by URS for 
Santos Ltd, January 2009. 

Van Oord (2009) Van Oord Dredging and Marine: Solutions for tomorrow’s world. 
http://www.vanoord.com/gb-en/our_technology/fleet_selector/index.php 

WorleyParsons (2009) Sediment Characterisation Study, October 2009,  
http://www.gpcl.com.au/pdf/Current_Projects/Western_Basin_Dredging_&_Disposal_EIS/Addendum_
B.pdf 


