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AIII.1. GHG and Energy Calculation Methodology 
AIII.1.1. Reference Guidance 
The calculation methods and factors used to generate the Project greenhouse gases (GHG) values 
have been sourced from internationally accepted guidance and standards and are referenced 
throughout the sections, where appropriate. The guidance originates from four main organisations: 

• Intergovernmental Panel on Climate Change (IPCC) – Guidelines for National GHG 
Inventories; 

• American Petroleum Institute (API) – Compendium of Greenhouse gas Estimation 
methodologies; 

• United States Environmental Protection Agency (US-EPA) – AP-42; 
• Institute of Petroleum (IoP) - Guidelines for the Calculation of Estimates of Energy use and 

Gaseous Emissions in the Decommissioning of Offshore Structures. 

In addition to the above, ISO 6976:2016: Natural Gas – ‘Calculation of calorific values, density, 
relative density and wobble composition’ was referenced for standard calculation methods of the 
compositional parameters (i.e., lower heating values (LHV)). 

 

AIII.1.2. GHG Scope Definitions 
The following definitions are applied for the inventory, as aligned with the GHG Protocol: 

• SCOPE 1: Direct GHG emissions occur from sources that are owned or controlled by the 
company, for example, emissions from combustion in owned or controlled boilers, furnaces, 
vehicles, etc.; emissions from chemical production in owned or controlled process 
equipment; 

• SCOPE 2: Scope 2 accounts for GHG emissions from the generation of purchased electricity 
consumed by the company. Purchased electricity is defined as electricity that is purchased 
or otherwise brought into the organisational boundary of the company. Scope 2 emissions 
physically occur at the facility where electricity is generated; 

• SCOPE 3: Scope 3 is an optional reporting category that allows for the treatment of all other 
indirect emissions. Scope 3 emissions are a consequence of the activities of the company 
but occur from sources not owned or controlled by the company. Some examples of scope 
3 activities are extraction and production of purchased materials; transportation of purchased 
fuels; and use of sold products and services.  

The Scope 3 category has been sub-divided into Upstream and Downstream emissions.  

• Upstream emissions sources include the marine vessels and helicopter flights; 
• Downstream Scope 3 is associated with the transport and use of the LNG product. 
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AIII.1.3. Assessment Boundary 
Although the primary focus of this assessment is to quantify the yearly and lifetime operational 
emissions (including start-up, maintenance, and turn-over), a high-level magnitude estimate has 
been prepared for the other phases of the project including drilling, installation, and 
decommissioning.  

The GHG assessment covers Scope 1 and Upstream Scope 3 emissions sources. Scope 2 is not 
applicable for the project as the FLNG does not import electricity.  

Downstream Scope 3 emissions (i.e., from end use of the LNG product) are excluded as those 
emissions are associated with operations outside the remit of MRV to manage. 

The boundary of the assessment is illustrated in the figure below, showing the phases within the 
boundary of this assessment (blue) and those excluded (grey). The individual sources in each phase 
are discussed in the following section. 

 

Figure AIII.1: GHG assessment boundary 

 

AIII.1.4. Emission Sources 
This assessment is scoped to cover the emissions from the drilling, installation, operations, and 
decommissioning phases of the project, discussed in the following sections: 

 

AIII.1.4.1. Drilling and Installation 

Emissions during the drilling and installation phases of the project will primarily arise from the fuel 
use in the marine vessels involved in the subsea and installation works. Smaller amounts of 
emissions will be associated with the helicopter flights for the offshore work crew changes. The 
vessel types and numbers during each phase have been given in Table AIII.1 as provided by MRV. 

Table AIII.1: Drilling and installation vessels 

Activity Type of Vessel Number  

Drilling 
Drill Ship 1 

Platform Supply Vessel 3 

Subsea/pre-mooring Installation 

Installation Vessel 2 

Platform Supply Vessel 3 

Multi-Purpose Vessel 1 
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AIII.1.4.2. Operational Emission Sources 

AIII.1.4.2.1. Scope 1 Emissions 

The various operational emission sources on the Coral North facility include: 

• 4 x Gas Turbine Generators (GTG); 
• 4 x Gas Turbine Compressors (GTC) 2 x MR1 train, 2 x MR2 train; 
• 1 x CO2 Thermal Incinerator; 
• Flares: 2 x High Pressure (HP), 2 x Low Pressure (LP) and 1 x Low-Low Pressure (LLP); 
• Intermittent diesel usage (i.e., during start-up prior to fuel gas availability, emergency diesel 

generators during Turnarounds (TARs) and for other short use items such as the Fire Water 
Pumps); 

• Fugitive emissions. 

Coral North has been designed for zero flaring during routine operations with emissions from the 
flare limited to combustion of the pilot and purge (natural gas) flow. Non-routine flaring will only occur 
during start-up, TAR, and upset (unplanned) conditions. 

There are no Scope 2 emissions planned as there will be no imported power or heat from purchased 
energy sources. 

AIII.1.4.2.2. Scope 3 Emissions 

Other sources of emissions during operation include the following marine support/supply vessels: 

• 1 x Flotel (for initial commissioning phase only); 
• 3 x Platform Supply Vessels (sailing between FLNG and Pemba); 
• 3 x Tugs1. 

In addition to the above, there will be helicopter flights for crew change overs.  

 

AIII.1.4.3. Decommissioning Sources 

Similar to the installation phase, the decommissioning phase emissions will be associated with use 
of marine vessels for the removal of the FLNG and crew change flights over the decommissioning 
period.  

The assessment does not include the emissions from the deconstruction and/or recycling of the 
vessel and associated equipment once the FLNG is brought to the decommissioning site  

For the purpose of this assessment, it is assumed the subsea infrastructure will be left in situ for a 
“cut and sail” method of removal. 

The assumed vessel spread is given in Table AIII.2 below.  

 

 
1 It is understood 6 x tugs will be in operation, shared with Coral South. For the purpose of this assessment it is assumed an equal split. 
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Table AIII.2: Decommissioning vessels 

Type of Vessel Number  

Flotel 1 

Installation Vessel 2 

Multi-purpose Vessel 3 

Tug 5 

Platform Supply Vessel 1 

 

AIII.1.5. Quantification Approach 
Quantification of GHG emissions has been undertaken using approaches recognised by the 
International Finance Corporation (IFC) and the European Bank for Reconstruction and Development 
(EBRD) for development of GHG Inventories, i.e., the approach is aligned with the GHG protocol 
standard for project carbon accounting.  

Industry GHG quantification guidance (i.e., API GHG Compendium) preference the use of emission 
factors derived from available fuel compositions over that of default averaged values to increase 
accuracy and relevance to actual operations. 

For standard (internal) combustion sources, fuel specific CO2 emission factors were calculated using 
provided fuel composition data and assuming 100% oxidation (see following Section). As per industry 
best practice guidance (i.e., API GHG compendium) it is conservative to assume some methane 
emissions even when 100% oxidation factor is used. To this end, fuel specific GHG emission factors 
for CH4 and N2O were sourced from the US-EPA and IPPC guidance. 

For flaring, CO2 and CH4 were calculated, based on a 98% oxidation factor. The N2O emissions are 
assumed as being trace amounts.  

Annual emissions are calculated based on standard emission factor approach, summarised as 
follows: 

𝐸𝐸 = 𝐸𝐸𝐹𝐹𝐺𝐺𝐺𝐺𝐺𝐺  × 𝐶𝐶𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 × 𝐴𝐴 × 𝑂𝑂𝑂𝑂  Equation 1 

where 

• E is the annual emissions (kg/h); 
• 𝐸𝐸𝐹𝐹𝐺𝐺𝐺𝐺𝐺𝐺 is the emission factor for the particular GHG (CO2, CH4, N2) given in kgGHG per kg 

fuel; 
• 𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 is the fuel consumption in kg/h; 

• A is the activity factor (hours); 
• OF is the oxidation factor (also known as combustion efficiency). 
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AIII.1.5.1. Standard Combustion 

The CO2 emission factor for each fuel was calculated using available fuel gas compositions 
(Annex III.A) following the method presented in the latest API GHG Compendium guidance2 based 
on the stoichiometric combustion reaction and assumed oxidation factor.  

This is expressed in simplified form as: 

𝐸𝐸𝐹𝐹𝐶𝐶𝐶𝐶2 =
∑ �𝑀𝑀𝑀𝑀𝑀𝑀𝑆𝑆𝐶𝐶𝐶𝐶2,𝑔𝑔 × 𝑀𝑀𝑊𝑊𝐶𝐶𝐶𝐶2 × 𝑂𝑂𝑂𝑂� + [𝑚𝑚𝑚𝑚𝑚𝑚%𝐶𝐶𝐶𝐶2 × 𝑀𝑀𝑊𝑊𝐶𝐶𝐶𝐶2]𝑔𝑔

𝑀𝑀𝑊𝑊𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
 Equation 2 

where 

• 𝐸𝐸𝐹𝐹𝐶𝐶𝐶𝐶2 is the CO2 emission factor (kgCO2 per kg fuel combusted); 
• 𝑀𝑀𝑀𝑀𝑀𝑀𝑆𝑆𝐶𝐶𝐶𝐶2,𝑔𝑔  is the number of moles of CO2 produced from combusting 1 mole of fuel 

component “g”; 
• 𝑀𝑀𝑊𝑊𝐶𝐶𝐶𝐶2 is the molar weight of CO2 (44.01 kg/kmol); 
• 𝑚𝑚𝑚𝑚𝑚𝑚%𝐶𝐶𝐶𝐶2 is the mol% content of CO2 in the fuel composition; 
• 𝑀𝑀𝑊𝑊𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 is the molar weight of the fuel; 

• 𝑂𝑂𝑂𝑂 is the oxidation factor. 

 

AIII.1.5.2. Flaring 

For flaring, the oxidation factor is 98%, meaning 2% of the fuel’s methane content will escape 
combustion without being converted to CO2. Therefore, the CH4 emission factor can be calculated 
from the fuel’s methane content as follows: 

𝐸𝐸𝐹𝐹𝐶𝐶𝐶𝐶4 =
(1 − 𝑂𝑂𝑂𝑂) × 𝑚𝑚𝑚𝑚𝑚𝑚%𝐶𝐶𝐶𝐶4 × 𝑀𝑀𝑊𝑊𝐶𝐶𝐶𝐶4

𝑀𝑀𝑊𝑊𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
 

Equation 3 

where 

• 𝐸𝐸𝐹𝐹𝐶𝐶𝐶𝐶4 is the CH4 emission factor (kgCH4 per kg fuel combusted); 
• 𝑚𝑚𝑚𝑚𝑚𝑚%𝐶𝐶𝐶𝐶4 is the mol% content of methane in the fuel composition; 
• 𝑀𝑀𝑊𝑊𝐶𝐶𝐶𝐶4 is the molar weight of methane (16.01 kg/kmol); 
• 𝑀𝑀𝑊𝑊𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 is the molar weight of the fuel; 
• 𝑂𝑂𝐹𝐹𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 is the oxidation factor for flaring (98%). 

The CO2 emission factor for flaring is calculated as per method for standard combustion (Section 
AIII.1.2.1) albeit with the use of 98% oxidation factor in the equation. 

  

 
2 API, Compendium of Greenhouse gas Estimation methodologies (2021) (Online).  
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AIII.1.5.3. Oxidation Factor 

The oxidation factor is the measure of how complete the conversion of gas constitutes into CO2 

during combustion. This assessment has aligned with the recommended oxidation factors from the 
API GHG compendium guidance with values as follows: 

Table AIII.3: Oxidation factors 

Type Oxidation Factor 

Standard Combustion (Heaters, boilers, pilots) 100% 

Flaring 98% 

 

AIII.1.5.4. Global Warming Potentials 

Global Warming Potentials (GWPs) is a tool to weigh and contrast the impact of each GHG to the 
atmosphere in relation to the baseline of CO2. GWPs exist for 20-year and 100-year impact values. 
The use of the 20-year GWP gives more weight to the short-lived GHGs (i.e., methane, which resides 
in the atmosphere for decades) and underestimates the detrimental effect of longer lasting GHGs 
(i.e., CO2). Therefore, international guidance places preference for use of the 100-year GWP in GHG 
inventory calculations, which strikes a balance between the impact of the short-lived and long-lived 
GHGs.  

The use of the 100-year GWP in GHG inventories is internationally accepted through the GHG 
Protocol for Project Accounting3 standard for quantifying and reporting GHG emissions. The Protocol 
references the Environmental Protection Agency (EPA) guidance which uses the 100-year GWP to 
align with the United Nations Framework Convention on Climate Change (UNFCC) requirements. 

 

AIII.1.5.5. Carbon Dioxide Equivalents 

For each combustion activity covered in this scope of work, the CO2, CH4, and N2O tonnage 
emissions are calculated. It is standard practice to convert each emissions value into a CO2 
equivalent (CO2e) by multiplying by the corresponding GWP for the respective GHG. In formula form 
this includes the following: 

  𝐸𝐸𝐶𝐶𝐶𝐶2𝑒𝑒 = 𝐸𝐸𝑠𝑠,𝑐𝑐𝑐𝑐2 + �𝐺𝐺𝐺𝐺𝑃𝑃𝐶𝐶𝐶𝐶4 × 𝐸𝐸𝑠𝑠,𝐶𝐶𝐶𝐶4� + �𝐺𝐺𝐺𝐺𝑃𝑃𝑁𝑁2𝑂𝑂 × 𝐸𝐸𝑠𝑠,𝑁𝑁2𝑂𝑂� Equation 4 

where  

• 𝐺𝐺𝐺𝐺𝑃𝑃𝐶𝐶𝐶𝐶4 and 𝐺𝐺𝐺𝐺𝑃𝑃𝑁𝑁2𝑂𝑂 are the global warming potentials for CH4 and N2O respectively; 
• 𝐸𝐸𝑠𝑠,𝑐𝑐𝑐𝑐2, 𝐸𝐸𝑠𝑠,𝐶𝐶𝐶𝐶4  and 𝐸𝐸𝑠𝑠,𝑁𝑁2𝑂𝑂 CO2, CH4 and N2O, determined for each GHG source. 

 
3 GHG Protocol, Corporate Standard for Carbon Accounting (Online). https://ghgprotocol.org/corporate-standard 

https://ghgprotocol.org/corporate-standard


 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AIII.8 

 

This assessment has aligned with the GWP’s given in the IPCC AR-5 report4, with the following 
values: 

• CO2 – 1; 
• CH4 – 28; 
• N2O – 265. 

 

AIII.1.5.6. Marine Vessel Emissions 

For the vessels, the emissions were calculated as follows: 

  𝐸𝐸𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝐴𝐴 × 𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉  × 3.11 𝑡𝑡𝑡𝑡𝑂𝑂2/𝑡𝑡 Equation 5 

where 

• 𝐸𝐸𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 is the CO2 emissions (tonnes) from the vessel; 
• 𝐴𝐴 is the activity duration (days); 
• 𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 is the fuel consumption rate for the specific vessel (see below); 
• 3.11 is the emission factor for marine fuel oil5. 

The Institute of Petroleum (IoP) has published guidelines for estimating energy and emissions from 
offshore decommissioning6. The guidance document provides estimates for the fuel consumption for 
typical marine vessels, broken down by type and activity covering fuel consumption while sailing and 
on location working and/or station keeping. 

A summary of the consumption fuel factors from IoP for the relevant vessels used in this estimate 
has been given in Table AIII.4 below. 

Table AIII.4: Vessel average fuel consumption rates 

Vessel 
Fuel Consumption (tonnes / day) 

Sailing Working 

Tug 14 25 

Flotel 40 30 

Drill Ship (a) 22 18 

Installation Vessel (b) 50 5 

Multi-purpose Vessel 50 5 

Platform Support Vessel 15 1.5 

Note (a): Assumed Diving support vessel 
Note (b): Assumed to be equivalent to an Anchor Haulage Vessel type 

 

 

 
4 IPCC, AR-5 Synthesis Report (Online) https://www.ipcc.ch/report/ar5/syr/ 
5 CO2 and sulphur emissions from the shipping industry (online) LINK 
6 IoP, Guidelines for the Calculation of Estimates of Energy use and Gaseous Emissions in the Decommissioning of Offshore Structures. 

https://www.ipcc.ch/report/ar5/syr/
https://worleyparsons.shhttps/www.egcsa.com/wp-content/uploads/CO2-and-sulphur-emissions-from-the-shipping-industry.pdfarepoint.com/sites/008TIK-ConsultecCoralNorthESIA/Shared%20Documents/General/2.%20Execution/2.4%20Deliverables/GHG%20and%20Energy%20Assessment/Calculations
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AIII.1.5.7. Service Helicopter Flights 

Emissions from the Helicopter flights were calculated as such: 

  𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹ℎ𝑡𝑡 =
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

 ×  𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 × 3.1 𝑡𝑡𝑡𝑡𝑂𝑂2/𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 
Equation 6 

where 

• Distance is the flight distance (miles); 
• Speed is the average air speed of the helicopter (see below); 
• Fuel Rate is the average fuel usage of the helicopter; 
• 3.1 is the aviation emission factor (tCO2/tonne fuel)7. 

Helicopter fuel and speed statistics were sourced from IoP guidance speed statistics for three types 
of common helicopter models as given in the table below.  

The Sikorsky was chosen for this estimation as it represented the worst-case fuel economy out of 
the options provided. 

Table AIII.5: Helicopter fuel and flight speeds (IoP) 

Type Speed (knots) Speed (mph) (a) Fuel Usage (ltr/h) 

Sikorsky 120 138.1 625 

Note a) Based on conversion of 1 knot =1.15078 miles per hour (mph) 

 

AIII.1.5.8. Decommissioning Emissions 

Decommissioning emissions were estimated in the same manner as installation, using known fuel 
rates and anticipated decommissioning schedule (See Section AIII.6.7) to determine fuel usage 
which can then be converted to CO2 using the reference emission factor.  

Decommissioning duration is assumed to only include the disconnection of the FLNG from the riser 
and cutting of the anchors. Recovery of subsea infrastructure is not included.  

 

AIII.1.6. Input Data 

AIII.1.6.1. Reference Data 

The Coral North FLNG is a replicate of the Coral South FLNG and consequently, the Coral South 
data including prior studies are applicable to Coral North. Therefore, the following sections have used 
the Coral South documentation and information to supplement as inputs to the GHG and energy 
calculations for Coral North. 

 
7 Verifavia, How are Aircraft CO2 emissions Calculated (online)  https://www.verifavia.com/greenhouse-gas-verification/fq-how-are-aircraft-co2-
emissions-calculated-11.php 

https://www.verifavia.com/greenhouse-gas-verification/fq-how-are-aircraft-co2-emissions-calculated-11.php
https://www.verifavia.com/greenhouse-gas-verification/fq-how-are-aircraft-co2-emissions-calculated-11.php
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AIII.1.6.2. Operational Particulars 

The following parameters have been used, as per the Project description (see Volume I): 

• Lifetime LNG Production: 88.24 million tones; 
• Project Lifetime: 25 years. 

 

AIII.1.6.3. Operational Scenarios 

The assessment includes emissions from the following operational events: 

• Commissioning & Start-up; 
• Operation (holding); 
• Operation (offloading); 
• Annual maintenance; 
• TAR: 1 per 3 years. 

Coral North will operate with similar philosophy i.e., online machinery, loadings, durations, and 
schedule) as used for Coral South. Therefore, the operational philosophy for each event has been 
aligned with that given in the Coral South Atmospheric Emissions Estimation Study8, as detailed in 
the tables below. 

Table AIII.6: Commissioning and start-up  

Emitting Source Fuel Type 
Number 

and 
Loading 

Loading Efficiency Run hours 

kW % hr 

Gas Turbine Generators Diesel 2 x 20% 6,000 20% 
Unit 1: 1,752  
Unit 2: 1,704 

Gas Turbine Generators Fuel Gas 3 x 80% 23,970 35.4 
Unit 1: 1,848  
Unit 2: 1,728  
Unit 3: 1,584 

MR1 / MR2 Compressors Fuel Gas 2 x 75% 22,650 33.3 
Unit 1: 2,256 
Unit 2: 2,112 

Essential Diesel Generator 
(EDG) Diesel 2 x 100% 8,000 44% 

Unit 1: 1,920 
Unit 2: 2,088  

CO2 Incinerator Fuel Gas & Waste 
Stream 1 x 50%   2,568 

Flare Intake Flow Rate Duration 

Flaring 

Flaring start-up (unburnt raw gas and nitrogen with a flow rate of 80 
MMSCFD) 24 

Flaring start-up (unburnt raw gas and nitrogen with a flow rate of 120 
MMSCFD) 120 

Raw Gas Flaring (Note a) 268,900 Nm3/h 1,776 

Note (a): Raw gas flaring aligned with “Flare Scenario 2” as worst case emission wise. 

 
8 Technical Note Sustainability KPIS Calculation (000412_DV_EX.FAC.0682.000) Rev 05. 
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Table AIII.7: Normal operation (holding) 

Emitting Source Fuel Type Number & 
Loading 

Loading Efficiency Run hours 

kW % Hour/y 

Gas Turbine Generator FG 3 x 70% 20,960 32.5% 6,934 

MR1 Compressor FG 2 x 100% 30,225 37.3% 6,934 

MR2 Compressor FG 2 x 100% 30,195 37.3% 6,934 

CO2 Incinerator FG & Waste 
Stream 1 x 100%   6,934 

Flares  
(Continuous Pilot and 

Purge) 

Intake Flow Rate Run hours 

Nm3/h kg/h Hour/y 

HP Flare 1 51.2 35.92 6,934 

HP Flare 2 83.6 58.65 6,934 

LP Flare 1 36.4 2.55 6,934 

LP Flare 2 29.7 20.84 6,934 

LLP Flare 21.6 15.15 6,934 

 

Table AIII.8: Normal operation (offloading) 

Emitting Source Fuel Type Number & 
Loading 

Loading Efficiency Run hours 

kW % Hour/y 

Gas Turbine Generator Fuel Gas 4 x 80% 23,970 35.4% 1,300 

MR1 Compressor Fuel Gas 4 x 100% 30,225 37.3% 1,300 

CO2 Incinerator FG & Waste 
Stream 1 x 100%   1,300 

Flare 
(Continuous Pilot and 

Purge) 

Intake Flow Rate Run hours 

Nm3/h kg/h Hour/y 

HP 51.2 35.92 1,300 

HP 83.6 58.65 1,300 

LP 36.4 2.55 1,300 

LLP 29.7 20.84 1,300 

LP 21.6 15.15 1,300 

 

Table AIII.9: Annual maintenance 

Emitting Source Fuel Type Number & 
Loading 

Loading Efficiency Run hours 

kW % Hour/y 

Essential Diesel Gen. Diesel 1 x 100% 2,600 35.4% 26 

EDG Diesel 3 x 100% 8,000 33.3% 26 

Firewater Pump  Diesel 3 x 100% 1,765 40% (Note a) 26 

Note a) 40% estimated to meet vendor emission rate  
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Table AIII.10: Turn around (TAR) 

Emitting Source Fuel Type Number & 
Loading 

Loading Efficiency Run hours 

kW % Hour/y 

Gas Turbine Generator Fuel Gas 2 x 80% 23,970 35.4% 672 

MR1 Compressor Fuel Gas 4 x 75% 22,670 33.3% 48 

Essential Diesel Generator Diesel 1 x 100% 8,000 44% 672 

CO2 Thermal Incinerator 
FG & 
Waste 
Stream 

1 x 50%   48 

Flare 
Flow Rate Run hours 

Nm3/h kg/h Hour/y 

HP Flare 
(20% production capacity) 33,554 23,541.01 48 

HP Flare 
(10% production capacity) 16,777 11,770.53 48 

HP Flare 
(80% production capacity) 134,215 94,163.57 48 

Process Unit gas emptying 
operation 10,399.6 -- 72 

AIII.1.6.2.1. Event Schedule 

Table AIII.11 shows the schedule used for the GHG estimation for the operational phase. 

• TAR is given as a 3-year rolling cycle, assumed to commence from year 3; 
• It is assumed that annual maintenance will be rolled into the TAR activities for each 3rd year 

to minimise downtime; 
• Fugitives from the asset are considered continuous.  

Table AIII.11: Yearly schedule 

Emissions from 
Year 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Start-up              

Operation              

Offloading              

TAR              

Annual Maintenance              

Fugitives              

Emissions from 14 15 16 17 18 19 20 21 22 23 24 25  

Start-up              

Operation              

Offloading              

TAR              

Annual Maintenance              

Fugitives              
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AIII.1.6.4. Fuel Parameters 

The fuel and flare parameters have been given in Table AIII.12. Fuel and flare LHVs were calculated 
using the compositions given in Annex III.A. Due to the similarity of the flare compositions, Unit 360’s 
flare composition and LHV has been assumed for all flare calculation emissions, chosen to produce 
a conservative estimation based on the slightly higher overall GHG emission (i.e., higher CH4 
emissions per kg flared). Emission factors are given in the following section.  

Default diesel parameters were assumed (sourced from IPCC guidance) while the marine diesel and 
aviation fuel parameters were taken from IoP guidance as per Table AIII.12 below. 

Table AIII.12: Fuel parameters 

Fuel Molar Weight (kg/kmol) LHV (MJ/kg) 

Fuel Gas 16.63 47.44 

Flared Gas (unit 360) 16.61 49.56 

Flared Gas (unit 335) 16.92 49.46 

Diesel (note a)  45.60  

Marine Diesel  43.10 

Aviation Fuel  46.10 

Note a) IPCC 2019 Guidance default value. 
Note b) Preferred guidance value from IoP (Guidelines for the Calculation of Estimates of Energy 
use and Gaseous Emissions in the Decommissioning of Offshore Structures). 

 

AIII.1.6.5. Emission Factors 

The emission factors per fuel type have been summarised in Table AIII.13. Emission factors have 
been calculated from provided compositions using the API mass balance approach unless otherwise 
noted. Emission factors for the Unit 360 flare has been used for all flare estimations due to the higher 
CH4 content to form a more conservative estimation.  

Table AIII.13: Emission factors 

Source CO2 (kg/kg) CH4 (kg/TJ) N2O (kg/TJ) 

Fuel Gas 2.61 3.70 (note a) 1.29 (note a) 

Diesel 3.19 3.0 (note b) 0.6 (note b) 

Flare (unit 360) 2.68 376.67(note c) (Trace) 

Flare (unit 335) 2.69 367.04 (note c) (Trace) 

Note (a): sourced from US-EPA AP-42, Chapter 3.1 for Gas Turbines. Original units CH4: 0.0086 lb/mmBTU; N2O: 0.0030 
lb/mmBTU. 
Note (b): sourced from IPCC 2019 Guidance, Chapter 2, Table 2.3. 
Note (c): Calculated, based on 98% oxidation factor. 0.019 kgCH4/kg gas; LHV 49.56 MJ/kg. 
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AIII.1.6.6. Fugitive Emissions 

Fugitive emissions refer to the leaks from components on the pipelines such as valves, flanges, seals 
etc.. A fugitive emissions estimation was performed previously in the Coral South Atmospheric 
Emissions Estimation9. Due to the replicate design, it is anticipated Coral North will feature the same 
potential fugitive sources and therefore, the Coral South assessment for fugitive emissions has been 
used. 

Table AIII.14: Fugitive emission rates 

 Hourly Emissions (kg/h) Assumed uptime 

CO2 CH4 N2O h/y 

Fugitive Emissions 0 92.22 0 8,760 

 

AIII.1.6.7. Marine Vessel Utilisation 

The vessel utilisation for each phase is given in Table AIII.15 below, based on the marine vessel 
spread and high-level schedule for the drilling and installation phases provided by MRV. The 
decommissioning vessel requirements and durations are based on experience from prior projects.  

Coral North will be constructed in South Korea and towed to location in Mozambique using 5 tug 
vessels. Forty-five (45) days sailing has been assumed based on an approximate distance of 8,690 
nautical miles with an 8-knot towing speed. 

The support and/or construction vessels will be mobilised from Pemba, Mozambique. The estimation 
does not account for travel time to Pemba from their home berth. 

The duration of the decommissioning has been aligned with experience from prior projects, based 
on a shorter “cut-and sail” removal of the FLNG vessel, where the subsea infrastructure is left in situ. 
Preparatory work is assumed to occur prior to onset of decommissioning phase by the operational 
crew. 

Table AIII.15: Vessel schedule 

Activity No. Vessels 
Duration  

Combined Workdays 
Days/each 

Towing FLNG from 
Shipyard Tug 5 45 225 

Drilling and 
Installation 

Drill Ship 1 200 200 

Installation Vessel 2 400 800 

Multi-purpose Vessel 1 400 400 

Tug (station keeping) 5 35 175 

Platform Supply Vessel (Note a) 3 57 171 

Commissioning and 
Operation 

Flotel (Commissioning only) 1 278 228 

Tug (station keeping)         3 (Note b)  9,125 27,375 

 
9 Coral South, Atmospheric Emissions Estimation, 4404GGBFEZ4003T, Rev 04. 
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Activity No. Vessels 
Duration  

Combined Workdays 
Days/each 

Platform Supply Vessel (Note a) 3 1,300 3,900 

Decommissioning 

Installation Vessel 2 42 84 

Flotel 1 42 42 

Multi-Purpose Vessel 3 42 126 

Tug (station keeping) 5         14 (Note c) 70 

Platform Supply Vessel (Note a) 1 5 5 

Towing FLNG to local 
Port Tug 5 2 10 

Note a) assumes supply vessels make 1 round trip per week. 
Note b) it is understood 6 tugs will be shared between North and South FLNGs, therefore assumed average 3 for Coral North 
Note c) assumed 2 weeks station keeping as moorings are disconnected. 

 

AIII.1.6.8. Helicopter Flights 

Flight requirements are calculated as per Table AIII.16 on the assumption of a standard 2-week shift 
period. Assuming 60 crew and flight capacity of 15 gives roughly four flights per shift. 

For each flight, it is assumed the helicopter will mobilise from Pemba, at roughly 256 km (159 miles) 
distance. This equates to circa 2.3 hours flight time per round trip, based on the assumed fight speed 
of 138 miles per hour. 

Table AIII.16: Helicopter usage  

Phase Basis Duration (wks) No. Shifts 
(2 wk shift) Flights per shift Total Return 

Flights  

Drilling and Installation 

4 Flights Per 
shift 

57 28 4 112 

Commissioning & 
Operation 1,300 650 4 2,600 

Decommissioning 6 3 4 12 

 

AIII.1.7. Assumptions 
A number of assumptions have been made in this assessment as highlighted in Table AIII.17. 

Table AIII.17: Assumptions used in the GHG assessment 

Aspect Description 

Emission Scopes 
This assessment focuses on Scope 1 and upstream Scope 3 emissions (i.e., emissions from marine 
/support vessels).  
Coral North design does not include import of power hence Scope 2 emissions are not applicable.   

Marine Vessels 
All marine vessels will use Pemba as mobilisation base for the duration of the installation / 
decommissioning works. i.e., this assessment does not account for sailing time from home berths 
other than Pemba. 
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Aspect Description 

Coral North will be constructed in South Korea shipyards and towed to Mozambique by 5 tug 
vessels. 

Helicopter Flights Flights originate from Pemba region (circa 256 km from site).  

Decommissioning 
Scope of decommissioning estimation ends when Coral North is returned to the decommissioning 
port. No allocation has been made for emissions arising from the dismantling and any other 
decommissioning activities 

Operation 

Maintenance – emissions have been estimated for annual emissions with annual maintenance 
planned for year 1 (start-up year) or any year coinciding with a TAR. 

Flaring Emissions- due to similar flaring compositions for the flares serving unit-360 flare and unit-
335, the assessment used emission factors calculated for unit-360’s composition and applied for all 
flaring emission estimates. The unit-360 flare was chosen due to slightly higher GHG potential 
(higher CH4 emissions) to achieve a conservative estimation of flare emissions.  

Start-up Flaring – there are two scenarios for flaring start-up. For a conservative estimate this 
assessment has aligned with Scenario 2 (40% capacity of single well) as this is the highest flare rate 
of the two.  

Fire Water Pump (FWP) – the motor efficiency of the FWP is unknown, therefore 40% has been 
estimated to meet anticipated emission rate levels. As the FWP would only be used for handful of 
hours each year during maintenance, this assumption will not overly alter the estimation. 

Fugitive Emissions – Estimation of fugitive emission contribution was aligned with the Coral South 
study. For a conservative estimation of these emissions, fugitive rates are considered continuous 
throughout the year (i.e., 8,760 hours per year) regardless of facility operational phase.  

Exclusions 

Unplanned events – Due to the nature of these events, emissions arising from unplanned events 
were not included within the baseline emissions assessment. 

Downstream Scope 3 Emissions (end user) have been excluded on the basis that those fall outside 
the remit of MRV to manage.  

 

AIII.2. Results 
AIII.2.1. Energy Consumption 

AIII.2.1.1. Preamble 

This section summarises the energy requirements of the Coral North project during operations. As 
energy in traditional units of Joules is a conceptual measurement, it is more common to discuss 
energy in terms of relevant material quantities, such as tonnages of fuel. Therefore, this section 
provides both units of measurement. 

 

AIII.2.1.2. Energy Requirements by Operational Mode 

The Coral North FLNG fuel and energy requirements per mode of operation and/or event have been 
summarised in Table AIII.18 below.  
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Table AIII.18: Annual fuel and energy per mode of operation 

Mode 
Fuel Gas Diesel Annual Energy Intake 

t/y t/y TJ 

Start-up (1st year only) 49,650.28  13,938.37  2,990.82  

Operation (Holding) 275,610.42 - 13,073.94 

Operation (Offloading) 59,321.12 - 2,813.98 

Turnaround (1 per 3 years) 7,909.92 964.59 419.20 

Annual Maintenance - 151.26 6.90 

During standard operation, fuel gas requirements range from 334.9 kt to 342.8 kt per year, with the 
higher value associated with the TAR years. Similarly, diesel requirements range from 0.15 kt (no 
TAR) to 0.96 kt (with TAR) per year.  

 

AIII.2.1.3. Support Vessel and Flights Fuel by Project Phase 

The fuel usage for the marine vessels and helicopter flights during each of the phases is provided in 
Table AIII.19 below, based on the schedule/spread of vessels given in Table AIII.15 and flights of 
Table AIII.16. During operations, it is estimated 17.9 kt of marine diesel and 125 t aviation fuel will 
be used per year for the supply/support vessels and flights respectively.  

Table AIII.19: Support vessel and flight fuel usage 

Phase Source 
Usage 

t 

Drilling and Installation 
Vessels 27,696 

Flights 134.4 

Commissioning and Operation 
Vessels 448,590 

Flights 3,119.4 

Decommissioning 
Vessels 6,795 

Flights 14.4 

 

AIII.2.1.4. Operation Lifetime Consumption 

Based on the operational schedule (Table AIII.11), lifetime fuel requirements for Coral North have 
been calculated and presented in Table AIII.20 below for each project phase. Support vessel and 
flight fuel requirements have been presented in Table AIII.21. 

Across the project life, including start-up activities, Coral North is estimated to consume circa 
8.49 million tonnes (MMt) of fuel gas and 24.1 kilotonnes (kt) diesel. Based on the LHVs given in 
Table, the overall energy intake has been estimated to be 403,653 Terajoules (TJ) across the Project 
life.  
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During start-up, Coral North will be relying on diesel as the primary fuel source (in the GTGs and 
EDG). This results in a significant volume of diesel (circa 13.9 kt) being used in a short period of 
time, equivalent to 137% normal operational diesel requirements. 

Table AIII.20: Fuel requirements summary  

Event 
Annual Requirements (kt/y) 

Lifetime Events 
Operational Lifetime (kt) 

Fuel Gas Diesel Fuel Gas Diesel 

Start-up (1st year only) 49.65  13.94  1 49.65  13.94  

Operation (Holding) 275.61  -    25 6,890.26  
 

Operation (Offloading) 59.32 
 

25 1,483.03  
 

Turnaround (1 per 3 years) 7.91 0.96  8 63.28  7.72  

Annual Maintenance (note a) 0 0.15  16 0 2.42  

All inclusive (Start-up, operation, TAR, maintenance) 

Total Fuel (kt)  8,486.2 24.1 

Energy by fuel (TJ)  402,554.9  1,097.8  

Total Energy (TJ) 403,652.7 

Excluding Start-up year 

Total Fuel (kt) 8,101.6  10.1  

Energy by fuel (TJ) 384,311.7  480.9  

Total Energy (TJ) 384,792.6 

Note a) Estimate assumes annual maintenance is not needed on year 1, nor years with TAR i.e., 16 occurrences  

Based on the high-level estimation for support vessel usage (tugs and supply ships), it is estimated 
approximately 449 kt of marine diesel will be used across the project 25-year lifetime. Similarly, ~3 kt 
of aviation fuel will be used for crew flights.  

Table AIII.21: Support vessel and flight fuel requirements during operations 

Source 
Annual Usage Operational Lifetime 

Tonnes Energy (TJ) kt TJ 

Support/Supply 
Vessels 17,943.6 818.2 448.6 20,455.7 

Helicopter Flights 124.8 172.8 3.1 134.5 

Total Energy 20,590.2 

 

AIII.2.2. Project GHG Emissions 

AIII.2.2.1. Overview 

Overall project GHG emissions across all phases are anticipated to be around 26.5 MMt of CO2e, 
with the operational phase accounting for circa 99.6% of the total. The remaining 0.4% 
(0.11 MMt CO2e) is associated with drilling, installation, and decommissioning.  

The table below summarises the contribution of each phase of the project to the overall GHG 
estimation. Each phase is considered in more detail with the breakdown of emissions, in the following 
sections. 
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Table AIII.22: Lifetime emission summary 

Phase ktCO2e 

Drilling & Installation (note a) 91.9 

Commissioning & Operation 26,374.3 

Decommissioning 22.8 

Total Emissions 26,489.0 

Note a) includes emissions from towing FLNG from shipyard to Mozambique. 

 

AIII.2.2.2. Drilling, Installation, and Decommissioning 

It is estimated drilling and installation will account for circa 92 ktCO2 emissions while 
decommissioning will generate just short of 23 ktCO2. Table AIII.23 gives a high-level summary of 
the emissions during these phases. Detailed supporting calculation sheets have been included as 
part of Annex III.B. 

Table AIII.23: Drilling, Installation, and Decommissioning emissions 

Source 
Emissions (tCO2) 

Drilling & Installation Decommissioning 
Marine Vessel 91,520.7 22,732.2 

Helicopter 427.4 45.8 

TOTAL 91,948.1 22,778 

 

AIII.2.2.3. Operational Phase 

AIII.2.2.3.1. Overview 

Emissions from the Coral North 25-year operations have been estimated to be circa 26.4 MMtCO2e 
with circa 1.5 MMtCO2e attributed to Scope 3 based on anticipated vessel/helicopter fuel 
requirements during operation (Table AIII.24). A breakdown by constitute gas has been provided in 
the table below. 

Table AIII.24: Overall operational emissions 

Scope 
Life-time Emissions kt 

CO2 CH4 N2O CO2e 

Scope 1 24,068.4 24.42 0.51 24,888.3 

Scope 3 (note a)    1,486.0 

Total 24,068.4 24.42 0.51 26,374.3 

Note a) Scope 3 based on emission factors provided as combined CO2e, therefore it is not possible to provide breakdown by 
constitute GHG. 
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AIII.2.2.3.2. Breakdown by Mode of Operation (Scope 1) 

A breakdown of the Scope 1 contribution by each mode of operation has been given in the following 
table. Emissions during each phase have been further broken down to each point source in the tables 
of Annex III.B. 

Table AIII.24: Scope 1 emissions by mode of operation 

 Annual (kt) Lifetime (kt) 

CO2 CH4 N2O CO2e CO2 CH4 N2O CO2e 

Start-up  
(1st year only) 1,175.24 1.32 0.00 1,213.08  1,175.2 1.32 0.00 1,213.1 

Operation (Holding) 742.69 0.06 0.02 748.93  18,567.3 1.62 0.42 18,732.2 

Operation 
(Offloading) 159.21 0.01 0.00 160.54  3,980.2 0.34 0.09 4,013.5 

Turnaround 
(1 per 3 years) 42.23 0.12 0.00 45.67  337.8 0.94 0.00 365.4 

Annual 
Maintenance (note a) 0.48 0.00 0.00 0.48  7.7 0.00 0.00 7.7 

Fugitives 
(continuous) - 0.81 - 22.62  0.0 20.20 - 565.5 

TOTAL 24,068.4 24.42 0.51 24,888.3 

Note a) Lifetime estimate assumes annual maintenance is not needed on year 1, nor years with TAR i.e., 16 occurrences of 
annual maintenance over 25 years. 

AIII.2.2.3.3. Annual Operational Emissions 

Emissions during normal operation (including Holding, Offloading, Maintenance, Fugitives and 
supply/support vessels and flights) is estimated to be 992 ktCO2e/y which increases to 1,037 ktCO2e/y 
on years with scheduled TAR. The relative contribution from the emissions sources during operation 
are shown in the figures below for years without TAR (Figure AIII.2) and years with TAR (Figure 
AIII.3). Both are quite similar, with the main differences being an increased contribution from flaring 
and diesel use contribution during TAR. 

The primary source of emissions is the Gas Turbine Generators and MR1 and MR2 Gas Turbine 
Compressors which account for greater than 90% of GHG emissions from the facility.  
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Figure AIII.1: Source Contribution – No TAR 

year 

 
Figure AIII.2: Source Contribution – year 

with TAR 

AIII.2.2.3.4. Carbon Intensity 

The average carbon intensity metric in kgCO2e/tonne product and kgCO2e/BOE LNG across project 
operational life has been calculated as per table below. The evolution of the metric over time is shown 
in Figure AIII.4. The carbon intensity in year 1 is significantly higher as consequence of the start-up 
and commissioning activities. Through years 2-25 the intensity fluctuates slightly as response to 
changes in annual production and whether the year includes a TAR or not. 

Table AIII.25: Carbon intensity 

 CO2 Emissions 
(MMt) 

LNG Production Carbon Intensity (average) 

MMt MMBOE kgCO2e/tonne LNG kgCO2e/BOE (a) 

Carbon 
Intensity  24.89 88.24 838.28 282.1 29.7 

Note (a) based on conversion of 1 tonne LNG = ~9.5 BOE 

  
Figure AIII.4: Carbon intensity by year 
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Annex III.A – Compositional Data 
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The following compositions were used for the fuel gas flares. The compositional data was sourced 
from the Technical Note Sustainability KPIS Calculation10. Parameters of molar weight, heating value 
and CO2 emission factor have been calculated here.  

Due to the similarity of the flare compositions, Unit 360’s flare composition has been used for all flare 
calculation emissions based on the slightly higher overall GHG emission (i.e., higher CH4 emissions 
per kg flared) to produce a conservative estimation. 

Table III.A.1: Fuel gas composition and parameters 

Component  
Mol % 

Fuel Gas Unit 360 Flare Unit 335 Flare 

Methane 96.21 96.68 95.74 

Ethane 0.44 2.27 2.5 

Propane 0.19 0.6 0.93 

n-Butane 0.08 0.1 0.39 

iso-pentane 0.02 0 0.1 

n-Hexane 0.05 0 0 

n-Heptane 0.01 0 0 

n-Octane 0 0 0 

n-Nonane 0.02 0 0 

Carbon Dioxide 0 0.01 0.01 

Nitrogen 2.99 0.34 0.34 

Hydrogen Sulfide 0 0 0 

Calculated Parameters 

Molar Weight (kg/kmol) 16.63 16.61 16.92 

LHV (MJ/kg) 47.44 49.56 49.46 

CO2 Emission factor (kg/kg) 2.61 2.68 2.69 

CH4 Emission Factor (kg/kg) Note a 0.019 0.018 

Note a) Not calculated - API stoichiometric calculation approach assumes 100% combustion for non-flare sources (i.e., complete 
conversion to CO2). Therefore, CH4 emission factor from guidance are applied. 

 

  

 
10 Technical Note Sustainability KPIS Calculation (000412_DV_EX.FAC.0682.000) Rev 05. 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AIII.24 

 

 

 

 

 

 

 

 

 

 

 

 

Annex III.B – GHG Calculation Tables 
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AIII.B.1 - Operational Phase Calculation Tables 

 

  

Operations: Holding

Source Fuel
LHV 

(MJ/kg)
Loading 

(%)
Loading 

(kW)
Efficiency Heat Intake 

Fuel 
Consumpti

on

Annual 
Uptime

Fuel CO2 CH4 N2O CO2 CH4 N2O CO2e CO2 CH4 N2O CO2e

MJ/kg % kW % MJ/h kg/h h/y t/y kg/kg kg/TJ kg/TJ
Gas  Turbine Generator Fuel  Gas 47.44            70% 20,960 32.5% 232,172 4,894 6,934 33,938 2.61 3.697 1.290 12,776.87       0.86              0.30              12,880.2           88.59            0.01              0.00              89.31            

Gas  Turbine Generator Fuel  Gas 47.44            70% 20,960 32.5% 232,172 4,894 6,934 33,938 2.61 3.697 1.290 12,776.87       0.86              0.30              12,880.2           88.59            0.01              0.00              89.31            

Gas  Turbine Generator Fuel  Gas 47.44            70% 20,960 32.5% 232,172 4,894 6,934 33,938 2.61 3.697 1.290 12,776.87       0.86              0.30              12,880.2           88.59            0.01              0.00              89.31            

MR1 Compressor Fuel  Gas 47.44            100% 30,225 37.3% 291,716 6,150 6,934 42,642 2.61 3.697 1.290 16,053.66       1.08              0.38              16,183.5           111.32          0.01              0.00              112.22          

MR1 Compressor Fuel  Gas 47.44            100% 30,225 37.3% 291,716 6,150 6,934 42,642 2.61 3.697 1.290 16,053.66       1.08              0.38              16,183.5           111.32          0.01              0.00              112.22          

MR2 Compressor Fuel  Gas 47.44            100% 30,195 37.3% 291,426 6,144 6,934 42,599 2.61 3.697 1.290 16,037.73       1.08              0.38              16,167.5           111.21          0.01              0.00              112.11          

MR2 Compressor Fuel  Gas 47.44            100% 30,195 37.3% 291,426 6,144 6,934 42,599 2.61 3.697 1.290 16,037.73       1.08              0.38              16,167.5           111.21          0.01              0.00              112.11          

HP Flare Flare 49.56            1,780 36 6,934 249 2.68 376.67 -                96.45              0.67              -                115.2                0.67              0.00              -                0.80              

HP Flare Flare 49.56            2,907 59 6,934 407 2.68 376.67 -                157.48            1.09              -                188.1                1.09              0.01              -                1.30              

LP Flare Flare 49.56            127 3 6,934 18 2.68 376.67 -                6.86                0.05              -                8.2                    0.05              0.00              -                0.06              

LP Flare Flare 49.56            751 15 6,934 105 2.68 376.67 -                40.69              0.28              -                48.6                  0.28              0.00              -                0.34              

LLP Flare Flare 49.56            1,033 21 6,934 144 2.68 376.67 -                55.95              0.39              -                66.8                  0.39              0.00              -                0.46              

Fuel  Gas 47.44            100% 22,682 478.2 3,316

Waste Streams 0

107,108.88     9.37              2.40              108,007.83       742.69          0.06              0.02              748.93          

LHV CO2 CH4 N2O
Vol flow 
(Nm3/h)

Density 
(kg/Nm3)

Flow 
(kg/h)

MJ/kg kg/kg kg/TJ kg/TJ HP 51.2 0.70            35.92          
Fuel Gas (Turbines) 47.44 2.61 3.7 1.3 CH4 and N2O from US-EPA AP42 HP 83.6 0.70            58.65          

Diesel 45.60 3.19 3.0 0.6 CH4 and N2O from IPCC LP 3.64 0.70            2.55            
Flare 49.56 2.68 376.67 0.0 N2O from IPCC LLP 29.7 0.70            20.84          

LP 21.6 0.70            15.15          

  

Annual Emissons (ktonnes)

29.39            -                -                29.39            

Emission Factors Hourly Emissions (kg/h)

6,934 4,238.1             CO2 Incinerator 4,238.07         
-                -                

TOTAL

Emission Factors Flare Rate Conversions
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Startup

Source Fuel LHV (MJ/kg) Loading (%) Loading (kW) Efficiency Heat Intake 
Fuel 

Consumption
Annual 
Uptime

Fuel CO2 CH4 N2O CO2 CH4 N2O CO2e CO2 CH4 N2O CO2e

MJ/kg % kW % MJ/h kg/h h/y t/y kg/kg kg/TJ kg/TJ
Gas  Turbine Generator A Diesel 45.60                 20% 6,000 20.0% 108,000 2,368 1,752 4,149 3.19 3.00 0.600 7,546.50             0.32                0.06           7,572.7                13.22         0.00           0.00           13.27         

Gas  Turbine Generator B Diesel 45.60                 20% 6,000 20.0% 108,000 2,368 1,704 4,036 3.19 3.00 0.600 7,546.50             0.32                0.06           7,572.7                12.86         0.00           0.00           12.90         

Gas  Turbine Generator A Fuel  Gas 47.44                 80% 23,970 35.4% 243,763 5,139 1,848 9,496 2.61 3.70 1.290 13,414.71           0.90                0.31           13,523.2              24.79         0.00           0.00           24.99         

Gas  Turbine Generator B Fuel  Gas 47.44                 80% 23,970 35.4% 243,763 5,139 1,728 8,880 2.61 3.70 1.290 13,414.71           0.90                0.31           13,523.2              23.18         0.00           0.00           23.37         

Gas  Turbine Generator C Fuel  Gas 47.44                 80% 23,970 35.4% 243,763 5,139 1,584 8,140 2.61 3.70 1.290 13,414.71           0.90                0.31           13,523.2              21.25         0.00           0.00           21.42         

MR1 Compressor Fuel  Gas 47.44                 75% 22,650 33.3% 244,571 5,156 2,256 11,631 2.61 3.70 1.290 13,459.20           0.90                0.32           13,568.1              30.36         0.00           0.00           30.61         

MR2 Compressor Fuel  Gas 47.44                 75% 22,650 33.3% 244,571 5,156 2,112 10,889 2.61 3.70 1.290 13,459.20           0.90                0.32           13,568.1              28.43         0.00           0.00           28.66         

EDG-1 Diesel 45.60                 100% 8,000 44.0% 65,455 1,435 1,920 2,756 3.19 3.00 0.600 4,573.64             0.20                0.04           4,589.5                8.78           0.00           0.00           8.81           

EDG-2 Diesel 45.60                 100% 8,000 44.0% 65,455 1,435 2,088 2,997 3.19 3.00 0.600 4,573.64             0.20                0.04           4,589.5                9.55           0.00           0.00           9.58           

Fuel  Gas 47.44                 11,341 239.1 614

Waste Streams

Flaring Startup (80 MMSCFD) 24 179,579.00         319.69            -             188,530.4            4.31           0.01           -             4.52           

Flaring Startup (120 MMSCFD) 120 269,361.00         479.00            282,773.0            32.32         0.06           -             33.93         

Flaring - Scenario 1

Raw Gas  Flaring (20% flow rate capaci ty of 1 wel l ) 768 258,948.00         461.00            271,856.0            198.87       0.35           -             208.79       

Dry gas  Flaring (40% of flow rate capaci ty of 1 wel l ) 1,008 519,365.77         461.50            532,287.8            523.52       0.47           -             536.55       

Flaring - Scenario 2

Raw Gas  Flaring (40% flow rate capaci ty of 1 wel l ) 768 569,305.00         1,013.50         597,683.0            437.23       0.78           -             459.02       

Dry gas  Flaring (40% of flow rate capaci ty of 1 wel l ) 1,008 519,365.77         461.50            532,287.8            523.52       0.47           -             536.55       

1,320,775.62      1,726.75         1.78           1,369,596.72       936.89       0.89           0.00           962.84       

1,631,132.62      2,279.25         1.78           1,695,423.72       1,175.24    1.32           0.00           1,213.08    

LHV CO2 CH4 N2O
MJ/kg kg/kg kg/TJ kg/TJ

Fuel Gas (Turbines) 47.44 2.61 3.7 1.3 CH4 and N2O from US-EPA AP42

Diesel 45.60 3.19 3.0 0.6 CH4 and N2O from IPCC

Flare 49.56 2.68 376.669 0.0 N2O from IPCC

Annual Emissons (ktonnes)

CO2 Incinerator 2,568 2,119.04             
-                  -             

2,119.0                5.44           -             -             5.44           

Emission Factors

50%

TOTAL (with Scen2 flaring)

Emission Factors Hourly Emissions (kg/h)

TOTAL (with Scen1 Flaring)

N/A - Al igned with flaring estimate provided in 
Ai r Emiss ions  Summary 4404GGBFEZ4003T

N/A - Al igned with flaring estimate provided in 
Ai r Emiss ions  Summary 4404GGBFEZ4003T

N/A - Al igned with Ai r Emiss ions  Estimation 
Summary 4404GGBFEZ4003T

N/A - Al igned with Ai r Emiss ions  Estimation 
Summary 4404GGBFEZ4003T
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Operations: Annual Maintenance

Source Fuel
LHV 

(MJ/kg)
Loading 

(%)
Loading 

(kW)
Efficienc

y
Heat 

Intake 

Fuel 
Consum

ption

Annual 
Uptime

Fuel CO2 CH4 N2O CO2 CH4 N2O CO2e CO2 CH4 N2O CO2e

MJ/kg % kW % MJ/h kg/h h/y t/y kg/kg kg/TJ kg/TJ
Essentia l  Diesel  Gen. Diesel 45.60       100% 2,600 44.0% 21,273 467 26 12.1 3.19 3.000 0.600 1,486.43       0.06         0.01            1,491.6          0.04         0.00         0.00         0.04         

EDG 1 Diesel 45.60       100% 8,000 44.0% 65,455 1,435 26 37.3 3.19 3.000 0.600 4,573.64       0.20         0.04            4,589.5          0.12         0.00         0.00         0.12         

EDG 2 Diesel 45.60       100% 8,000 44.0% 65,455 1,435 26 37.3 3.19 3.000 0.600 4,573.64       0.20         0.04            4,589.5          0.12         0.00         0.00         0.12         

EDG 3 Diesel 45.60       100% 8,000 44.0% 65,455 1,435 26 37.3 3.19 3.000 0.600 4,573.64       0.20         0.04            4,589.5          0.12         0.00         0.00         0.12         

Fi rewater Pump 1 Diesel 45.60       100% 1,765 40.0% 15,885 348 26 9.1 3.19 3.000 0.600 1,109.96       0.05         0.01            1,113.8          0.03         0.00         0.00         0.03         

Fi rewater Pump 2 Diesel 45.60       100% 1,765 40.0% 15,885 348 26 9.1 3.19 3.000 0.600 1,109.96       0.05         0.01            1,113.8          0.03         0.00         0.00         0.03         

Fi rewater Pump 3 Diesel 45.60       100% 1,765 40.0% 15,885 348 26 9.1 3.19 3.000 0.600 1,109.96       0.05         0.01            1,113.8          0.03         0.00         0.00         0.03         

18,537.23     0.80         0.16            18,601.70      0.48         0.00         0.00         0.48         

LHV CO2 CH4 N2O
MJ/kg kg/kg kg/TJ kg/TJ

Fuel Gas (Turbines) 47.44 2.61 3.7 1.3 CH4 and N2O from US-EPA AP42

Diesel 45.60 3.19 3.0 0.6 CH4 and N2O from IPCC

Flare 49.56 2.68 376.669 0.0 N2O from IPCC

Emission Factors Hourly Emissions (kg/h) Annual Emissons (ktonnes)

TOTAL

Emission Factors
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Operations: Turnaround - 1-per 3 year

Source Fuel
LHV 

(MJ/kg)
Loading 

(%)
Loading 

(kW)
Efficiency

Heat 
Intake 

Fuel Consumption
Annual 
Uptime

Fuel CO2 CH4 N2O CO2 CH4 N2O CO2e CO2 CH4 N2O CO2e

MJ/kg % kW % MJ/h kg/h h/y t/y kg/kg kg/TJ kg/TJ
Gas  Turbine Generator 1 Fuel  Gas 47.44            80% 23,970 35.4% 243,763 5,139 672 3,453 2.61 3.697 1.290 13,414.71       0.90              0.31              13,523.2         9.01              0.00              0.00              9.09              

Gas  Turbine Generator 2 Fuel  Gas 47.44            80% 23,970 35.4% 243,763 5,139 672 3,453 2.61 3.697 1.290 13,414.71       0.90              0.31              13,523.2         9.01              0.00              0.00              9.09              

MR1 Compressor 1 Fuel  Gas 47.44            75% 22,670 33.3% 245,081 5,167 48 248 2.61 3.697 1.290 13,487.27       0.91              0.32              13,596.4         0.65              0.00              0.00              0.65              

MR1 Compressor 2 Fuel  Gas 47.44            75% 22,670 33.3% 245,081 5,167 48 248 2.61 3.697 1.290 13,487.27       0.91              0.32              13,596.4         0.65              0.00              0.00              0.65              

MR1 Compressor 3 Fuel  Gas 47.44            75% 22,670 33.3% 245,081 5,167 48 248 2.61 3.697 1.290 13,487.27       0.91              0.32              13,596.4         0.65              0.00              0.00              0.65              

MR1 Compressor 4 Fuel  Gas 47.44            75% 22,671 33.3% 245,092 5,167 48 248 2.61 3.697 1.290 13,487.86       0.91              0.32              13,597.0         0.65              0.00              0.00              0.65              

EDG Diesel 45.60            100% 8,000 44.0% 65,455 1,435 672 965 3.19 3.000 0.600 4,573.64         0.20              0.04              4,589.5           3.07              0.00              0.00              3.08              

HP Flare (20% wel l  capaci ty Flare 49.56            1,166,656 23,541 48 1,130 2.68 376.7 0.0000 63,205.80       439.44          -                75,510.2         3.03              0.02              -                3.62              

HP Flare (10% wel l  capaci ty Flare 49.56            583,328 11,771 48 565 2.68 376.7 0.0000 31,602.90       219.72          -                37,755.1         1.52              0.01              -                1.81              

HP Flare (80% wel l  capaci ty Flare 49.56            4,666,588 94,164 48 4,520 2.68 376.7 0.0000 252,821.30     1,757.76       -                302,038.6       12.14            0.08              -                14.50            

Fuel  Gas 47.44            50% 11,341 239.1 11

Waste Streams

Other Items

Process  Unit Gas  Flaring Flare 72 24,298.41       6.84              24,490.0         1.75              0.00              -                1.76              

459,400.17     2,429.39       1.93              527,935.12     42.23            0.12              0.00              45.67            

CO2 Incinerator 48 2,119.04         
-                

Emission Factors Hourly Emissions (kg/h)

TOTAL

-                

Annual Emissons (ktonnes)

2,119.0           0.10              -                -                0.10              

Operations: Offloading

Source Fuel
LHV 

(MJ/kg)
Loading (%)

Loading 
(kW)

Efficiency Heat Intake 
Fuel 

Consumpti
on

Annual 
Uptime

Fuel CO2 CH4 N2O CO2 CH4 N2O CO2e CO2 CH4 N2O CO2e

MJ/kg % kW % MJ/h kg/h h/y t/y kg/kg kg/TJ kg/TJ
Gas  Turbine Generator 1 Fuel  Gas 47.44             80% 23,970 35.4% 243,763 5,139 1,300 6,680 2.61 3.697 1.290 13,414.71        0.90               0.31               13,523.2          17.44             0.00               0.00               17.58             

Gas  Turbine Generator 2 Fuel  Gas 47.44             80% 23,970 35.4% 243,763 5,139 1,300 6,680 2.61 3.697 1.290 13,414.71        0.90               0.31               13,523.2          17.44             0.00               0.00               17.58             

Gas  Turbine Generator 3 Fuel  Gas 47.44             80% 23,970 35.4% 243,763 5,139 1,300 6,680 2.61 3.697 1.290 13,414.71        0.90               0.31               13,523.2          17.44             0.00               0.00               17.58             

Gas  Turbine Generator 4 Fuel  Gas 47.44             80% 23,970 35.4% 243,763 5,139 1,300 6,680 2.61 3.697 1.290 13,414.71        0.90               0.31               13,523.2          17.44             0.00               0.00               17.58             

MR1 Compressor1 Fuel  Gas 47.44             100% 30,225 37.3% 291,716 6,150 1,300 7,995 2.61 3.697 1.290 16,053.66        1.08               0.38               16,183.5          20.87             0.00               0.00               21.04             

MR1 Compressor2 Fuel  Gas 47.44             100% 30,225 37.3% 291,716 6,150 1,300 7,995 2.61 3.697 1.290 16,053.66        1.08               0.38               16,183.5          20.87             0.00               0.00               21.04             

MR2 Compressor 1 Fuel  Gas 47.44             100% 30,225 37.3% 291,716 6,150 1,300 7,995 2.61 3.697 1.290 16,053.66        1.08               0.38               16,183.5          20.87             0.00               0.00               21.04             

MR2 Compressor 2 Fuel  Gas 47.44             100% 30,225 37.3% 291,716 6,150 1,300 7,995 2.61 3.697 1.290 16,053.66        1.08               0.38               16,183.5          20.87             0.00               0.00               21.04             

HP Flare Flare 49.56             1,780 36 1,300 47 2.68 376.67 0.0000 96.45               0.67               -                 115.2               0.13               0.00               -                 0.15               

HP Flare Flare 49.56             2,907 59 1,300 76 2.68 376.67 0.0000 157.48             1.09               -                 188.1               0.20               0.00               -                 0.24               

LP Flare Flare 49.56             127 3 1,300 3 2.68 376.67 0.0000 6.86                 0.05               -                 8.2                   0.01               0.00               -                 0.01               

LP Flare Flare 49.56             751 15 1,300 20 2.68 376.67 0.0000 40.69               0.28               -                 48.6                 0.05               0.00               -                 0.06               

LLP Flare Flare 49.56             1,033 21 1,300 27 2.68 376.67 0.0000 55.95               0.39               -                 66.8                 0.07               0.00               -                 0.09               

Fuel  Gas 47.44             22,682 478.2 622

Waste Streams

122,468.98      10.40             2.76               123,492.20      159.21           0.01               0.00               160.54           

Annual Emissons (ktonnes)

CO2 Incinerator 1,300 4,238.07          
-                 -                 

4,238.1            5.51               -                 -                 5.51               
100%

Emission Factors Hourly Emissions (kg/h)

TOTAL
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AIII.B.2 – Installation and Decommissioning Estimate 

 
  

Sea Vessel Fuel Estimation

Duration Vessel Fuel Rate Fuel Usage CO2 Factor CO2 

Days/each vessel tonnes/day tonnes t/tfuel tonnes

Transfer of FLNG to Mozambique Tug Transit 5 45.0 225.0 14 3,150 3.16 9,954 based on ~8690 nautical mile distance (South Korea to 
Mozambique) and towing speed of 8 knots

Drill Ship Working 1 200 200 18 3,600 3.16 11,376
Installation Vessel Working 2 400 800 5 4,000 4.16 16,640
Multi-Purpose Vessel Working 1 400 400 25 10,000 3.16 31,600

FLNG onsite, awaiting Mooring Tug Working 5 35.0 175.0 25 4,375 3.16 13,825 Tugs stationkeeping during mooring of FLNG

Supply Runs Platform Supply Vessel Transit 3 57 171 15 2,571 3.16 8,126
Assume 1 supply run per vessel per week, with 1 day 
round trip

TOTAL 27,696 91,521

Commissioning Floatel Working 1 228 228.0 30 6,840 3.16 21,614 Assumed required for full commissioning phase

Tug Transit 3 9125 27375 14 383,250 3.16 1,211,070
Assume "transit" rate as not hauling - noted 6 tugs 
shared between Coral South/North, therefore assumed 
3 each FLNG on average

Platform Supply Vessel transit 3 1300 3900 15 58,500 4.16 243,360 Assume weekly sailings
TOTAL 448,590 1,476,044

Installation Vessel Working 2 42 84 5 420 3.16 1,327
Floatel Working 1 42 42 30 1,260 4.16 5,242
Multi-Purpose Vessel Working 3 42 126 25 3,150 3.16 9,954
Tug Working 5 14 70 25 1,750 3.16 5,530 used for station keeping before removal

Supply Runs Platform Supply Vessel Transit 1 5 5 15 75 3.16 237 Assume 1 supply run per week

Transport FLNG to local harbor Tug Transit 5 2.0 10.0 14.0 140 3.16 442 Assumed Facility will end up in nearby major port prior 
to deconstruction. 2 x tug  towing FLNG to Pemba

TOTAL 6,795 22,732

 Unhooking Activities
Assumed 6 weeks total including subsea 

work

Decommissioning

Drilling and Installation

Onsite Drilling and Installation works

Commissioning and Operation
Standard Operation

Phase Activity Duty No. Vessels Combined 
Work Days Comment
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Helicopter Fuel Estimation

Fuel Aviation Jet Fuel
Fuel Rate 620 ltr/h Data From IoP Guidance
Fuel Density 0.84 kg/ltr
Fuel Mass Rate 0.5208 t/h

Helicopter Speed 138.1 mph Data From IoP Guidance

Mobilisation point Pemba assumed
256 km

159.1 miles
Round Trip 318.1 miles

Flight Duration 2.304 hrs Assumes top speed

Phase Basis Duration (wks) No. Shifts (2 
wk)

Flights per 
shift Total Flights Cumulative 

Flight time (hr) Fuel Use (t)
CO2 

Factor 
(t/tfuel)

CO2 (tonnes) Notes

Drilling and Installation 60 POB. 4 Flights Per shift 57 28 4 112 258.02 134.4 3.18 427.4 assumes capacity of 16

Commissioning & 
Operation 4 Flights per shift 1300 650 4 2600 5989.64 3119.4 3.18 9,922.8

Decommissioning 60 POB. 4 Flights Per shift 6 3 4 12 27.64 14.4 3.18 45.8 assumes capacity of 16

Note - Sikorsky taken as represents worst-
case in terms of speed and fuel usage

Distance
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Annex IV – Air Dispersion Modelling 
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AIV.1. Modelling Methodology 
AIV.1.1. Air Dispersion Model 
CALPUFF is a multi-layer, multi-species non-steady state Gaussian puff dispersion model that 
simulates the effects of time and space-varying meteorological conditions on pollution transport, 
transformation, and removal11. This integrated modelling system comprises three main components, 
CALMET, CALPUFF, and CALPOST, and a set of pre-processing and post-processing programs. 

CALMET is a diagnostic meteorological model that produces 3-D wind fields based on parameterized 
treatments of terrain effects, such as slope flows and terrain blocking effects. Meteorological data 
are used to determine the wind field in areas of the domain within which the observations are 
representative. Fine scale terrain effects are determined by the diagnostic wind module in CALMET. 

CALPUFF allows simulating the effects of weather spatial and temporal condition variations in 
pollutant transport, transformation, and removal. CALPUFF can be used on different space scales, 
from a few metres to hundreds of kilometres. It includes algorithms that consider the small-scale grid 
resolution effects as well as long distance effects (such as pollutant removal due to wet deposition 
and dry deposition effects, chemical transformation, and particulate matter effects on visibility). 
CALPUFF also includes algorithms for Plume Rise Model Enhancements (PRIME), making the tool 
suitable for modelling the dispersion of air pollutants where neighbouring buildings can produce a 
downwash effect on the plume.  

CALPOST is a post-processing program with options for the computation of time-averaged 
concentrations and deposition fluxes predicted by the CALPUFF model. Ground level concentrations 
(GLC) are calculated for each required averaging time-period (1-hour, 24-hour, or annual) over the 
full meteorological dataset at each grid receptor identified in the model domain. Maximum 
Contaminants of Concern (COC) concentrations can be then graphically mapped as contours across 
the grid or as discrete points at each sensitive receptor, and they represent the ‘worst-case’ 
meteorological conditions for atmospheric emissions. 

The CALPUFF modelling methodology is shown schematically in Figure AVI.1. 

CALPUFF simulates the dispersion of pollutants for every hour of the modelling period while 
incorporating 3D wind fields and calculates the GLCs of pollutants at every receptor on the modelling 
grid. Hourly results are stored and processed to provide maximum or average values at each 
receptor. Maximum predicted GLCs of pollutants over the entire modelling domain are presented as 
part of the results for each averaging period modelled (1-hour, 24-hour, and annual).  

CALPUFF is internationally accepted as a regulatory model and is widely used to estimate air quality 
impacts as part of environmental impact assessments. The model can incorporate the effects of 
complex terrain, coastal effects, plume rise, buildings, and hills.  

 

 
11 Scire, J.S., Strimaitis, D.G. and Yamartino, R.J. A User’s Guide for the CALPUFF Dispersion Model (Version 5). Earth Tech, Inc., January 2000. 
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Figure AIV.1: Schematic of the CALPUFF Model 

CALPUFF View (version 9.0.1), the software tool selected for this assessment, is the commercial 
version of the model CALPUFF, which is developed and distributed by Lakes Environmental. 
CALPUFF View provides a complete graphical representation of the CALPUFF modelling results. 

 

AIV.1.2. Model Assumptions and Limitations 
• The model is based on meteorological information collected from the nearest meteorological 

stations and prepared with the prognostic meteorological model WRF (Weather Research 
and Forecasting Model). As such, the meteorological data are not measured on-site or 
obtained from the proposed FLNG location; 

• Continuous emissions over the entire modelling period (3 years) are considered for the four 
(4) scenarios modelled, although some are expected to last only for a few hours and/or days 
(i.e., first (1st) start-up phase and emergency flaring events). The purpose of this assumption 
is to obtain the worst (highest) air quality impacts, which are predicted by CALPUFF at 
specific meteorological conditions over the entire 3-year modelling period. This is a 
conservative assumption, since the flaring activities will most likely not coincide with the 
specific meteorological conditions that produce the maximum air GLCs predicted by 
CALPUFF; 

• Dry and wet depositions of pollutants are not considered by the model, resulting in 
conservative GLC predictions; 

• Photochemical formation of secondary pollutants in the atmosphere, such as ozone, is not 
considered by CALPUFF. 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AIV.4 

 

AIV.1.3. Modelling Scenarios 
The following four scenarios were modelled for this assessment: 

• Scenario 1 – air quality impact from Coral North FLNG during the 1st start-up phase;  
• Scenario 2 – air quality impact from Coral North FLNG during operational phase of the 

project;  
• Scenario 3 – air quality impact from Coral North FLNG during an emergency flaring event in 

the FLNG; 
• Scenario 4 – cumulative air quality impact during the operational phase of the project (Coral 

North plus Coral South). 

 

AIV.1.4. Modelling Inputs 

AIV.1.4.1. Emission Sources 

Emission data for the emitting sources involved in each of the modelling scenarios were obtained 
from the Air Emissions Estimate Summary prepared for the Coral South Development Project (Doc 
No. 4404GGBFEZ4003T). These data are applicable for this study considering that the operational 
conditions and sources in Coral North are identical to those in Coral South.  

The sources considered under each modelling scenario are detailed in the following sections. 

AIV.1.4.1.1. Scenario 1 (1st Start-up Phase) 

Emission sources in Scenario 1 are summarized in Table AIV.1. 

Table AIV.1: Scenario 1 (start-up phase) emission sources 

Emission Source Equipment Name Operation Mode 
FLNG HP Flare TM2300FC001 Low flaring scenario a  
CO2 thermal incinerator TM3300XX003 50% load 
Gas Turbine Generators (GTG) (x2) TM4100HW001A   TM4100HW001B 20% load (6 MW) fed with liquid fuel 
Gas Turbine Compressors (GTC) (x2) TM3701MT001          TM3701MT002 75% load (22.65 MW) fed with fuel gas 
Essential Diesel Generators (EDG) (x2) HH4801XX100           HH4802XX100 8 MW each, fed with liquid fuel 

a) identified as the most impacting in terms of air quality 

Although the operational duration of each source during start-up is different, all sources were 
assumed to operate at the same time to obtain a worst-case estimate of their potential impact on air 
quality during start-up operation. Additionally, the emission rates provided in the Air Emissions 
Estimate Summary for these sources were increased by 25% for contingency purposes, as 
requested by MRV. 

AIV.1.4.1.2. Scenario 2 (Operational Phase) 

Emission sources in Scenario 2 are summarized in Table AIV.2. 
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Table AIV.2: Scenario 2 (operational phase) emission sources 

Emission Source Equipment Name Operation Mode 
CO2 thermal incinerator TM3300XX003 100% load 

Gas Turbine Generators (GTG) (x3) TM4100HW001A  TM4100HW001B  
TM4100HW001C 

70% load (20.96 MW) fed with fuel gas 

Gas Turbine Compressors (GTC) (x4) TM3701MT001        TM3702MT001        
TM3701MT002          TM3702MT002 

operating at 100% load (30.22 MW) fed 
with fuel gas 

Pilot flaring or fugitive emissions were not considered under Scenario 2. Planned discontinuous 
emissions were excluded as they represent a negligible fraction of the continuous emissions. 

AIV.1.4.1.3. Scenario 3 (Emergency and/or Unplanned Flaring) 

Emission sources in Scenario 3 are summarized in Table AIV.3. 

Table AIV.3: Scenario 3 (emergency and/or unplanned flaring) emission sources 

Emission Source Equipment Name Operation Mode 
FLNG HP Flare TM2300FC001 flare vent and blowdown scenario (U230) a  
a) Identified as the worst-case of those described in the Air Emissions Estimate Summary due to its highest 

frequency (12 h/y) and highest NOX emissions (329.437 kg/h). 

AIV.1.4.1.4. Scenario 4 (Cumulative Air Quality Impact) 

The cumulative air quality impact was assessed considering the combined emissions from Coral 
North FLNG and Coral South FLNG during normal operations. Coral North is envisaged to replicate 
the existing Coral South project; therefore, the emission sources and their emissions for Coral South 
under normal operations are identical to those for Coral North under Scenario 2. 

The air emission sources modelled under each scenario, as introduced into the CALPUFF model 
with the following considerations, are listed in Table AIV.4. The following must be considered when 
analysing input data in Table AIV.4. 

• CALPUFF does not explicitly handle emissions from external combustion sources, such as 
flares. Consequently, emissions from the HP flare were converted into emissions from an 
internal combustion stack (point source) before being introduced into the model. The 
differences between an external combustion source (flare) and a typical point source 
(internal combustion stack) are illustrated in Figure AIV.2; 

 
Figure AIV.2: Differences between flares and point sources (stack) 
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The flare to stack conversion relies on the calculation of pseudo-point or effective release 
parameters, accounting for the increased release height and diameter due to the external 
combustion (flame). While a typical point source (stack) is defined by its physical stack height 
(Hs) and internal diameter (Ds), the effective parameters that need to be calculated for 
modelling flares include the release height (Heff), diameter (Deff), and velocity (Veff). The 
US EPA procedure was followed in this assessment to estimate the effective release 
parameters of the flare1213. This procedure is based on the following: 

o Heat release (HR) from the flare is estimated for each case based on the volumetric 
fuel gas to flare (provided by the Client) and its molar composition. 

o Physical flare height (HPHYS), 177 m (provided by the Client for Coral South FLNG, 
assumed equal to Coral North FLNG). 

o Effective release height (HEFF) calculated using the following equation: 

 

𝐻𝐻𝐸𝐸𝐸𝐸𝐸𝐸  (𝑚𝑚) = 𝐻𝐻𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑚𝑚) + 4.56𝑥𝑥10−3(𝐻𝐻𝑅𝑅(
𝑐𝑐𝑐𝑐𝑐𝑐
𝑠𝑠

))0.478 

  
o Effective release diameter (DEFF) calculated based on the flare buoyancy flux using 

the following equation: 

𝐷𝐷𝐸𝐸𝐸𝐸𝐸𝐸  (𝑚𝑚) = 9.88𝑥𝑥10−4(0.45𝑥𝑥𝑥𝑥𝑅𝑅(
𝑐𝑐𝑐𝑐𝑐𝑐
𝑠𝑠

))0.5 

 
This equation relies on the following assumptions: 

o 55% of the total heat released from the flare is lost due to radiation  
o Effective release velocity and temperature are assumed as 20 m/s and 1273 

K, respectively. 

• Because of their equal emission parameters, the different GTGs, GTCs, and EDGs have 
been merged to generate a representative emission source under each scenario. This 
merging followed the US EPA procedure14, which indicates that merging can be done if 1) 
height, flow rates and exhaust gases temperatures from the stacks do not differ more than 
20% each, and 2) if stacks are located within 100 m of each other. Under each scenario, the 
identical units merged into the representative emission source are provided in parentheses.

 
12 US EPA. Workbook of Screening Techniques for Assessing Impacts of Toxic Air Pollutants (Revised). EPA-454/R-92-024. Office of Air Quality Planning 
and Standards, Research Triangle Park, North Carolina. 1992 
13 US EPA. SCREEN3 Model User's Guide. Office of Air Quality Planning and Standards. Emissions, Monitoring and Analysis Division. Research Triangle 
Park, NC. EPA-454/B-95-004. 1995 
14 US EPA. Screening Procedures for Estimating the Air Quality Impact of Stationary Sources (Doc: EPA-454/R-92-019). 1992 
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Table AIV.4: CALPUFF air emission sources 

Scenario 1 – 1st Start-up phase 

Emission Source (Equipment Tag) 
Coordinates (UTM 37 S) Stack 

Height 
Internal 

Diameter 
Exhaust 

Temp 
Exhaust 
Velocity Emission rates (g/s) 

E (m) N (m) m m K m/s CO NOX SO2 PM10 

Warm and Wet HP Flare (TM2300FC001) 731508 8772185 242.6 14.8 1273 20 440.8 80.2 0 0 

CO2 Thermal Incinerator (TM3300XX003) 731488 8772185 74.7 1.9 1255 4.7 Traces 0.3 0.6 0.0 

GTG (TM4100HW001A + TM4100HW001B) 731518 8772185 68.7 2.7 523 12.3 5.69 19.3 1.0 1.2 

GTC (TM3701MT001 + TM3701MT002) 731520 8772185 59.2 2.8 809 24.0 12.4 6.2 0.1 6.2 

EDG (HH4801XX100 + HH4802XX100) 731478 8772185 46.5 1 639 37.3 3.7 53.8 0.2 2.0 

Scenario 2 – Normal operation 

Emission Source (Equipment Tag) 
Coordinates (UTM 37 S) Stack 

Height 
Internal 

Diameter 
Exhaust 

Temp 
Exhaust 
Velocity Emission rates (g/s) 

E (m) N (m) m m K m/s CO NOX SO2 PM10 

CO2 Thermal Incinerator (TM3300XX003) 731488 8772185 74.7 1.9 1255 4.7 Traces 0.5 0.9 0 

GTG (TM4100HW001A + TM4100HW001B + 
TM4100HW001C) 731518 8772185 68.7 2.7 493 18.4 5.6 8.3 0 1.7 

GTC (TM3701MT001 + TM3702MT001 + 
TM3701MT002 + TM3702MT002) 731520 8772185 59.2 2.8 809 32.2 21.1 14.1 0 14.1 

Scenario 3 – Emergency/unplanned flaring 

Emission Source (Equipment Tag) 
Coordinates (UTM 37 S) Stack 

Height 
Internal 

Diameter 
Exhaust 

Temp 
Exhaust 
Velocity Emission rates (g/s) 

E (m) N (m) m m K m/s CO NOX SO2 PM10 

Warm and Wet HP Flare (TM2300FC001) 731508 8772185 253.0 17.3 1273 20 503 91.5 0 0 
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Scenario 4 – Cumulative (Coral North FLNG + Coral South FLNG) 

Emission Source (Equipment Tag) 
Coordinates (UTM 37 S) Stack 

Height 
Internal 

Diameter 
Exhaust 

Temp 
Exhaust 
Velocity Emission rates (g/s) 

E (m) N (m) m m K m/s CO NOX SO2 PM10 

Coral North FLNG 

CO2 Thermal Incinerator (TM3300XX003) 731488 8772185 74.7 1.9 1255 4.7 Traces 0.5 0.9 0 

GTG (TM4100HW001A + TM4100HW001B + 
TM4100HW001C) 731518 8772185 68.7 2.7 493 18.4 5.6 8.3 0 1.7 

GTC (TM3701MT001 + TM3702MT001 + 
TM3701MT002 + TM3702MT002) 731520 8772185 59.2 2.8 809 32.2 21.1 14.1 0 14.1 

Coral South FLNG 

CO2 Thermal Incinerator (TM3300XX003) 730067 8758571 74.7 1.9 1255 4.7 Traces 0.5 0.9 0 

GTG (TM4100HW001A + TM4100HW001B + 
TM4100HW001C) 730097 8758571 68.7 2.7 493 18.4 5.6 8.3 0 1.7 

GTC (TM3701MT001 + TM3702MT001 + 
TM3701MT002 + TM3702MT002) 730099 8758571 59.2 2.8 809 32.2 21.1 14.1 0 14.1 

Notes: 

[1] Coordinates are estimated from the Coral North FLNG location. 

[2] Stack height and internal diameters of the HP flare represent effective release parameters calculated using the US EPA procedure to convert flares to pseudo-point sources. 

[3] GTG, GTC and EDG sources represent merged emission parameters, estimated using the US EPA procedure. Under each scenario, the merged units in the representative emission source are 

provided in parentheses. 
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AIV.1.4.2. Meteorology 

A meteorological file was prepared using the WRF prognostic model, which uses data provided by 
the National Centre for Environmental Prediction (NCEP) Global Reanalysis. The WRF Model is a 
next-generation mesoscale numerical weather prediction system designed to serve both 
atmospheric research and operational forecasting needs. The model serves a wide range of 
meteorological applications across scales from tens of metres to thousands of kilometres. 

Running a regional model requires an initial condition as well as lateral boundary conditions. 
Obtaining meteorological data for a specific location requires the consideration of meteorological 
records from as many surface-level meteorological stations as possible and a large model run to set 
the boundary conditions. 

The US EPA recommends the usage of meteorological data collected over a sufficiently long period 
to ensure that the worst-case meteorological conditions of the study area are adequately represented 
in the model results15. To meet this recommendation, the WRF meteorological file employed in this 
assessment covers a complete series of hourly values calculated from surface observations and 
upper soundings from the meteorological stations closest to the study area during a three (3) year 
period (2020-2022). 

The surface dataset includes wind speed, wind direction, dry bulb temperature, cloud cover, and 
ceiling height. Upper soundings include wind speed, dew point, atmospheric pressure, and 
measurement height. The meteorological pre-processor CALMET uses the meteorological and 
geophysical data to create a spatially varying wind field for the study area for each hourly time step 
modelled. The complete set of hourly wind fields calculated by CALMET is used as input for the 
dispersion in CALPUFF. An example of this spatially varying wind field, calculated by CALMET for 
the time step 00:00-01:00 16 November 2021, is presented in Figure AIV.2, with the FLNG location 
indicated in red. 

 
15 US EPA. Appendix W of 40 CFR Part 51. Revisions to the Guideline on Air Quality Models: Enhancements to the AERMOD Dispersion Modeling 
System and Incorporation of Approaches to Address Ozone and Fine Particulate Matter. Federal Register. 17 January 2017 
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Figure AIV.2: CALMET wind field output example (00:00-01:00, 16 November 2021) 

 

AIV.1.4.3. Terrain Data 

Geophysical data used to characterize the terrain in the project area were obtained from SRTM 
(Shuttle Radar Topography Mission) terrain elevation data and GLCC (Global Land Cover 
Characterization) land use data. The topography of most of the modelling area is flat (offshore). 

 

AIV.1.4.4. Modelling Domain 

A modelling domain of 100 km x 100 km was defined for this assessment with a Cartesian grid of 
receptors with 500-m spacing to assess GLCs at each receptor (40,000 total) as predicted by 
CALPUFF. The modelling grid used for this assessment is shown in Figure AIV.3, with the FLNG 
location indicated in red. 
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Figure AIV.3: Cartesian modelling grid 

The maximum COC GLCs, predicted at receptors using CALPUFF under four modelling scenarios 
across the entire Cartesian grid, were plotted as ground concentration contour maps, as provided in 
Annexes IV.A to IV.D. The modelling results are also presented and discussed in the impact 
assessment section for Air Quality (please see Volume II). 

 

AIV.1.4.5. NOX to NO2 Conversion Ratio 

The modelled dispersion of NOX emitted by the flare is a mixture of NO2 and NO. The GLCs of NOX 
predicted by the model cannot be directly compared with the Mozambique and WHO Ambient Air 
Quality Standards, which are established for NO2. As a conservative approach, it was assumed that 
all NO emitted in the NOX mixture is ultimately converted to NO2 (i.e., full conversion). This 
assumption represents the Tier-1 approach recommended by the US EPA as a first screening 
method for NO2 modelling16.  

 
16 US EPA. Appendix W of 40 CFR Part 51. Revisions to the Guideline on Air Quality Models: Enhancements to the AERMOD Dispersion Modeling 
System and Incorporation of Approaches to Address Ozone and Fine Particulate Matter. Federal Register. 17 January 2017 
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Annex IV.A – CALPUFF GLC Contour Plots 
(Scenario 1 – Start-up Phase) 
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Annex IV.B – CALPUFF GLC Contour Plots 
(Scenario 2 – Operational Phase) 
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Annex IV.C – CALPUFF GLC Contour Plots 
(Scenario 3 – Emergency and/or Unplanned Flaring) 
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Annex IV.D – CALPUFF GLC Contour Plots 
(Scenario 4 – Cumulative Impact: Coral North plus Coral South) 
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Table AV.1: Seabird species potentially present in the study area, and conservation status 
(Harrison et al., 2021; IUCN, 2023) 

Family Scientific Name Common Name Conservation Status As 
Per Iucn 

Scolopacidae Actitis hypoleucos Common Sandpiper LC 

Ciconiidae Anastomus lamelligerus African Openbill LC 

Laridae Anous stolidus Brown Noddy LC 

Laridae Anous tenuirostris Lesser Noddy LC 

Procellariidae Ardenna carneipes Flesh-footed Shearwater NT 

Procellariidae Ardenna grisea Sooty Shearwater NT 

Procellariidae Ardenna pacifica Wedge-tailed Shearwater LC 

Ardeidae Ardeola idae Madagascar Pond-heron EN 

Scolopacidae Arenaria interpres Ruddy Turnstone LC 

Ardeidae Bubulcus ibis Cattle Egret LC 

Procellariidae Bulweria fallax Jouanin's Petrel NT 

Scolopacidae Calidris alba Sanderling LC 

Scolopacidae Calidris ferruginea Curlew Sandpiper NT 

Scolopacidae Calidris minuta Little Stint LC 

Cuculidae Ceuthmochares australis Whistling Yellowbill LC 

Charadriidae Charadrius hiaticula Common Ringed Plover LC 

Charadriidae Charadrius marginatus White-fronted Plover LC 

Charadriidae Charadrius mongolus Lesser Sandplover LC 

Charadriidae Charadrius pallidus Chestnut-banded Plover LC 

Laridae Chlidonias hybrida Whiskered Tern LC 

Laridae Chlidonias leucopterus White-winged Tern LC 

Ciconiidae Ciconia microscelis African Woollyneck LC 

Diomedeidae Diomedea exulans Wandering Albatross VU 

Dromadidae Dromas ardeola Crab-plover LC 

Ardeidae Egretta ardesiaca Black Heron LC 

Ardeidae Egretta garzetta Little Egret LC 

Ardeidae Egretta gularis Western Reef-egret LC 

Falconidae Falco concolor Sooty Falcon VU 

Fregatidae Fregata ariel Lesser Frigatebird LC 

Fregatidae Fregata minor Great Frigatebird LC 

Oceanitidae Fregetta tropica Black-bellied Storm-petrel LC 

Laridae Hydroprogne caspia Caspian Tern LC 

Laridae Larus cirrocephalus Grey-headed Gull LC 

Laridae Larus fuscus Lesser Black-backed Gull LC 

Laridae Larus hemprichii Sooty Gull LC 
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Per Iucn 

Scolopacidae Limosa lapponica Bar-tailed Godwit NT 

Phalacrocoracidae Microcarbo africanus Long-tailed Cormorant LC 

Sulidae Morus capensis Cape Gannet EN 

Scolopacidae Numenius arquata Eurasian curlew NT 

Scolopacidae Numenius phaeopus Whimbrel LC 

Oceanitidae Oceanites oceanicus Wilson's Storm-petrel LC 

Laridae Onychoprion anaethetus Bridled Tern LC 

Laridae Onychoprion fuscatus Sooty Tern LC 

Oceanitidae Pelagodroma marina White-faced Storm-petrel LC 

Pelecanidae Pelecanus onocrotalus Great White Pelican LC 

Pelecanidae Pelecanus rufescens Pink-backed Pelican LC 

Phaethontidae Phaethon lepturus White-tailed Tropicbird LC 

Phaethontidae Phaethon rubricauda Red-tailed Tropicbird LC 

Diomedeidae Phoebetria fusca Sooty Albatross EN 

Phoenicopteridae Phoeniconaias minor Lesser flamingo NT 

Phoenicopteridae Phoenicopterus roseus Greater flamingo LC 

Charadriidae Pluvialis squatarola Grey plover LC 

Procellariidae Procellaria aequinoctialis White-chinned petrel VU 

Procellariidae Procellaria cinerea Grey Petrel NT 

Procellariidae Pseudobulweria rostrata Tahiti Petrel NT 

Procellariidae Pterodroma mollis Soft-plumaged Petrel LC 

Procellariidae Puffinus bailloni ssp. nicolae Tropical Shearwater LC 

Procellariidae Puffinus persicus Persian Shearwater LC 

Laridae Rynchops flavirostris African Skimmer LC 

Spheniscidae Spheniscus demersus African Penguin EN 

Laridae Sterna dougallii Roseate Tern LC 

Laridae Sterna hirundo  Common Tern LC 

Laridae Sterna sumatrana Black-naped Tern LC 

Laridae Sternula albifrons Little Tern LC 

Laridae Sternula saundersi Saunders's Tern LC 

Sulidae Sula dactylatra Masked Booby LC 

Sulidae Sula leucogaster Brown Booby LC 

Sulidae Sula sula  Red-footed Booby LC 

Diomedeidae Thalassarche carteri Indian Yellow-nosed Albatross EN 

Diomedeidae Thalassarche cauta Shy Albatross NT 

Diomedeidae Thalassarche melanophrys Black-browed Albatross LC 
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Diomedeidae Thalassarche steadi White-capped Albatross NT 

Laridae Thalasseus bengalensis Lesser Crested Tern LC 

Laridae Thalasseus bergii Greater Crested Tern LC 

Threskiornithidae Threskiornis aethiopicus African Sacred Ibis LC 

 

Table AV.2: Species evaluated for CHA, percentage of DMU to EOO (see Critical Habitat 
Assessment section in Volume I) and conservation status (IUCN, 2023) 

Scientific Name Taxonomic Group (Class) Percent DMU/EOO  IUCN 

Ablennes hians Actinopterygii 0,02% LC 

Abyssobrotula galatheae Actinopterygii > 0,01% LC 

Accipiter badius Aves - LC 

Accipiter melanoleucus Aves - LC 

Aetomylaeus bovinus Chondrichthyes > 0,01% VU 

Alectis ciliaris Actinopterygii > 0,01% LC 

Alepisaurus ferox Actinopterygii > 0,01% LC 

Allocyttus verrucosus Actinopterygii > 0,01% LC 

Alopias superciliosus Chondrichthyes > 0,01% VU 

Aluterus monoceros Actinopterygii - LC 

Aluterus scriptus Actinopterygii - LC 

Amphilius uranoscopus Actinopterygii > 0,01% LC 

Anhinga rufa Aves - LC 

Anoplogaster cornuta Actinopterygii - LC 

Antennarius striatus Actinopterygii 0,05% LC 

Anthus trivialis Aves > 0,01% LC 

Antigonia capros Actinopterygii 0,03% LC 

Antimora rostrata Actinopterygii > 0,01% LC 

Aquila nipalensis Aves > 0,01% EN 

Aquila rapax Aves > 0,01% VU 

Arctozenus risso Actinopterygii > 0,01% LC 

Argyropelecus aculeatus Actinopterygii > 0,01% LC 

Argyropelecus gigas Actinopterygii 0,01% LC 

Argyropelecus hemigymnus Actinopterygii > 0,01% LC 

Argyropelecus olfersii Actinopterygii > 0,01% LC 

Argyropelecus sladeni Actinopterygii > 0,01% LC 

Aristostomias lunifer Actinopterygii 0,01% LC 

Asquamiceps caeruleus Actinopterygii 0,02% LC 

https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
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Scientific Name Taxonomic Group (Class) Percent DMU/EOO  IUCN 

Astronesthes niger Actinopterygii 0,01% LC 

Auxis rochei Actinopterygii 0,02% LC 

Auxis thazard Actinopterygii 0,02% LC 

Avocettina acuticeps Actinopterygii 0,03% LC 

Avocettina infans Actinopterygii > 0,01% LC 

Bajacalifornia calcarata Actinopterygii 0,03% LC 

Balaenoptera acutorostrata Mammalia 0,01% LC 

Balaenoptera borealis Mammalia > 0,01% EN 

Balaenoptera edeni Mammalia > 0,01% LC 

Balaenoptera musculus Mammalia > 0,01% EN 

Barbourisia rufa Actinopterygii 0,02% LC 

Bathylaco nigricans Actinopterygii 0,02% LC 

Benthosema suborbitale Actinopterygii 0,01% LC 

Beryx splendens Actinopterygii 0,02% LC 

Bolinichthys photothorax Actinopterygii - LC 

Bonapartia pedaliota Actinopterygii 0,01% LC 

Brama brama Actinopterygii 0,01% LC 

Brama dussumieri Actinopterygii 0,01% LC 

Bregmaceros nectabanus Actinopterygii 0,04% LC 

Brycinus imberi Actinopterygii - LC 

Canthidermis maculata Actinopterygii 0,03% LC 

Carcharhinus falciformis Chondrichthyes > 0,01% NT 

Carcharhinus leucas Chondrichthyes > 0,01% VU 

Carcharhinus limbatus Chondrichthyes > 0,01% VU 

Carcharhinus longimanus Chondrichthyes > 0,01% CR 

Carcharias taurus Chondrichthyes > 0,01% NT 

Carcharodon carcharias Chondrichthyes > 0,01% NT 

Caretta caretta Reptilia > 0,01% NT 

Caulophryne jordani Actinopterygii 0,01% LC 

Centrophorus uyato Chondrichthyes > 0,01% EN 

Ceratias holboelli Actinopterygii > 0,01% LC 

Ceratoscopelus townsendi Actinopterygii > 0,01% LC 

Ceratoscopelus warmingii Actinopterygii > 0,01% LC 

Chaenophryne draco Actinopterygii 0,01% LC 

Chaenophryne longiceps Actinopterygii > 0,01% LC 

Chaenophryne ramifera Actinopterygii 0,02% LC 

Chascanopsetta lugubris Actinopterygii 0,05% LC 

https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
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Scientific Name Taxonomic Group (Class) Percent DMU/EOO  IUCN 

Chauliodus sloani Actinopterygii > 0,01% LC 

Chaunax pictus Actinopterygii 0,05% LC 

Cheilopogon nigricans Actinopterygii 0,01% LC 

Chelon melinopterus Actinopterygii > 0,01% LC 

Chelonia mydas Reptilia > 0,01% EN 

Chiasmodon niger Actinopterygii > 0,01% LC 

Chiasmodon pluriradiatus Actinopterygii 0,02% LC 

Chilomycterus reticulatus Actinopterygii 0,04% LC 

Chlorophthalmus agassizi Actinopterygii 0,01% LC 

Chondrodactylus laevigatus Reptilia > 0,01% LC 

Ciconia ciconia Aves - LC 

Circus pygargus Aves > 0,01% LC 

Clamator levaillantii Aves > 0,01% LC 

Clanga pomarina Aves - LC 

Clarias gariepinus Actinopterygii > 0,01% LC 

Coptodon rendalli Actinopterygii - LC 

Coracias garrulus Aves > 0,01% LC 

Coryphaena equiselis Actinopterygii > 0,01% LC 

Coryphaena hippurus Actinopterygii > 0,01% LC 

Cryptopsaras couesii Actinopterygii > 0,01% LC 

Cubiceps capensis Actinopterygii - LC 

Cubiceps pauciradiatus Actinopterygii - LC 

Cyanomitra olivacea Aves - LC 

Cyclothone acclinidens Actinopterygii > 0,01% LC 

Cyclothone alba Actinopterygii > 0,01% LC 

Cyclothone braueri Actinopterygii > 0,01% LC 

Cyclothone microdon Actinopterygii > 0,01% LC 

Cyclothone pallida Actinopterygii > 0,01% LC 

Cyclothone pseudopallida Actinopterygii > 0,01% LC 

Cynoglossus zanzibarensis Actinopterygii > 0,01% LC 

Dermochelys coriacea Reptilia > 0,01% NT 

Diaphus lucidus Actinopterygii - LC 

Diaphus luetkeni Actinopterygii - LC 

Diaphus metopoclampus Actinopterygii - LC 

Diogenichthys atlanticus Actinopterygii > 0,01% LC 

Diplophos taenia Actinopterygii > 0,01% LC 

Diretmichthys parini Actinopterygii > 0,01% LC 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AV.7 

 

Scientific Name Taxonomic Group (Class) Percent DMU/EOO  IUCN 

Diretmoides pauciradiatus Actinopterygii > 0,01% LC 

Diretmus argenteus Actinopterygii > 0,01% LC 

Dysalotus alcocki Actinopterygii > 0,01% LC 

Echeneis naucrates Actinopterygii > 0,01% LC 

Elapsoidea boulengeri Reptilia - LC 

Electrona risso Actinopterygii - LC 

Enteromius paludinosus Actinopterygii > 0,01% LC 

Enteromius radiatus Actinopterygii > 0,01% LC 

Eremomela scotops Aves > 0,01% LC 

Eretmochelys imbricata Reptilia > 0,01% CR 

Eumecichthys fiski Actinopterygii - LC 

Euplectes hordeaceus Aves - LC 

Euprotomicrus bispinatus Chondrichthyes > 0,01% LC 

Eurypharynx pelecanoides Actinopterygii > 0,01% LC 

Eustomias cryptobulbus Actinopterygii - LC 

Eustomias furcifer Actinopterygii - LC 

Eustomias macronema Actinopterygii - LC 

Eustomias macrurus Actinopterygii - LC 

Eustomias schmidti Actinopterygii - LC 

Eustomias simplex Actinopterygii - LC 

Eutaeniophorus festivus Actinopterygii > 0,01% LC 

Evermannella indica Actinopterygii > 0,01% LC 

Falco amurensis Aves > 0,01% LC 

Falco peregrinus Aves > 0,01% LC 

Falco subbuteo Aves > 0,01% LC 

Falco tinnunculus Aves > 0,01% LC 

Feresa attenuata Mammalia > 0,01% LC 

Fistularia petimba Actinopterygii > 0,01% LC 

Flagellostomias boureei Actinopterygii > 0,01% LC 

Fregetta tropica Aves > 0,01% LC 

Globicephala macrorhynchus Mammalia > 0,01% LC 

Gonostoma atlanticum Actinopterygii > 0,01% LC 

Gonostoma elongatum Actinopterygii > 0,01% LC 

Grampus griseus Mammalia > 0,01% LC 

Hemidactylus mabouia Reptilia - LC 

Hieraaetus pennatus Aves > 0,01% LC 

Himantolophus groenlandicus Actinopterygii > 0,01% LC 

https://en.wikipedia.org/wiki/Chondrichthyes
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Hippolais olivetorum Aves > 0,01% LC 

Hoplostethus melanopus Actinopterygii > 0,01% LC 

Hygophum reinhardtii Actinopterygii > 0,01% LC 

Hymenocephalus italicus Actinopterygii > 0,01% LC 

Ilyophis brunneus Actinopterygii > 0,01% LC 

Istiophorus platypterus Actinopterygii - LC 

Isurus oxyrinchus Chondrichthyes > 0,01% EN 

Isurus paucus Chondrichthyes > 0,01% EN 

Kali colubrina Actinopterygii - LC 

Kali indica Actinopterygii - LC 

Kali kerberti Actinopterygii - LC 

Katsuwonus pelamis Actinopterygii > 0,01% LC 

Kogia breviceps Mammalia > 0,01% VU 

Kogia sima Mammalia > 0,01% VU 

Kyphosus bigibbus Actinopterygii > 0,01% LC 

Labeo cylindricus Actinopterygii > 0,01% LC 

Lagenodelphis hosei Mammalia > 0,01% LC 

Lagocephalus lagocephalus Actinopterygii > 0,01% LC 

Lampadena luminosa Actinopterygii > 0,01% LC 

Lampanyctus alatus Actinopterygii > 0,01% LC 

Lamprogrammus brunswigi Actinopterygii > 0,01% LC 

Lamprogrammus niger Actinopterygii > 0,01% LC 

Larus cirrocephalus Aves > 0,01% LC 

Lepidochelys olivacea Reptilia > 0,01% NT 

Lepus victoriae Mammalia - LC 

Lestidiops jayakari Actinopterygii > 0,01% LC 

Lestidium atlanticum Actinopterygii > 0,01% LC 

Lestrolepis intermedia Actinopterygii > 0,01% LC 

Limaformosa capensis Reptilia > 0,01% LC 

Linophryne densiramus Actinopterygii - LC 

Lobianchia gemellarii Actinopterygii - LC 

Locustella fluviatilis Aves > 0,01% LC 

Loweina rara Actinopterygii - LC 

Malacocephalus laevis Actinopterygii > 0,01% LC 

Masturus lanceolatus Actinopterygii - LC 

Megachasma pelagios Chondrichthyes > 0,01% LC 

Megaptera novaeangliae Mammalia > 0,01% LC 

https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
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Melanocetus johnsonii Actinopterygii - LC 

Melanocetus murrayi Actinopterygii - LC 

Melanolagus bericoides Actinopterygii > 0,01% LC 

Melanonus zugmayeri Actinopterygii > 0,01% LC 

Melanostomias bartonbeani Actinopterygii > 0,01% LC 

Melanostomias paucilaternatus Actinopterygii > 0,01% LC 

Melanostomias valdiviae Actinopterygii > 0,01% LC 

Meroles squamulosus Reptilia > 0,01% LC 

Mesoplodon densirostris Mammalia > 0,01% VU 

Micralestes acutidens Actinopterygii - LC 

Microlophichthys microlophus Actinopterygii > 0,01% LC 

Mobula birostris Chondrichthyes > 0,01% NT 

Mobula mobular Chondrichthyes > 0,01% EN 

Mobula tarapacana Chondrichthyes > 0,01% EN 

Mobula thurstoni Chondrichthyes > 0,01% EN 

Mola mola Actinopterygii > 0,01% VU 

Morus capensis Aves 0,38 % EN 

Mugil cephalus Actinopterygii > 0,01% LC 

Myctophum asperum Actinopterygii 0,01% LC 

Myctophum nitidulum Actinopterygii > 0,01% LC 

Myctophum spinosum Actinopterygii > 0,01% LC 

Myliobatis aquila Chondrichthyes > 0,01% DD 

Nannobrachium atrum Actinopterygii 0,01% LC 

Nannobrachium lineatum Actinopterygii 0,01% LC 

Natriciteres olivacea Reptilia > 0,01% LC 

Naucrates ductor Actinopterygii 0,02% LC 

Nemichthys curvirostris Actinopterygii 0,01% LC 

Nemichthys scolopaceus Actinopterygii > 0,01% LC 

Neoceratias spinifer Actinopterygii > 0,01% LC 

Neonesthes capensis Actinopterygii 0,01% LC 

Neoscopelus microchir Actinopterygii > 0,01% LC 

Notolychnus valdiviae Actinopterygii > 0,01% LC 

Oceanites oceanicus Aves > 0,01% LC 

Odontomacrurus murrayi Actinopterygii 0,01% LC 

Odontostomops normalops Actinopterygii > 0,01% LC 

Oneirodes eschrichtii Actinopterygii > 0,01% LC 

Onychoprion fuscatus Aves > 0,01% LC 

https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
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Ophisurus serpens Actinopterygii 0,12% LC 

Opisthoproctus soleatus Actinopterygii 0,01% LC 

Pachydactylus punctatus Reptilia - LC 

Peponocephala electra Mammalia > 0,01% LC 

Photonectes braueri Actinopterygii 0,05% LC 

Photonectes margarita Actinopterygii 0,02% LC 

Photonectes mirabilis Actinopterygii 0,05% LC 

Phtheirichthys lineatus Actinopterygii > 0,01% LC 

Physeter macrocephalus Mammalia > 0,01% NT 

Planiliza macrolepis Actinopterygii > 0,01% LC 

Platybelone argalus Actinopterygii 0,03% LC 

Porogadus miles Actinopterygii 0,01% LC 

Pristis pristis Chondrichthyes > 0,01% CR 

Promethichthys prometheus Actinopterygii 0,03% LC 

Psammophis angolensis Reptilia - LC 

Psammophis mossambicus Reptilia - LC 

Psenes arafurensis Actinopterygii - LC 

Psenes cyanophrys Actinopterygii - LC 

Psenes pellucidus Actinopterygii - LC 

Pseudocarcharias kamoharai Chondrichthyes 0,01% LC 

Pseudocrenilabrus philander Actinopterygii > 0,01% LC 

Pseudoscopelus altipinnis Actinopterygii > 0,01% LC 

Python natalensis Reptilia - LC 

Rachycentron canadum Actinopterygii 0,03% LC 

Ranzania laevis Actinopterygii > 0,01% LC 

Regalecus glesne Actinopterygii 0,01% LC 

Remora australis Actinopterygii > 0,01% LC 

Remora brachyptera Actinopterygii > 0,01% LC 

Remora osteochir Actinopterygii > 0,01% LC 

Remora remora Actinopterygii > 0,01% LC 

Rhincodon typus Chondrichthyes > 0,01% EN 

Rhizoprionodon acutus Chondrichthyes > 0,01% LC 

Rondeletia loricata Actinopterygii > 0,01% LC 

Rouleina attrita Actinopterygii > 0,01% LC 

Ruvettus pretiosus Actinopterygii 0,03% LC 

Saurenchelys stylura Actinopterygii 0,03% LC 

Schilbe intermedius Actinopterygii > 0,01% LC 

https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
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Scopelarchus analis Actinopterygii > 0,01% LC 

Scopelarchus guentheri Actinopterygii 0,01% LC 

Scopelengys tristis Actinopterygii 0,01% LC 

Scopeloberyx opisthopterus Actinopterygii > 0,01% LC 

Scopelogadus mizolepis Actinopterygii 0,01% LC 

Scorpaena scrofa Actinopterygii 0,20% LC 

Selar crumenophthalmus Actinopterygii 0,03% LC 

Seriola dumerili Actinopterygii 0,03% LC 

Serrivomer beanii Actinopterygii 0,01% LC 

Setarches guentheri Actinopterygii 0,02% LC 

Sphoeroides pachygaster Actinopterygii 0,03% LC 

Sphyrna lewini Chondrichthyes > 0,01% CR 

Sphyrna mokarran Chondrichthyes > 0,01% CR 

Stenella attenuata Mammalia > 0,01% LC 

Stenella coeruleoalba Mammalia > 0,01% LC 

Stenella longirostris Mammalia > 0,01% DD 

Steno bredanensis Mammalia > 0,01% LC 

Sterna hirundo Aves 0,01% LC 

Sterna paradisaea Aves > 0,01% LC 

Sterna dougallii Aves > 0,01% LC 

Sternoptyx diaphana Actinopterygii > 0,01% LC 

Sternoptyx pseudobscura Actinopterygii > 0,01% LC 

Stigmochelys pardalis Reptilia > 0,01% LC 

Stomias affinis Actinopterygii 0,01% LC 

Stomias boa Actinopterygii 0,01% LC 

Stomias danae Actinopterygii > 0,01% LC 

Stylephorus chordatus Actinopterygii 0,02% LC 

Sudis atrox Actinopterygii > 0,01% LC 

Synagrops japonicus Actinopterygii 0,03% LC 

Synoicus adansonii Aves - LC 

Taaningichthys bathyphilus Actinopterygii > 0,01% LC 

Talismania antillarum Actinopterygii > 0,01% LC 

Telacanthura ussheri Aves - LC 

Telescopus semiannulatus Reptilia - LC 

Thalasseus bengalensis Aves > 0,01% LC 

Thalasseus bergii Aves 0,01% LC 

Thunnus alalunga Actinopterygii > 0,01% LC 

https://en.wikipedia.org/wiki/Chondrichthyes
https://en.wikipedia.org/wiki/Chondrichthyes
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Thunnus albacares Actinopterygii > 0,01% LC 

Thunnus obesus Actinopterygii > 0,01% NT 

Threskiornis aethiopicus Aves > 0,01% LC 

Trachylepis maculilabris Reptilia - LC 

Trachylepis striata Reptilia - LC 

Trichiurus lepturus Actinopterygii 0,03% LC 

Trigonolampa miriceps Actinopterygii 0,01% LC 

Turdoides jardineii Aves - LC 

Tursiops truncatus Mammalia > 0,01% LC 

Umbrina canariensis Actinopterygii 0,35% LC 

Uraspis secunda Actinopterygii 0,10% LC 

Valenciennellus tripunctulatus Actinopterygii > 0,01% LC 

Venefica proboscidea Actinopterygii 0,04% LC 

Vinciguerria attenuata Actinopterygii 0,01% LC 

Vinciguerria nimbaria Actinopterygii 0,01% LC 

Xenodermichthys copei Actinopterygii 0,01% LC 

Zenopsis conchifer Actinopterygii 0,09% LC 

Zeus capensis Actinopterygii 0,32% LC 

Ziphius cavirostris Mammalia > 0,01% LC 

Zu cristatus Actinopterygii 0,01% LC 

 

 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVI.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annex VI – Underwater Noise Modelling 

 

  



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVI.2 

 

AVI.1. Description of Underwater Noise and Assessment 
Units 

AVI.1.1. Introduction 
Studies by Thomsen et al.17 and Southall et al.18, amongst others, provide detailed reviews of the 
metrics used to measure and assess the impact of underwater noise in the marine environment. A 
detailed discussion has not therefore been provided here, although a brief overview is provided to 
assist the reader. It is noted that a number of these definitions and parameters draw on the advice 
given in American National Standards Institute (ANSI) S12.7-198619. 

Sound may be defined as the periodic disturbance in pressure from some equilibrium value. The unit 
of pressure is given in Pascals (Pa) or Newton per square metre (N/m2). The measurements however 
cover a very wide range of pressure values, typically from 1 x 10-3 Pa for the hearing threshold value 
of a human diver at 1 kHz to 1 x 107 Pa for the sound of a lightning strike on the sea surface. For 
convenience therefore, sound levels are expressed in decibels (dB) relative to a fixed reference 
pressure commonly 1 µPa for measurements made underwater. The decibel is therefore a 
logarithmic way of describing a ratio of sound relative to a specified reference value. Further 
elucidation on this, often misunderstood concept, is provided by Chapman and Ellis in their short but 
seminal paper “The Elusive Decibel”20. 

 

AVI.1.2. Peak Sound Level 
For transient pressure pulses such as an explosion or a single strike from a piledriving hammer, the 
peak sound level is the maximum absolute value of the instantaneous sound pressure recorded over 
a given time interval. Hence: 

 Peak Level (zero-to-peak) = 20 x log10 (|Ppeak| /Pref)   Equation AVI.1 

where Ppeak is the maximum zero-to-peak positive or negative acoustic pressure in Pascals and Pref 
is the reference pressure of 1 microPascal (µPa). 

When the pulse has approximately equal positive and negative parts to the waveform (see for 
instance Figure AVI.1), the peak-to-peak level is often quoted and this is equal to twice the peak 
level or 6 dB higher. 

 

 
17 Thomsen F., Luedemann K., Kafemann R. and Piper W., (2006). “Effects of wind farm noise on marine mammals and fish”. Biola, Hamburg, Germany 
on behalf of COWRIE Ltd. (Coll. Offshore Wind Res. Environ.) Ltd. 
18 Southall, B.L., A. E. Bowles, W. T. Ellison, J. J. Finneran, R. L. Gentry, C. R. Greene Jr., D. Kastak, D. R. Ketten, J. H. Miller, P. E. Nachtigall, W. J. 
Richardson, J. A. Thomas, P. L. Tyack, “Marine mammal noise exposure criteria: initial scientific recommendations.” Aquatic Mammals 2007, 33, 411–
521. 
19 ANSI S12.7-1986, “Methods for measurement of impulse noise”, Issued by the American National Standards Institute, 20 February 1986. 
20 Chapman D. M. F., and D. D. Ellis, The Elusive Decibel: Thoughts on Sonars and Marine Mammals, Technical Note, Canadian Acoustics 26(2) 29-31 
(1998).   
Accessed at http://misclab.umeoce.maine.edu/boss/classes/SMS_598_2005/PDFs/AnnexD%5B1%5D.pdf 
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AVI.1.3. RMS Sound Pressure Level 
The Root-Mean-Square (RMS or rms) Sound Pressure Level (SPL) is used to quantify noise of a 
continuous nature. Underwater sound sources of this type include shipping, sonar transmissions, 
drilling or cutting operations, and background sea noise. The RMS SPL is the mean square pressure 
level measured over a given time interval (t) (illustrated in Figure AVI.1), and hence represents a 
measure of the average sound pressure level over that time. It is expressed as: 

 RMS Sound Pressure Level = 20 x log10 (PRMS/Pref)   Equation AVI.2 

When RMS SPLs are used to quantify the transient noise arising from an impact piling strike, the 
time period over which the measurements are averaged must be quoted as the RMS value will vary 
with the averaging time period. When the noise is continuous, as in the examples given above, the 
time period over which measurements are taken is not relevant as the measurement will give the 
same result regardless of the period over which the measurements are averaged. 

 
Figure AVI.1: Comparison of three metrics used to characterise the loudness of a sinusoidal 

sound wave 

Peak SPLs may be converted to equivalent RMS SPL following consideration of the nature of the 
signal. For a sinusoidal signal, the relationship between peak level signal and the RMS equivalent is 
given by peak level – 3 dB. For signals having non-equal positive and negative parts of the waveform 
such as those from impact piledriving or from seismic airguns, this conversion is not valid. 
Furthermore, during propagation the outgoing source signal stretches out in time (see e.g., Urick21) 
and this is attributed to the sound travelling along multiple paths and each arriving at a given location 
at a slightly different time. As a result, the difference between peak level and RMS varies with 
distance. Strictly, a conversion factor at any given distance from the piling site can only be determined 
following analysis of the pressure-time waveforms recorded during the piledriving activity. Without 
access to such data, it is necessary to obtain a best-estimate from available data. Various 

 
21 Urick, Robert J. (1983), Principles of Underwater Sound, 3rd Edition. New York. McGraw-Hill. 
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studies22,23,24 suggest a range of values between 2 dB and 20 dB. The lower the conversion factor, 
the greater the overestimation of RMS SPL for any given non-sinusoidal signal. For the purpose of 
the subsequent analysis discussed herein and considering that all the noise types are non-impulsive, 
it is recommended that, based on the range of values above, a distance-invariant value of 3 dB be 
used to convert all peak level metrics to RMS metrics. 

 

AVI.1.4. Sound Exposure Level 
The problems associated with the time period over which the Sound Pressure Levels are averaged, 
as highlighted above, can be overcome by describing a transient pressure wave in terms of its Sound 
Exposure Level (SEL). The SEL is the time integral of the square pressure over a time window long 
enough to include the entire pressure-time history. Greene23 gives a practical definition of the 
duration of the time window based on the interval over which 90% of the sound energy arrives at the 
receptor location and this seems now to be a widely accepted approach18,22. The SEL is therefore 
the sum of the acoustic energy over a measurement period, and effectively takes account of both 
the level of the sound, and the duration over which the sound is present in the acoustic environment. 
Sound Exposure (SE) is defined by the equation: 

 SE = ∫ P2(t) dtT
0  Equation AVI.3 

where T is the overall duration of the sound in seconds and t is time. The SE is a measure of the 
acoustic energy and therefore has units of Pascal squared seconds (Pa2.sec). 

To express the Sound Exposure as a logarithmic decibel, it is compared with a reference acoustic 
energy level of 1 µPa2.sec. The SEL is then defined by: 

 SEL = 10 log10 ∫
p2(t)dt

pref2
T
0  Equation AVI.4 

When the time period is less than 1 second, the SPL is greater than the SEL. When the time period 
is 1 second, SPL is equal to SEL.  For signals of more than 1 second duration, the SEL will be greater 
than the SPL where: 

 SEL = SPL90% + 10 x log10(T) Equation AVI.5 

 

AVI.1.5. Cumulative Sound Exposure Level 
Where multiple noise events occur, the total or cumulative SEL can be calculated by summing the 
SEL from the individual events. The events themselves may be separated in time or space or both. 

 
22 Madsen P.T., (2005), “Marine mammals and noise: Problems with root mean square sound pressure levels for transients”, J. Acoust. Soc. Am. 117(6), 
3952. 
23 Greene Jnr C.R.,“Physical acoustics measurements”. In: W.J. Richardson (ed.) Northstar Marine Mammal Monitoring Program 1996: Marine Mammal 
and Acoustical Monitoring of a Seismic Program in the Alaskan Beaufort Sea.  LGL Rep 2121-2, LGL Ltd, Canada and Greeneridge Sciences Inc. USA 
for BP (Alaska) Inc. and Nat. Mar. Fish Serv. Alaska. 245 pp. 
24 McCauley, R.D., Fewtrell, J., Duncan, A.J., Jenner, C., Jenner, M.N., Penrose, J.D., Prince, R.I.T., Adhitya, A., Murdoch, J. and McCabe, K. (2000). 
Marine seismic surveys – a study of environmental implications. APPEA Journal 2000:692-708. 
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For instance, the events could be either consecutive in time from seismic airgun array emissions at 
a given location or else concurrent from two drilling operations taking place in close physical proximity 
at the same time. 

For multiple events, the cumulative SEL is computed by summing the SEL (in linear units) of N 
individual events thus: 

 SEL𝑐𝑐𝑐𝑐𝑐𝑐 = 10 log10 ∑ 10
SEL
10N

i=1  Equation AVI.6 

 

AVI.1.6. Source Level 
The source level (SL) is the apparent strength of a noise source at a reference distance, usually 1 
m, from the source. For example, a noise source may be quoted as having e.g., a source SPL of 180 
dB re 1µPa at 1 m. In practice, the parameters of the source are rarely measured at such a close 
range and the source level is inferred by back-propagating the noise from a number of far-field 
measurements. Back-propagation in this way is most effective when the noise source is compact 
i.e., where the dimensions of the noise source are small compared with the wavelength of the emitted 
noise. For this scenario, the noise source is described as a point-source. The process falls down for 
the opposite case where the sound source is dimensionally large compared with the wavelength. For 
instance, vessel noise cannot be approximated as a point source hence the source level thus 
obtained may only be considered as a notional source level. Hence under these circumstances, 
back-propagation can lead to an over-estimate of source level. 

 

AVI.1.7. Propagation Loss and Transmission Loss 
The propagation loss (PL) represents the loss in intensity or pressure of the acoustic field strength 
as the noise propagates from source to a receptor. In general terms, the propagation loss is given 
by: 

 PL = N log(r) + α r       Equation AVI.7 

where r is the distance in metres from the source to the receptor, N is a factor representing 
attenuation due to geometric spreading, and α (in dB.km-1) is a factor for the absorption of sound in 
water.  

It is noted that the terms propagation loss and transmission loss (TL) have previously been declared 
synonymous25 and are often used as such. However, the ISO Standard on underwater acoustic 
terminology26 defines transmission loss as being the difference in sound pressure level at two 
different locations: 

 TL(r2, r1) = SPL(r2) – SPL(r1) Equation AVI.8 

 
25 Ainslie M. A., "“Transmission loss” and “propagation loss” in undersea acoustics", Journal of the Acoustical Society of America 118, 603 (2005). 
26 ISO 18405:2017 Underwater Acoustics – Terminology (International Organization for Standardization, Geneva, 2017). 
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where r2 and r1 are the distances from a source location and that r2 is larger than r1 so that the 
resulting TL is usually a positive number. 

 

AVI.1.8. Received Level 
The Received level (RL) is the strength of the acoustic field at a given depth and range relative to 
the source. At a range r from a source, this is given by: 

 RL = SL - PL Equation AVI.9 

From Equation AVI.7, this can be written in the form:  

 RL = SL – N log(r) - α r Equation AVI.10 

As the received level varies with range, it is important to state the range at which the measurement 
has been taken or the estimate has been made.  

 

AVI.2. Sound Source Characterization 
AVI.2.1. Introduction 
The development of an offshore field is a complex task involving a number of separate construction 
activities, including drilling of the production wells, installation of subsea infrastructure, and any 
number of vessel movements, involving a range of vessel types from bulk carriers through to tugs, 
will be undertaken in order to provide logistical support. Once complete, the field is commissioned 
and the FLNG finally becomes operational. 

The Project activities will replicate those carried out earlier at the Coral South development, hence 
are well known. The type, function and numbers of vessels required are thus identified even if the 
specific vessels planned for deployment at Coral North remain unknown. In general, very few vessels 
have been noise-ranged whereby the noise levels emitted by the vessel during any specified activity 
are recorded and published. As a result, it is not possible to assign unambiguous acoustic 
characterisation data such as source sound levels and frequency spectra to each task to be 
undertaken at the Coral North development. In order to address this shortcoming, a review of the 
international published literature was undertaken. From this, each task was discussed in terms of the 
acoustic characteristics of the noise likely to arise. Representative sound levels for each operation 
were established and these are discussed below. 

 

AVI.2.2. Vessel Movements 

AVI.2.2.1. Introduction 

Noise from vessels is a major contributor to the overall noise in a given sea area due principally to 
the large numbers of ships present, their wide distribution and their mobility. Vessel noise is a 
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combination of broadband sound superimposed with tonals at specific frequencies corresponding to 
propeller blade rate, engine cylinder firing, and crankshaft rotation. Southall et al.18 classifies vessel 
noise as being non-impulsive in nature. 

A number of vessel types are planned for deployment at the Coral North Project Area. These include: 

• Platform supply vessels (PSV) – These are for logistical support and transportation of goods, 
tools, equipment, and personnel to and from their destination. The vessels are typically 50 
to 100 metres in length; 

• Installation vessel – These are often vessels designed to lift heavy infrastructure into place. 
The cranes may have lifting capacities of 800 tonne to over 3,000 tonne. Typically, this class 
of vessels are 60-150 m long, 40-50 m breadth, 6–12 m depth, and 1600-30000 Deadweight 
tonnage (DWT)27; 

• Multi-purpose vessel (MPV) – These are designed for carrying cargo. This is assumed to be 
large infrastructure components that will be craned off the vessel when it is in position in the 
Project Area.  The vessels may be up to 200 m length and 30 m breadth with a capacity of 
23,000 DWT; 

• Flotel – This is a semi-submersible accommodation and construction support vessel. As a 
typical example, the Flotel Triumph28 has an overall length of 200 m and a breadth of 78m. 
It is towed to site using a number of tug vessels; 

• Anchor handing tug supply (AHTS) vessel – This is a marine vessel that manoeuvres other 
vessels by pushing or pulling them, with direct contact or a tow line. They tend to be smaller 
than other vessels but with powerful engines. A representative example is the Lewek 
Leopard29 at 59 m length, 15 m breadth, and 1218 tonne DWT. 

The breakdown of the numbers of vessel present during each stage of Project activity is given as 
follows: 

• During drilling operations at Coral North, there will be 1 x drill ship and 3 x PSVs; 
• During installation, there are planned to be 2 x installation vessels, 3 x PSVs and 1 x MPV; 
• At the operational stage, there will be 1 x FLNG, 1 x Flotel [temporary], 3 x PSVs and 6 x 

AHTSs.  

 

 
27 https://www.deme-group.com/technology 
28 https://floatel.no/fleet/floatel-triumph 
29 https://directory.marinelink.com/ships/ship/lewek-leopard-10080 
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AVI.2.2.2. Acoustic Source Levels and Frequency Spectra 

A limited set of acoustic data for noise-ranged vessels30,31,32,33,34 are available, none of which are 
likely to include the vessels planned for the Coral North project. It is assumed that vessel noise is 
proportional to vessel power and overall vessel size35. It is necessary therefore to use acoustic 
characterisation data from other similarly sized (where possible) vessels as proxy data. 

Wales and Heitmeyer36 proposed a source spectra model for merchant ship-radiated noise, based 
on the Research Ambient Noise DIrectionality (RANDI) 3.1 model37. As part of the Joint Monitoring 
Programme for Ambient Noise in the North Sea (JOMOPANS) project, RANDI 3.1 was validated 
using acoustic data from a hydrophone located in Haro Strait, British Columbia, Canada together 
with Automated Information System (AIS) broadcasts from passing vessels38. Subsequent analysis 
was necessary in order to determine vessel source levels and frequency content. The ensuing model, 
drawing on vessel type, approximate length, breadth and depth; and a representative transit speed, 
was used in order to derive representative acoustic source level data for various classes of vessel 
proposed for use in the Coral North Project and these are given in Table AVI.1. 

Table AVI.1: Representative acoustic source levels for various classes of vessel proposed 
for deployment on Coral North project 

Class of vessel Dimension  
Length x breadth x depth SPLpeak 

AHTS 60 x 15 x 5 166.2 dB re 1 μPa @ 1 m 

Installation 150 x 50 x 10 181.3 dB re 1 μPa @ 1 m 

MPV 200 x 30 x 12 183.8 dB re 1 μPa @ 1 m 

PSV 100 x 30 x 8 177.8 dB re 1 μPa @ 1 m 

The shape of the frequency spectrum across the bandwidth of the noise emitted by each class of 
vessel is key to determining the significance of any ensuing acoustic impacts. Frequency spectra are 
given in Figure AVI.2. 

 
30 Richardson, W. J., Green Jr, C. R., Malme, C. I., Thomson, D. H., (1995), Marine Mammals and Noise. Academic Press, New York. 
31 Hannay, D.E. 2004. Noise. In Comparative Environmental Analysis (CEA), Chapter 4. Sakhalin Energy Investment Corporation. Available at: 
http://www.sakhalinenergy.com/documents/doc_33_cea_chp4.pdf 
32 Kiggavik Tug and Barge Noise Modelling, JASCO Applied Sciences, June 2011. 
33 A. Torbjörn Johansson and Mathias H. Andersson, “Ambient Underwater Noise Levels at Norra Midsjöbanken during Construction of the Nord Stream 
Pipeline”, Report for Nord Stream AG and Naturvårdsverket, 2012. 
34 Götz T., G. Hastie, L. T. Hatch, O. Raustein, B. L. Southall, M. Tasker, F. Thomsen, "Overview of the impacts of anthropogenic underwater sound in 
the marine environment", OSPAR Commission, 2009. Accessed from: 
https://qsr2010.ospar.org/media/assessments/p00441_Noise_background_document.pdf 
35 Li, Z., MacGillivray, A., and Wladichuk, J. (2011). Underwater Acoustic Modelling of Tug and Barge Noise for Estimating Effects on Marine Animals. 
Version 1.0. Technical report prepared for AREVA Resources Canada by JASCO Applied Sciences. 
36 Wales, S.C.; Heitmeyer, R.M. An ensemble source spectra model for merchant ship-radiated noise. Journal of the Acoustical Society of America. 2002, 
111, 1211–1231. 
37 Breeding, J. & Pflug, Lisa & Bradley, Marshall & Hebert, Melanie & Wooten, Michael. (1994). RANDI 3.1 User's Guide. 86. 
38 MacGillivray, A.; de Jong, C. A., Reference Spectrum Model for Estimating Source Levels of Marine Shipping Based on Automated Identification 
System Data. J. Mar. Sci. Eng. 2021, 9, 369. https://doi.org/ 10.3390/jmse9040369 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVI.9 

 

 

Figure AVI.2: One third octave (OTO) band level spectra for vessels proposed for use on the 
Coral North Project 

No data are available on the directionality of vessel noise. It is assumed therefore that the sound 
radiates equally in all directions. 

 

AVI.2.3. Drilling 

AVI.2.3.1. Introduction 

During drilling, noise is generated principally through the action of the drill bit on the surrounding 
rocks. The level of noise created is dependent therefore not only on the size of the drill bit but also 
on the degree to which the seabed rock is consolidated; a soft clay will produce lower levels of sound 
compared to that generated by a granite layer. 

Specifically in relation to the seabed conditions at the Coral North Project site, the Eni drilling 
engineers39 note that the first 700 m below seabed, and especially the topmost 100 m, comprise a 
loose shale formation which slowly gains density with increasing depth. Below around 700 m, higher 
density rock formation may be encountered however, due to the significant distance from the seabed 
it is unlikely that noise shall be recorded at seabed. 

Noise generated at the drill head is likely to be transmitted into the water through two mechanisms. 
The first is where the noise is transmitted from the drill bit-sediment interface and into the surrounding 
seabed layers before becoming refracted back into the water column while the second is where 
vibrations travel up the drill shaft and then become transmitted into the water.  

 

AVI.2.3.2. Acoustic Source Levels and Frequency Spectra 

A review of the literature on underwater drill noise revealed that there is little useful data that has 
been released into the public domain: invariably the noise measurement units are ambiguous; the 
drill diameter is not quoted; or there is no information on sediment or seabed rock type. A number of 

 
39 ENI drilling engineers. Pers. Comm. September 2023. 
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reports40,41,42 were identified where the drill diameter was either smaller or larger than those 
proposed for Coral North by a factor of 10 or more. When drilling a 63.5 mm borehole under ice at a 
diamond exploration site in Canada, Mann et al.43 determined an acoustic source level of 143 dBrms 
re 1 µPa at 1 m. In order to estimate a source level for the noise generated by a 1.5 m drill, 
Schlesinger et al.44 suggested an uplift based on the notion that the weight applied to a drill-head is 
proportional to the cross-sectional area of its diameter. A scaling factor of 10*log10(r2/r02) where r is 
the diameter of the proposed drill in millimetres (mm), and r0 is 63.5 mm, was thus proposed. 

Accordingly, for the drill bit diameters proposed for deployment on the Coral North Project, acoustic 
source levels are summarised in Table AVI.2. 

Table AVI.2: Estimated acoustic source level for noise generated by drilling 

Drill bit diameter Drill bit diameter SPLpeak 

9.5 inch 0.24 m 154.5 dB re 1 μPa @ 1 m 

12.25 – 13.5 inch 0.34 m 157.6 dB re 1 μPa @ 1 m 

17.5 inch 0.44 m 159.8 dB re 1 μPa @ 1 m 

24 inch 0.61 m 162.6 dB re 1 μPa @ 1 m 

The source frequency spectrum shown in Figure AVI.3 is based on the data given by Mann et al.43 
with spectral levels adjusted to give the requisite source levels as given in Table AVI.2. 

 

Figure AVI.3: One third octave (OTO) band level source spectra for drilling at Coral North 

 

 
40 Ward P. D., Needham K., “Modelling the vertical directivity of noise from underwater drilling”.  Proceedings of the 11th European Conference on 
Underwater Acoustics (ECUA 2012) and Acoustical Society of America Proceedings of Meetings on Acoustics (POMA), Vol 17, 070068, December 2012. 
41 Willis M. R., Broudic M., Bhurosah M., Masters I., “Noise Associated with Small Scale Drilling Operations”, Proceedings of the 3rd International 
Conference on Ocean Energy, 6 October, Bilbao, 2010. 
42 Erbe C. and McPherson C., " Underwater noise from geotechnical drilling and standard penetration testing", J. Acoust. Soc. Am. 142 (3), September 
2017. 
43 Mann, D., P. Cott, and B. Horne. 2009. Under-ice noise generated from diamond exploration in a Canadian sub-arctic lake and potential impacts on 
fishes. Journal of the Acoustical Society of America 126(5): 2215-2222. 
44 Schlesinger A., M-N. R. Matthews, Z. Li, J. Quijano, and D. Hannay. 2016. Aurora LNG Acoustic Study: Modelling of Underwater Sounds from Pile 
Driving, Rock Socket Drilling, and LNG Carrier Berthing and Transiting. Document 01134, Version 3.0. Technical report by JASCO Applied Sciences for 
Stantec Consulting Ltd. 
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AVI.2.4. Suction Piling 
Koschinski and Lüdemann45 explain that the principle of suction piling is achieved through there 
being a pressure difference between the inside of an upside-down positioned foundation tube or 
similar feature and the hydrostatic pressure at the seabed. This leads to the structure being installed 
without any use of mechanical force.   

In shallow waters, the adhesion between the feature and the seabed may be enhanced by deploying 
suction pumps to lower the pressure in the tube. Noise measurements made at the Borkum Riffgrund 
2 OWF45 indicate that the noise of the suction pumps could not be measured at distances beyond 
500 m from the source. It is uncertain whether suction pumps could be deployed over water depths 
prevailing at the Coral North project site, being as they are in the range 1500-2000 m. It may be 
concluded that suction bucket foundations are low-noise foundations. 

 

AVI.2.5. FLNG 

AVI.2.5.1. Introduction 

An FLNG is a specialised vessel containing production, storage and offloading systems that conduct 
liquified natural gas (LNG) operations for developing offshore natural gas resources. A number of 
pipelines from individual installations within a project area terminate at a subsea manifold from which 
a riser pipeline meets the FLNG at the sea surface. The FLNG is moored onsite with the aid of 
thrusters or propulsion systems fitted to the bow, stern, and along the hull - both port and starboard. 
Once in position, the Coral South FLNG, however, maintains its position through mooring lines with 
the thrusters being used during the LNG offloading operation. The thruster running time varies 
according to the weather and sea conditions. In most situations thrusters are only used during 
berthing and unberthing of the LNG Carrier (LNGC) although at times during a long swell or adverse 
weather, the thrusters may be used continuously during berthing and offloading operations; for 
example, during the winter months and also during normal days to mitigate the adverse condition 
and maintain the heading. The thrusters will be in operation as the LNGC makes the approach to 
FLNG approximately an hour before the berthing operation. Two of the three thrusters on Coral South 
FLNG are used during LNG offloading which equates to one cargo per six to seven days with the 
thrusters running for an approximate average of 15 hours. The FLNG thrusters are also engaged 
during helicopter operations. The Coral North Project will use the same strategy.  

In general, vessel noise is a combination of broadband sound superimposed with tonals at specific 
frequencies corresponding to propeller blade rate, engine cylinder firing and crankshaft rotation46 
and it is considered likely that thruster noise will be broadly similar in characteristic. In addition, the 
onboard machinery and the power units that drive them, generate noise and vibration which is 

 
45 Koschinski S. & K. Lüdemann, Noise mitigation for the construction of increasingly large offshore wind turbines: Technical options for complying with 
noise limits. Technical Report for the Federal Agency for Nature Conservation, Germany, March 2020.  Accessed September 2023 at https://www.bfn.de/ 
46 Ross D., Mechanics of Underwater Noise, Pergamon Press, New York, 1976. 
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transmitted through the hull and into the ocean. Salgado-Kent et al.47 consider that this noise 
component is likely to have substantially lower levels than that generated by the thrusters. As the 
processes are likely to run for extended periods of time and hence the FLNG facility is likely to remain 
on site similarly for extended periods48, FLNG noise, being predominantly due to the thrusters, as 
well as any noise not attributed to the thrusters, is classified as being continuous or non-impulsive in 
nature18. 

 

AVI.2.5.2. Acoustic Source Levels and Frequency Spectra 

At the time of writing this report, acoustic data representing operational noise levels generated by 
Coral FLNG are not available. It is therefore necessary to use, as far as possible, proxy data from 
other facilities carrying out a similar function. 

A literature search has revealed that there is a limited set of acoustic data for FLNG facilities. The 
Prelude FLNG Project49 used an acoustic source level of 189 dB re 1 µPa at 1 m. This was based 
on measurements made over the frequency range of 10 Hz to 2 kHz of thruster noise generated by 
a much smaller vessel50, but then uplifted to take into account the difference in size and power output 
of the two platforms46. The Prelude FLNG is a double-hulled floating facility, approximately 480 m in 
length x 70-80 m width and weighing approximately 600,000 tonnes deadweight when fully ballasted. 
It has a production capability of 3.6 million tonnes per annum (MTPA) of LNG, LPG, and condensate. 
By comparison, the Coral FLNG is 439 m length x 65 m width with a weight of 210,000 tonnes 
(unballasted weight). It has a liquefaction capacity of 3.4 million tons. Thus, it will be seen that the 
Coral FLNG is slightly smaller overall than the Prelude FLNG. However, from a review of noise data 
generated by moored Floating Production Storage and Offloading (FPSO) platforms51, Erbe et al.52 
notes that noise levels do not appear to scale with FPSO size or power and it is assumed that this 
conclusion is equally applicable to FLNGs. 

Underwater noise generated by an FPSO platform moored using thrusters was recorded from a 
hydrophone located in Haro Strait, British Columbia, Canada53. Noise data was recorded over the 
frequency range 10 Hz to 60 kHz and this yielded a notional acoustic source level of 182.5 dB re 1 
µPa at 1 m. The data was processed in order to give a frequency spectrum over 1/3rd octave bands. 
For the current study, band levels were uplifted in order to yield an overall acoustic source level of 
189 dB re 1 µPa at 1 m and the resulting spectrum is shown in Figure AIV.4. 

 
47 Salgado-Kent C., R. D. McCauley, A. Duncan, C. Erbe, A. Gavrilov, K. Lucke and I. Parnum, "Underwater Sound and Vibration from Offshore Petroleum 
Activities and their Potential Effects on Marine Fauna: An Australian Perspective", CMST Report 2015-13, April 2016. 
48 It is expected that the Coral North FLNG will be permanently moored onsite for the duration of the project; i.e., 25 years. 
49 Prelude Floating LNG Project: Draft Environmental Impact Statement produced for Shell Development (Australia) Pty Ltd by ERM Ltd, October 2009. 
50 McCauley, R. D., "Radiated underwater noise measured from the drilling rig Ocean General, rig tenders Pacific Ariki and Pacific Frontier, fishing vessel 
Reef Venture and natural sources in the Timor Sea", CMST Report C98-20 to Shell Australia. 1998. 
51 An FPSO is a floating vessel located near an offshore oil field, where oil is processed and stored until it can be transferred to a tanker for transporting 
and additional refining.  Functionally, it is broadly similar to an FLNG where any differences between the two platforms are largely down to the industrial 
processes undertaken on board. 
52 Erbe C., R. McCauley, C. McPherson, A. Gavrilov, "Underwater noise from offshore oil production vessels", J. Acoust. Soc. Am. 133 (6), June 2013. 
53 MacGillivray, A.O., Li, Z.; Yurk, H. (2018a). Modelling of Cumulative Vessel Noise for Haro Strait Slowdown Trial: Final Report. Document Number 
01577. Version 2.0. Technical report by JASCO Applied Sciences for Vancouver Fraser Port Authority ECHO Program. 
https://www.flipsnack.com/portvancouver/echo-haro-strait-slowdown-trial-summary/fullview.html. 
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Figure AIV.4: Assumed band level spectra for the Coral North FLNG 

 

AVI.3. Acoustic Impact Thresholds for Marine Fauna 
AVI.3.1. Introduction 
The derivation of appropriate threshold levels of noise on marine life exposed to man-made noise 
draws on the methodologies developed by Southall et al.18,54 for cetaceans and pinnipeds; and 
Popper et al.55 for fish and sea turtles. An overview of the salient points is given below. 

 

AVI.3.2. Marine Mammals 

AVI.3.2.1. Physiological Impacts 

Southall et al.18 commenced by reviewing work undertaken over previous decades on animal 
audiology and noted that marine mammals could be assigned to one of a number of functional 
hearing groups where each group depended on differences and similarities in the animal’s 
audiological physiology and behavioural psychophysics. To illustrate this, it was noted that although 
marine mammals possess the typical mammalian 3-stage ear, there are subtle differences that 
indicate specific adaptations to pressure, hydrodynamics, and sound reception in water. For 
instance, the outer ear, denoted by the pinna, has been eliminated in all cetacean species and some 
pinniped species, while gas spaces in the middle ear of some marine mammals have been reduced 
substantially thus indicating that bone conduction may be an important means by which sound is 
transferred to the inner ear. In addition, cetaceans were further subdivided on the basis of their 

 
54 Southall, B.L., Finneran, J.J., Reichmuth, C., Nachtigall, P.E., Ketten, D.R., Bowles, A.E., Ellison, W.T., Nowacek, D.P., & Tyack, P.L. Marine Mammal 
Noise Exposure Criteria: Updated Scientific Recommendations for Residual Hearing Effects. Aquatic Mammals 45(2), 2019. 
55 Popper, A. N., Hawkins, A. D., Fay, R. R., Mann, D., Bartol, S., Carlson, T., Coombs, S., Ellison, W. T., Gentry, R., Halvorsen, M. B., Løkkeborg, S., 
Rogers, P., Southall, B. L., Zeddies, D., and Tavolga, W. N. (2014). “Sound Exposure Guidelines for Fishes and Sea Turtles: A Technical Report,” ASA 
S3/SC1.4 TR-2014 prepared by ANSI Accredited Standards Committee S3/SC1 and registered with ANSI. Springer and ASA Press, Cham, Switzerland. 
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hearing sensitivity. Accordingly, low-frequency (LF) cetaceans (predominantly baleen whales) are 
most sensitive to low frequencies in the range 7 Hz to 35 kHz; high-frequency (HF) cetaceans have 
optimum sensitivity over the range 150 Hz to 160 kHz; while very high frequency (VHF) cetaceans 
are sensitive to high frequencies across the range 275 Hz to 160 kHz. 

The latest functional hearing group (FHG) classification54 for species relevant to Area 4 are given in 
Table AVI.4. 

Table AVI.4: Functional hearing groups for marine mammal species known or likely to be 
present within Area 4 or its surroundings 

Functional hearing group Representative species in Area 4 

Low-frequency cetaceans (LF) Pygmy blue whale; humpback whale 

High-frequency cetaceans (HF) 
Sperm whale; Cuvier’s beaked whale; Risso’s dolphin; Indian Ocean humpback 
dolphin; common bottlenose dolphin; Indo-Pacific bottlenose dolphin; Pantropical 
spotted dolphin; spinner dolphin; striped dolphin; Pygmy killer whale; short-finned 
pilot whale. 

Very high-frequency cetaceans (VHF) Pygmy sperm whale; dwarf sperm whale 

Sirenia (SI) Dugong 

It is acknowledged that, like humans, marine mammals do not hear equally well across all 
frequencies. In order to account for this, Southall et al.18 proposed a series of frequency-dependent 
weightings that were derived from the hearing sensitivity curves for animals in each functional 
hearing group. These have the effect of emphasising the frequencies over which the animals are 
most sensitive and de-emphasising the remaining frequencies. For each FHG (species of which are 
listed in Table AVI.4), passband functions with specified roll-offs were developed by Southall et al.18 
and have been subsequently refined a number of times since54. The frequency-weighting curves, 
(collectively known as M-weightings), for each functional hearing group representing marine 
mammals found in and around Area 4 are shown in Figure AVI.5.  

 
Figure AVI.5: M-weighting curves for low-, high- and very high-frequency cetaceans and for 

sirenia 
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The M-weighting curves are used to modify the frequency spectrum of the impacting noise so that it 
more closely represents the noise as perceived by the target species. From these data, weighting 
values are extracted for each functional hearing group and applied to the frequency band levels for 
the sound source given in Section AIV.2. 

Given the frequency dependent M-weightings, it is possible to determine the apparent source levels 
of the underwater noise type as perceived by each of the FHGs following the technique demonstrated 
by Houser et al.56. The M-weighting curves are applied to the noise spectra as given in Section AIV.2 
and the results are summarised in Table AVI.5 using SPLrms metrics. For reference, the column 
headed “Un” provides the unweighted noise source level. It is seen that LF cetaceans are likely to 
be most sensitive to the noises generated during the construction activities at the Coral North Project 
site due to the relatively high levels of low-frequency noise in the noise emitted by each activity. By 
comparison, VHF cetaceans are much less sensitive to the various noise types as the higher 
frequency components of the noise generated contain much less energy than those at lower 
frequencies. 

Table AVI.5: Apparent source levels perceived by each marine mammal functional hearing 
group 

Impacting noise type 
Far-field apparent source level dBrms re 1 µPa 

Un LF HF VHF SI 

AHTS vessel 166.2 164.6 150.0 148.1 153.2 

Installation vessel 181.4 173.6 155.1 153.2 158.3 

MPV 183.8 176.1 157.6 155.7 160.8 

PSV 177.8 170.1 151.6 149.7 154.8 

Drilling 162.6 160.0 130.1 126.4 136.2 

FLNG thruster 189.9 188.3 175.3 172.5 179.7 

From reviewing available data derived from extensive tests involving marine mammals, Southall et 
al.18 proposed thresholds representing the onset of permanent threshold shift (PTS) for marine 
mammals (based on measurements relating to the onset of temporary threshold shift (TTS)) which 
were expressed in terms of SPL and SEL, where the latter metric (expressed as dB re 1 µPa2.s) 
takes note not only of the period of time over which the receptor is exposed but also the sensitivity 
of the animal to the impacting sound. For continuous type noise such as that generated by vessel 
activity or drilling, the thresholds are given using only SEL metrics. The resulting impact thresholds, 
subsequently refined by Southall et al.54, for both PTS and TTS, are given in Table AVI.6. 

  

 
56 Houser D. S., W. Yost, R. Burkard, J. J. Finneran, C. Reichmuth and J. Mulsow, "A review of the history, development and application of auditory 
weighting functions in humans and marine mammals", J. Acoust. Soc. Am. 141 (3), March 2017. 
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Table AVI.6: Summary of acoustic impact threshold criteria for PTS and TTS in SPLpeak and M-
weighted SEL metrics for each functional hearing group when exposed to non-impulsive 

noise54 

Functional hearing group 
M-weighted SEL thresholds  

dB re 1 µPa2.sec 

PTS TTS 

LF cetacean 199 179 

HF cetacean 198 178 

VHF cetacean 173 153 

SI sirenia 206 186 

 

AVI.3.2.2. Behavioural Impacts 

To arrive at threshold levels of noise giving rise to behavioural effects in animals when exposed to 
man-made underwater sound, Southall et al.18 noted that the responses varied according to the 
sound level on the animal as well as the frequency and duration of the perturbing noise. Observations 
of the resulting behavioural response were standardised by being quantified on a Behavioural 
Response Severity Scale (BRSS) ranging from 0 (No observable response) through to 9 (Outright 
panic, flight, stampede, stranding). On such a scale, responses referred to herein as "Weak 
Responses" have a BRSS rating of 1-3 indicating brief and/or minor changes in e.g., vocal behaviour, 
respiration, and locomotion. By contrast, responses referred to herein as "Strong Responses" are 
represented by extensive and/or prolonged changes in the behavioural traits mentioned above as 
well as aggressive behaviour amongst individuals and brief or minor separations of females and 
dependent offspring. 

Having defined a BRSS, Southall et al.18 provided a range of sound pressure levels on the animal 
over which each behavioural response had been observed. The ensuing data were categorized into 
10-dB SPL bins and then ranked by the severity of the behavioural response observed over that SPL 
range. This tended to show that the higher the SPL on the animal the greater the BRSS score and 
the more severe the behavioural response. 

It is noted that frequently, the data on which the BRSS is based is somewhat sparse, consisting as 
it does of relatively few observations of animal behaviour; behavioural responses being variable, 
context-dependent (i.e., costs or benefits of fight or flight) and less predictable than physical and/or 
physiological effects; and there being a considerable overlap in the range of sound pressure levels 
over which a given mode of behaviour might be prevalent. Some degree of interpretation and 
extrapolation is thus required when applying the data in the manner required for the current study. 
For instance, Southall et al.18 show that for a given severity response score the BRSS may indicate 
that more animals were observed giving a strong response to noises having low SPLs than at higher 
SPLs. This challenges the idea behind the continuum represented by the BRSS that low SPLs 
produce weak responses and high SPLs always lead to stronger responses. Digging deeper into the 
data reveals that some of the observations may relate to species of marine mammal not found in or 
around Area 4 hence these data can reasonably be overlooked. 
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Behavioural impacts are defined by a threshold which was set following observations of animals in 
each FHG when exposed to continuous-type noise - predominantly vessel noise (including that 
generated by thrusters) but also including drilling noise, acoustic deterrent devices (ADD), and 
oceanographic research sonar.  

• For LF cetaceans, Southall et al.18 noted that there was no (or very limited) response at 
received levels of 90-120 dB re 1 µPa rms and clearly defined avoidance behaviour at 120-
160 dB re 1 µPa rms. However, it was seen that there was considerable variability in received 
levels for any given response type and this was attributed to contextual variables such as 
source proximity; the presence of vessels and/or humans close to subjects either for 
observation or during deployment of sound sources; animal activity at the time of exposure; 
and habituation or sensitisation to the sound; 

• For MF cetaceans57, it was noted that high sensitivity to the noise was seen at received 
levels across the range 90-120 dB re 1 µPa rms while, often, no responses were seen at 
received levels of 120-150 dB re 1 µPa rms; 

• For HF cetaceans57, only one species has been studied extensively thus far: namely harbour 
porpoise. These were seen to be relatively sensitive to sound levels across the range 90-
120 dB re 1 µPa rms but when exposed to sounds above 140 dB re 1 µPa rms they exhibited 
profound behavioural responses. It is emphasised however that harbour porpoise is not a 
species extant to Area 4 and it is therefore not clear whether these results are relevant to 
other HF cetaceans such as dwarf and pygmy sperm whale; 

• Thus far, no data is available at all on the behavioural responses of sirenia following 
exposure to continuous-type noise.  

The latest work published by Southall et al.58 identifies the inherent weaknesses in the approach 
discussed in the 2007 paper. A revised experimental protocol is recommended whereby the earlier 
anomalies are addressed with the objective of deriving probabilistic response functions for various 
modes of behaviour. It will likely take some years to collect sufficient data on which a rigorous 
analysis may be made. In the meantime, it is proposed to draw on guidance given by the US National 
Marine Fisheries Service (NMFS)59 which sets a Level B Harassment threshold for exposure to 
continuous-type noise of 120 dB re 1 μPa (rms). NMFS define a Level B exposure as “any act that 
disturbs or is likely to disturb a marine mammal or marine mammal stock in the wild by causing 
disruption of natural behavioural patterns, including, but not limited to, migration, surfacing, nursing, 
breeding, feeding, or sheltering, to a point where such behavioural patterns are abandoned or 
significantly altered.” It is subject to interpretation as to how long a given behaviour (e.g., foraging) 
has to be interrupted before meeting the definition of being abandoned. Similarly, the phrase 
“significantly altered” could be interpreted in a statistically significant sense or in a biologically 
significant sense, i.e., are there a significant number of animals in a group displaying a given 
behavioural response; or are the responses amongst individuals themselves significant. The 

 
57 Note that MF and HF cetaceans in the Southall et al. (2007) report are now reassigned as HF and VHF cetaceans respectively in the Southall et al. 
(2019) report. 
58 Southall, B. L., Nowacek, D. P., Bowles, A. E., Senigaglia, V., Bejder L., Tyack P. L. Marine mammal noise exposure criteria: Assessing the severity 
of marine mammal behavioral responses to human noise. Aquatic Mammals. 47(5), 2021. 
59 Scoping Report for NMFS EIS for the National Acoustic Guidelines on Marine Mammals. National Marine Fisheries Service. 2005. 
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uncertainty surrounding the meaning of the term "significantly altered" is one of the reasons why 
behavioural impacts remain relatively undefined compared with physiological impacts. Furthermore, 
it must be emphasised that behavioural traits associated with the Level B threshold do not map 
exactly onto the BRSS scale. However, it may be suggested that Level B harassment behavioural 
responses probably correspond to a BRSS of 6 or thereabouts. 

It is noted that the threshold level of 120 dB re 1 μPa (rms) lies close to the range of background 
noise levels. As a result, National Oceanic and Atmospheric Administration (NOAA) advice60 suggest 
that the level may be “slightly adjusted if background noise levels are at or above this level” but gives 
no further guidance. Furthermore, Stocker61 provides a qualitative critique of Level B thresholds and 
suggests that it is time that NOAA considers revising the threshold levels in the light of research that 
has been undertaken since the level was first established. Until the threshold levels are revised, it is 
impossible to determine what outcome, if any, any changes might have on the distances over which 
the corresponding impact criterion are met. 

Despite these reservations and for the purpose of the current study, a threshold level of 120 dBrms re 
1 µPa62 is proposed as representing a noise which results in the onset of a strong behavioural 
reaction in marine mammals when exposed to non-impulsive type noise. 

 

AVI.3.3. Fish and Sea Turtles 

AVI.3.3.1. Physiological Impacts 

Popper et al.55 conducted a similar process for fish as Southall et al.18 had completed for marine 
mammals. They reviewed a number of studies and subsequently suggested various noise thresholds 
related to potential acoustic impacts that were a function of the hearing sensitivity of fish species and 
of the noise type. The functional hearing groups refer back to studies of either the internal physiology 
of the fish or else to their auditory sensitivity. The latest groupings63 are summarised in Table AVI.7. 
 

  

 
60 https://www.fisheries.noaa.gov/west-coast/endangered-species-conservation/esa-section-7-consultation-tools-marine-mammals-west.  Accessed July 
2023. 
61 Stocker M., “Best available science? Are NOAA Fisheries marine mammal noise exposure guidelines up to date?”, Published by the Acoustical Society 
of America, Proceedings of Meetings on Acoustics, Vol. 36, 010001 (2019). Accessed https://tethys.pnnl.gov/sites/default/files/publications/Stocker-2019-
NOAA-Noise.pdf, July 2023. 
62 https://www.westcoast.fisheries.noaa.gov/protected_species/marine_mammals/threshold_guidance.html 
63 Popper A. N., A. D. Hawkins, "An overview of fish bioacoustics and the impacts of anthropogenic sounds on fishes", J. Fish Biol. 2019;94:692–713. 

https://www.fisheries.noaa.gov/west-coast/endangered-species-conservation/esa-section-7-consultation-tools-marine-mammals-west
https://tethys.pnnl.gov/sites/default/files/publications/Stocker-2019-NOAA-Noise.pdf
https://tethys.pnnl.gov/sites/default/files/publications/Stocker-2019-NOAA-Noise.pdf
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Table AVI.7: Fish and sea turtle hearing groups63 

Functional 
hearing group Description Characteristics 

Group 1 Fish with no swim bladder 
Generally, these fish have no swim bladder or other gas chamber. They are relatively 
unsusceptible to barotrauma64 and are sensitive only to particle motion rather than 
sound pressure65. This class includes flatfish, sharks, and rays. 

Group 2 
Fish with swim bladders in 
which hearing does not 
involve the swim bladder 

Although fish in this class have a swim bladder and thus the organ is able to respond to 
sound pressure, the swim bladder is not connected to the inner ear hence the hearing 
ability of fish depends only on particle motion. Fish in this class are relatively sensitive 
to only a narrow range of frequencies. 

Group 3 
Fishes with swim bladders 
that are close, but not 
intimately connected, to 
the ear 

Fish in this class are sensitive to both particle motion and sound pressure. They are 
sensitive to a wider range of frequencies compared with Groups 1 and 2. This group 
includes members of the Gadidae, Anguillidae, and Sciaenidae families. 

Group 4 Fish where hearing 
involves a swim bladder 

Fish in this class have a connection between the swim bladder and the inner ear and 
are sensitive to both particle velocity and sound pressure. Species in this class are 
sensitive to sounds over a wide frequency range (~several kHz) and have a higher 
sensitivity than fish in the preceding groups. The group includes members of the 
Holocentridae, Sciaenidae, and Clupeidae families and the large group of otophysan 
fishes. 

Group 5 Fish eggs and larvae 
Studies show that the hearing abilities are similar to those of the adult of the species. 
Swim bladders may develop during the larval stage hence those species are particularly 
sensitive to barotrauma. Popper et al.55 shows that there is very little data on the effects 
of sound or vibration on fish eggs. 

Group 6 Sea turtles 

There is relatively limited data on sea turtle hearing therefore the area is poorly 
understood. Studies of the auditory physiology of sea turtles indicate that the ear 
structure is closer to that found in fish than sea mammals but that they are adapted to 
detect sound pressure changes underwater. Popper et al.55 maintains that until more 
data become available, fish hearing, rather than mammalian hearing, is the better model 
to use for sea turtles. 

In attempting to provide a range of acoustic thresholds at which various impacts might occur, Popper 
et al.55 reviewed data from tests where various fish species had been exposed to impulsive and non-
impulsive sound and their resulting response observed. Impacts were described in terms of: 

• Mortality and Potential Mortal Injury – where the acoustic-related injury is so severe that 
death follows either immediately or shortly very afterwards; 

• Recoverable Injury – where the injury, including hair-cell damage, minor internal or external 
haematoma, is not likely to result in death; 

• TTS – temporary hearing damage which is recoverable over time; 
• Masking – where the man-made sound is sufficiently loud enough that it drowns out e.g., 

vocalisations made by conspecifics or hunting noises made by predators; 
• Behavioural effects – where there is a discernible change in behaviour of the animal when 

exposed to the sound. Such responses include large-scale and long-lasting movements 
away from feeding and breeding sites; or cessation of breeding or spawning activity. 

 
64 Barotrauma is tissue injury caused by a difference in pressure between a gas-filled space inside an organ and the surrounding tissues.  Low levels of 
damage involve stretching of the tissue in tension or shear.  igher levels involve rupture of the tissues which can lead to fatalities. 
65 Hitherto, nearly all audiological investigations on fish have focused on sound pressure as a metric. Very little data have been acquired on the responses 
of fish to particle motion. Attempts are being made by the international research community to address this major knowledge shortfall, see e.g., Popper 
A. N., and A. D. Hawkins, The importance of particle motion to fishes and invertebrates, The Journal of the Acoustical Society of America 143, 470 (2018); 
https://doi.org/10.1121/1.5021594. 
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Subsequently, Popper et al.55 provides threshold levels of noise for fish of all functional hearing 
groups exposed to vessel and continuous noise and these are given in Table AVI.8 using, where 
relevant, SPL rms metrics. 

It is noted that threshold levels representing the onset of Recoverable Injury; and TTS in fish eggs; 
and sea turtles do not currently exist due to insufficient data. Popper et al.55 acknowledges the 
difficulty in ascribing specific distances or a range of distances to the risk of an impact given the 
number of variables that underpin such a decision. They suggest that “near” might be considered to 
be in the tens of metres from the source, “intermediate” in the hundreds of metres, and “far” in the 
thousands of metres”. 

Table AVI.8: Summary of acoustic impact threshold criteria in SPLpeak and unweighted SEL 
metrics for fish functional hearing groups55 exposed to vessel and continuous noise 

Functional hearing 
group 

Mortality and Potential 
Mortal Injury Recoverable Injury TTS 

Fish Group 1 
(N) Low  
(I) Low  
(F) Low 

(N) Low  
(I) Low  
(F) Low 

(N) Moderate 
(I) Low  
(F) Low 

Fish Group 2 
(N) Low  
(I) Low  
(F) Low 

(N) Low  
(I) Low  
(F) Low 

(N) Moderate  
(I) Low  
(F) Low 

Fish Group 3/4 
(N) Low  
(I) Low  
(F) Low 

170 dB rms for 48 h 158 dB rms for 12 h 

Fish eggs and larvae 
Group 5 

(N) Low  
(I) Low  
(F) Low 

(N) Low  
(I) Low  
(F) Low 

(N) Moderate  
(I) Low  
(F) Low 

Sea turtles  
Group 6 

(N) Low  
(I) Low  
(F) Low 

(N) Low  
(I) Low  
(F) Low 

(N) Low  
(I) Low  
(F) Low 

Legend: N-Near distance; I-Intermediate distance; F-Far distance. 

 

AVI.3.3.2. Behavioural Impacts 

Threshold levels may be assigned to the onset of behavioural response in fish species although 
current guidance appears somewhat ambiguous. The US Fish and Wildlife Service (USFWS) works 
with a level of 150 dB re 1 µPa as a threshold for behavioural responses in fish66. Popper et al.55 
state that it is not clear whether this is a peak or rms metric. They also affirm that the corresponding 
criterion does not specify a particular behavioural response or whether it merely assumes that at that 
sound level, there is the potential to experience a behavioural reaction. Furthermore, Hastings67 
declares that the scientific origin of this threshold is unknown and thus the validity of the criterion is 
uncertain. However, in the absence of any data in addition to the guidelines provided by USFWS and 

 
66 Stadler, J.H. and D.P. Woodbury. 2009. Assessing the effects to fishes from pile driving: Application of new hydroacoustic criteria. In: Inter-Noise 2009 
Innovations in Practical Noise Control. 
67 Hastings M. C., (2008) “Coming to terms with the effects of ocean noise on marine animals”. Acoustics Today 4(2):22–34. 
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for the purpose of continuing the analysis contained in the current study, it is decided that a 150 dBrms 
re 1 µPa threshold be used to represent the onset of Low-Level Behavioural Responses in fish. 

With regards to behavioural responses in sea turtles, Finneran and Jenkins68 reviewed a number of 
studies reporting the responses of caged sea turtles when exposed to impulsive-type noises. They 
report that behavioural responses first become evident at received sound levels of 166 dBrms re 1 
µPa. When sound levels are increased to lie in the range 175-179 dBrms re 1 µPa, the reactions are 
more erratic and avoidance behaviour becomes apparent. Accordingly, for the current study, a 
threshold of 175 dBrms re 1 µPa is used to represent the onset of avoidance behaviour in sea turtles. 

 

AVI.4. Underwater Acoustic Propagation Modelling 
AVI.4.1. Introduction 
The following sections describe the acoustic propagation modelling undertaken in order to estimate 
received level variation with distance from the source, specifically the acoustic models used and the 
oceanographic and geo-acoustic69 parameters required as input data for the models. 

 

AVI.4.2. Description of the Models 
Numerous computer models are available to predict acoustic propagation in the marine environment. 
Each model has its own strengths and weaknesses in terms of input requirements and calculation 
methods, although all include some form of description of various environmental parameters, such 
as the water column sound speed profile70 (SSP) and sediment acoustic properties. 

Reviews of a number of acoustic propagation computer programs are given by Buckingham71, 
Jensen et al.72 and Etter73. A number of these have been coded up and are included in the Acoustics 
Toolbox74. The computer programs are based on ray-trace, normal mode, parabolic equation, and 
fast field techniques. Not all programs are equally suitable for use: due consideration must be made 
to the nature of the problem to be addressed and this will guide the user to the most appropriate 
model75. 

 
68 Finneran J. J., Jenkins A. K., “Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis”, SSC Pacific Technical Report, April 
2012. 
69 The term "geo-acoustic" alludes to the type and structure of the sediments that comprise the seabed but instead, described in acoustic terms.  These 
include, amongst others, the speed of sound in the sediment layer, the density of the rock and its layer thickness. 
70 Defined from measurements of sound speed made in the water from the sea surface to the seabed. 
71 Buckingham M.J., "Ocean-acoustic propagation models". Journal d’Acoustique: 223-287 June 1992. 
72 Jensen Finn., Kuperman William., Porter Michael., and Schmidt Henrik., Computational Ocean Acoustics, Springer-Verlag (2000). 
73 Etter Paul C., Underwater Acoustic Modeling and Simulation , 5th Edition, CRC Press, 2018, DOI: https://doi.org/10.1201/9781315166346 
74 An online repository funded by the US Office of Naval Research and containing a number of underwater acoustic propagation loss computer 
programmes.  Found at http://oalib.hlsresearch.com/Modes/AcousticsToolbox/ 
75 Farcas, Adrian, Paul M. Thompson, and Nathan D. Merchant. 2016. “Underwater Noise Modelling for Environmental Impact Assessment.” 
Environmental Impact Assessment Review 57: 114–22. 
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It is required to carry out a two-dimensional (2D) (in depth and distance) frequency-dependent 
analysis for a given sound speed profile in a varying-depth ocean waveguide which overlies a range-
dependent, acoustically absorbent seabed sediment. In addition, the water depth is an important 
factor to be taken into account. The programs used for the analysis undertaken in this report are 
BELLHOP76 – based on the ray-trace method; and RAM77,78 – based on the parabolic equation. Both 
programs provide a solution that is valid over a limited frequency, water depth, and range regime: 
parabolic-equation models are optimised for use at lower frequencies while ray-trace models tend to 
be most suitable for high frequencies.   

The noise sources discussed in Section AVI.2, each generate noise over a wide range of frequencies 
although the bulk of the acoustic energy tends to be carried at low frequencies, i.e., <~1 kHz, hence 
it is considered acceptable to use both the BELLHOP and RAM models such that the whole 
frequency range of interest is covered. The transition frequency at which it is appropriate to switch 
from one model to the other is related to the wavelength of the noise compared with the water depth. 
Buckingham71 declares that ray modelling is satisfactory when the wavelength is very much less than 
any of the length scales in the problem. An appropriate length scale to be considered, is the water 
depth at the modelling origin. Etter73 quantifies this by using a factor of 8-10 leading to a switchover 
frequency of around 8 Hz in the project area. 

The two propagation models are classed as range-dependent which is to say they can deal with 
changes in water depth or SSP over increasing distance from the point of origin. The quality of the 
modelling results is therefore highly dependent on obtaining site- and time-specific data. The sources 
of data used as inputs to the propagation modelling process are discussed below. 

 

AVI.4.3. Transect Bathymetry 
Water depth data was taken from the bathymetry database GEBCO 202379. This is a database of 
water depths having global coverage and a resolution of 15 arc-seconds (corresponding to a spatial 
separation of around 0.45 km in the vicinity of the Area 4 Project Area). 

Navigation charts80 show that Area 4 is a deep-water region. Water depths are greatest towards the 
east of the Project Area while towards the west, they decrease gradually as the Quirimbas 
archipelago and Mozambique mainland is approached. 

In order to capture the depth variation over the wider project area, a set of 12 equally spaced 
transects were used and these were centred at the nominal Coral North site. The transects 
themselves are approximately 40 km in length thus just spanning the distance between the Coral 
FLNG mooring site and the nearest coastline of the Quirimbas Islands to the west. 

 
76 Porter M. B., “The Bellhop Manual and User’s Guide” 2011.  Accessed at http://oalib.hlsresearch.com. 
77 Collins, M. D., “Applications and time-domain solution of higher-order parabolic equations in underwater acoustics”, Journal of the Acoustical Society 
of America, 86(3), 1097–1102, 1989. 
78 Collins, M. D., “A split-step Padé solution for the parabolic equation method”, Journal of the Acoustical Society of America, 93(4), 1736–1742, 1993. 
79 GEBCO Compilation Group (2023) GEBCO 2023 Grid (doi:10.5285/f98b053b-0cbc-6c23-e053-6c86abc0af7b).  Accessed at 
https://www.gebco.net/data_and_products/gridded_bathymetry_data/ 
80 Admiralty Chart 2927 - Mozambique And Tanzania, Pemba To Mtwara, 1:300 000, ©Crown Copyright 2008 UK Hydrographic Office. 
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The modelling approach introduced above is termed Nx2D acoustic propagation modelling where 2D 
sound fields (in depth and range) are generated on each of N transects. Although this process gives 
the impression of a 3D sound field this is somewhat illusory as horizontal refraction is not permitted 
by the computer programs used in this task. Horizontal refraction could arise due to e.g., sound 
propagation through an ocean eddy or by sound being refracted around a seamount. In both 
examples, the curvature of the wavefront in the horizontal plane becomes non-negligible and the 
above-mentioned features located on one transect may subsequently influence the acoustic field on 
adjacent transects. To address these scenarios, full 3D acoustic propagation programmes should 
strictly be used81. However, those that exist are currently only suitable for research-type tasks and 
do not yet have the provenance that would justify their use in the current study. It is worth 
emphasising, that the resulting 2D sound fields are not themselves based on 2D geometrical 
spreading where acoustic wavefronts would be modelled as propagating over the perimeter of a 
circle82. For example, the ray-trace model BELLHOP is developed from a mathematical solution of 
the Helmholtz equation which itself is based on the 3D wave equation given in cylindrical 
coordinates72. 

 

AVI.4.4. Oceanographic Data 
Oceanographic data was obtained through the World Ocean Atlas (WOA, 200983). This consists of 
gridded monthly samples of temperature, salinity, and depth and from which, sound speed profiles 
in the vicinity of the Project Area, may be reconstructed with the aid of the Chen-Millero84 relationship. 

Thus far in the Project timeline, dates have not been set over which any specific construction activity 
may take place. However, it is understood that the Coral FLNG will be operational all year round. It 
is considered impractical to undertake acoustic modelling for each month of the year given the sheer 
quantity of data that would need to be generated. To address this, the monthly sound speed profiles 
for the Project Area are reviewed in order to determine which profiles are most likely to give rise to 
maximum and minimum acoustic propagation conditions over the course of the year. Sound speed 
profiles extracted from the WOA for each month of the year are given in Figure AVI.6. It will be seen 
that only the topmost 500 m are plotted as, below the main thermocline from a depth of approximately 
800 m, all the profiles converge. 

The climate of coastal Mozambique is driven by the East African extension of the Indian Ocean 
monsoon. Metocean data85 show that winds blow from the north-west through to the south while the 
predominant direction is from the southeast. As a result, the climate can be divided up into a number 
of distinct seasons: hot and rainy from November to March; dry from May to October; and cool from 
mid-May to mid-August. Figure AVI.6 shows that there is relatively little variation in the nature of the 
sound speed profile from month to month and where any differences arising are attributed to the 

 
81 http://oalib.hlsresearch.com/ThreeD/index.html 
82 Liner C. L., Elements of 3D Seismology, 3rd edition, SEG Books, 2016 
83 World Ocean Atlas dataset 2009, available for download at www.nodc.noaa.gov/OC5/WOA09/pr_woa09.html 
84 C-T. Chen and F. J. Millero, (1977), “Speed of Sound in Seawater at High Pressures”. Journal of the Acoustical Society of America, 32(10), p 1357 
85 Metocean Design Basis For FLNG (CORAL) 440200FGRF02014 
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small fluctuations in temperature and rainfall. A high-level analysis of the sound speed profiles 
indicates that extremes of acoustic propagation are likely to arise during the months of March and 
August. Subsequently, SSPs for the months of March and August are taken forward for use in the 
propagation modelling discussed in this report. 

 
Figure AVI.6: (a) Monthly sound speed profiles for the Area 4 region; and 

(b) sound speed profiles for the months of March and August 

 

AVI.4.5. Seabed Geoacoustics 
Brownfield86 undertook an assessment of the hydrocarbon resource potential off the coast of 
Mozambique including the region covered by Area 4. Stratigraphic data indicates that the Rovuma 
Delta Complex consists of sandstone traps contained in a marine shale/siltstone-sandstone horizon 
some 2000 m thick. Drawing on the Folk sediment classification87,88, a thick clay-silt layer is assumed 
to overlie a sandstone basement. Hamilton89,90,91 provides advice on geoacoustic parameters and 
from this, corresponding sound speed, density and attenuation data were obtained and these are 
summarised in Table AVI.9 below. It is pointed out that both the sediment layer and the underlying 
semi-infinite bedrock are treated as elastic solids where both compressional (or primary (P)) waves 
and shear (or Secondary (S)) waves are supported. Given the thickness of the clay-silt layer, it is 
considered unlikely that the sandstone basement will contribute much to acoustic losses. 

 
86 Brownfield, M.E., 2016, Assessment of undiscovered oil and gas resources of the Mozambique Coastal Province, East Africa, in Brownfield, M.E., 
compiler, Geologic assessment of undiscovered hydrocarbon resources of Sub-Saharan Africa: U.S. Geological Survey Digital Data Series 69–GG, 
chap.10, 13 p., http://dx.doi.org/10.3133/ds69GG.  ISSN 2327-638X (online) 
87 Folk, R.L., 1954. The distinction between grain size and mineral composition in sedimentaryrock nomenclature. The Journal of Geology, 62, 344-359. 
88 Long, D., 2006. BGS detailed explanation of seabed sediment modified Folk classification. Available from: http://www.emodnet-
seabedhabitats.eu/PDF/GMHM3_Detailed_explanation_of_seabed_sediment_classification.pdf 
89 E.L. Hamilton: Sediment Sound Velocity Measurements made In Situ from Bathyscaph TRIESTE, Journal of Geophysical Research 68 (1963) pp. 
5991-5998.  
90 E.L. Hamilton: Sound velocity and related properties of marine sediments, North Pacific, Journal of Geophysical Research 75 (1970) pp. 4423-4446.  
91 E.L. Hamilton: Compressional-wave attenuation in marine sediments, Geophysics 37 (1972) pp. 620-646. 

http://dx.doi.org/10.3133/ds69GG
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Table AVI.9: Seabed sediment profile and bedrock properties for the Project Area 

Depth below 
seafloor  

m 
Layer 

P-wave 
velocity  
Vp m/s 

S-wave 
velocity  
Vs m/s 

Density  
kg/m3 

P-wave 
attenuation 
dB/m/kHz 

S-wave 
attenuation 
dB/m/kHz 

0 

Clayey silt 

1528 185 1.454 1.032 3.196 

100 1651 397 1.589 1.038 6.863 

500 2027 619 2.111 0.879 10.714 

1000 2348 869 2.672 0.540 15.041 

2000 3228 1556 3.566 0.742 26.916 

>2000 Sandstone 3913 2090 2.360 1.364 36.159 

 

AVI.4.6. Source Modelling Parameters 
Sound emitted by the vessels, the FLNG thrusters, and from drilling activities, is characterised by a 
generally continuous noise covering a wide range of frequencies (see Section AVI.2). In order to 
model the underwater acoustic environment, the approach is to divide the source frequency 
bandwidth into 1/3rd octave bands92 where each band has a given spectral level, centre frequency 
and bandwidth; and then to use a frequency-domain type program (such as those discussed above) 
for subsequent propagation modelling. The 1/3rd octave centre frequencies thus selected cover the 
frequency range of interest and are listed in Table AVI.10 while the corresponding 1/3rd octave band 
levels are obtained from Section AVI.2 for the noise created by vessel and drilling noise. 

Table AVI.10: Acoustic modelling parameters 

Parameter Value 

Noise source Vessel inc. FLNG Drilling 

Source depth [m] 5 At seabed 

Frequency [Hz] 
10, 12.5, 16, 20, 25, 31, 40, 50, 63, 80, 

100, 125, 160, 200, 250, 315, 400, 500, 630, 800, 
1k, 1.25k, 1.6k, 2k, 2.5k, 3.15k, 4k, 5k, 6.3k, 8k, 

10k, 12.5k, 16k, 20k, 25k, 31.5k, 63k 

SSP - March   

SSP - August   

 

AVI.4.7. Sound Propagation Modelling Scenarios 
Using the bathymetric and geoacoustic data given in the preceding sections, propagation loss data 
was generated along a total of 12 transects radiating from the modelling centre using SSPs 
representing oceanography for the months of March and August.  

The propagation loss data is generated at each of the 1/3rd octave band frequencies given in Table 
AVI.10. The frequency-dependent propagation loss is subtracted from the corresponding 1/3rd octave 

 
92 Kinsler, L.E., Frey, A.R., Coppens, A.B. & Sanders, J.V. (1999), Fundamentals of Acoustics, 4th edn. Wiley, NJ. 
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band source levels for each noise source (provided in Section AVI.2) in order to derive propagated 
SPL data as a function of distance from the activity site. A discussion of the results generated by this 
stage is given in the following section. 

 

AVI.5. Modelling Results 
AVI.5.1. Introduction 
This section of the report describes the results of some of the acoustic propagation modelling 
undertaken in Section AVI.4. It discusses the physical aspects of acoustic propagation where the 
distribution of noise underwater is a function of the bathymetry, SSP, and seabed geoacoustics 
alone. As representative examples, the underwater noise propagation due to the FLNG and to drilling 
are examined where these have the highest and lowest source noise levels respectively (see Section 
AVI.2). For each noise source, unweighted sound levels as a function of depth and distance are 
discussed below. 

 

AVI.5.2. FLNG Noise 
The results from the acoustic propagation modelling indicate that sound pressure levels at any given 
depth and distance are dependent upon the nature of the SSP and, to a lesser extent given the large 
water depths, the underlying bathymetry. In order to illustrate this, the FLNG operational modelled 
over two representative transects and two seasons are discussed below. 

Figure AVI.7 shows contoured SPL for FLNG operational noise modelled using the March SSP along 
the 0° bearing transect radiating from the modelling site. The water depth undulates between around 
1700 m and 2000 m over a transect length of 50 km. Although the noise source, predominantly the 
thrusters, are at a depth of 7 m thus lying in the surface duct of the SSP, the acoustic energy is 
directed largely towards the seabed and this is attributed to the downward refracting nature of the 
SSP below a depth of 500 m or so. Noise levels fall from 189 dBrms re 1 µPa at the point of origin to 
around 140 dB re 1 µPa at a distance of 2 km. From a distance of 10 km, some structure in the noise 
field becomes evident where seabed reflections return levels of acoustic energy back towards the 
sea surface. There appears a concentration of energy over the depth range 100 – 200 m at a distance 
of 30 km where noise levels are seen to be around 10-15 dB higher than outside the zone. At a 
distance of 50 km, noise levels are lying in the range 105-110 dBrms re 1 µPa and therefore lie close 
to the overall background noise levels recorded during the OEBS noise survey (ERM, 2016). 

Figure AVI.8 shows the FLNG noise propagating along the 270° transect over a distance of 
approximately 42 km. This is one of the shortest modelling transects where it will be seen that water 
depths decrease from 1765 m at 0 km to less than 100 m at the end of the modelling transect which 
lies close to the Quirimbas Islands and the Mozambique mainland. Noise levels fall to around 140 
dB re 1 µPa at a distance of 2 km. At a distance of 42 km, noise levels are down to 105 -110 dB re 
1 µPa. 
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The oceanography discussed in Section AVI.4 indicates small differences in the nature of the SSP 
over the topmost 500 m of the water column. In order to demonstrate the practical effect of these 
differences, noise levels were modelled using the August SSP along the 0° transect, shown in Figure 
AVI.9, and along the 270° transect shown in Figure AVI.10. It will be seen that noise levels fall to 140 
dB re 1 µPa over the range 1.5 – 2 km while at a distance of 50 km, noise levels lie in the range 100-
105 dB re 1 µPa.  Any differences attributed to the nature of the SSP are therefore considered minor. 

 

Figure AVI.7: Contour plot of SPL as a function of depth and distance from mooring site 
generated by the Coral North FLNG modelled along a bearing of 0° using March 

oceanographic conditions 

 

Figure AVI.8: Contour plot of SPL as a function of depth and distance from mooring site 
generated by the Coral North FLNG modelled along a bearing of 270° using March 

oceanographic conditions 

 

Figure AVI.9: Contour plot of SPL as a function of depth and distance from mooring site 
generated by the Coral North FLNG modelled along a bearing of 0° using August 

oceanographic conditions 
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Figure AVI.10: Contour plot of SPL as a function of depth and distance from mooring site 

generated by the Coral North FLNG modelled along a bearing of 270° using August 
oceanographic conditions 

 

AVI.5.3. Drilling Noise 
Figure AVI.11 shows the underwater noise propagating away from the drilling vessel modelled along 
the 0° transect using the March SSP. Propagated noise levels are substantially lower when 
compared with the results for FLNG noise seen above. At distances of <1km and within a depth of 
400 m below the noise source, noise levels have fallen to 140 dB re 1 µPa. The structure of the noise 
field becomes evident at 30 km and over the depths 100-200 m where a small zone of intensity 
results in noise levels being around 20 dB higher compared with levels outside. At the end of the 
transect, noise levels are in the range 80-85 dB re 1 µPa and therefore probably below the 
background noise levels expected in this region. 

Figure AVI.12 shows noise levels modelled along the 270° transect. A number of seabed reflections 
are noted from 10 km onwards and these contribute to there being several zones where resulting 
noise levels are around 10 dB higher than in surrounding regions. As the noise propagates upslope, 
energy is increasingly stripped out of the water column and becomes absorbed into the seabed. 
Subsequently, at a distance of 42 km, noise levels are down to 85 dB re 1 µPa. 

Figure AVI.13 and Figure AVI.14 show propagated noise levels modelled using the August SSP 
along the 0° and 270° transects respectively. There is seen to be little substantial difference between 
noise levels at any given location in the water column compared with those modelled using the March 
SSP and discussed above. For each scenario, modelled noise levels are down to around 85 dB re 1 
µPa at distances of 40-50 km from the point of origin and are therefore likely to fall below background 
noise levels. 

These eight figures indicate that the SPL at any given distance is largely dependent on the nature of 
the bathymetry and that differences in the SSP arising over the course of the year have relatively 
little effect on ensuing noise levels. In addition, it must be emphasised that the bathymetry sections 
as displayed in the figures above relate uniquely to the given modelling point and to the specific 
transects radiating therefrom. Along each transect, the nature of the bathymetry varies from location 
to location and this will subsequently affect to some extent, the propagation of noise through the 
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water. Accordingly, the distances over which each acoustic impact is met will vary along each 
modelled transect radiating from each modelled point. Impact distances are summarised in the next 
Section. 

 
Figure AVI.11: Contour plot of SPL as a function of depth and distance from mooring site 
generated by the Coral North drilling vessel modelled along a bearing of 0° using March 

oceanographic conditions 

 
Figure AVI.12: Contour plot of SPL as a function of depth and distance from mooring site 
generated by the Coral North drilling vessel modelled along a bearing of 270° using March 

oceanographic conditions 

 
Figure AVI.13: Contour plot of SPL as a function of depth and distance from mooring site 
generated by the Coral North drilling vessel modelled along a bearing of 0° using August 

oceanographic conditions 
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Figure AVI.14: Contour plot of SPL as a function of depth and distance from mooring site 

generated by the Coral North drilling vessel modelled along a bearing of 270° using August 
oceanographic conditions 

 

AVI.6. Acoustic Impact Modelling Results 
AVI.6.1. Introduction 
The previous section discussed the propagation of noise through the marine environment that is 
generated by various project activities at the Coral North Project Site within Area 4. This section 
determines the distances at which noise levels fall to below the threshold levels associated with each 
of the potential impacts discussed in Section AVI.3.   

The discussion commences on the assumption that the receptor is stationary. Distances over which 
each acoustic impact criterion are met are modelled using SPL and SEL metrics. In each case, a 
binary approach is followed with regards to quantifying the impact where the impact criterion 
corresponding to the onset of e.g., PTS, is either met or not met. This is followed by a discussion of 
the cumulative impacts arising on a receptor when exposed to the underwater noise generated by 
two FLNGs, one in each of the Coral North and Coral South fields. Each procedure is discussed 
below. 

 

AVI.6.2. Physiological and Behavioural Impacts 
Acoustic impacts can arise on a receptor following a single exposure to a loud noise or following 
continued exposure to a lower-level of noise although over an extended period of time. For this latter 
consideration, NMFS guidance93 recommends a baseline accumulation period of 24 hours for 
comparative purposes. However, the guidance also acknowledges that there may be situations 
where this accumulation period requires adjustment hence shorter or longer exposure durations may 
also be specified. Accordingly, a range of exposure durations are considered varying from 30 minutes 
up to 24-hours. The range of time exposures considered take into account the various periods over 

 
93 National Marine Fisheries Service. 2018. 2018 Revisions to: Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal 
Hearing (Version 2.0): Underwater Thresholds for Onset of Permanent and Temporary Threshold Shifts. U.S. Dept. of Commer., NOAA. NOAA Technical 
Memorandum NMFS-OPR-59, 167 p. 
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which an animal may be exposed to the impactful noise. The shorter exposure durations are 
appropriate for animals transiting rapidly through the Project Area while the longer periods are 
deemed more appropriate for slower moving animals and for those species which are habitat-
constrained. 

Impact distances modelled at the Project Site, using variously, SPL metrics and unweighted and M-
weighted SEL metrics for a range of exposure durations, are given in Table AVI.11 through to Table 
AVI.17. A number of overarching conclusions are drawn from the results: 

• Impact distances modelled using August oceanography tend (but not exclusively so) to be 
longer than those modelled using March oceanography; 

• When exposed to vessel noise (viz. AHTS, Installation vessel, MPV and PSV), the VHF 
cetacean is the most sensitive marine mammal FHG. For an operational period of 24 hours, 
the PTS and TTS impact criteria extend over distances of 51 m and 561 m respectively. The 
least sensitive FHG are the HF cetacean and SI sirenia where both the PTS and TTS impact 
criteria are met at distances of <10 m; 

• For all marine mammal FHG, the Level B Behavioural Response criterion covers a maximum 
distance of 3468 m; 

• When exposed to noise from the drilling vessel, over an operational period of 24 hours, the 
LF cetacean is the most sensitive of marine mammal FHG. The modelling indicates that 
noise levels are insufficient to meet the threshold for PTS impact criterion except at distances 
<10 m while the TTS impact criterion extends to a maximum distance of 100 m. The Level B 
Behavioural Response criterion covers a maximum distance of 258 m; 

• Although there are no recorded data against which suction piling noise can be assessed, the 
discussion in Section 4 indicates that this is a low-noise activity. As a result, it is suggested 
that the impact distances for drilling noise may also be applied to suction piling noise; 

• When exposed to FLNG operational noise, the most sensitive FHG is the VHF cetacean. 
Over an operational period of 15 hours (representing the approximate maximum period of 
daily operations), the PTS impact criterion is met at a maximum distance of 258 m while the 
TTS impact criterion extends to 7.9 km. The least sensitive FHG is the SI sirenia where the 
PTS impact criterion is met at distances less than 10 m while that for TTS extends to 153 m. 
The Level B Behavioural response for all marine mammals is met over a distance out to 
33 km; 

• All fish groupings are insensitive to continuous type noise. Based on the modelling 
undertaken herein, the likelihood of physiological damage arising on all fish FHG exposed 
to continuous noise is low. However, it is noted that fish may still be killed if at very close 
proximity to the noise-generating activity; 

• Fish and sea turtle species are assessed using SPL metrics. When exposed to vessel noise 
(viz. AHTS, Installation vessel, MPV and PSV), both the Recoverable Injury and the TTS 
impact criteria are met at distance of <10 m for Group 3 and Group 4 fish (being the most 
audiologically sensitive of fish groupings). The Low-Level Behavioural Response criterion is 
met over a maximum distance of 51 m for all fish groupings; 
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• Drilling noise is low level in intensity. Neither the Recoverable Injury, TTS nor the Low-Level 
Behavioural Response impact criteria are met for fish species at distances beyond 10 m. 
Given similar low noise levels, these impact distances may also be applied to suction piling 
noise; 

• FLNG operational noise results for fish species in the Recoverable Injury impact criterion 
extending over less than 10 m while the TTS impact criterion extends to 51 m. The Low-
Level Behavioural Response covers a maximum distance of 172 m; 

• Sea turtles are insensitive to all the noise generating activities. The Aversive Response 
criterion is met at distances of <10 m from all noise sources. 

Summaries of maximum impact distances for physiological and behavioural impacts on each marine 
mammal, fish, and sea turtle FHG assessed using SPL and SEL metrics are given in Annexes VI.A 
to VI.F for each of the noise-generating activities at the Coral North Project Site. 

 
Table AVI.11: Summary of maximum impact ranges in metres over all transects for marine 

mammals in the Area 4 region when exposed to AHTS vessel noise 

Functional 
hearing group Impact Threshold 

Maximum impact range [metres] 

0.5 hr 1 hr 2 hr 4 hr 8 hr 12 hr 24 hr 

Mlf 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 <10 <10 51 86 102 153 

Mhf 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

Mvhf 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 43 51 86 129 153 215 

Msi 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

All Level B 120 dB re 1 µPa rms 392 

 

Table AVI.12: Summary of maximum impact ranges in metres over all transects for marine 
mammals in the Area 4 region when exposed to Installation Vessel noise 

Functional 
hearing group Impact Threshold 

Maximum impact range [metres] 

0.5 hr 1 hr 2 hr 4 hr 8 hr 12 hr 24 hr 

Mlf 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s 51 51 102 153 215 258 392 

Mhf 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

Mvhf 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s 51 51 102 153 215 258 430 

Msi 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

All Level B 120 dB re 1 µPa rms 2346 
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Table AVI.13: Summary of maximum impact ranges in metres over all transects for marine 
mammals in the Area 4 region when exposed to Multi-Purpose Vessel noise 

Functional 
hearing group Impact Threshold 

Maximum impact range [metres] 

0.5 hr 1 hr 2 hr 4 hr 8 hr 12 hr 24 hr 

Mlf 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 51 
TTS 179 dB re 1 µPa2.s 51 102 153 215 301 357 516 

Mhf 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

Mvhf 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 51 
TTS 153 dB re 1 µPa2.s 51 102 153 215 294 357 561 

Msi 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

All Level B 120 dB re 1 µPa rms 3468 

 

Table AVI.14: Summary of maximum impact ranges in metres over all transects for marine 
mammals in the Area 4 region when exposed to Platform Supply Vessel noise 

Functional 
hearing group Impact Threshold 

Maximum impact range [metres] 

0.5 hr 1 hr 2 hr 4 hr 8 hr 12 hr 24 hr 

Mlf 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 51 51 102 153 172 258 

Mhf 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

Mvhf 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 51 51 102 153 172 258 

Msi 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

All Level B 120 dB re 1 µPa rms 1326 

 

Table AVI.15: Summary of maximum impact ranges in metres over all transects for marine 
mammals in the Area 4 region when exposed to Drilling noise and Suction Piling noise 

Functional 
hearing group Impact Threshold 

Maximum impact range [metres] 

0.5 hr 1 hr 2 hr 4 hr 8 hr 12 hr 24 hr 

Mlf 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 <10 <10 <10 51 51 100 

Mhf 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

Mvhf 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

Msi 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 <10 

All Level B 120 dB re 1 µPa rms 258 
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Table AVI.16: Summary of maximum impact ranges in metres over all transects for marine 
mammals in the Area 4 region when exposed to FLNG operational noise 

Functional 
hearing group Impact Threshold 

Maximum impact range [metres] 

0.5 hr 1 hr 2 hr 4 hr 8 hr 15 hr 

Mlf 
PTS 199 dB re 1 µPa2.s <10 43 51 100 129 200 
TTS 179 dB re 1 µPa2.s 357 510 750 1050 1500 2050 

Mhf 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s 43 51 86 102 172 215 

Mvhf 
PTS 173 dB re 1 µPa2.s 51 51 102 153 215 258 
TTS 153 dB re 1 µPa2.s 561 784 1950 2989 4730 7956 

Msi 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 51 51 102 153 

All Level B 120 dB re 1 µPa rms 33100 

 

Table AVI.17: Summary of maximum distances in metres at which SPL has fallen to 
threshold level for Mortality, Recoverable Injury and Behavioural reactions for stationary 

fish groups exposed to noise generating activities in the Area 4 Project Area 

Activity Impact Gp 1 Gp 2 Gp 3 Gp 4 Sea turtle 

AHTS vessel 
Recov Inj N/A N/A <10 N/A  

TTS N/A N/A N/A <10  
Behavioural <10 <10 

Installation vessel 
Recov Inj N/A N/A <10 N/A  

TTS N/A N/A N/A <10  
Behavioural 51 <10 

Multi-Purpose Vessel 
Recov Inj N/A N/A <10 N/A  

TTS N/A N/A N/A <10  
Behavioural 51 <10 

Project Supply Vessel 
Recov Inj N/A N/A <10 N/A  

TTS N/A N/A N/A <10  
Behavioural <10 <10 

Drilling & Suction 
piling 

Recov Inj N/A N/A <10 N/A  
TTS N/A N/A N/A <10  

Behavioural <10 <10 

FLNG operation 
Recov Inj N/A N/A <10 N/A  

TTS N/A N/A N/A 51  
Behavioural 172 <10 
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AVI.6.3. Cumulative Operational Noise from Coral North and Coral 
South FLNGs 

The preceding sections have presented the results when a noise generating activity takes place at 
one site only. The resulting impact ranges can be thought of conceptually as an acoustic footprint 
centred on the noise site where the PTS and TTS impact criteria are met at increasingly greater 
distances. This is shown schematically in Figure AVI.15(a). 

 

 

 

 

 

 

 

Figure AVI.15: Schematic showing (a) single noise-generating site and impact zones; and 
(b) adjacent noise-generating sites with overlapping zones 

When a noise-generating activity takes place at a second site in relatively close proximity to the first, 
the individual acoustic footprint zones may overlap. In the overlap region, the SPLs (and 
consequently, the SELs) will be greater than would result if only one noise-generating site was active. 
This may be thought of as an example of an additive exposure and is shown schematically in Figure 
AVI.15(b). 

It is understood that the Coral South development in the southern part of Area 4 was commissioned 
in late 2022 and the Coral Sul FLNG is now fully operational. It is expected that the Coral North 
development will become operational in 2027 when a new FLNG becomes available and is hooked-
up to its mooring site which is located a distance of 12.9 km north north-west of the Coral South site. 
Consequently, the two FLNG’s will be moored at their respective sites at the same time, and there 
may be occasions where the thrusters on the two FLNGs would be used at the same time for 
offloading and /or helicopter operations at the respective FLNG. The noise generated by each has 
the potential to generate acoustic zones which may overlap to a greater or lesser degree. Potential 
cumulative impacts arising from the FLNG operational noise generated simultaneously at the two 
sites are discussed below. 

 

AVI.6.3.1. Cumulative SEL and Level B Impacts 

Figure AVI.16 shows the variation in SPL generated at FLNG N (denoted by SPL1 in the figure) in 
isolation. Similarly, FLNG S (denoted by SPL2) is located at a separation of 12.9 km and the SPL 
variation with distance in isolation is also shown. At a distance of 10 km, FLNG S contributes 
relatively little energy to the acoustic field in the vicinity of FLNG N (and vice-versa). The combined 
SPL (denoted by SPLtot) is given by the linear sum of the SPLs. The SPLtot is m-weighted to take into 

(a) Impact zones from one site in isolation 

Impact zone Z1 

Impact zone Z2 

(b) Impact zones from two adjacent sites 

Overlap region having 
higher sound levels 

Noise site 
Noise sites 
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account, in this case, the hearing sensitivity of LF cetaceans, and the cumulative SEL is determined 
for exposure durations of 1 hour, 2 hours, 4 hours, 8 hours, and 15 hours. 

For an exposure duration of 1 hour, the cumulative SEL (SELcum) falls from 223 dB re 1 µPa2.sec at 
0 km to 199 dB re 1 µPa2.sec (corresponding to the threshold representing the onset of PTS for the 
LF cetacean FHG) at a distance of 50 m from FLNG N. The SELcum decreases further down to the 
threshold representing the onset of TTS (179 dB re 1 µPa2.sec) at a distance of 550 m from FLNG 
N. Similarly, from the perspective of FLNG S, the SELcum falls to the PTS threshold at a distance of 
(12900 –50) = 12850 m, and to the TTS threshold at a distance of (12900 –550) = 12350 m from 
FLNG N respectively. In the first case, this leaves a “sea corridor” of 12.85 km breadth in which the 
SELcum is below the PTS threshold while in the second case, the corridor is 12.35 km in extent. 
Consider now an exposure duration of 15 hours, the SELcum falls to the PTS and TTS thresholds at 
approximately 200 m and 2050 m from FLNG N respectively. This leads to a sub-PTS region between 
the two FLNGs of 12.5 km and to a sub-TTS region of 8.8 km. 

Similarly, the variation of SELcum for a range of exposure durations are given in Figure AVI.17 for HF 
cetaceans, in Figure AVI.18 for VHF cetaceans and in Figure AVI.19 for SI sirenia. 

For each marine mammal FHG, distances at which the SELcum falls to the PTS and TTS thresholds 
and the width of the sub-PTS and sub-TTS regions or “gap” between the two facilities, are given in 
Table AVI.18 through to Table AVI.21 for each marine mammal FHG. 

The tabulated results indicate that, in general, the region between the two FLNG at which the SELcum 
meets neither the PTS nor TTS thresholds, decreases as the exposure duration increases. More 
specifically, for the LF cetacean (Table AVI.18), there is no region of sea where the SELcum remains 
above the thresholds representing the onset of either PTS or TTS for any of the exposure durations 
modelled.   

The impact modelling discussed in Section AVI.4 indicates that the HF cetacean FHG is relatively 
insensitive to FLNG noise. As a result, Table AVI.19 shows that for an exposure duration of 24 hours, 
the gap between the FLNGs through which the animals can pass where the SELcum remains below 
the PTS and TTS thresholds, is no smaller in width than 12.8 km and 12.4 km respectively. 

The VHF cetacean FHG is the most sensitive of marine mammal groupings to FLNG operational 
noise. The modelling results, given in Table AVI.20, show that for an operational period of 15 hours, 
the sub-PTS gap between the two FLNG platforms remains above 12.2 km. However, the modelling 
results show that during the month of August, for an exposure duration of 15 hours, the sub-TTS gap 
has closed entirely. 

At an exposure duration of 15 hours, the SELcum breaches the TTS threshold frequently in the region 
between the two FLNG platforms. Over the ranges 5 km to 10 km, the SELcum fluctuates between 
153 dB re 1 µPa2.sec and 155 dB re 1 µPa2.sec. The SELcum only falls permanently below the TTS 
threshold at a distance of 16.6 km from FLNG N (and hence 3.7 km from FLNG S). 

The SI sirenia FHG is relatively insensitive to FLNG operational noise. Table AVI.21 shows that for 
an exposure duration of 24 hours, the gap between the two FLNG platforms through which the 
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animals can pass where the SELcum remains below the PTS and TTS thresholds, is no smaller in 
width than 12.8 km and 12.5 km respectively. 

Cumulative SPLs may also give rise to behavioural impacts which are assessed using the Level B 
impact criterion. For continuous-type noise, the Level B threshold is 120 dB re 1 µPa rms and this is 
applied to all marine mammal groupings using unweighted SPLs. Taking into account the conversion 
factor given in Section AVI.3, the cumulative SPL arising from both FLNGs in operation 
simultaneously, is shown in Figure AVI.20. 

It will be seen that the minimum cumulative SPL in the region between the two facilities remains 
above the Level B threshold by 6-7 dB. The cumulative SPL eventually falls below the threshold 
35.8 km in March while the corresponding distance for the month of August is 36 km. 

 
Figure AVI.16: Cumulative SEL as a function of distance modelled for LF cetaceans 

exposed to noise generated during simultaneous operations from the Coral North and 
Coral South FLNGs 

 

 
Figure AVI.17: Cumulative SEL as a function of distance modelled for HF cetaceans 

exposed to noise generated during simultaneous operations from the Coral North and 
Coral South FLNGs 
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Figure AVI.18: Cumulative SEL as a function of distance modelled for VHF cetaceans 
exposed to noise generated during simultaneous operations from the Coral North and 

Coral South FLNGs 

 

 
Figure AVI.19: Cumulative SEL as a function of distance modelled for SI sirenia exposed to 

noise generated during simultaneous operations from the Coral North and Coral South 
FLNGs 

 

 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVI.39 

 

 
Figure AVI.20: Cumulative SPL as a function of distance modelled for all marine mammal 

groupings exposed to noise generated during simultaneous operations from the Coral 
North and Coral South FLNGs 
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Table AVI.18: Summary of impact distances in metres and width of sub-threshold “sea 
corridor” or gap between FLNG N and FLNG S for LF cetaceans 

Exposure 
duration Impact Threshold 

March August 

Impact 
distance Gap Impact 

distance Gap 

1 hour 
PTS 199 dB re 1 µPa2.s 50 12800 50 12800 

TTS 179 dB re 1 µPa2.s 550 11800 600 11700 

2 hours 
PTS 199 dB re 1 µPa2.s 100 12700 100 12700 

TTS 179 dB re 1 µPa2.s 750 11400 850 11200 

4 hours 
PTS 199 dB re 1 µPa2.s 150 12600 150 12600 

TTS 179 dB re 1 µPa2.s 1050 10800 1200 10500 

8 hours 
PTS 199 dB re 1 µPa2.s 150 12600 150 12600 

TTS 179 dB re 1 µPa2.s 1450 10000 1850 9200 

15 hours 
PTS 199 dB re 1 µPa2.s 200 12500 250 12400 

TTS 179 dB re 1 µPa2.s 2050 8800 2750 7400 

 

Table AVI.19: Summary of impact distances in metres and width of sub-threshold “sea 
corridor” or gap between FLNG N and FLNG S for HF cetaceans 

Exposure 
duration Impact Threshold 

March August 

Impact 
distance Gap Impact 

distance Gap 

1 hour PTS 198 dB re 1 µPa2.s 50 12800 50 12800 

TTS 178 dB re 1 µPa2.s 100 12700 100 12700 

2 hours PTS 198 dB re 1 µPa2.s 50 12800 50 12800 

TTS 178 dB re 1 µPa2.s 100 12700 100 12700 

4 hours PTS 198 dB re 1 µPa2.s 50 12800 50 12800 

TTS 178 dB re 1 µPa2.s 150 12600 150 12600 

8 hours PTS 198 dB re 1 µPa2.s 50 12800 50 12800 

TTS 178 dB re 1 µPa2.s 200 12500 200 12500 

15 hours PTS 198 dB re 1 µPa2.s 50 12800 50 12800 

TTS 178 dB re 1 µPa2.s 250 12400 250 12400 
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Table AVI.20: Summary of impact distances in metres and width of sub-threshold “sea 
corridor” or gap between FLNG N and FLNG S for VHF cetaceans 

Exposure 
duration Impact Threshold 

March August 

Impact 
distance Gap Impact 

distance Gap 

1 hour 
PTS 173 dB re 1 µPa2.s 100 12700 100 12700 

TTS 153 dB re 1 µPa2.s 750 11400 800 11300 

2 hours 
PTS 173 dB re 1 µPa2.s 150 12600 150 12600 

TTS 153 dB re 1 µPa2.s 1100 10700 1150 10600 

4 hours 
PTS 173 dB re 1 µPa2.s 200 12500 200 12500 

TTS 153 dB re 1 µPa2.s 1500 9900 2600 7700 

8 hours 
PTS 173 dB re 1 µPa2.s 250 12400 250 12400 

TTS 153 dB re 1 µPa2.s 2400 8100 5100 2700 

15 hours 
PTS 173 dB re 1 µPa2.s 300 12300 350 12200 

TTS 153 dB re 1 µPa2.s 3500 5900 18000 0 

 

Table AVI.21: Summary of impact distances in metres and width of sub-threshold “sea 
corridor” or gap between FLNG N and FLNG S for SI sirenia 

Exposure 
duration Impact Threshold 

March August 

Impact 
distance Gap Impact 

distance Gap 

1 hour 
PTS 206 dB re 1 µPa2.s 50 12800 50 12800 

TTS 186 dB re 1 µPa2.s 50 12800 50 12800 

2 hours 
PTS 206 dB re 1 µPa2.s 50 12800 50 12800 

TTS 186 dB re 1 µPa2.s 100 12700 100 12700 

4 hours 
PTS 206 dB re 1 µPa2.s 50 12800 50 12800 

TTS 186 dB re 1 µPa2.s 100 12700 100 12700 

8 hours 
PTS 206 dB re 1 µPa2.s 50 12800 50 12800 

TTS 186 dB re 1 µPa2.s 150 12600 150 12600 

15 hours 
PTS 206 dB re 1 µPa2.s 50 12800 50 12800 

TTS 186 dB re 1 µPa2.s 200 12500 200 12500 
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Annex VI.A – Anchor Handling Tug Supply Vessel Noise 

  



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVI.43 

 

Table AVI.A.1: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for marine mammals exposed to anchor handing tug supply vessel noise during the 

months of March and August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 

All MM Level B 120 dB re 1 µPa rms 343 357 351 344 392 355 
 

Table AVI.A.2: Summary of impact ranges in metres at which M-weighted SEL has fallen to 
threshold level for marine mammals exposed to anchor handing tug supply vessel noise 

during the months of March and August 

Operational 
period FHG Impact Threshold 

March August 
Min Max Mean Min Max Mean 

0.5 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

1 hour 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 43 4 <10 43 4 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

2 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 51 50 <10 51 50 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

4 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 51 50 <10 51 50 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 86 53 <10 86 53 

SI PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
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Operational 
period FHG Impact Threshold 

March August 
Min Max Mean Min Max Mean 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

8 ours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 86 53 <10 86 53 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 129 103 <10 129 103 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

12 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 102 99 <10 102 99 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 153 149 <10 153 149 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

24 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 153 149 <10 153 149 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 215 202 <10 215 202 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

 

Table AVI.A.3: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for fish species exposed to anchor handing tug supply vessel noise during the months 

of March and August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 

Fish 3 Recoverable 
Injury 

170 dB re 1 µPa rms  
for 48 hr exposure <10 <10 <10 <10 <10 <10 

Fish 4 TTS 158 dB re 1 µPa rms  
for 12 hr exposure <10 <10 <10 <10 <10 <10 

All Fish Low Level 
Beh 150 dB re 1 µPa rms <10 <10 <10 <10 <10 <10 

Sea turtle Aver. Beh 175 dB re 1 µPa rms <10 <10 <10 <10 <10 <10 
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Annex VI.B – Drilling Vessel Noise 

  



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVI.46 

 

Table AVI.B.1: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for marine mammals exposed to drilling vessel noise during the months of March and 

August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 

All MM Level B 120 dB re 1 µPa rms 245 258 252 245 258 252 
 

Table AVI.B.2: Summary of impact ranges in metres at which M-weighted SEL has fallen to 
threshold level for marine mammals exposed to drilling vessel noise during the months of 

March and August 

Operational 
period FHG Impact Threshold 

March August 

Min Max Mean Min Max Mean 

0.5 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

1 hour 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

2 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

4 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

SI PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
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Operational 
period FHG Impact Threshold 

March August 

Min Max Mean Min Max Mean 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

8 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 51 45 <10 51 45 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

12 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 51 50 <10 51 50 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

24 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s <10 100 74 <10 100 61 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

 

Table AVI.B.3: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for fish species exposed to drilling vessel noise during the months of March and 

August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 

Fish 3 Recoverable Injury 170 dB re 1 µPa rms  
for 48 hr exposure <10 <10 <10 <10 <10 <10 

Fish 4 TTS 158 dB re 1 µPa rms  
for 12 hr exposure <10 <10 <10 <10 <10 <10 

All Fish Low Level Beh 150 dB re 1 µPa rms <10 <10 <10 <10 <10 <10 

Sea turtle Aver. Beh 175 dB re 1 µPa rms <10 <10 <10 <10 <10 <10 
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Table AVI.C.1: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for marine mammals exposed to installation vessel noise during the months of March 

and August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 
All MM Level B 120 dB re 1 µPa rms 2000 2346 2149 2000 2346 2151 

 

Table AVI.C.2: Summary of impact ranges in metres at which M-weighted SEL has fallen to 
threshold level for marine mammals exposed to installation vessel noise during the months 

of March and August 

Operational 
period FHG Impact Threshold 

March August 

Min Max Mean Min Max Mean 

0.5 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s 43 51 50 43 51 50 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s 43 51 50 43 51 50 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

1 hour 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s 43 51 50 43 51 50 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s 43 51 50 43 51 50 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

2 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s 43 102 99 43 102 99 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s 43 102 99 43 102 99 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

4 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s 43 153 149 43 153 149 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
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Operational 
period FHG Impact Threshold 

March August 

Min Max Mean Min Max Mean 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s 43 153 149 43 153 149 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

8 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s 43 215 202 43 215 202 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s 43 215 202 43 215 202 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

12 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s 43 258 252 43 258 252 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s 43 258 252 43 258 252 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

24 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s 43 387 354 43 392 358 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s 43 357 351 43 430 358 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
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Table AVI.C.3: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for fish species exposed to installation vessel noise during the months of March and 

August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 

Fish 3 Recoverable 
Injury 

170 dB re 1 µPa rms  
for 48 hr exposure <10 <10 <10 <10 <10 <10 

Fish 4 TTS 158 dB re 1 µPa rms  
for 12 hr exposure <10 <10 <10 <10 <10 <10 

All Fish Low Level Beh 150 dB re 1 µPa rms 43 51 50 43 51 50 
Sea turtle Aver. Beh 175 dB re 1 µPa rms <10 <10 <10 <10 <10 <10 
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Table AVI.D.1: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for marine mammals exposed to multi-purpose vessel noise during the months of 

March and August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 
All MM Level B 120 dB re 1 µPa rms 2907 3468 3188 2958 3440 3188 

 

Table AVI.D.2: Summary of impact ranges in metres at which M-weighted SEL has fallen to 
threshold level for marine mammals exposed to multi-purpose vessel noise during the 

months of March and August 

Operational 
period FHG Impact Threshold 

March August 
Min Max Mean Min Max Mean 

0.5 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s 43 51 50 43 51 50 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s 43 51 50 43 51 50 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

1 hour 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s 43 102 99 43 102 99 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s 43 102 99 43 102 99 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

2 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s 43 150 115 43 153 120 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s 43 153 149 43 153 149 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

4 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s 43 215 202 43 215 202 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s 43 215 202 43 215 202 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
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Operational 
period FHG Impact Threshold 

March August 
Min Max Mean Min Max Mean 

8 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s 43 301 280 43 301 288 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s 43 294 256 43 294 256 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

12 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 179 dB re 1 µPa2.s 43 357 351 43 357 351 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 153 dB re 1 µPa2.s 43 357 351 43 350 338 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

24 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 51 33 <10 51 45 
TTS 179 dB re 1 µPa2.s 43 516 503 43 516 503 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 51 50 <10 51 50 
TTS 153 dB re 1 µPa2.s 43 490 458 43 561 479 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

 

Table AVI.D.3: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for fish species exposed to multi-purpose vessel noise during the months of March 

and August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 

Fish 3 Recoverable 
Injury 

170 dB re 1 µPa rms  
for 48 hr exposure <10 <10 <10 <10 <10 <10 

Fish 4 TTS 158 dB re 1 µPa rms  
for 12 hr exposure <10 <10 <10 <10 <10 <10 

All Fish Low Level Beh 150 dB re 1 µPa rms 43 51 50 43 51 50 

Sea turtle Aver. Beh 175 dB re 1 µPa rms <10 <10 <10 <10 <10 <10 
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Table AVI.E.1: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for marine mammals exposed to platform supply vessel noise during the months of 

March and August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 
All MM Level B 120 dB re 1 µPa rms 1200 1326 1266 1200 1300 1266 

 

Table AVI E.2: Summary of impact ranges in metres at which M-weighted SEL has fallen to 
threshold level for marine mammals exposed to platform supply vessel noise during the 

months of March and August 

Operational 
period FHG Impact Threshold 

March August 

Min Max Mean Min Max Mean 

0.5 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

1 hour 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s <10 51 45 <10 51 45 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s <10 51 50 <10 51 50 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

2 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s <10 51 50 <10 51 50 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s <10 51 50 <10 51 50 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

4 hours 
LF 

PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s <10 102 99 <10 102 99 

HF PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
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Operational 
period FHG Impact Threshold 

March August 

Min Max Mean Min Max Mean 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s <10 102 99 <10 102 99 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

8 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s <10 150 115 <10 153 120 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s <10 153 149 <10 153 149 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

12 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s <10 172 152 <10 172 152 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s <10 172 152 <10 172 152 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

24 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s <10 258 252 <10 258 252 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

VHF 
PTS 173 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 153 dB re 1 µPa2.s <10 258 252 <10 258 252 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 
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Table AVI.E.3: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for fish species exposed to platform supply vessel noise during the months of March 

and August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 

Fish 3 Recoverable 
Injury 

170 dB re 1 µPa rms  
for 48 hr exposure <10 <10 <10 <10 <10 <10 

Fish 4 TTS 158 dB re 1 µPa rms  
for 12 hr exposure <10 <10 <10 <10 <10 <10 

All Fish Low Level Beh 150 dB re 1 µPa rms <10 <10 <10 <10 <10 <10 
Sea turtle Aver. Beh 175 dB re 1 µPa rms <10 <10 <10 <10 <10 <10 
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Table AVI.F.1: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for marine mammals exposed to FLNG operational noise during the months of March 

and August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 
All MM Level B 120 dB re 1 µPa rms 8200 33100 19981 6783 27050 11271 

 

Table AVI.F.2: Summary of impact ranges in metres at which M-weighted SEL has fallen to 
threshold level for marine mammals exposed to FLNG operational noise during the months 

of March and August 

Operational 
period FHG Impact Threshold 

March August 

Min Max Mean Min Max Mean 

0.5 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 179 dB re 1 µPa2.s 343 357 351 343 357 351 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 43 4 <10 43 4 

VHF 
PTS 173 dB re 1 µPa2.s 43 51 50 43 51 50 

TTS 153 dB re 1 µPa2.s 473 510 499 473 561 512 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

1 hour 

LF 
PTS 199 dB re 1 µPa2.s <10 43 4 <10 43 4 

TTS 179 dB re 1 µPa2.s 343 510 491 343 510 499 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 51 50 <10 51 50 

VHF 
PTS 173 dB re 1 µPa2.s 43 51 50 43 51 50 

TTS 153 dB re 1 µPa2.s 473 700 689 473 784 730 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

2 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 51 50 <10 51 50 

TTS 179 dB re 1 µPa2.s 343 714 680 343 750 718 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 86 53 <10 86 53 

VHF 
PTS 173 dB re 1 µPa2.s 43 102 99 43 102 99 

TTS 153 dB re 1 µPa2.s 473 969 953 473 1950 1180 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 51 50 <10 51 50 

4 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 100 74 <10 100 61 

TTS 179 dB re 1 µPa2.s 343 1000 969 343 1050 1031 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 102 99 <10 102 99 
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Operational 
period FHG Impact Threshold 

March August 

Min Max Mean Min Max Mean 

VHF 
PTS 173 dB re 1 µPa2.s 43 153 149 43 153 149 

TTS 153 dB re 1 µPa2.s 473 1323 1295 473 2989 2690 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 51 50 <10 51 50 

8 hours 

LF 
PTS 199 dB re 1 µPa2.s <10 129 103 <10 129 103 

TTS 179 dB re 1 µPa2.s 343 1428 1398 343 1500 1472 

HF 
PTS 198 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 178 dB re 1 µPa2.s <10 172 152 <10 172 152 

VHF 
PTS 173 dB re 1 µPa2.s 43 215 202 43 215 202 

TTS 153 dB re 1 µPa2.s 473 2250 2050 473 4730 4354 

SI 
PTS 206 dB re 1 µPa2.s <10 <10 <10 <10 <10 <10 

TTS 186 dB re 1 µPa2.s <10 102 99 <10 102 99 

15 hours 

LF 
PTS 199 dB re 1 µPa2.s 0 200 169 0 200 169 

TTS 179 dB re 1 µPa2.s 343 2021 1937 343 2050 2021 

HF 
PTS 198 dB re 1 µPa2.s 0 0 0 0 0 0 

TTS 178 dB re 1 µPa2.s 0 215 202 0 215 202 

VHF 
PTS 173 dB re 1 µPa2.s 43 258 252 43 258 252 

TTS 153 dB re 1 µPa2.s 473 2924 2882 473 7956 7705 

SI 
PTS 206 dB re 1 µPa2.s 0 0 0 0 0 0 

TTS 186 dB re 1 µPa2.s 0 153 149 0 153 149 

 

Table AVI.F.3: Summary of impact ranges in metres at which SPL has fallen to threshold 
level for fish species exposed to FLNG operational noise during the months of March and 

August 

FHG Impact Threshold 
March August 

Min Max Mean Min Max Mean 

Fish 3 Recoverable 
Injury 

170 dB re 1 µPa rms  
for 48 hr exposure <10 <10 <10 <10 <10 <10 

Fish 4 TTS 158 dB re 1 µPa rms  
for 12 hr exposure 43 51 50 43 51 50 

All Fish Low Level Beh 150 dB re 1 µPa rms 147 172 152 147 172 152 

Sea turtle Aver. Beh 175 dB re 1 µPa rms <10 <10 <10 <10 <10 <10 
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AVII.1. Site Conditions 
AVII.1.1. Bathymetric and Topographic Data 
The following bathymetric data were considered in for the marine discharges modelling: 

• Project specific bathymetry data (surveyed at 5 m depth contour intervals); 
• General Bathymetric Chart of the Oceans (GEBCO) that provides digital bathymetric and 

topographic data (GEBCO Compilation Group, 2023) covering the study area. 

Digital bathymetric data from GEBCO was used to supplement the project specific bathymetry data. 
All bathymetric data presented in this report is set relative to CD. Figure AVII.1 shows the coverage 
of the bathymetric data in the vicinity of the project site. 

 
Figure AVII.1: Location and extents of bathymetric and topographic data sources 

 

AVII.1.2. Metocean Data 
The relevant available metocean data locations, including wind, water level and current data are 
indicated in Figure AVII.2, whilst the details of these data sources are summarised in Table AVII.1. 
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Table AVII.1: Metocean data sources 

Data Type Location ID Easting  
(m UTM 37S) 

Northing 
(m UTM 37S) Data Period Source 

Hindcast Wind Data W1 731 508 8 772 185 01/01/2011 – 01/01/2023 NOAA CFSv2 

Measured Wind 
Data W2 726 921 8 761 734 15/03/2013 – 17/01/2014 (Fugro, 2013) 

Tidal Data -(a) - - - (eni, 2014) 

Measured Water 
Levels Pemba 661 253 8 565 897 19/04/2007 – 28/06/2013 UHSLC 

Hindcast Currents 

C1 729 429 8 778 792 

01/01/2013 – 31/12/2013 HYCOM C2 729 367 8 769 941 

C3 729 304 8 761 089 

Measured Currents C4 722 988 8 763 412 09/03/2013 – 02/02/2014 (Fugro, 2013) 

Note a) Tidal plane data in project vicinity, without exact coordinates provided. 

 
Figure AVII.2: Metocean data points (refer to Table AVII.1) 
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AVII.1.2.1. Offshore Wind Climate 

AVII.1.2.1.1. Hindcast CFSv2 Dataset 

The long-term hindcast wind data at point W1 was extracted from the Climate Forecast System 
Version 2 (CFSv2) hindcast database, which is developed and administrated by the National Ocean 
and Atmospheric Administration (NOAA). The data consists of 13-year time series (2011-2023) of 
hourly wind components (i.e., wind speeds and wind directions). 

The wind climate extracted at W1 point is represented in the form of wind roses with annual and 
monthly average breakdown (see Figure AVII.3). Table AVII.2 shows the joint annual frequency of 
occurrence of wind speed and wind direction; whilst the monthly frequency of occurrence of wind 
speeds is provided in Table AVII.3. The wind data extracted from W1 is referenced to a standard 
height of 10 m above ground. The shading in Table AVII.2 and Table AVII.3 represents low (white) 
to high (green) values to assist in interpretation of principal occurrence bins. 
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Figure AVII.3: Wind roses based on the 1-hourly wind time-series extracted at W1 (annual 

and monthly breakdown) 
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Table AVII.2: Annual frequency of occurrence for 1-hourly averaged wind components (wind 
speed vs wind direction) at W1 

 

 

Table AVII.3: Monthly frequency of occurrence for 1-hourly averaged wind speeds at W1 

 

 

AVII.1.2.1.2. Measured Fugro Dataset 

Wind measurements were obtained at W2 location (see Figure AVII.2) in the vicinity of the project 
site during a measurement campaign conducted by Fugro (2013). The measurement period was 
taken from 15 March 2013 to 17 January 2014 and the data was reduced to standard conditions of 
1 hour mean values at 10 m elevation. Accounting for gaps, the effective dataset length is 8.4 months 
(approx. 77%). 

The wind climate at the measurement location is represented in the form of wind roses indicating 
wind speed and direction. Figure AVII.4 represent wind roses. The joint annual frequency of 
occurrence tables of the wind components (i.e. wind speed and direction) is provided in Table AVII.4; 
whilst the monthly frequency of occurrence of wind speeds is provided in Table AVII.5. 

 

0 - 2 2 - 4 4 - 6 6 - 8 8 - 10 10 - 12 12 - 14 14 - 16 16 - 18 18 - 20 20 - 22 22 - 24 > 24 All WS Cum WS
N 0.19% 0.58% 1.77% 3.33% 2.02% 0.19% 0.05% 0% 0% 0% 0% 0% 0% 8.14% 8.14%

NNE 0.39% 1.16% 2.34% 0.63% 0.02% 0% 0% 0% 0% 0% 0% 0% 0% 4.54% 12.68%
NE 0.26% 1.76% 4.46% 1.28% 0% 0% 0% 0% 0% 0% 0% 0% 0% 7.76% 20.44%

ENE 0.34% 1.79% 4.20% 1.70% 0.06% 0% 0% 0% 0% 0% 0% 0% 0% 8.09% 28.54%
E 0.35% 1.77% 2.03% 0.31% 0% 0% 0% 0% 0% 0% 0% 0% 0% 4.46% 33.00%

ESE 0.39% 2.16% 2.61% 0.86% 0.05% 0% 0% 0% 0% 0% 0% 0% 0% 6.06% 39.06%
SE 0.27% 2.59% 4.65% 3.61% 1.16% 0.02% 0% 0% 0% 0% 0% 0% 0% 12.30% 51.36%

SSE 0.24% 1.79% 4.81% 7.04% 6.39% 1.60% 0.08% 0% 0% 0% 0% 0% 0% 21.95% 73.31%
S 0.27% 0.87% 1.99% 3.29% 5.97% 3.53% 0.87% 0.17% 0% 0% 0% 0% 0% 16.95% 90.26%

SSW 0.16% 0.23% 0.43% 0.37% 0.96% 0.64% 0.10% 0.02% 0% 0% 0% 0% 0% 2.91% 93.17%
SW 0.06% 0.11% 0.13% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.30% 93.47%

WSW 0.03% 0.02% 0.01% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.07% 93.54%
W 0% 0% 0.05% 0.01% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.06% 93.60%

WNW 0.07% 0.01% 0.08% 0.06% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.22% 93.81%
NW 0.03% 0.26% 0.26% 0.15% 0.38% 0.25% 0% 0.01% 0% 0% 0% 0% 0% 1.35% 95.16%

NNW 0.14% 0.27% 1.12% 1.37% 1.58% 0.30% 0.07% 0% 0% 0% 0% 0% 0% 4.84% 100.00%
All WD 3.21% 15.39% 30.93% 23.99% 18.58% 6.53% 1.16% 0.21% 0% 0% 0% 0% 0%

Cum WD 3.21% 18.59% 49.53% 73.52% 92.10% 98.63% 99.79% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
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Annual
Wind Speed, WS (m/s)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
≤ 2 0.10% 0.41% 0.63% 0.29% 0% 0.03% 0.05% 0.40% 0.45% 0.10% 0.47% 0.29%

2 - 4 1.08% 1.54% 2.00% 1.27% 0.11% 0.29% 0.15% 1.05% 1.97% 2.03% 2.41% 1.48%
4 - 6 2.10% 1.84% 3.73% 1.80% 1.15% 0.84% 0.75% 3.12% 3.68% 3.97% 4.03% 3.92%
6 - 8 2.88% 1.55% 2.13% 2.18% 2.47% 2.67% 1.84% 1.81% 1.32% 1.58% 1.31% 2.25%

8 - 10 1.81% 1.99% 0% 1.86% 3.42% 2.99% 3.62% 1.13% 0.65% 0.55% 0% 0.56%
10 - 12 0.43% 0.31% 0% 0.65% 1.06% 1.23% 1.67% 0.78% 0.15% 0.25% 0% 0%
12 - 14 0.09% 0.02% 0% 0.17% 0.10% 0.16% 0.40% 0.21% 0% 0.01% 0% 0%
14 - 16 0% 0.01% 0% 0% 0.17% 0% 0.02% 0% 0% 0% 0% 0%
16 - 18 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
18 - 20 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
20 - 22 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
22 - 24 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

> 24 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Month

W
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d 
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S 
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Figure AVII.4: Wind roses based on the wind time-series measured at W2 (annual and 

monthly breakdown) 
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Table AVII.4: Annual frequency of occurrence for wind components (wind speed vs wind 
direction) at W2 

 
Table AVII.5: Monthly frequency of occurrence for wind speeds at W2  

 

 

AVII.1.2.2. Water Levels 

AVII.1.2.2.1. Astronomical Tidal Planes 

The tides at the project site are predominantly semi-diurnal and the tidal planes are summarised in 
Table AVII.6. A tidal range of -2.12 to +2.24 m MSL is indicated between Lowest Astronomical Tide 
(LAT) and Highest Astronomical Tide (HAT). 

Table AVII.6: Tidal planes at the project site 

Tidal Plane Abbrev. m MSL m CD (LAT) 

Highest Astronomical Tide HAT 2.24 4.36 

Mean Higher Water Spring MHWS 1.79 3.91 

Mean Higher Water Neap MHWN 0.46 2.58 

Mean Sea Level MSL 0.00 2.12 

Mean Low Water Neap MLWN -0.52 1.60 

0 - 2 2 - 4 4 - 6 6 - 8 8 - 10 10 - 12 12 - 14 14 - 16 16 - 18 18 - 20 20 - 22 22 - 24 > 24 All WS Cum WS
N 0.24% 0.57% 1.61% 1.12% 0.02% 0% 0% 0% 0% 0% 0% 0% 0% 3.56% 3.56%

NNE 0.21% 1.42% 2.24% 0.57% 0.00% 0% 0% 0% 0% 0% 0% 0% 0% 4.46% 8.02%
NE 0.28% 2.49% 4.27% 0.66% 0.01% 0% 0% 0% 0% 0% 0% 0% 0% 7.70% 15.72%

ENE 0.43% 2.30% 3.06% 0.74% 0.01% 0% 0% 0% 0% 0% 0% 0% 0% 6.54% 22.26%
E 0.60% 1.88% 1.39% 0.11% 0.02% 0.00% 0% 0% 0% 0% 0% 0% 0% 4.00% 26.25%

ESE 0.60% 1.87% 2.04% 0.44% 0.07% 0% 0% 0% 0% 0% 0% 0% 0% 5.02% 31.27%
SE 0.70% 2.61% 4.77% 3.62% 0.56% 0.00% 0% 0% 0% 0% 0% 0% 0% 12.27% 43.54%

SSE 0.42% 2.13% 5.12% 7.63% 2.58% 0.14% 0% 0% 0% 0% 0% 0% 0% 18.02% 61.55%
S 0.27% 0.69% 1.64% 3.62% 2.88% 0.80% 0.06% 0% 0% 0% 0% 0% 0% 9.96% 71.52%

SSW 0.16% 0.16% 0.48% 1.01% 0.99% 0.28% 0.00% 0% 0% 0% 0% 0% 0% 3.09% 74.61%
SW 0.11% 0.17% 0.14% 0.07% 0.02% 0.01% 0% 0% 0% 0% 0% 0% 0% 0.51% 75.12%

WSW 0.08% 0.11% 0.06% 0.02% 0.00% 0% 0% 0% 0% 0% 0% 0% 0% 0.27% 75.39%
W 0.08% 0.12% 0.06% 0.02% 0.00% 0% 0% 0% 0% 0% 0% 0% 0% 0.29% 75.67%

WNW 0.10% 0.07% 0.03% 0.01% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.21% 75.89%
NW 0.12% 0.05% 0.03% 0.01% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.21% 76.10%

NNW 0.12% 0.11% 0.22% 0.23% 0.01% 0% 0% 0% 0% 0% 0% 0% 0% 0.69% 76.78%
All WD 4.53% 16.76% 27.15% 19.89% 7.16% 1.23% 0.06% 0% 0% 0% 0% 0% 0%

Cum WD 4.53% 21.28% 48.44% 68.33% 75.49% 76.72% 76.78% 76.78% 76.78% 76.78% 76.78% 76.78% 76.78%

Annual
Wind Speed, WS (m/s)

W
in

d 
Di

re
ct

io
n,

 W
D 

(o N
)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
≤ 2 0% 0% 0.61% 0.35% 0.08% 0.15% 0% 1.60% 0.29% 0.25% 0.99% 0.25%

2 - 4 0% 0% 0.81% 1.95% 0.69% 0.47% 0.06% 2.90% 1.48% 3.02% 3.25% 2.14%
4 - 6 0% 0% 2.22% 2.76% 2.90% 2.28% 0.59% 1.97% 1.51% 4.29% 4.35% 4.28%
6 - 8 0% 0% 1.69% 2.98% 4.03% 4.11% 0.22% 1.43% 1.22% 1.06% 1.07% 2.09%

8 - 10 0% 0% 0.10% 1.53% 1.77% 2.51% 0% 0.59% 0.36% 0.23% 0.01% 0.06%
10 - 12 0% 0% 0.00% 0.24% 0.60% 0.28% 0% 0.09% 0% 0% 0.00% 0.01%
12 - 14 0% 0% 0% 0.00% 0.06% 0% 0% 0% 0% 0% 0% 0%
14 - 16 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
16 - 18 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
18 - 20 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
20 - 22 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
22 - 24 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

> 24 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Month
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Tidal Plane Abbrev. m MSL m CD (LAT) 

Mean Low Water Spring MLWS -1.74 0.38 

Lowest Astronomical Tide LAT -2.12 0.00 

AVII.1.2.2.2. Water Levels 

Tidal measurements taken at the Port of Pemba (Pemba point in Figure AVII.2) were obtained from 
the University of Hawaii Sea Level Centre (UHSLC). The available hourly average water level dataset 
covers the period of 19 April 2007 to 28 June 2013. The hourly water levels represent the average 
of fifteen-minute values taken at 7.5 minutes before and after the hour. Accounting for gaps, the 
effective dataset length is 3 years. The measured tidal range varies between 0.2 m CD (during neap 
tides) to 4.2 m CD (during spring tides). 

Time-series of water levels required as boundary conditions for the hydrodynamic model were 
extracted from the Global Tide Model developed by DHI MIKE, which represents the major diurnal 
(K1, O1, P1 and Q1) and semidiurnal tidal constituents (M2, S2, N2 and K2) with a spatial resolution 
of 0.25° × 0.25° based on TOPEX/POSEIDON altimetry data. 

A comparison between the water levels extracted from the Global Tide Model and measured data 
from UHSLC at Pemba was undertaken, as depicted in Figure AVII.5, which confirms that the 
measured water levels are reasonably well reproduced by the model. 

 
Figure AVII.5: Comparison of measured and modelled water levels extracted from the Global 

Tide Model at the port of Pemba  

An example of the water level time-series extracted at the project site is provided.  

Based on the water levels extracted from the Global Tide Model, the tides at the project site are 
classified as semi-diurnal as depicted in Figure AVII.6, with a maximum water level range of 
approximately 4 m. 

 
Figure AVII.6: Example of water level variation in the vicinity of the project site as extracted 

from the Global Tide Model 
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AVII.1.2.3. Currents 

AVII.1.2.3.1. Hindcast HYCOM Dataset 

Long-term hindcast current data was extracted from the Hybrid Coordinate Ocean Model (HYCOM) 
hindcast database, which is sponsored by the National Ocean Partnership Program (NOPP) as part 
of the U. S. Global Ocean Data Assimilation Experiment (GODAE). Only the period from January 
2013 to December 2013 was extracted. 

The current climate at the extracted locations (see Figure AVII.2) is represented in the form of current 
roses indicating current speed and direction for depth-averaged currents. Figure AVII.7, Figure 
AVII.8, and Figure AVII.9 represent current roses for locations C1, C2, and C3, respectively. The 
joint annual frequency of occurrence tables of the 3-hourly current components (i.e. current speed 
and direction) are provided in Table AVII.7, Table AVII.8, and Table AVII.9, for locations C1, C2, and 
C3, respectively. 
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Figure AVII.7: Annual and monthly current roses based on the three-hourly current time-

series extracted from HYCOM at location C1 
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Figure AVII.8: Annual and monthly current roses based on the three-hourly current time-

series extracted from HYCOM at location C2 
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Figure AVII.9: Annual and monthly current roses based on the three-hourly current time-

series extracted from HYCOM at location C3 
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Table AVII.7: Annual frequency of occurrence for 3-hourly averaged current components 
extracted from HYCOM at C1. Shading represents low (white) to high (green) 

 

 

Table AVII.8: Annual frequency of occurrence for 3-hourly averaged current components 
extracted from HYCOM at C2. Shading represents low (white) to high (green) 

 
  

0 - 0.1 0.1 - 0.2 0.2 - 0.3 0.3 - 0.4 0.4 - 0.5 0.5 - 0.6 0.6 - 0.7 0.7 - 0.8 0.8 - 0.9 > 0.9 All CS Cum CS
N 0.34% 0.69% 1.68% 0.48% 0.31% 0.34% 0.31% 0% 0% 0% 4.15% 4.15%

NNE 0.03% 0.21% 0.03% 0.03% 0% 0% 0% 0% 0% 0% 0.31% 4.46%
NE 0.03% 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0.07% 4.53%

ENE 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.00% 4.53%
E 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.03% 4.56%

ESE 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.03% 4.60%
SE 0.07% 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0.10% 4.70%

SSE 0.17% 0.17% 0.24% 0.62% 0% 0% 0% 0% 0% 0% 1.20% 5.90%
S 0.31% 0.82% 1.85% 2.09% 1.58% 1.06% 0.58% 0% 0% 0% 8.30% 14.20%

SSW 0.38% 2.47% 4.63% 3.70% 5.49% 2.50% 1.51% 0.10% 0% 0% 20.78% 34.98%
SW 1.03% 3.67% 6.21% 3.09% 3.53% 1.20% 0.72% 0% 0% 0% 19.44% 54.42%

WSW 0.34% 3.64% 5.21% 1.65% 1.58% 0.38% 0.14% 0% 0% 0% 12.93% 67.35%
W 0.62% 2.78% 2.19% 0.48% 0.10% 0.27% 0% 0% 0% 0% 6.45% 73.80%

WNW 0.38% 1.65% 2.71% 1.68% 0.65% 0.10% 0% 0% 0% 0% 7.17% 80.97%
NW 0.21% 2.06% 4.46% 1.51% 0.21% 0% 0% 0% 0% 0% 8.44% 89.40%

NNW 0.24% 2.06% 3.74% 2.81% 1.23% 0.34% 0.17% 0% 0% 0% 10.60% 100.00%
All CD 4.22% 20.27% 32.96% 18.14% 14.68% 6.21% 3.43% 0.10% 0.00% 0.00%

Cum CD 4.22% 24.49% 57.44% 75.58% 90.26% 96.47% 99.90% 100.00% 100.00% 100.00%

Annual
Current Speed (m/s)
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0 - 0.1 0.1 - 0.2 0.2 - 0.3 0.3 - 0.4 0.4 - 0.5 0.5 - 0.6 0.6 - 0.7 0.7 - 0.8 0.8 - 0.9 > 0.9 All CS Cum CS
N 0.27% 1.10% 1.41% 0.62% 0.45% 0.34% 0.21% 0% 0% 0% 4.39% 4.39%

NNE 0.03% 0.27% 0.10% 0.07% 0% 0% 0% 0% 0% 0% 0.48% 4.87%
NE 0.03% 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0.07% 4.94%

ENE 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.00% 4.94%
E 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.03% 4.97%

ESE 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.03% 5.01%
SE 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.03% 5.04%

SSE 0.21% 0.10% 0.14% 0.27% 0.03% 0% 0% 0% 0% 0% 0.75% 5.80%
S 0.27% 0.93% 1.82% 2.40% 1.61% 1.30% 0.75% 0% 0% 0% 9.09% 14.88%

SSW 0.38% 2.30% 6.07% 3.57% 6.24% 3.53% 2.61% 0.27% 0% 0% 24.97% 39.85%
SW 0.93% 4.01% 6.34% 2.95% 3.84% 1.58% 0.41% 0.03% 0% 0% 20.10% 59.95%

WSW 0.51% 3.50% 4.29% 1.13% 0.79% 0.41% 0.10% 0% 0% 0% 10.73% 70.68%
W 0.72% 1.71% 2.26% 0.45% 0.27% 0.10% 0% 0% 0% 0% 5.52% 76.20%

WNW 0.31% 1.65% 2.98% 1.68% 0.48% 0.14% 0% 0% 0% 0% 7.24% 83.44%
NW 0.24% 2.06% 3.64% 1.17% 0.03% 0% 0% 0% 0% 0% 7.13% 90.57%

NNW 0.34% 2.43% 3.70% 1.71% 0.89% 0.27% 0.07% 0% 0% 0% 9.43% 100.00%
All CD 4.36% 20.10% 32.75% 16.02% 14.64% 7.68% 4.15% 0.31% 0.00% 0.00%

Cum CD 4.36% 24.45% 57.20% 73.22% 87.86% 95.54% 99.69% 100.00% 100.00% 100.00%
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Table AVII.9: Annual frequency of occurrence for 3-hourly averaged current components 
extracted from HYCOM at C3. Shading represents low (white) to high (green) 

 

AVII.1.2.3.2. Measured Fugro Dataset 

Current measurements were obtained at C4 location (see Figure AVII.2) in the vicinity of the project 
site during a measurement campaign conducted by Fugro (2013). Currents were measured 
throughout the water column at ten different depths from surface to seabed. The measurement period 
for the meter was taken in intervals of 10-minute time steps from 09 March 2013 to 02 February 
2014. 

The current climate at the measurement location is represented in the form of current roses indicating 
current speed and direction for depth-averaged currents. Figure AVII.10 represent current roses, 
while the joint annual frequency of occurrence tables of the current components (i.e. current speed 
and direction) is provided in Table AVII.10. 

 

0 - 0.1 0.1 - 0.2 0.2 - 0.3 0.3 - 0.4 0.4 - 0.5 0.5 - 0.6 0.6 - 0.7 0.7 - 0.8 0.8 - 0.9 > 0.9 All CS Cum CS
N 0.34% 0.96% 1.37% 0.96% 0.21% 0.17% 0.07% 0% 0% 0% 4.08% 4.08%

NNE 0.07% 0.48% 0.14% 0.10% 0% 0% 0% 0% 0% 0% 0.79% 4.87%
NE 0% 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0.03% 4.90%

ENE 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.00% 4.90%
E 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.00% 4.90%

ESE 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.03% 4.94%
SE 0.03% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.03% 4.97%

SSE 0.10% 0.17% 0.14% 0.17% 0% 0% 0% 0% 0% 0% 0.58% 5.56%
S 0.38% 0.96% 1.71% 2.26% 1.58% 1.34% 0.89% 0.14% 0% 0% 9.26% 14.81%

SSW 0.51% 1.78% 6.65% 4.73% 5.69% 5.04% 3.12% 0.72% 0% 0% 28.26% 43.07%
SW 0.99% 3.81% 6.76% 4.46% 3.33% 1.75% 0.45% 0% 0% 0% 21.54% 64.61%

WSW 0.62% 2.43% 4.05% 0.58% 0.58% 0.07% 0% 0% 0% 0% 8.33% 72.94%
W 0.45% 1.58% 2.16% 0.82% 0.31% 0.07% 0% 0% 0% 0% 5.38% 78.33%

WNW 0.34% 2.02% 2.74% 1.65% 0.07% 0% 0% 0% 0% 0% 6.82% 85.15%
NW 0.34% 2.43% 2.09% 0.89% 0.07% 0% 0% 0% 0% 0% 5.83% 90.98%

NNW 0.41% 2.40% 3.74% 1.41% 0.75% 0.24% 0.07% 0% 0% 0% 9.02% 100.00%
All CD 4.63% 19.07% 31.55% 18.04% 12.59% 8.68% 4.60% 0.86% 0.00% 0.00%

Cum CD 4.63% 23.70% 55.25% 73.29% 85.87% 94.55% 99.14% 100.00% 100.00% 100.00%
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Figure AVII.10: Annual and monthly current roses based on the current time-series 

measured at location C4 
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Table AVII.10: Annual frequency of occurrence for current components measured at C4. 
Shading represents low (white) to high (green) 

 

 

AVII.1.3. Seawater Properties 
Sea water temperature, salinity, and density values were made available through a measurement 
campaign conducted by Fugro (2013). Sea water density have not been measured during the 
measurement campaign. Density has been calculated from temperature and salinity using the 
UNESCO formulation. Table AVII.11 summarizes the monthly variation of sea water temperature, 
salinity, and density at the surface. 

Table AVII.11: Monthly mean surface sea water temperature, salinity, and density values at 
the project site 

Month Temperature (°C) Salinity (PSU) Density (kg/m3) 

1 28.67 35.32 1022.42 

2 29.09 35.25 1022.22 

3 29.86 34.86 1021.67 

4 29.02 34.83 1021.93 

5 27.79 34.91 1022.40 

6 26.46 35.02 1022.91 

7 25.66 35.09 1023.21 

8 25.25 35.05 1023.31 

9 25.55 35.15 1023.29 

10 26.72 35.15 1022.92 

11 27.99 35.35 1022.66 

12 29.23 35.36 1022.26 

 

0 - 0.1 0.1 - 0.2 0.2 - 0.3 0.3 - 0.4 0.4 - 0.5 0.5 - 0.6 0.6 - 0.7 0.7 - 0.8 0.8 - 0.9 > 0.9 All CS Cum CS
N 0.33% 0.74% 0.44% 0.13% 0.06% 0% 0% 0% 0% 0% 1.71% 1.71%

NNE 0.27% 0.04% 0.23% 0.17% 0% 0% 0% 0% 0% 0% 0.71% 2.42%
NE 0.28% 0.03% 0.02% 0.00% 0% 0% 0% 0% 0% 0% 0.33% 2.75%

ENE 0.31% 0.06% 0.02% 0.00% 0% 0% 0% 0% 0% 0% 0.39% 3.14%
E 0.27% 0.08% 0% 0% 0% 0% 0% 0% 0% 0% 0.34% 3.49%

ESE 0.24% 0.12% 0% 0% 0% 0% 0% 0% 0% 0% 0.36% 3.85%
SE 0.17% 0.15% 0% 0% 0% 0% 0% 0% 0% 0% 0.32% 4.17%

SSE 0.20% 0.38% 0.03% 0% 0% 0% 0% 0% 0% 0% 0.62% 4.79%
S 0.44% 1.87% 0.89% 1.66% 0.74% 0.13% 0.00% 0% 0% 0% 5.73% 10.51%

SSW 0.63% 7.96% 6.56% 5.11% 2.91% 2.38% 0.86% 0.02% 0% 0% 26.43% 36.94%
SW 1.11% 9.49% 6.72% 4.91% 1.21% 0.09% 0.03% 0.04% 0.04% 0% 23.63% 60.58%

WSW 2.07% 7.11% 2.61% 0.56% 0.16% 0.03% 0.00% 0.06% 0.06% 0.13% 12.80% 73.37%
W 1.61% 4.47% 2.12% 0.14% 0% 0% 0% 0% 0% 0% 8.35% 81.72%

WNW 1.24% 4.04% 1.42% 0.18% 0.09% 0% 0% 0% 0% 0% 6.97% 88.69%
NW 0.88% 3.03% 1.25% 0.57% 0.36% 0% 0% 0% 0% 0% 6.08% 94.77%

NNW 0.59% 2.30% 1.48% 0.67% 0.18% 0% 0% 0% 0% 0% 5.23% 100.00%
All CD 10.64% 41.87% 23.79% 14.13% 5.71% 2.63% 0.89% 0.12% 0.10% 0.13%

Cum CD 10.64% 52.51% 76.30% 90.42% 96.13% 98.76% 99.65% 99.78% 99.87% 100.00%
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AVII.1.4. Sediment Properties 
The sediment properties of drill cuttings and adhered residual LTOBM (Low Toxic Oil Base Mud) to 
be used in the dispersion model are summarised in Table AVII.12. The information in Table AVII.12 
is based on project-specific data as well as data gathered from the Coral South FLNG project 
(Consultec, 2015a) and assumptions made based on relevant previous experience of modelling drill 
cuttings and muds. 

Table AVII.12: Properties of drill cuttings and muds 

Parameter Grain Diameter D50 (mm) Settling Velocity (m/s)* Particle Density (kg/m3) 

Drill cuttings 0.25 2.5051 x 10-2 2 400  

Drill Muds (LTOBM) 0.015  6.0122 x 10-6 1 100 

Note *) Settling velocity formula according to Soulsby (1997). 

 

AVII.2. Description of Numerical Models 
The computational modelling frameworks developed by the Danish Hydraulics Institute (DHI, 
www.dhigroup.com) MIKE were employed for this hydrodynamic study. DHI MIKE modelling 
framework allows for the simulation of flows, waves, sediment transport, water quality, morphological 
developments, oil spills and ecology. 

MIKE 3 Flow Model (FM) is a modelling system for 3D free-surface flows. MIKE 3 FM is applicable 
to the simulation of hydraulic and environmental phenomena in oceans, coastal regions, estuaries, 
and lakes. 

The Advection/Dispersion (AD) module simulates the spreading and fate of dissolved or suspended 
substances when provided with the flow field from the hydrodynamic module. 

The following physical phenomena were included in the Hydrodynamic and Advection/Dispersion 
model developed as part of this study: 

• Flood and drying; 
• Bed resistance; 
• Density variations; 
• Transport of salinity and temperature; 
• Turbulence modelling including buoyancy effects; 
• Wind friction level and/or velocity boundaries; 
• Isolated sources and sinks and/or connected source/sink pairs; 
• Particle tracking; 
• Discharge calculations; 
• Dynamic nesting. 
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AVII.3. Discharge Modelling Approach 
AVII.3.1. Overview 
The Coral North FLNG Project is comprised of the following components (which are indicated in 
Figure AVII.11, Figure AVII.12, and Table AVII.13): 

• An offshore floating gas treatment, liquefaction, storage and offloading vessel the same or 
similar to the Coral South FLNG; 

• Subsea wells (CO-11 to CO-16), subsea production and control systems and risers to the 
FLNG. 

The engineering scope of work related to discharge modelling studies includes: 

• Hydrodynamic modelling; 
• Thermal discharge modelling; 
• Produced water discharge modelling; 
• Drill cuttings discharge modelling; 
• Oil spill modelling. 

 

Figure AVII.11: Coral North project site 
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Figure AVII.12: Coral North project site overview 

 

Table AVII.13: FLNG and wellhead coordinates 

Name Easting 
(m, UTM 37S) 

Northing 
(m, UTM 37S) 

Longitude 
(°E) 

Latitude 
(°S) Depth (m) 

FLNG 731 508 8 772 185 41.119450 11.099583 1986 

CO-11 732 843.1 8 769 590.7 41.131836 11.122949 2095 

CO-12 732 802.9 8 769 533.3 41.131465 11.123467 2096 

CO-13 729 466.9 8 769 959.3 41.100908 11.119832 2044 

CO-14 729 507.1 8 770 016.7 41.101280 11.119314 2041 

CO-15 730 973.7 8 762 341.6 41.115197 11.188585 1965 

CO-16 730 904.3 8 762 350.4 41.114565 11.188508 1964 

 

AVII.3.2. Hydrodinamic Modelling 

AVII.3.2.1. Model Description 

DHI MIKE is a multidimensional hydrodynamic simulation suite that compute non-steady flow 
patterns resulting from metoceanic forcing (mainly wind, pressure and tide) at their boundaries. This 
numerical tool is based on full Navier Stokes equations for shallow waters for different solving 
approaches and turbulence closure models. 
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This model can be used to simulate the tide propagation, including the effect of wind on the water 
surface, and to obtain outputs for flow velocities and water elevation fields. Both for littoral and 
offshore areas. 

The integrated near-field and far-field approach included in latest versions (2016 or later) of the 
Danish Hydraulic Institute (DHI) MIKE 3 Hydrodynamic (HD) model coupled with the Advection-
Dispersion (AD) can be used to simulate the transport of the various constituents in this project. MIKE 
3 HD (including its modules) is one of the most widely used, recommended, and validated modelling 
suites available in the market.  

 

AVII.3.2.2. Model Limitations 

The inherent limitations of the model are as follows: 

• Any modelling technique can only provide a reasonable mathematical representation of 
complex reality based on appropriate simplifications and the isolation of the most important 
factors (variables). Analysis and interpretation of the modelling results require careful and 
experienced technical judgement in order to obtain proper conclusions. Some deviations 
from reality must be expected, and prudent safety margins should be considered. Models 
can be used to reduce (but not eliminate) uncertainty in decision-making; 

• Model results are as good as the quality of the input data. Micro-topography under grid 
resolution cannot be solved; 

• Due to the long times required for computing, the results cannot be extended over long 
periods. For example, wind conditions in nature do not persist over more than a few days, 
and the conclusions obtained from long-term simulations based on steady-state winds can 
be unrealistic. 

 

AVII.3.2.3. Model Setup 

Environmental effects on surface waters from the operation of the FLNG vessel in the Mozambique 
Channel will be assessed using the comprehensive modelling approach embodied in DHI MIKE, 
described above. Given the complex three-dimensional current and temperature structure of the 
receiving water mass, it was necessary to select a model that can simulate three-dimensional 
hydrodynamics. It is also desirable that the transport of constituents also be handled in the same 
model. For this reason, DHI MIKE was selected to address these requirements. 

A regional far-field model will be used to simulate the hydrodynamic patterns offshore, with the model 
grid covering an area spanning from 33 °E to 50 °E and 5 °S to 20 °S. The model grid consists of 
over 40 000 grid cells horizontally (including land, shoreline, and water) with up to 10 vertical layers 
and a uniform grid resolution of approx. 8 km cells.  
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A near-field 3-D model nested within the far-field model will be used to simulate the transport of 
constituents on a finer scale with a model extent of approx. 30 km by 30 km centred at the respective 
discharge site and with a higher resolution of approx. 30 m. 

Vertically, 10 sigma layers will be employed, with finer vertical resolution at the surface and seabed 
regions where the discharges are predicted. 

The bathymetric data outlined in Section AVII.1.1 were interpolated onto the produced computational 
grids, giving preference to the highest resolution data, where data overlaps. Figure AVII.13 and 
Figure AVII.14 show the bathymetry and computational meshes for the surface discharge (FLNG 
location) and seabed discharge (well head CO-15) near-field models developed as part of this study. 

 
Figure AVII.13: Bathymetry and computational grid for FLNG near-field dispersion model 

domain 
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Figure AVII.14: Bathymetry and computational grid for CO-15 near-field dispersion model 

domain 

 

AVII.3.2.4. Inputs 

Data used for hydrodynamic model input include: tidal elevation at the boundaries, temperature and 
salinity profiles at the boundaries, and meteorological data. Boundary data were required for each of 
the three simulation periods. In order to simulate the hydrodynamic patterns as accurately as 
possible, elevation at all east, north and south boundaries were needed. The elevations consist of a 
tidal component as well as a non-tidal component. The tidal component is based on the Global Tide 
Model from DHI MIKE and the nontidal component is based on HYCOM. The total elevation was 
estimated by superposition of the two. 

• Tidal elevation: the tidal elevation at the boundary was extracted from DHI MIKE’s Global 
Tide Model, which represents the major diurnal (K1, O1, P1 and Q1) and semidiurnal tidal 
constituents (M2, S2, N2 and K2) with a spatial resolution of 0.25° × 0.25° based on 
TOPEX/POSEIDON altimetry data. The tides here are semidiurnal with a pronounced 
spring–neap cycle;  

• Non-tidal elevation: in order to capture the baroclinic features for the model domain, the non-
tidal elevation record was extracted from HYCOM global model output; 
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• Meteorological properties: the meteorological properties used in the simulation are wind 
speed, wind direction, air temperature, solar radiation, and surface pressure. The 
meteorological data were obtained from CFSR and CFSv2. The time series of each 
meteorological property was extracted using the respective location closest to the FLNG; 

• Temperature and salinity: daily temperature and salinity data off the coast of Mozambique 
are available from global HYCOM 1/12 degree analysis output. The thermocline is located 
at the top 200 m of the water column, while the salinity profile has very little variation (<1 psu) 
in this region. 

 

AVII.3.2.5. Scenarios 

Three scenarios have been selected based on the annual and monthly average surface current from 
metocean observation at station C1 (Consultec, 2015a). Based on the annual and monthly average 
currents analysis, three scenarios are chosen to represent sea conditions of maximum, minimum, 
and typical surface current in that region. The three simulation periods which represent maximum 
(Scenario 01), minimum (Scenario 02) and typical (Scenario 03) current speeds at the FLNG project 
site are summarised in Table AVII.14. 

Table AVII.14: Hydrodynamic simulation periods 

Scenario Simulation Period Hydrodymamic Condition (surface current) 

Scenario 1 May 2013 Maximum current speed 

Scenario 2 October 2013 Minimum current speed 

Scenario 3 March 2013 Typical current speed 

 

AVII.3.2.6. Model Results 

The typical water level time series extracted at the FLNG location for the months of May (maximum 
currents) and October (minimum currents) is presented in Figure AVII.15. The depth-averaged 
current speeds at the FLNG location during May (maximum currents) and October (minimum 
currents) are shown in Figure AVII.16. 

Typical ebbing and flooding depth-averaged snapshots of water levels with current velocities during 
May (maximum currents) and October (minimum currents) at the FLNG site are illustrated in Figure 
AVII.17 to Figure AVII.18. 
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Figure AVII.15: Time series of typical water levels at the site for the months of May 

(maximum currents) and October (minimum currents)  

 

 
Figure AVII.16: Depth-averaged current speed at the FLNG site for the months of May 

(maximum currents) and October (minimum currents) 
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Figure AVII.17: Typical ebbing water levels during minimum currents in October (top) and 

maximum currents in May (bottom) 
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Figure AVII.18: Typical flooding water levels during minimum currents in October (top) and 

maximum currents in May (bottom) 
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AVII.3.3. Thermal Discharge Model 

AVII.3.3.1. Model Setup 

Two models will be used to assess the temperature impacts from cooling water discharge. One model 
(CORMIX) will predict the temperature rise from the point of discharge to the end of the mixing zone. 
The other model (DHI MIKE) will predict the temperature rise on a larger scale extending beyond the 
initial mixing zone, based on the established hydrodynamic modelling (see Section AVII.3.2 for the 
hydrodynamic methodology details). 

In what regards the size of the mixing zone, the following recommendations have been tabled for 
South Africa (Anchor Environmental Consultants 2015): 300 m in an offshore environment, 100 m in 
a nearshore open coast environment, 30 m in sheltered coastal environments and special 
management areas, 0 m for outfalls in established or proposed MPAs, the surf zone and estuaries. 
These recommendations are applicable to Mozambican waters as well, and as such the 
recommended mixing zone would be 300 m. However, impacts of the thermal discharge were 
assessed for a stricter 100 m mixing zone, as a conservative approach.  

As the standards applicable to marine thermal discharges include an end-of-mixing zone standard, 
modelling of the mixing zone was necessary. The model used for the mixing zone calculations is 
USEPA’s CORMIX dilution model. This model is steady-state and was used in this modelling study 
to simulate various current conditions.  

A nested 3-D model with extent of approx. 30 km by 30 km centred at the FLNG site will be created 
with a higher resolution of approx. 30 m.  

 

AVII.3.3.2. Inputs and Standards 

Input Condition Data 

• The boundary conditions for the nested near-field model (DHI MIKE) were derived from the 
regional far-field, low resolution hydrodynamic model output; 

• Ambient hydrodynamic conditions (depth, velocity, temperature, and salinity) will be 
extracted from metocean field data (measurements) for use in the mixing zone model 
(CORMIX). 

Ambient Seawater Temperature Standards 

• The ambient temperature standards, in compliance with national regulations and IFC EHS 
guidelines are as follows: the increase of seawater temperature should not exceed 3°C at 
the edge of the recommended mixing zone (RMZ). 

 

AVII.3.3.3. Scenarios 

Table AVII.15 summarizes the overview of modelling scenarios for both the CORMIX and DHI MIKE 
models, while Table AVII.16 and Table AVII.17 summarize the thermal discharge flow rates and 
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excess temperatures, respectively. In these simulations, the discharge will be assumed to be 
continuous throughout the monthly simulation periods, as described in Section AVII.3.2.5. 

The discharge depth is at 11.5-17.5 m above base level of the vessel and the maximum draft of the 
FLNG is 18 m (Consultec, 2015a). Therefore, it is estimated that the seawater cooling discharge is 
a maximum of 0.5-7.5 m below sea level. For the modelling, it was estimated that discharge will be 
to the model segment that represents the top 5 m below sea level. 

Table AVII.15: Modelling scenarios 

Modelling Component Model Hydrodynamic Conditions Discharge Condition 

Temperature DHI MIKE 

High Current Speed (Scenario 1) 

Average / Peak Low Current Speed (Scenario 2) 

Typical Current Speed (Scenario 3) 

Temperature CORMIX 

High Current Speed (Scenario 1) 

Average / Peak Low Current Speed (Scenario 2) 

Typical Current Speed (Scenario 3) 

 

Table AVII.16: Thermal discharge flow rates and temperatures 

Description 
Average Discharge Peak Discharge 

MT/hr m3/s MT/hr m3/s 

Total Thermal Discharge 1 @ 30.64 °C 24 964 6.9344 27 445 7.6236 

Note 1) Total consists of combined Main Seawater, AFT Essential Seawater and FWD Essential Seawater. 

 

Table AVII.17: Ambient and excess temperatures 

Scenario Average sea surface 
temperature (°C) 

Excess discharge 
temperature (°C) 

Scenario 1 – May 2013 (High current speed) 27.79 2.85 

Scenario 2 – October 2013 (Low current speed) 26.72 3.92 

Scenario 3 – March 2013 (Typical current speed) 29.86 0.78 

 

AVII.3.3.4. Nested Near-Field Model Results 

The thermal dispersion model was run over three separate one-month simulation periods (see Table 
AVII.15). The simulations included a 7-day spin-up period prior to the start dates to allow for the 
water levels, and currents to stabilise (the spin-up period is however excluded in the post-processing 
of results). The relevant outputs of the model are temperature concentrations at hourly intervals over 
the duration of each simulation. 

The thermal dispersion model results have been processed to provide the statistical maximum and 
high-percentile values of temperature rise as well as the percentage of exceedance above the 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVII.30 

 

specified threshold of 3 °C. A mixing zone with radius of 100 m is shown as a dashed circle on each 
plot. 

Percentiles are statistical terms used to describe how certain values compare to other values within 
the same dataset. A value at the 95th percentile mark indicates that 95% of the values in the dataset 
are smaller and 5% of the values are greater than that value. Therefore, the 95th and 99th percentile 
values are accurate representations of what can be expected as extreme high-percentile values and 
have been used here to produce extreme plume behaviours plots. 

Percentage of exceedance plots show the duration as a percentage of the run time that excess 
concentrations exceed a specified threshold. 

AVII.3.3.4.1. Peak Discharge – Scenario 1 (May) 

Spatial plots for the statistical maximum, 99th-, and 95th percentile excess temperature values are 
provided in Figure AVII.19 to Figure AVII.21 for the high current speed scenario (May). 

The percentage of exceedance plot for excess temperature is provided in Figure AVII.22. 
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Figure AVII.19: Maximum temperature rise during cooling water discharge simulation for 

Scenario 1. Thresholds of 0.1 °C (top) and 3 °C (bottom) 
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Figure AVII.20: 99th Percentile temperature rise during cooling water discharge simulation 

for Scenario 1. Thresholds of 0.1 °C (top) and 3 °C (bottom) 
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Figure AVII.21: 95th Percentile temperature rise during cooling water discharge simulation 

for Scenario 1. Thresholds of 0.1 °C (top) and 3 °C (bottom) 
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Figure AVII.22: Percentage of exceedance of 3 °C threshold temperature rise during cooling 

water discharge simulation for Scenario 1 

 

AVII.3.3.4.2. Peak Discharge – Scenario 2 (October) 

Spatial plots for the statistical maximum, 99th-, and 95th percentile excess temperature values are 
provided in Figure AVII.23 to Figure AVII.25 for the low current speed scenario (October). 

The percentage of exceedance plot for excess temperature is provided in Figure AVII.26. 
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Figure AVII.23: Maximum temperature rise during cooling water discharge simulation for 

Scenario 2. Thresholds of 0.1 °C (top) and 3 °C (bottom) 
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Figure AVII.24: 99th Percentile temperature rise during cooling water discharge simulation 

for Scenario 2. Thresholds of 0.1 °C (top) and 3 °C (bottom) 
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Figure AVII.25: 95th Percentile temperature rise during cooling water discharge simulation 

for Scenario 2. Thresholds of 0.1 °C (top) and 3 °C (bottom) 
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Figure AVII.26: Percentage of exceedance of 3 °C threshold temperature rise during cooling 

water discharge simulation for Scenario 2 

 

AVII.3.3.4.3. Peak Discharge – Scenario 3 (March) 

Spatial plots for the statistical maximum, 99th-, and 95th percentile excess temperature values are 
provided in Figure AVII.27 to Figure AVII.29 for the typical current speed scenario (March). 

The percentage of exceedance plot for excess temperature is provided in Figure AVII.30. 
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Figure AVII.27: Maximum temperature rise during cooling water discharge simulation for 

Scenario 3. Thresholds of 0.1 °C (top) and 3 °C (bottom) 
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Figure AVII.28: 99th Percentile temperature rise during cooling water discharge simulation 

for Scenario 3. Thresholds of 0.1 °C (top) and 3 °C (bottom) 
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Figure AVII.29: 95th Percentile temperature rise during cooling water discharge simulation 

for Scenario 3. Thresholds of 0.1 °C (top) and 3 °C (bottom) 
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Figure AVII.30: Percentage of exceedance of 3 °C threshold temperature rise during cooling 

water discharge simulation for Scenario 3 

 

AVII.3.3.4.4. Peak Discharge – Summary 

A summary of the maximum temperature rise for the three scenarios is shown in Table AVII.18. 
According to the standards for ambient seawater, the temperature rise should not exceed 3 °C at the 
100 m edge of mixing zone. As seen from the summary below, the maximum temperature rise was 
predicted in Scenario 02 with a rise of 0.39 °C which is well below the 3 °C standard. Scenario 02 
results in the highest temperature rise for the cooling water discharge, which is due to the fact that 
Scenario 02 represents the lowest ambient current conditions. 

Table AVII.18: Maximum temperature rise for the three scenarios under cooling water peak 
discharge 

Scenario Maximum temperature rise (° C) at 100 m 
mixing zone 

Scenario 1 (May) 0.33 (ESE direction) 

Scenario 2 (October) 0.39 (SSW direction) 

Scenario 3 (March) 0.11 (ENE direction) 
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AVII.3.3.5. CORMIX Mixing Zone Model Results 

AVII.3.3.5.1. Average Discharge 

The steady state temperature rise results for the cooling water discharge under average discharge 
for the three scenarios are shown in Figure AVII.31. As can be seen, the temperature rise was 
predicted to be far below the 3 °C standard at distances of less than 10 m from the outfall. At the 
edge of the mixing zone the maximum increase is under 0.4ºC. 

 
Figure AVII.31: Steady state temperature rise during cooling water discharge simulation for 

all average discharge scenarios 

 

AVII.3.3.5.2. Peak Discharge 

The steady state temperature rise results for the cooling water discharge under peak discharge for 
the three scenarios are shown in Figure AVII.32. As can be seen, the temperature rise was predicted 
to be far below the 3 °C standard at distances of less than 10 m from the outfall. At the edge of the 
mixing zone the maximum increase is under 0.37ºC. 
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Figure AVII.32: Steady state temperature rise during cooling water discharge simulation for 

all peak discharge scenarios 

 

AVII.3.4. Produced Water Discharge Model 

AVII.3.4.1. Model Setup 

The effect of produced water discharge will be estimated by modelling the contribution of the 
discharge to the ambient water column concentrations. These concentrations will be calculated using 
the maximum surface constituent concentration (i.e., minimum dilution) computed by the model DHI 
MIKE, based on the established hydrodynamic modelling (see Section AVII.3.2 for the hydrodynamic 
methodology details). 

The effluent data provided by MRV characterizes the treated produced water for three constituents 
with temperature also added due to its effects on marine life:  

• Five-day biological oxygen demand (BOD5); 
• Total suspended solids (TSS); 
• Oil (assumed to represent oil and grease); 
• Temperature 

It should be noted that even though the abstracted produced water is known to have relevant 
concentrations of phenols, this constituent was not included in this assessment, as the FLNG’s 
produced water treatment system is designed to reduce phenol concentrations in the discharged 
treated effluent up to 0.5 mg/l. This end-of-pipe concentration complies with the national ambient 
water quality standard, and as such no relevant effect is expected to result from this discharge. 
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A nested 3-D model with extent of approx. 30 km by 30 km centred at the FLNG site will be created 
with a higher resolution of approx. 30 m.  

AVII.3.4.2. Inputs and Standards 

Input Condition Data 

• The boundary conditions for the nested near-field model (DHI MIKE) were derived from the 
regional far-field, low resolution hydrodynamic model output. 

Ambient Seawater Quality Standards 

The ambient sweater quality standards used for the constituents are provided in Table AVII.19, with 
the treated effluent produced water limits provided in Table AVII.20.  

Table AVII.19: Ambient seawater quality standards for the constituents modelled for the 
produced water discharge 

Parameter Unit Ambient quality standard 

Temperature °C <3 change 100 m from point of discharge a 

BOD5 mg/L 5 b 

References: a IFC EHS Guidelines for Offshore Oil and Gas Developments. b Annex V, Decree No. 18/2004 (as amended by 

Decree No. 67/2010).  

Table AVII.20: Treated produced water effluent limits 

Parameter Project Standard a 

Oil content 
42 mg/L (daily maximum) 

29 mg/L (monthly average) 

Reference: a IFC EHS Guidelines for Offshore Oil and Gas Developments. 

 

AVII.3.4.3. Scenarios 

Table AVII.21 summarizes the overview of modelling scenarios for the DHI MIKE model, while Table 
AVII.22 and Table AVII.23 summarize the produced water discharge flow rates and discharge 
concentrations, respectively. In these simulations, the discharge will be assumed to be continuous 
throughout the monthly simulation periods, as described in Section AVII.3.2.5. 

Results indicate an assessment of incremental excess concentrations. 

For the modelling, it was estimated that discharge will be to the model segment that represents the 
top 5 m below sea level. As the discharge depth is projected to be 10 m; due to the rapid dilution of 
solutes observed within the model domain at the initial discharge depth corresponding to the surface 
layer of the model ranging from 0 to 5 m below MSL, the model was not updated as the results 
indicate that discharging at 10 m depth would have an insignificant impact on dilution. In this case, 
this scenario is viewed as a conservative worst-case approach. 
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Table AVII.21: Modelling scenarios 

Modelling Component Hydrodynamic Conditions Discharge Condition 

Oil and Grease 

High Current Speed (Scenario 1) 

Average / Peak Low Current Speed (Scenario 2) 

Typical Current Speed (Scenario 3) 

BOD5 

High Current Speed (Scenario 1) 

Average / Peak Low Current Speed (Scenario 2) 

Typical Current Speed (Scenario 3) 

TSS 

High Current Speed (Scenario 1) 

Average / Peak Low Current Speed (Scenario 2) 

Typical Current Speed (Scenario 3) 

Temperature 

High Current Speed (Scenario 1) 

Average / Peak Low Current Speed (Scenario 2) 

Typical Current Speed (Scenario 3) 

 

Table AVII.22: Produced water discharge flow rates 

Description 
Average Discharge Peak Discharge 

m3/hr m3/s m3/hr m3/s 

Flow rate 32 0.00889 62 0.01722 

 

Table AVII.23: Effluent discharge concentrations  

Constituent Unit Discharge Concentration 

Oil and Grease mg/L 10 

BOD5 mg/L 599 

TSS mg/L 35 

Temperature °C 38 

 

AVII.3.4.4. Model Results 

The produced water dispersion model was run over three separate one-month simulation periods 
(see Table AVII.21). The simulations included a 7-day spin-up period prior to the start dates to allow 
for the water levels, and currents to stabilise (the spin-up period is however excluded in the post-
processing of results). The relevant outputs of the model are temperature and various solutes (oil 
and grease, BOD5, TSS), modelled as conservative tracers, concentrations at hourly intervals over 
the duration of each simulation. 

The produced water dispersion model results have been processed to provide the statistical 
maximum and high-percentile values of temperature rise as well as the percentage of exceedance 
above the specified threshold of 3 °C. Only the statistical maximum values of rise in concentration 
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for the various solutes are provided. Mixing zones with radii of 100 m and 300 m are shown as 
dashed circles on the temperature and solutes plots, respectively. Plots are presented according to 
a scale of values with the maximum value representing the relevant threshold, if applicable. In cases 
where no plumes are visible for the relevant threshold value, an additional plot is provided according 
to a lower scale of values in order to present the behaviour of the plume, albeit with insignificantly 
low values. 

Percentiles are statistical terms used to describe how certain values compare to other values within 
the same dataset. A value at the 95th percentile mark indicates that 95% of the values in the dataset 
are smaller and 5% of the values are greater than that value. Therefore, the 95th and 99th percentile 
values are accurate representations of what can be expected as extreme high-percentile values and 
have been used here to produce extreme plume behaviours plots. 

Percentage of exceedance plots show the duration as a percentage of the run time that excess 
concentrations exceed a specified threshold. 

AVII.3.4.4.1. Peak Discharge – Scenario 1 (May) 

Spatial plots for the statistical maximum, 99th-, and 95th percentile excess temperature values are 
provided in Figure AVII.33 to Figure AVII.35 for the high current speed scenario (May). 

The percentage of exceedance plot for excess temperature is provided in Figure AVII.36. 

Spatial plots for the statistical maximum excess solutes (oil and grease, BOD5, TSS) concentration 
values are provided in Figure AVII.37 to Figure AVII.39. 
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Figure AVII.33: Maximum temperature rise during produced water discharge simulation for 

Scenario 1. Thresholds of 0.002 °C (top) and 3 °C (bottom) 
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Figure AVII.34: 99th Percentile temperature rise during produced water discharge simulation 

for Scenario 1. Thresholds of 0.002 °C (top) and 3 °C (bottom) 
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Figure AVII.35: 95th Percentile temperature rise during produced water discharge simulation 

for Scenario 1. Thresholds of 0.002 °C (top) and 3 °C (bottom) 
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Figure AVII.36: Percentage of exceedance of 3 °C threshold temperature rise during 

produced water discharge simulation for Scenario 1 

 
Figure AVII.37: Maximum oil and grease concentration rise during produced water 

discharge simulation for Scenario 1 (thresholds of 0.02 mg/L) 
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Figure AVII.38: Maximum BOD5 concentration rise during produced water discharge 

simulation for Scenario 1 (thresholds of 5 mg/L) 

 
Figure AVII.39: Maximum TSS concentration rise during produced water discharge 

simulation for Scenario 1 (thresholds of 0.02 mg/L) 
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AVII.3.4.4.2. Peak Discharge – Scenario 2 (October) 

Spatial plots for the statistical maximum, 99th-, and 95th percentile excess temperature values are 
provided in Figure AVII.40 to Figure AVII.42 for the low current speed scenario (October). 

The percentage of exceedance plot for excess temperature is provided in Figure AVII.43. 

Spatial plots for the statistical maximum excess solutes (oil and grease, BOD5, TSS) concentration 
values are provided in Figure AVII.44 to Figure AVII.46. 
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Figure AVII.40: Maximum temperature rise during produced water discharge simulation for 

Scenario 2. Thresholds of 0.002 °C (top) and 3 °C (bottom) 
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Figure AVII.41: 99th Percentile temperature rise during produced water discharge simulation 

for Scenario 2. Thresholds of 0.002 °C (top) and 3 °C (bottom) 
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Figure AVII.42: 95th Percentile temperature rise during produced water discharge simulation 

for Scenario 2. Thresholds of 0.002 °C (top) and 3 °C (bottom) 
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Figure AVII.43: Percentage of exceedance of 3 °C threshold temperature rise during 

produced water discharge simulation for Scenario 2 

 
Figure AVII.44: Maximum oil and grease concentration rise during produced water 

discharge simulation for Scenario 2 (thresholds of 0.02 mg/L) 
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Figure AVII.45: Maximum BOD5 concentration rise during produced water discharge 

simulation for Scenario 2 (thresholds of 5 mg/L) 

 
Figure AVII.46: Maximum TSS concentration rise during produced water discharge 

simulation for Scenario 2 (thresholds of 0.02 mg/L) 
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AVII.3.4.4.3. Peak Discharge – Scenario 3 (March) 

Spatial plots for the statistical maximum, 99th-, and 95th percentile excess temperature values are 
provided in Figure AVII.47 to Figure AVII.49 for the typical current speed scenario (March). 

The percentage of exceedance plot for excess temperature is provided in Figure AVII.50. 

Spatial plots for the statistical maximum excess solutes (oil and grease, BOD5, TSS) concentration 
values are provided in Figure AVII.51 to Figure AVII.53. 
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Figure AVII.47: Maximum temperature rise during produced water discharge simulation for 

Scenario 3. Thresholds of 0.002 °C (top) and 3 °C (bottom) 
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Figure AVII.48: 99th Percentile temperature rise during produced water discharge simulation 

for Scenario 3. Thresholds of 0.002 °C (top) and 3 °C (bottom) 
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Figure AVII.49: 95th Percentile temperature rise during produced water discharge simulation 

for Scenario 3. Thresholds of 0.002 °C (top) and 3 °C (bottom) 
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Figure AVII.50: Percentage of exceedance of 3 °C threshold temperature rise during 

produced water discharge simulation for Scenario 3 

 
Figure AVII.51: Maximum oil and grease concentration rise during produced water 

discharge simulation for Scenario 3 (thresholds of 0.02 mg/L) 
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Figure AVII.52: Maximum BOD5 concentration rise during produced water discharge 

simulation for Scenario 3 (thresholds of 5 mg/L) 

 
Figure AVII.53: Maximum TSS concentration rise during produced water discharge 

simulation for Scenario 3 (thresholds of 0.02 mg/L) 
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AVII.3.4.4.4. Peak Discharge – Summary 

A summary of the maximum temperature rise for the three scenarios is shown in Table AVII.24. 
According to the standards for ambient seawater, the temperature rise should not exceed 3 °C at the 
edge of the mixing zone. As seen from the summary below, a similar maximum temperature rise 
across all three scenarios of 0.003 °C was predicted at 100 m from the discharge, which is well below 
the 3 °C standard. 

Table AVII.24: Maximum temperature rise for the three scenarios under produced water 
peak discharge 

Scenario Maximum temperature rise (° C) at 100 m 
from discharge 

Scenario 1 (May) 0.003 (ESE direction) 

Scenario 2 (October) 0.003 (SSW direction) 

Scenario 3 (March) 0.003 (SE direction) 

A summary of the maximum solute concentrations for the three scenarios is shown in Table AVII.25. 
The minimum dilution occurs at the grid cell containing the outfall. The discharge is diluted by a factor 
of 900, 3100, and 900 for Scenarios 01, 02, and 03 respectively.  

As seen from Table AVII.19, the applicable standard for parameter BOD5 is 5 mg/L. The model 
results show that the predicted BOD5 concentrations are significantly lower than the standard, with 
the highest value being 0.67 mg/l. The highest predicted values for oil and grease and TSS are 
0.011 mg/L and 0.039 mg/L, respectively. 

Table AVII.25: Maximum predicted solute concentrations resulting from produced water 
peak discharge for all three scenarios 

Scenario 
Initial Concentration (mg/L) Maximum Concentration (mg/L) Minimum 

Dilution Factor Oil and Grease BOD5 TSS Oil and Grease BOD5 TSS 

Scenario 1 10 599 35 1.1E-2 6.7E-1 3.9E-2 900 

Scenario 2 10 599 35 3.2E-3 1.9E-1 1.1E-2 3100 

Scenario 3 10 599 35 1.1E-2 6.7E-1 3.9E-2 900 

 

AVII.3.5. Drill Cuttings Model 

AVII.3.5.1. Modelling Approach 

The DHI MIKE Mud Transport Module will be used to simulate the fate, transport, potential deposition, 
and increased TSS concentration above ambient values due to the release of drill cuttings with 
residual adhered base oil from the LTOBM (low toxicity oil base mud).  

Six production wells were selected for modelling, representing the range of locations that may be 
drilled to produce natural gas (see Table AVII.13 and Figure AVII.11). 

The top sections jetted material is released at the seafloor. All remaining drilled sections and related 
drilling materials will be recovered to the vessel and transferred to shore for treatment and disposal. 
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While this is the design option, an alternative procedure that may be required, if transfer to shore 
becomes unavailable for some reason, is the release of the drill cuttings from mean sea level after 
treatment onboard the drilling rig.  

If the first option is executed (transfer for onshore treatment and disposal) no impacts on water quality 
will be experienced. However, given the possibility of offshore disposal, a modelling study was 
conducted to investigate potential impacts associated with this procedure. Offshore disposal would 
include treatment aboard the drilling rig. This treatment process consists of mud separation first, 
followed by thermal treatment, in order to reduce the amount of adhered residual LTOBM as much 
as possible. After this treatment, drill cuttings would then be discharged to sea. Material released at 
mean sea level will pass vertically through the water column, because cuttings and the adhered 
residual LTOBM are denser than the receiving water. Cuttings and adhered residual LTOBM 
dispersion is fundamentally a three-dimensional (3-D) phenomenon. 

 

AVII.3.5.2. Model Setup 

A nested 3-D model with extent of approx. 30 km by 30 km will be created with a resolution of approx. 
30 m at the area of interest (FLNG and wellhead locations).  

Input Condition Data 

• The input and boundary conditions (consisting of currents, water temperature, and salinity) 
for the nested model were derived from the regional far-field, low resolution hydrodynamic 
model output (see Section AVII.3.2). 

 

AVII.3.5.3. Scenarios 

An analysis of the effects of the currents is required to determine the simulation period. This analysis 
attempts to capture a drill cutting release period that represent the most localized and highest 
magnitude impacts possible. Therefore, October 2013 was chosen for having the lowest average 
current speed, thereby posing the highest risk to benthic and life surrounding the release sites. 

Estimated quantities and material properties of potential anticipated drill cuttings (Fraction 1) and 
adhered residual LTOBM (Fraction 2) to be discharged during drilling from the various wellhead 
locations are provided in Table AVII.26. 

It is anticipated that some particles of the drilling mud may be discharged together/adhered with the 
drill cuttings, which typically ranges between 5 and 25%. For this study, the total amount of drilling 
fluid lost together with the disposed cuttings was assumed to be 5% of the volume of disposed 
cuttings during the drilling operations.  
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Table AVII.26: Cuttings and muds discharge properties 

Parameter Discharge 
Volume (m3) 

Grain Diameter 
D50 (mm) 

Settling Velocity 
(m/s)* 

Particle Density 
(kg/m3) 

Fraction 1 - Drill cuttings 1 350 0.25 2.5051 x 10-2 2 400 

Fraction 2 - Drill Muds (LTOBM) 67.5 0.015 6.0122 x 10-6 1 100 

Note: * Settling velocity formula according to Soulsby (1997). 

The drilling operation is anticipated to reach a well depth of 2 800 m below seabed surface. At a rate 
of 20 m per hour, the duration of drilling is approx. 140 hours or 5.83 days (assuming 24-hour 
operations). Therefore, the discharge rates are calculated and summarised in Table AVII.27. 

Table AVII.27: Cuttings and muds discharge rates 

Parameter Discharge rate 
(m3/h) 

Discharge rate 
(m3/s) 

Fraction 1 - Drill cuttings 9.6429 0.0026786 

Fraction 2 - Drill Muds (LTOBM) 0.4821 0.0001339 

 

AVII.3.5.4. Model Results 

The sediment dispersion model was run over a two-week simulation period. The simulation included 
a 7-day spin-up period prior to the start date to allow for the water levels, and currents to stabilise 
(the spin-up period is however excluded in the post-processing of results). The relevant outputs of 
the model are depositional thickness and total suspended solids (TSS) at the end of the simulation 
period. 

The sediment dispersion model results have been processed to provide the statistical maximum TSS 
concentration and total bed thickness change. A mixing zone with radius of 100 m is shown as a 
dashed circle on each plot. 

AVII.3.5.4.1. Depositional Thickness 

Figure AVII.54 shows the maximum particle deposition thickness for released cuttings and adhered 
residual LTOBM at the end of the drilling and discharges for well CO-15. Particles primarily settle 
within a 450 m2 area, which represents the cell area at which discharge takes place and the 
maximum deposit is estimated to reach a peak of 3.03 m thick. Therefore, the deposition within this 
area exceeds the 50 mm maximum deposition threshold (Consultec, 2015a). This highly localized 
deposit is due to the large grain size and associated high settling velocity of the drill cuttings 
combined with low current velocities at the seabed.  
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Figure AVII.54: Maximum depositional thickness at the end of all drilling and deposition 

AVII.3.5.4.2. Total Suspended Solids 

Figure AVII.55 shows a plot of the maximum TSS concentration for released cuttings and adhered 
residual LTOBM from site CO-15. The national regulation does not establish an ambient water quality 
limit for TSS concentration on marine waters. In the absence of a national standard, best practice 
international standards were adopted, namely IFC’s guidelines for effluent discharges of hydrotest 
water at LNG Facilities (IFC, 2007), which lists a guidance limit of 35 mg/l. This guidance limit was 
adopted in this assessment as an ambient water quality threshold value for TSS. 

A maximum TSS concentration of 0.23 mg/L was estimated, extending to 25 m from the discharge 
location, which is well below the reference threshold value of 35 mg/L. This increase of suspended 
solids is therefore very unlikely to cause impacts related to light inhabitation, especially at depths 
below 1,800 m, well below the photic zone where photosynthesis occurs in the ocean. 
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Figure AVII.55: Maximum concentration TSS 

AVII.3.5.4.3. Summary 

A summary of the results for the drill cuttings model are provided in Table AVII.28. 

Table AVII.28: Drill cuttings modelling results summary 

Well head Location 
Max deposition (m) 

(Recommended 50 mm threshold) 
Max TSS (mg/L) 

(35 mg/L threshold) 

CO-15 3.03 0.23 

 

AVII.3.6. Oil Spill Model 

AVII.3.6.1. Modelling Approach 

The term “scenario” refers to the conditions that describe a specific spill event, including the type of 
oil spilled, as well as the volume, duration, location, and depth of the release. A “simulation” is a 
model run for a specific period of time (e.g., autumn condition). For stochastic analyses, each 
simulation is repeated multiple times within the specified time period but selecting from many start 
dates over a long period (example: one year) for a range of wind and current conditions. Each of 
these runs repeated within a stochastic simulation is called “iteration”. This stochastic (or 
probabilistic) mode will be used in this modelling. The results of each of these stochastic iterations 
are summarized as probability diagrams, which intend to represent the range of locations across a 
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grid of surface cells potentially affected by the presence of oil and therefor present the summary of 
all potential outcomes. 

It is to be noted that the probabilistic summaries do not represent the outcome of a single spill; rather 
these summaries show the probability of presence of oil at various locations. A single iteration, 
representing an individual spill event, would cover only a portion of the area shown. 

In addition to stochastic analysis, a deterministic modelling approach was also used to assess the 
fate and trajectory of single oil spill events. This approach is based on a single simulation based on 
an assessment of impacts from the stochastic analysis. 

 

AVII.3.6.2. Assessment Criteria for the Simulation of Spills 

“Significant surface oiling” is defined as oil having a thickness above a minimum thickness threshold, 
which delineates where oil becomes visible and below which aquatic biota are at near zero risk of 
smothering from crude oil. The first clearly visible oil appears as a silvery sheen at thicknesses 
between 0.04 μm to 0.3 μm based on values catalogued in BAOAC (2017). Table AVII.29 
summarizes the thickness descriptors represented by the BAOAC standard colour designations, 
while Figure AVII.56 gives an example of an aerial photograph of oil appearance.  

Table AVII.29: Oil thickness thresholds used in impacted areas 

Code Description of appearance Layer thickness (μm) Litres per km2 

1 Sheen (silvery/grey) 0.04 to 0.30 40 to 300 

2 Rainbow 0.30 to 5.0 300 to 5,000 

3 Metallic 5.0 to 50 5,000 to 50,000 

4 Discontinuous true oil colour 50 to 200 50,000 to 200,000 

5 Continuous true oil colour 200 > 200,000 

Source: Adopted from BAOAC (2017). 

Oil at a thickness of 0.1 μm may be visible and potentially wash upon the shore as a silver sheen but 
is not expected to cause physical injury (e.g., oiling, smothering) to wildlife contacting it. On this 
basis, simulations were performed until a minimum surface thickness threshold of 0.1 μm was 
reached. The analysis and presentation of results provided is based on a minimum threshold of 1 μm, 
the threshold below which exposure by seabirds is considered low risk. 
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Source: NOAA (2016). 

Figure AVII.56: Oil colour/appearance for silver-grey and rainbow sheen 

A summary of the significance of the oil spill modelling outputs is presented in Table AVII.30. 

Table AVII.30: Oil spill output assessments and significance 

Output component Importance of information 

Geographic distribution and probability of surface oiling 
(significant threshold range of 0.1 μm to 1 μm) Understanding relative risk and extent of a spill event 

Geographic distribution of oil slick thicknesses Understanding extent of significant oil mass per area and the risk of 
smothering biota 

Probability of shoreline oiling and arrival time Understanding risk to coastal receptors and extent of shoreline 
oiling 

Mass Balance Plots 
Illustrate the fate of the oil as time-varying percentages of the total 

mass due to various weathering processes (e.g. spreading, 
evaporation, dispersion, and dissolution) 

 

AVII.3.6.3. Scenarios 

Stochastic and deterministic simulations will be performed for the offshore oil spills at the CO-15 well 
location, as summarised in Table AVII.31. 

Table AVII.31: Details of the oil release scenarios 

Scenario Wellhead Location Total release volume Release 
duration 

Release rate 
(bbl/d) 

Diesel spill at MSL associated with 
vessel collision CO-15 2,000 bbl Instantaneous 

(1 hour) 
Instantaneous 

(1 hour) 

Blowout of the wellhead on the 
seabed (gas condensate) CO-15 60,300 bbl 45 days 1,340 

Riser disconnect LTOBM release CO-15 1,650 bbl Instantaneous 
(1 hour) 

Instantaneous 
(1 hour) 

Three separate simulation periods within a specific year were selected to be used in the deterministic 
oil spill modelling, whereas the stochastic simulations were performed covering the entire year of 
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2013. The year of 2013 was selected for modelling the oil spill dispersion taking into account the 
most conservative environmental forcing conditions (i.e., currents) to drive the oil spill processes at 
the project site (see Section AVII.3.2.3). Having selected the representative year, the representative 
seasons to be used in the model will be selected taking into account the estimates of shortest time 
for the oil to reach the shore (maximum westerly currents) and maximum oil extent at the sea surface 
(minimum current speeds).  

The selection of these simulation periods (incl. starting month and modelling duration) was 
determined following an assessment of the measured monthly surface currents during 2013, as 
depicted in the current roses in Figure AVII.57.  

The three simulation periods selected represent the maximum (May), minimum (October), and typical 
(March) current speeds at the CO-15/16 project site. Median simulations, representative of typical 
behaviour, were also identified and included with deterministic results. 

 

 

Figure AVII.57: Current roses based on surface current measurements conducted by Fugro 
(2013) 
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AVII.3.6.4. Model Setup 

A regional far-field hydrodynamic model for the oil spill modelling was built based on HYCOM data. 
A description of this model is provided in Section AVII.3.2.3. Hydrodynamic data for all simulations 
will be based on HYCOM currents extracted for the year of 2013. 

 

AVII.3.6.5. Model Results 

The relevant outputs of the stochastic model are average oil concentration, average oil thickness, 
minimum time to oiling, and probability of oiling. The relevant outputs of the deterministic model are 
the fate and trajectory of single oil spill events, specifically tracking the change in oil thickness due 
to weathering processes. 

AVII.3.6.5.1. Stochastic Model Results 

The extent of visible surface oil (average oil thickness > 0.1 µm) is shown in Figure AVII.58, Figure 
AVII.59, and Figure AVII.60 for diesel, gas condensate, and LTOBM, respectively. Oil thickness of 
1 µm is also shown as a yellow isolines on the plots. 

The average oil concentration is shown in Figure AVII.61, Figure AVII.62, and Figure AVII.63 for 
diesel, gas condensate, and LTOBM, respectively, only for visible surface oil, i.e., thicker than 
0.1 µm. 

The probability of oiling (exceeding average oil thickness > 0.1 µm) is shown in Figure AVII.64, Figure 
AVII.65, Figure AVII.66 for diesel, gas condensate, and LTOBM, respectively. 

The minimum time to oiling (exceeding average oil thickness > 0.1 µm) is shown in Figure AVII.67, 
Figure AVII.68, and Figure AVII.69 for diesel, gas condensate, and LTOBM, respectively. 

Figure AVII.70 shows the time to oiling over distance travelled from source as a scatter diagram. The 
condensate blowout dispersion occurs at an approximate rate of between 50 km to 60 km per day, 
while the diesel and LTOBM spill disperses at an approximate rate of between 110 km to 120 km per 
day. Figure AVII.71 and Table AVII.32 summarises the percentage probability of oiling that can occur 
at distance from the source during an unplanned event. 

Mass balance plots for the averaged stochastic diesel, gas condensate, and LTOBM are included as 
Figure AVII.72, Figure AVII.73, and Figure AVII.74. As noted, the presence of oil particles in the 
seawater surface reduces over time due to the various weathering processes (e.g., spreading, 
evaporation, dispersion and dissolution) that transform the oil properties as the oils spends time in 
the environment. The disintegration rate of the oil is therefore affected by local conditions (i.e., winds, 
currents, and seawater characteristics) which can either enhance or reduce the presence of oil in the 
water surface. 

Summaries of the vessel collision diesel spill, the gas condensate blowout release, and the riser 
disconnect LTOBM release model results for the stochastic simulations are found in Table AVII.32. 
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Table AVII.32: Stochastic modelling results for the year of 2013 

Scenario Max concentration 
(L/km2) 

Average Surface 
Area With Visible 

Oil (km²) 
Average Surface 
Area>1μm (km²) 

Typical 
Dispersion rate 

(km/day) 

Averaged over 100 
simulations diesel spill at 

MSL associated with vessel 
collision 

3,791 172,552 9,298 110 to 120 

Averaged over 100 
simulations blowout of the 

wellhead on the seabed (gas 
condensate) 

2,881 108,203 1,264 50 to 60 

Averaged over 100 
simulations for riser 
disconnect (LTOBM) 

3,073 145,538 9,175 110 to 120 

Each of the 100 simulations 
diesel spill at MSL associated 

with vessel collision 
median = 3,686 median = 7,964   

Each of the 100 simulations 
blowout of the wellhead on 

the seabed (gas condensate) 
(2,760 to 24,603) median = 789   

Each of the 100 simulations 
for riser disconnect (LTOBM) (237 to 1,971) -   

 

Table AVII.33: Probability of oiling at distance from source 

Probability (%) Diesel spill 
Distance from source (km) 

Condensate blowout 
Distance from source (km) 

LTOBM 
Distance from source (km) 

80 to 100 < 10 < 180 < 10 

60 to 80 10 to 20 180 to 300 10 to 45 

40 to 60 20 to 180 300 to 400 45 to 170 

20 to 40 180 to 330 400 to 500 170 to 330 

0 – 20 330 to 860 500 to 950 330 to 850 
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Figure AVII.58: Maximum oil thickness for the diesel spill stochastic simulation 

 
Figure AVII.59: Maximum oil thickness for the condensate spill stochastic simulation 
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Figure AVII.60: Maximum oil thickness for the LTOBM spill stochastic simulation 

 
Figure AVII.61: Maximum concentration for the diesel spill stochastic simulation 
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Figure AVII.62: Maximum concentration for the condensate spill stochastic simulation 

 

 
Figure AVII.63: Maximum concentration for the LTOBM spill stochastic simulation 
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Figure AVII.64: Probability of oiling for the diesel spill stochastic simulation 

 
Figure AVII.65: Probability of oiling for the condensate spill stochastic simulation 
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Figure AVII.66: Probability of oiling for the LTOBM spill stochastic simulation 

 
Figure AVII.67: Minimum time to oiling for the diesel spill stochastic simulation 
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Figure AVII.68: Minimum time to oiling for the condensate spill stochastic simulation 

 
Figure AVII.69: Minimum time to oiling for the LTOBM spill stochastic simulation 
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Figure AVII.70: Time to oiling over travel distance for the diesel spill (top), the condensate 

blowout (middle), and LTOBM (bottom) stochastic simulations 
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Figure AVII.71: Probability of oiling over travel distance for the diesel spill (top), the 

condensate blowout (middle), and LTOBM (bottom) stochastic simulations 
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Figure AVII.72: Mass balance for the diesel spill stochastic simulations, based on affected 

surface area 

 
Figure AVII.73: Mass balance for the condensate blowout spill stochastic simulations, based 

on affected surface area 

 
Figure AVII.74: Mass balance for the LTOBM spill stochastic simulations, based on affected 

surface area 
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AVII.3.6.5.2. Deterministic Model Results 

The deterministic model shows the fate and trajectory of single oil spill events, specifically tracking 
the change in oil thickness due to weathering processes.  

The weathering process during the period starting in May of the discharged oil from the diesel vessel 
collision can be seen in Figure AVII.75 to Figure AVII.77, while the condensate blowout and LTOBM 
weathering can be seen in Figure AVII.78 to Figure AVII.83, and Figure AVII.84 to Figure AVII.86. 

The weathering process during the period starting in October of the discharged oil from the diesel 
vessel collision can be seen in Figure AVII.87 to Figure AVII.89, while the condensate blowout and 
LTOBM weathering can be in from Figure AVII.90 to Figure AVII.95, and Figure AVII.96 to Figure 
AVII.98. 

The weathering process during the period starting in March of the discharged oil from the diesel 
vessel collision can be seen in Figure AVII.99 to Figure AVII.101, while the condensate blowout and 
LTOBM weathering can be seen from Figure AVII.102 to Figure AVII.107, and Figure AVII.108 to 
Figure AVII.110. 

Figure AVII.111 to Figure AVII.119 show the mass balance (total volumes in tons) plots for diesel, 
gas condensate and LTOBM simulations for each of the deterministic periods. As noted in the figures, 
the presence of oil particles in the seawater surface reduces over time due to the various weathering 
processes (e.g., spreading, evaporation, dispersion and dissolution) that transform the oil properties 
as the oils spends time in the environment. The disintegration rate of the oil is therefore affected by 
local conditions (i.e., winds, currents, and seawater characteristics) which can either enhance or 
reduce the presence of oil in the water surface. Figure AVII.120 to Figure AVII.128 shows the 
increasing area and decreasing oil thickness of the spill for each of the deterministic simulations. 

Figure AVII.129, Figure AVII.130, and Figure AVII.131 depict the maximum surface area for each of 
the 100 simulations exceeding an average oil thickness of greater than 0.1 µm (visible oil) as 
executed for the stochastic for diesel spill, gas condensate, and LTOBM, respectively. It also shows 
the ranking on affected surface area for each of the individual runs, with the median highlighted with 
an orange fill.  

The development movement and decay of the surface spill for the median simulations are 
represented in Figure AVII.132 to Figure AVII.134 for the diesel, Figure AVII.135 to Figure AVII.140 
for the gas condensate, and Figure AVII.141 to Figure AVII.143 for the LTOBM. Figure AVII.144 and 
Figure AVII.145 show the mass balance for the identified median simulation of the diesel spill, 
condensate blowout, and LTOBM, while Figure AVII.147 to Figure AVII.149 show the increasing area 
and decreasing oil thickness over time for each of the median scenarios. 

Summaries of the vessel collision diesel spill, the gas condensate blowout release, and the LTOBM 
model results for the each of the deterministic simulations are included in Table AVII.34. 
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Table AVII.34: Deterministic modelling results 

Scenario 
Max 

Concentration 
(L/km2) 

Maximum Cumulative Surface 
Area With Visible Oil (km²) 

Maximum Cumulative 
Surface Area > 1μm (km²) 

Diesel spill at MSL associated 
with vessel collision during May 3,002 3,548 315 

Blowout of the wellhead on the 
seabed (gas condensate) 

during May 
1,994 46,209 867 

Riser disconnect associated 
with release of LTOBM during 

May 
3,064 3,312 315 

Diesel spill at MSL associated 
with vessel collision during 

March 
3,730 3,706 473 

Blowout of the wellhead on the 
seabed (gas condensate) 

during March 
2,858 36,904 552 

Riser disconnect associated 
with release of LTOBM during 

March 
3,105 3,391 394 

Diesel spill at MSL associated 
with vessel collision during 

October 
3,031 4,652 473 

Blowout of the wellhead on the 
seabed (gas condensate) 

during October 
1,639 34,696 315 

Riser disconnect associated 
with release of LTOBM during 

October 
3,073 3,706 552 

Diesel spill at MSL associated 
with vessel collision for median 

simulation 
3,686 7,964 789 

Blowout of the wellhead on the 
seabed (gas condensate) for 

median simulation 
2,858 36,904 552 

Riser disconnect associated 
with release of LTOBM for 

median simulation 
3,077 8,280 631 
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Figure AVII.75: Weathering of diesel spill during May after 1 hour (top) and 6 hours (bottom) 
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Figure AVII.76: Weathering of diesel spill during May after 12 hours (top) and 24 hours 

(bottom) 
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Figure AVII.77: Weathering of diesel spill during May after 3 days (top) and 7 days (bottom) 
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Figure AVII.78: Weathering of condensate blowout during May after 6 hours (top) and 12 

hours (bottom) 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVII.90 

 

 
Figure AVII.79: Weathering of condensate blowout during May after 24 hours (top) and 3 

days (bottom) 
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Figure AVII.80: Weathering of condensate blowout during May after 7 days (top) and 2 

weeks (bottom) 
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Figure AVII.81: Weathering of condensate blowout during May after 3 weeks (top) and 4 

weeks (bottom) 
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Figure AVII.82: Weathering of condensate blowout during May after 5 weeks (top) and 6 

weeks (bottom) 
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Figure AVII.83: Weathering of condensate blowout during May after 7 weeks (top) and 8 

weeks (bottom) 
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Figure AVII.84: Weathering of LTOBM spill during May after 1 hour (top) and 6 hours 

(bottom) 
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Figure AVII.85: Weathering of LTOBM spill during May after 12 hours (top) and 24 hours 

(bottom) 
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Figure AVII.86: Weathering of LTOBM spill during May after 3 days (top) and 7 days (bottom) 
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Figure AVII.87: Weathering of diesel spill during October after 1 hour (top) and 6 hours 

(bottom) 
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Figure AVII.88: Weathering of diesel spill during October after 12 hours (top) and 24 hours 

(bottom) 
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Figure AVII.89: Weathering of diesel spill during October after 3 days (top) and 7 days 

(bottom) 
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Figure AVII.90: Weathering of condensate blowout during October after 6 hours (top) and 12 

hours (bottom) 
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Figure AVII.91: Weathering of condensate blowout during October after 24 hours (top) and 3 

days (bottom) 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVII.103 

 

 
Figure AVII.92: Weathering of condensate blowout during October after 7 days (top) and 2 

weeks (bottom) 
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Figure AVII.93: Weathering of condensate blowout during October after 3 weeks (top) and 4 

weeks (bottom) 
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Figure AVII.94: Weathering of condensate blowout during October after 5 weeks (top) and 6 

weeks (bottom) 
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Figure AVII.95: Weathering of condensate blowout during October after 7 weeks (top) and 8 

weeks (bottom) 
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Figure AVII.96: Weathering of LTOBM spill during October after 1 hour (top) and 6 hours 

(bottom) 
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Figure AVII.97: Weathering of LTOBM spill during October after 12 hours (top) and 24 hours 

(bottom) 
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Figure AVII.98: Weathering of LTOBM spill during October after 3 days (top) and 7 days 

(bottom) 
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Figure AVII.99: Weathering of diesel spill during March after 1 hour (top) and 6 hours 

(bottom) 
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Figure AVII.100: Weathering of diesel spill during March after 12 hours (top) and 24 hours 

(bottom) 
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Figure AVII.101: Weathering of diesel spill during March after 3 days (top) and 7 days 

(bottom) 
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Figure AVII.102: Weathering of condensate blowout during March after 6 hours (top) and 12 

hours (bottom) 
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Figure AVII.103: Weathering of condensate blowout during March after 24 hours (top) and 3 

days (bottom) 
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Figure AVII.104: Weathering of condensate blowout during March after 7 days (top) and 2 

weeks (bottom) 
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Figure AVII.105: Weathering of condensate blowout during March after 3 weeks (top) and 4 

weeks (bottom) 
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Figure AVII.106: Weathering of condensate blowout during March after 5 weeks (top) and 6 

weeks (bottom) 
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Figure AVII.107: Weathering of condensate blowout during March after 7 weeks (top) and 8 

weeks (bottom) 
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Figure AVII.108: Weathering of LTOBM spill during March after 1 hour (top) and 6 hours 

(bottom) 
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Figure AVII.109: Weathering of LTOBM spill during March after 12 hours (top) and 24 hours 

(bottom) 
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Figure AVII.110: Weathering of LTOBM spill during March after 3 days (top) and 7 days 

(bottom) 
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Figure AVII.111: Mass balance for the diesel spill during October, based on affected surface 

area 

 
Figure AVII.112: Mass balance for the condensate blowout spill during October, based on 

affected surface area 

 
Figure AVII.113: Mass balance for the LTOBM spill during October, based on affected 

surface area 
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Figure AVII.114: Mass balance for the diesel spill during May, based on affected surface 

area 

 
Figure AVII.115: Mass balance for the condensate blowout spill during May, based on 

affected surface area 

 
Figure AVII.116: Mass balance for the LTOBM spill during May, based on affected surface 

area  
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Figure AVII.117: Mass balance for the diesel spill during March, based on affected surface 

area 

 
Figure AVII.118: Mass balance for the condensate blowout spill during March, based on 

affected surface area 

 
Figure AVII.119: Mass balance for the LTOBM spill during March, based on affected surface 

area 
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Figure AVII.120: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the diesel spill during October 

 
Figure AVII.121: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the condensate blowout spill during October 

 
Figure AVII.122: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the LTOBM spill during October 
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Figure AVII.123: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the diesel spill during May 

 
Figure AVII.124: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the condensate blowout spill during May 

 
Figure AVII.125: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the LTOBM spill during May 
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Figure AVII.126: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the diesel spill during March 

 
Figure AVII.127: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the condensate blowout spill during March 

 
Figure AVII.128: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the LTOBM spill during March 
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Figure AVII.129: Affected surface area (top) and ranking of simulations with identified 

median with orange fill (bottom) for each of the diesel spill simulations 

 
Figure AVII.130: Affected surface area (top) and ranking of simulations with identified 
median with orange fill (bottom) for each of the condensate blowout spill simulations 
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Figure AVII.131: Affected surface area (top) and ranking of simulations with identified 

median with orange fill (bottom) for each of the LTOBM spill simulations 
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Figure AVII.132: Weathering of median diesel spill after 1 hour (top) and 6 hours (bottom) 
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Figure AVII.133: Weathering of median diesel spill 12 hours (top) and 24 hours (bottom) 

 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVII.132 

 

 
Figure AVII.134: Weathering of median diesel spill after 3 days (top) and 7 days (bottom) 
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Figure AVII.135: Weathering of median condensate blowout after 6 hours (top) and 12 hours 

(bottom) 

 



 

CORAL NORTH DEVELOPMENT PROJECT 
 

 

 

Environmental Impact Study – Final Report 
Volume IV – Annexes 

AVII.134 

 

 
Figure AVII.136: Weathering of median condensate blowout after 24 hours (top) and 3 days 

(bottom) 
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Figure AVII.137: Weathering of median condensate blowout after 7 days (top) and 2 weeks 

(bottom) 
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Figure AVII.138: Weathering of median condensate blowout after 3 weeks (top) and 4 weeks 

(bottom) 
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Figure AVII.139: Weathering of median condensate blowout after 5 weeks (top) and 6 weeks 

(bottom) 
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Figure AVII.140: Weathering of median condensate blowout after 7 weeks (top) and 8 weeks 

(bottom) 
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Figure AVII.141: Weathering of median LTOBM spill after 1 hour (top) and 6 hours (bottom) 
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Figure AVII.142: Weathering of median LTOBM spill 12 hours (top) and 24 hours (bottom) 
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Figure AVII.143: Weathering of median LTOBM spill after 3 days (top) and 7 days (bottom) 
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Figure AVII.144: Mass balance for the median diesel spill, based on affected surface area 

 
Figure AVII.145: Mass balance for the median condensate blowout spill, based on affected 

surface area 

 
Figure AVII.146: Mass balance for the median LTOBM spill, based on affected surface area 
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Figure AVII.147: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the median diesel spill 

 
Figure AVII.148: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the median condensate blowout spill 

 
Figure AVII.149: Increasing affected area (left) and decreasing approximate oil thickness 

(right) over time for the median LTOBM spill 
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Table AVIII.1: Assessment of physical risks – 2028 (Project start) conditions 

Climate Variable Risk to Project Site Comments on Risk Likelihood Consequence Risk 
classification 

TEMPERATURE 

Mean and maximum 
temperature 

Heat-related failure of above water 
equipment and infrastructure (PR1) 

Periods of extreme temperature have the potential to damage and/or deteriorate equipment and supporting infrastructure, resulting in 
operational downtime and increased maintenance. This is exacerbated if materials and equipment are located outdoors with no protection 
from the sun and heat. 
Examples of impacts include damage from equipment operating beyond vendor thresholds and degradation of construction materials. 

1 2 Negligible 

Heat-related deterioration of above water 
equipment and infrastructure(PR2) 1 2 Negligible 

Power generation and availability for 
process cooling (PR3) 

Periods of extreme temperature may affect power-generating capacity of internal facilities. Examples of impacts include reduced power output 
and increased maintenance costs for systems not built to sufficient specifications. 
Costs associated with power for process and chilling of natural gas to reduce volume for storage are also temperature dependent. 

1 2 Negligible 

Temperature effects on the health and 
productivity of workforce (PR4) 

Extreme temperatures will affect the health and productivity of the workforce.  Extended periods of extreme heat present a physical danger to 
workers and may limit working hours. 2 2 Low 

Energy demand for air conditioning (PR5) Energy demands for air conditioning will be impacted by temperatures. 1 2 Negligible 

Sea water 
temperature 

Heat-related deterioration of below-water 
equipment and infrastructure (PR6) 

Periods of increased temperature have the potential to deteriorate equipment and supporting infrastructure, resulting in operational downtime 
and increased maintenance. 
Examples of impacts include damage from equipment operating beyond vendor thresholds and degradation of construction materials. 

1 2 Negligible 

Heat-sensitive environmental receptors 
(PR7) 

The marine environment around Project site is typical of a tropical open ocean, well mixed deepwater environment. Changes to average and 
maximum temperatures may although unlikely to affect the functioning of the ecosystem. 1 1 Negligible 

Sea water for LNG cooling (PR8) The temperature of inflows will impact the effectiveness of sea water for cooling 1 2 Negligible 

RAINFALL  

Frequency of 
intense rainfall 

events 

Water related failure of equipment and 
infrastructure (PR9) 

Intense rainfall events may cause failures and/or degradation of equipment and infrastructure gradually resulting in operational downtime 

1 3 Low 

Water-related deterioration of above 
water equipment and infrastructure 
(PR10) 

2 2 Low 

Effect of extreme rainfall on health and 
productivity of workforce (PR11) Health and safety risks are increased during heavy rainfall potentially resulting in more incidents. 2 3 Low 

STORM EVENTS Extreme Wind and Cyclones 

Frequency and 
strength of storm 

events 

Extreme winds-related failure of 
equipment and infrastructure (PR12) Extreme cyclone strength winds have the potential to damage and degrade infrastructure and equipment, resulting in operational downtime 

and increased maintenance. 

3 2 Low 

Extreme winds- related deterioration of 
infrastructure and equipment (PR13) 2 2 Low 

Effects of extreme winds on supply 
operations (PR14) Extreme winds will affect supply operations e.g., ship loading/unloading, damage to cargos. 3 2 Low 

Effects of extreme winds on the health 
and productivity of workforce (PR15) High winds increase risks to the health and safety of the workforce.  3 2 Low 

Extreme winds causing spills which 
impact the marine environment (PR16) Extreme winds and wave action may increase the likelihood of spills 1 3 Low 
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Table AVIII.2: Assessment of physical risks – low to intermediate emissions scenario (SSP2-4.5) for period 2041 to 2060 

Climate Variable Risk to Project Site Comments on Risk Likelihood Consequence Risk 
classification 

TEMPERATURE  

Mean and maximum 
temperature 

Heat-related failure of above water 
equipment and infrastructure (PR1) 

Periods of extreme temperature have the potential to damage and/or deteriorate equipment and supporting infrastructure, resulting in 
operational downtime and increased maintenance. This is exacerbated if materials and equipment are located outdoors with no protection 
from the sun and heat. 
 
Examples of impacts include damage from equipment operating beyond vendor thresholds and degradation of construction materials. 

1 2 Negligible 

Heat-related deterioration of above 
water equipment and 
infrastructure(PR2) 

1 2 Negligible 

Power generation and availability for 
process cooling (PR3) 

Periods of extreme temperature may affect power-generating capacity of internal facilities. Examples of impacts include reduced power output 
and increased maintenance costs for systems not built to sufficient specifications. 
 
Costs associated with power for process and chilling of natural gas to reduce volume for storage are also temperature dependent. 

2 2 Low 

Temperature effects on the health and 
productivity of workforce (PR4) 

Extreme temperatures will affect the health and productivity of the workforce.  Extended periods of extreme heat present a physical danger to 
workers and may limit working hours. 2 2 Low 

Energy demand for air conditioning 
(PR5) Energy demands for air conditioning will be impacted by temperatures. 2 2 Low 

Sea water 
temperature 

Heat-related deterioration of below-
water equipment and infrastructure 
(PR6) 

Periods of increased temperature have the potential to deteriorate equipment and supporting infrastructure, resulting in operational downtime 
and increased maintenance. 
 
Examples of impacts include damage from equipment operating beyond vendor thresholds nd degradation of construction materials. 

1 2 Negligible 

Heat-sensitive environmental receptors 
(PR7) 

The marine environment around Project site is typical of a tropical open ocean, well mixed deepwater environment. Changes to average and 
maximum temperatures may although unlikely to affect the functioning of the ecosystem. 2 1 Negligible 

Sea water for LNG cooling (PR8) The temperature of inflows will impact the effectiveness of sea water for cooling 2 2 Low 

RAINFALL  

Frequency of 
intense rainfall 

events 

Water related failure of equipment and 
infrastructure (PR9) 

Intense rainfall events may cause failures and/or degradation of equipment and infrastructure gradually resulting in operational downtime 

1 3 Low 

Water-related deterioration of above 
water equipment and infrastructure 
(PR10) 

2 2 Low 

Effect of extreme rainfall on health and 
productivity of workforce (PR11) Health and safety risks are increased during heavy rainfall potentially resulting in more incidents. 2 3 Low 

STORM EVENTS Extreme Wind and Cyclones 

Frequency and 
strength of storm 

events 

Extreme winds-related failure of 
equipment and infrastructure (PR12) Extreme cyclone strength winds have the potential to damage and degrade infrastructure and equipment, resulting in operational downtime 

and increased maintenance. 

3 2 Low 

Extreme winds- related deterioration of 
infrastructure and equipment (PR13) 2 2 Low 

Effects of extreme winds on supply 
operations (PR14) Extreme winds will affect supply operations e.g., ship loading/unloading, damage to cargos. 3 2 Low 

Effects of extreme winds on the health 
and productivity of workforce (PR15) High winds increase risks to the health and safety of the workforce.  3 2 Low 

Extreme winds causing spills which 
impact the marine environment (PR16) Extreme winds and wave action may increase the likelihood of spills 2 3 Low 
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Table AVIII.3: Assessment of physical risks – high emissions scenario (SSP5-8.5) for period 2041 to 2060 

Climate Variable Risk to Project Site Comments on Risk Likelihood Consequence Risk classification 

TEMPERATURE  

Mean and maximum 
temperature 

Heat-related failure of above water 
equipment and infrastructure (PR1) Periods of extreme temperature have the potential to damage and/or deteriorate equipment and supporting infrastructure, resulting in 

operational downtime and increased maintenance. This is exacerbated if materials and equipment are located outdoors with no 
protection from the sun and heat. 
Examples of impacts include damage from equipment operating beyond vendor thresholds and degradation of construction materials. 

1 2 Negligible 

Heat-related deterioration of above 
water equipment and infrastructure 
(PR2) 

1 2 Negligible 

Power generation and availability for 
process cooling (PR3) 

Periods of extreme temperature may affect power-generating capacity of internal facilities. Examples of impacts include reduced power 
output and increased maintenance costs for systems not built to sufficient specifications. 
Costs associated with power for process and chilling of natural gas to reduce volume for storage are also temperature dependent. 

2 2 Low 

Temperature effects on the health and 
productivity of workforce (PR4) 

Extreme temperatures will affect the health and productivity of the workforce.  Extended periods of extreme heat present a physical 
danger to workers and may limit working hours. 2 3 Low 

Energy demand for air conditioning 
(PR5) Energy demands for air conditioning will be impacted by temperatures. 2 2 Low 

Sea water 
temperature 

Heat-related deterioration of below-
water equipment and infrastructure 
(PR6) 

Periods of increased temperature have the potential to deteriorate equipment and supporting infrastructure, resulting in operational 
downtime and increased maintenance. 
Examples of impacts include damage from equipment operating beyond vendor thresholds nd degradation of construction materials. 

1 2 Negligible 

Heat-sensitive environmental 
receptors (PR7) 

The marine environment around Project site is typical of a tropical open ocean, well mixed deepwater environment. Changes to 
average and maximum temperatures may although unlikely to affect the functioning of the ecosystem. 2 1 Negligible 

Sea water for LNG cooling (PR8) The temperature of inflows will impact the effectiveness of sea water for cooling 2 2 Low 

RAINFALL 

Frequency of 
intense rainfall 

events 

Water-related failure of equipment and 
infrastructure (PR9) 

Intense rainfall events may cause failures and/or degradation of equipment and infrastructure gradually resulting in operational 
downtime 

1 3 Low 

Water-related deterioration of above 
water equipment and infrastructure 
(PR10) 

2 2 Low 

Effect of extreme rainfall on health and 
productivity of workforce (PR11) Health and safety risks are increased during heavy rainfall potentially resulting in more incidents. 2 3 Low 

STORM EVENTS Extreme Wind and Cyclones  

Frequency and 
strength of storm 

events 

Extreme winds-related failure of 
equipment and infrastructure (PR12) Extreme cyclone strength winds have the potential to damage and degrade infrastructure and equipment, resulting in operational 

downtime and increased maintenance. 

3 2 Low 

Extreme winds-related deterioration of 
infrastructure and equipment (PR13) 2 2 Low 

Effects of extreme winds on supply 
operations (PR14) Extreme winds will affect supply operations e.g., ship loading/unloading, damage to cargos. 3 2 Low 

Effects of extreme winds on the health 
and productivity of workforce (PR15) High winds increase risks to the health and safety of the workforce.  3 2 Low 

Extreme winds causing spills which 
impact the marine environment 
(PR16) 

Extreme winds and wave action may increase the likelihood of spills 2 3 Low 
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