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Abbreviations and Definitions 

Abbreviations 

lm Lumen 

cd Candela 

lx Lux 

LPW Lumens per watt 

HPS High pressure sodium 

FLNG Floating, liquefied natural gas 

GIS Geographic information system 

m metre 

km kilometre 

LOS Line of sight 

Definitions 

Light terms 

Light Light is a visible form of electromagnetic radiation. It is closely related to other forms of electromagnetic 

radiation such as radio waves, radar, microwaves, infrared and ultraviolet radiation and X-rays, which are 

all contained within the electromagnetic spectrum. 

Wavelength Wavelength describes the distance between successive crests of a wave of light.  

Luminous Flux  Luminous flux describes the total quantity of light radiated per second by a light source, such as a light 

bulb. The unit of measurement of luminous flux is the lumen (lm). 

Luminous 

Intensity  

Luminous intensity describes the flux (or transmission) of light emitted in a given direction, such as a 

concentrated beam of light from a torch. Luminous intensity is measured in candelas (cd). 

Illuminance  Illuminance describes the quantity of light that strikes a unit area of a surface at a given angle. The unit of 

measurement of illuminance is lumen/m
2
, or lux (lx). 

Luminance  Luminance describes the light emitted from a unit area in a specific direction, such as light reflected from 

a shiny surface. The unit of measurement of luminance is expressed in cd/m
2
. 

Wattage  The wattage rating of a light fixture expresses the electrical power required to operate it and produce light. 

This rating is measured in watts, or W. 

Luminous 

efficacy  

Luminous efficacy is the efficiency in which a light fixture converts watts (power) to lumens (light), 

depending on the quality and type of equipment used and how much of the energy is wasted through heat 

and other forms of energy. The unit of measurement of luminous efficacy is lumens per watt, or LPW. 

Fluorescent 

lamp  

A fluorescent lamp has a tube with an inner surface coated with a mixture of fluorescent compounds, 

called phosphors, that convert the invisible ultraviolet radiation emitted by a mercury gas discharge inside 

the lamp into visible light.  

High pressure 

sodium 

(HPS)lamp  

HPS lamps operate at high gas pressures, resulting in a high rate of atomic interactions, emitting a broad 

radiation pattern. HPS lamps are typically used in specific areas where high levels of lighting are required. 

Reflection  Reflection is the rebounding of light from a surface with minimal absorption into the surface. The angle 

from which light strikes a surface (angle of incidence) is equivalent to the angle at which it rebounds 

(angle of reflection).  

Absorption  Absorption is the process of converting light to heat. When light is absorbed by a surface it no longer 

contributes to ambient light levels. Different degrees of absorption exist where dark surfaces absorb more 

light and pale or mirrored surfaces absorb less. Wavelength also influences absorption levels. 

Transmission  Transmission is the where light passes through a material. The percentage of light that is transmitted is 

known as its transmittance. High transmittance materials include clear water and glass. Low transmittance 

materials include discoloured water and paper. 

Atmospheric 

refraction  

Atmospheric refraction is the deviation of light from a straight line as it passes through the atmosphere 

due to the variation in air density as a function of altitude. Atmospheric refraction causes astronomical 

objects to appear higher in the sky than they actually are. 

Modelling terms 

Esri  Esri is a location intelligence solutions company, providing solutions and services based on Geographic 
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Information Systems (GIS) technology. 

ArcMap  ArcMap is the main component of Esri’s ArcGIS suite of geospatial processing programs and is used 

primarily to view, edit, create and analyse geospatial data. 

Viewshed 

analysis  

A viewshed is an area that is visible from a specific location. A viewshed analysis is a function of GIS 

software. The analysis uses the elevation value of each cell of a digital elevation model to determine 

visibility to or from a particular cell. 

Digital 

elevation 

model (DEM) 

A DEM is a digital model or 3D representation of the earth’s surface, created from elevation data and 

organised into cells with individual elevation values. 

Observer point  An observer point is a specific location that is used in a viewshed analysis to calculate the viewshed that 

is visible from that location.  An offset height can also be used to incorporate the height of the observer 

point above surface level, the height at the top of a tower for instance. 

Offset A  Offset A is the variable parameter within a viewshed analysis that allows the modeller to offset an 

observer point to a specific distance above the digital elevation model. 

Offset B  Offset B is the variable parameter within a viewshed analysis that allows the modeller to offset the height 

of the digital elevation model to simulate emergent features located away from the observer point. 
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Executive summary 

This light modelling study of FLNG facility locations was undertaken to inform the Environmental Impact 

Statement for the Browse FLNG development. The study focused on the following FLNG facility locations in the 

vicinity of Scott Reef which are shown on Figure 2-3: 

 BWB-TR 

 BWC 

 BWA 

 BWB. 

North and South Scott Reef (including Sandy Islet) were agreed with Woodside as being the sensitive receptor 

locations for the focus of the light modelling study. 

Light modelling was undertaken in two stages. The first stage, line of sight (LOS) modelling, determined that of 

the four facility locations, only FLNG facilities at BWB-TR and BWC (located in the Torosa field) have the 

potential to be visible at the identified sensitive receptor locations. Consequently, these two FLNG facility 

locations were carried through to the second stage of light modelling which was the determination of the level of 

illuminance (in lux). Light illuminance modelling was carried out for the individual FLNG facility locations and for 

the BWB-TR and BWC FLNG facility locations combined. 

The light illuminance modelling results indicate, that regardless of the modelled scenario (either for a single 

facility location or both facility locations combined), the highest modelled lux values occur over open water. 

These values quickly decay and drop below levels considered to be equivalent to the brightest naturally 

occurring light source (0.1 lux – a full moon on a clear night) by the time the light reaches the exposed reef and 

land masses. Sandy Islet is located at the outer periphery of the zone of light emissions and the modelled lux 

levels at this location are less than 0.1 lux in all modelled scenarios.  
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Important note about your report 

The sole purpose of this report and the associated services performed by Jacobs SKM is to provide light 

modelling in accordance with the scope of services set out in the contract between Jacobs SKM and Woodside 

Energy Limited (Woodside). That scope of services, as described in this report, was developed with Woodside. 

In preparing this report, Jacobs SKM has relied upon, and presumed accurate, any information (or confirmation 

of the absence thereof) provided by Woodside and/or from other sources. Except as otherwise stated in the 

report, Jacobs SKM has not attempted to verify the accuracy or completeness of any such information. If the 

information is subsequently determined to be false, inaccurate or incomplete then it is possible that our 

observations and conclusions as expressed in this report may change. 

Jacobs SKM derived the data in this report from information sourced from Woodside (if any) and/or available in 

the public domain at the time or times outlined in this report. The passage of time, manifestation of latent 

conditions or impacts of future events may require further examination of the project and subsequent data 

analysis, and re-evaluation of the data, findings, observations and conclusions expressed in this report.  

Jacobs SKM has prepared this report in accordance with the usual care and thoroughness of the consulting 

profession, for the sole purpose described above and by reference to applicable standards, guidelines, 

procedures and practices at the date of issue of this report. For the reasons outlined above, however, no other 

warranty or guarantee, whether expressed or implied, is made as to the data, observations and findings 

expressed in this report, to the extent permitted by law. 

This report should be read in full and no excerpts are to be taken as representative of the findings. No 

responsibility is accepted by Jacobs SKM for use of any part of this report in any other context. 

Refer to Section 1.4 for Project specific limitations and assumptions. This report has been prepared on behalf 

of, and for the exclusive use of, Woodside, and is subject to, and issued in accordance with, the provisions of 

the contract between JacobsSKM and Woodside. Jacobs SKM accepts no liability or responsibility whatsoever 

for, or in respect of, any use of, or reliance upon, this report by any third party. 
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1. Introduction 

1.1 Background 

Woodside Energy Ltd (Woodside), as Operator, and on behalf of Browse Joint Venture (JV) participants Shell 

Development (Australia) Pty Ltd (SDA), BP Developments Australia Pty Ltd (BPDA), Japan Australia LNG Pty 

Ltd (MIMI Browse) and PetroChina International Investment (Australia) Pty Ltd (PCIIA), proposes to 

commercialise hydrocarbon resources from the Brecknock, Calliance and Torosa gas fields located in the 

Browse basin, 425 kilometres (km) north of Broome, using floating liquefied natural gas (FLNG) technology. 

Woodside requires a light modelling study of the FLNG facility locations to inform the Environmental Impact 

Statement for the Browse FLNG development. 

1.2 Scope 

Jacobs SKM performed the following scope of work in undertaking this light modelling study: 

 Initial screening to identify potential sensitive receptors (Section 1.3) 

 Developed a two stage methodology to conduct light modelling (Section 2), focusing on operational lighting 

of the FLNG facilities. The first stage, line of sight analysis, determined which FLNG facility locations to 

carry forward to the light modelling (stage 2). 

 Presented light modelling results as lux contours and determined any potential change to physical light 

intensity at sensitive receptor locations (Section 3).  

In lieu of adequate available information regarding lighting schedules and plans for the FLNG facilities, Jacobs 

SKM also performed an additional scope of work: 

 Development of an indicative lighting schedule and plan for an FLNG facility to inform light modelling 

(Section 2).  

The modelling study focused on the following FLNG facility locations provided by Woodside, in the vicinity of 

Scott Reef. These locations are shown on Figure 2-3: 

 BWB-TR 

 BWC 

 BWA 

 BWB 

This report does not make any attempt to assess the potential impacts on sensitive receptors (e.g. marine 

turtles) that may result from the light spill from the FLNG facilities. The assessment of impacts was defined as 

outside the scope of this study, and will be addressed in the Environmental Impact Statement (EIS) prepared to 

meet the guidelines issued by the Department of the Environment (DoE). This report feeds into the EIS process. 

1.3 Sensitive Receptor Definition 

A review of the Browse FLNG development EPBC Act referral (reference number 2013/7079) was undertaken 

to inform sensitive receptors and locations. The review identified the following sensitive receptors and key 

habitats: 

 Marine turtles – green turtle nesting on Sandy Islet (South Scott Reef) 

 Seabirds and shore birds – may transit the area , roosting on Sandy Islet (South Scott Reef) 

 Corals – deepwater assemblages and shallow water outcrops and assemblages on North and South Scott 

Reef. 

As a result, the Scott Reef complex, comprising of North Scott Reef and South Scott Reef (including Sandy Islet) 

was identified as the sensitive receptor locations. The habitats of Scott Reef are provided in Error! Reference 
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source not found.. The approximate distances from the FLNG facilities to Scott Reef are provided in Table 1-1. 

Figure 2-3 shows the proximity of the FLNG facilities to the identified sensitive receptor locations. 

Table 1-1: Approximate distances from the FLNG facility locations to identified sensitive receptor locations 

FLNG Facilities 
Approximate distances to identified sensitive receptors 

North Scott Reef South Scott Reef Sandy Islet 

BWB-TR 9 km 18 km 29 km 

BWC 9 km 10 km 28 km 

BWA 65 km 40 km 55 km 

BWB 75 km 50 km 65 km 
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Figure 1-1: Scott Reef Habitats (source: Woodside) 
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1.4 Assumptions and Limitations 

Scope of Assessment 

This scope of the modelling assessment has been agreed with Woodside and comprises of the following:  

 Line of sight modelling to establish if there could be a direct line of sight from light sources on the FLNG 

facility locations  at agreed sensitive receptor locations, including the following scenarios: 

- Each FLNG facility location modelled separately 

- One facility located in the Torosa field and two facilities located in the Brecknock/Calliance field 

- Two facilities located in the Torosa field and one facility located in the Brecknock/Calliance field  

 Light modelling to calculate light emissions from permanent light sources at the `visible’  FLNG facility 

locations, including the following scenarios: 

- BWB-TR 

- BWC 

- BWB-TR combined with BWC 

 Commentary on the potential visibility of flares from the FLNG facility locations 

This report does not assess the extent or significance of potential impacts on sensitive receptor species, as this 

will be addressed in the Environmental Impact Statement (EIS) prepared to meet the guidelines of the 

Department of the Environment (DoE). This report feeds into the EIS process. 

Supplied Information 

The following has been supplied by Woodside for use in the light modelling assessment: 

 The location of the proposed FLNG facilities 

 The dimensions and general layout of the FLNG facilities 

 The mix of light types to be used on the FLNG facility 

 The flaring philosophy  

 Agreement on suitable sensitive receptor locations for modelling. 

No information was available with regard to lighting schedules for the FLNG facility, in terms of the number,  

location, or any shielding of light sources. 

Assumptions Required 

The limited extent of detailed design information has meant that the following (generally conservative) 

assumptions have been required for the modelling exercise, with the detailed rationale for these assumptions 

provided  in Sections 2.1 and 2.2: 

 Scott Reef (including Sandy Islet) were not incorporated in the viewshed analysis since these emergent 

features were of such a low elevation that their influence on visibility would be negligible  

 For the line of sight assessment, 16 locations were chosen across the FLNG facility to represent light 

source locations to use as `observer’ points 

 An indicative lighting schedule and plan for an FLNG facility, created by Jacobs SKM and agreed with 

Woodside, is suitable to enable modelling of the lighting effects of the facilities 

 The broad side of the FLNG vessel and its vertical illuminated operational area would face the sensitive 

receptors at an angle of 90 degrees (a worst case scenario) 
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 A calculated figure of 13.67 million lumens would achieve the required facility illuminance of 200 lux 

 For modelling purposes, all light is produced from one point source radiating out in all directions above sea 

level with no shielding. In reality, light fixtures would be focussed on the areas where light is needed  

 The modelling approach has not made any allowance for lumen depreciation 

 Due to the degree of variability (e.g. atmospheric conditions etc.) and uncertainties giving rise to sky glow, 

it is not feasible or within the scope of this study to model it. The brightness of any sky glow effect as a 

result of light emitted from an FLNG facility would not be greater than the brightness of the light sources 

themselves (as long as the light sources are not hidden from view), which at sensitive receptor locations 

(North Scott Reef, South Scott Reef (including Sandy Islet)) is always less than the brightest natural light 

source at night (a full moon).  
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2. Methodology 

The methodology followed to undertake the light modelling is detailed in the following sections. The 

methodology involved two components, as outlined below: 

 Line of sight (LOS) modelling - LOS modelling was undertaken to establish if there could be a direct line of 

sight from light sources on the FLNG facility(s) to key sensitive receptor locations; and 

 Light Modelling - Light modelling was undertaken to calculate light emissions from FLNG facilities located 

at BWB-TR and BWC as these were determined to be within the line of sight of the sensitive receptors. 

2.1 Line of Sight Modelling 

Key receptor locations which are beyond direct LOS would not experience the primary effects of light spill, 

therefore, the impact would be considerably lower than those within direct LOS.  

This first stage of the light modelling determined  the FLNG facility locations that were beyond LOS of the key 

receptor locations (and hence, were not considered for further light modelling – see Section 2.1.4). This was 

undertaken to allow more focussed light modelling of the remaining FLNG facility locations. Cumulative analysis 

was also undertaken for the scenarios detailed in Section 1.4.  

The LOS modelling was undertaken within an Esri ArcMap environment, using the viewshed analysis tool. Refer 

to Appendix C for a description of the viewshed analysis tool applied in this study. 

Given the open ocean location of the FLNG facilities, emergent features were not expected to significantly 

impact LOS. The emergent features of north and south Scott Reef and Sandy Islet were not taken into account 

for viewshed analysis, as their low elevation above sea level was considered to have negligible effects on the 

viewshed analysis (see Table 2-1). The viewshed analysis was undertaken to account for the effect of the 

Earth’s curvature and refraction on visibility at the sensitive receptor locations of North Scott Reef and South 

Scott Reef (including Sandy Islet). 

2.1.1 LOS Modelling approach 

The approach that was followed to undertake the LOS modelling is outlined in the following stages: 

1. Data collection - data was collected and stored into a centralised GIS, including FLNG facility 

locations, bathymetry and elevation data to identify sensitive receptor locations (i.e. emergent 

features such as Sandy Islet). 

2. Locate observer points - observer points for each FLNG facility were modelled in the GIS 

representing key light source locations, and offset values were attributed to the points to reflect their 

heights above sea level.  

3. Viewshed analysis - viewshed analyses were undertaken separately for each FLNG facility location 

using the modelled observer points.   

4. Figure production - the output layers were then used to produce figures for each individual FLNG 

facility location as well as combinations which were reflective of the operational scenarios. The 

benefits of undertaking the analysis in this way include the ability to determine the visibility of light 

sources from each individual FLNG facility, as well as the cumulative effect when two or more sites 

are combined together.  

The following figures were produced for the LOS modelling using the aforementioned approach (Appendix A): 

 BWB-TR line of sight figure (Figure A 1) 

 BWC line of sight figure (Figure A 2) 
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 BWA line of sight figure (Figure A 3) 

 BWB line of sight figure (Figure A 4) 

 BWC, BWA and BWB locations combined (Figure A 5) 

 BWB-TR, BWC and BWA locations combined (Figure A 6) 

The results of these analyses are discussed in Section 3.1.  

2.1.2 Modelling parameters 

Table 2-1 provides information on the parameters that were incorporated into the LOS modelling. Figure 2-1 

and Figure 2-2 show the positions of the observer points in plan and profile view, respectively. 

Table 2-1: LOS parameters 

Parameter Value Description 

FLNG facility location BWB-

TR 

Coordinates - 391946 E, 

8462687 N 

Position shown on figure 

FLNG facility location BWC Coordinates - 394883 E, 

8453223 N 

Position shown on figure 

FLNG facility location BWA Coordinates - 346726 E, 

8396393 N 

Position shown on figure 

FLNG facility location BWB Coordinates - 342742 E, 

8386968 N 

Position shown on figure 

Observer point positions Refer to Figure 2-1 16 observer points were located on each FLNG facility. 15 

were distributed evenly around the deck to approximately 

match the positions of the processing plants. 1 observer point 

was positioned to represent the flare. This number of observer 

points was considered sufficient to produce a representative 

analysis and there was no practical benefit of including more 

than 16. 

Offset A (FLNG Flare) Height above sea level - 

154 m. Refer to Figure 

2-1 

Visibility represented by the blue shaded area on the LOS 

figures. Refer to Appendix A and Figure 2-1 and Figure 2-2. 

Offset A (FLNG Topside 

modules / cranes) 

Height above sea level - 

75 m.  Refer to Figure 

2-1 

Visibility represented by the green shaded area on the line of 

sight figures. Refer to Appendix A and Figure 2-1 and Figure 

2-2. 

Offset A (FLNG deck level 

lighting) 

Height above sea level - 

23 m. Refer to Figure 2-1 

Visibility represented by the pink shaded area on the line of 

sight figures. Refer to Appendix A and Figure 2-1 and Figure 

2-2. 

Offset B Height above sea level - 

0 m 

Offset B was set at 0 m (sea level) as receptors, such as 

turtles, are most likely to view the vessel from surface level. 

DEM N/A The digital elevation model utilised in the analysis specified all 

cells at a height of 0 m or sea level. The emergent features of 

Scott Reef (including Sandy Islet) were not incorporated in the 
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Parameter Value Description 

viewshed analysis although their outlines were overlayed onto 

the output figures. It was assumed that these emergent 

features were of such a low elevation that their influence on 

visibility would be negligible. Consequently, this has resulted 

in a more conservative analysis than if the emergent features 

were incorporated.  

Earth curvature Yes Geo referenced data allowed for Earth curvature selection box 

to be checked within viewshed analysis. 

Atmospheric refraction Yes Geo referenced data allowed for atmospheric refraction 

selection box to be checked within viewshed analysis. 

Receptor locations North Scott Reef, South 

Scott Reef (including 

Sandy Islet)  

Shown on bathymetry data figure (Figure 2-3) and overlain on 

LOS figures (Appendix A). 
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Figure 2-1 Plan view of an FLNG facility showing observer point positions 

 

Figure 2-2 Profile view of an FLNG facility showing observer point heights above sea level  

 

2.1.3 Verifications 

The distance between the observer points and the edge of visibility, or the visible horizon, were checked for 

each of the offset values used in the viewshed analysis, i.e. 23, 75 and 154 m above sea level. This was 

undertaken using a manual calculation which takes atmospheric refraction into consideration (Young’s method) 

as expressed by the following formula: 

  

Where ‘d’ is the distance to the visible horizon, and ‘h’ is the observer height in metres.  

The results of this verification process are discussed in Section 3.1.7. 
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2.1.4 Rationale for Modelled Light Sources 

2.1.4.1 BWA and BWB sites 

The LOS modelling determined visibility of light sources from key sensitive receptor locations. Consequently, 

the BWA and BWB sites were not considered for the light modelling stage of the assessment. The only light 

source from either site viewable from sensitive receptor locations was the flare of the vessel located at BWA 

(see Figure A 3). All other light sources are over the horizon and the possibility of light reaching the sensitive 

receptors of North Scott Reef and South Scott Reef (including Sandy Islet) from these sources is negligible to 

nil. As the flare was not considered for modelling (see Section 2.1.4.2), the BWA FLNG location was not carried 

forward into light modelling.     

2.1.4.2 Flare and pilot flame 

The focus of the light modelling is on operational lighting. However, light emissions from FLNG operations 

would also be emitted from flaring and the pilot flame. Flaring would occur intermittently at the facilities during 

commissioning and operations (particularly shut down or upset conditions) and would be varied in duration.  

The small pilot flame which barely rises above the flare structure, when seen from tens of kilometres away 

would be barely visible, if at all. Previous studies have demonstrated that similar pilot flare light sources were 

not visible from as little as 2.5 km away from the source (Woodside 2004). 

Lighting fixtures for industrial applications typically have specified wattage ratings, performance specifications 

indicating luminous output and produce light at a reasonably fixed, consistent and measurable rate during 

operation.  However, the flare is not designed for illumination and there a little to no known parameters to 

incorporate into the light modelling assessment.  

Owing to the uncertainties associated with modelling a light source of such an unknown and intermittent nature, 

light modelling of the flare was not considered to be feasible and was not undertaken. In addition, its intermittent 

operation would also limit its level of influence, as compared with the relatively continuous nature of all other 

operational lighting. 

2.1.4.3 BWB-TR and BWC sites  

The key sensitive receptors identified for this study were the emergent features North Scott Reef, South Scott 

Reef (including Sandy Islet). Shallow areas, areas exposed at low tide and permanently exposed areas are 

most likely to be affected by artificial light emissions than open water where light is quickly absorbed by water. 

As the vessel locations of BWB-TR and BWC are within line of sight of these exposed areas, these have been 

carried through to the light modelling stage of the study. Figure 2-3 shows the bathymetry and elevation 

information and proximity of BWB-TR and BWC to the sensitive receptors.    
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Figure 2-3 Bathymetry in the vicinity of Scott Reef  
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2.2 Light Modelling 

The following section outlines the methodology undertaken for light modelling.  

2.2.1 Light modelling principle 

The principle adopted to model light emissions was based on manual calculations to determine illuminance 

values, measured in lux, at predetermined distances from an FLNG facility. These values were then interpolated 

via a process within Microsoft Excel, and outputs from this were then used in the production of lux contour 

layers within ArcMap. The layers were then incorporated in the preparation of two dimensional figures showing 

lux contours from each FLNG facility as well as combined figures to represent the operational scenarios.  

Determining baseline lux levels at a receptor site establishes the amount of illuminance received under ambient 

environmental conditions, prior to the introduction of new artificial light sources. In undisturbed areas, which are 

far from human habitation, such as those of the open ocean area where the FLNG facilities will be located, there 

is data available to indicate baseline illuminance. Table 2-2 shows some typical lux levels under a range of 

ambient lighting conditions. 

 

Table 2-2: Typical lux levels (source: Micron Technology) 

By modelling light emissions in lux (as opposed to candelas or lumens), a direct comparison can be made 

between baseline illuminance values and potential changes to those conditions using the same parameter. This 

allows for an accurate assessment of the change to baseline conditions. The output values of the light modelling 

for this study were therefore expressed as lux.  

For this study, based on the night time lux levels indicated in Table 2-2, a full moon would represent the highest 

natural night time illuminance level, with a value of 0.1 lux. Based on this, 0.1 lux has been adopted as the lux 

level to assess the change in ambient lighting levels arising from light emissions from the FLNG facility. 

2.2.2 Modelling approach 

The light modelling for this study was undertaken in the following stages: 

1. Determination of total luminous flux - a complete schedule of lighting fixtures and specifications for the 

FLNG facilities was not available from which to calculate light emissions. The only available information 

was the average illuminance of the vertical plane of the operational area to a level of 200 lux and its 

surface area being 20,500 m
2
. It was assumed that the broad side of the vessel and its illuminated 

operational area would face the sensitive receptors at an angle of 90
0
. This would demonstrate a worst 

case scenario. From these values, the total luminous flux required to illuminate the surface (of 20,500 
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m
2
 @ 200 lux) was calculated. A series of calculations were undertaken and the total luminous flux 

required was determined to be 13.67 million lumens.  

Result: total luminous flux = 13.67 million lumens   

2. Determination of luminous intensity - having calculated the luminous flux, that next stage in the process 

was to calculate luminous intensity, or intensity of light in a given direction. It was assumed that the light 

would be produced from one point source in order to manage the complexity of the modelling process. 

The ‘solid’ angle, or cone of radiation of the light source (required for the calculations) was assumed to 

be 180
0 

to represent a source of light radiating out in all directions above sea level. A series of 

calculations were undertaken and the luminous intensity of the light source was determined to be 2.2 

million candelas.      

Result: luminous intensity = 2.2 million candelas    

3. Determination of illuminance at 350m from the vessel - having calculated the luminous intensity, the 

next stage in the process was to calculate illuminance at two known distances from the vessel. The 

distances of 350 m and 1,400 m were chosen. The distance of 350m represents one quarter the 

distance of 1,400 m which is the approximate distance from the Torosa South-1 rig to the outer 

extremity of lux readings. Illuminance is the quantity of light that strikes a unit area of a surface at a 

given angle, and calculating light striking a horizontal surface (such as the ocean) or a vertical surface 

(such as a sail of a ship) will determine the amount of resulting illuminance. The calculations were 

configured to simulate light striking a vertical surface as this represents the worst case scenario. This is 

because the light from the vessel would travel almost in a horizontal direction the further away from it an 

observer is. At 35km away, the illuminance on a horizontal surface would be far less than a vertical 

surface. The deck level lighting was used to calculate illuminance as it also represents the worst case 

scenario, being the lowest light sources above sea level at 23m. A series of calculations were 

undertaken and the illuminance at 350m from the vessel was determined to be 17.84 lux.   

Result: illuminance @ 350 m = 17.84 lux 

4. Determination of illuminance at 1,400 m from the vessel - a series of calculations were undertaken by 

the same process described above in 3, and the illuminance at 1,400 m from the vessel was determined 

to be 1.1 lux.  

Result: illuminance @ 1,400 m = 1.1 lux 

5. Determination of illuminance at 8 km from the vessel - a series of calculations were undertaken by the 

same process described in 3, and the illuminance at 8 km from the vessel was determined to be 0.034 

lux.  Distance of 8 km was used due to the proximity to the nearest reef.  

Result: illuminance @ 8 km = 0.034 lux 

6. Determination of illuminance at 35 km (outer limit) from the vessel - a series of calculations were 

undertaken by the same process described in 3 and the illuminance at 35 km from the vessel was 

determined to be 0.002 lux.  

Result: illuminance @ 35 km = 0.002 lux 

7. Determination of number of light fixtures - using the value of the total luminous flux determined at stage 

1 (13.67 million lumens), an estimate of the number of light fixtures required to provide this amount of 
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flux was calculated. The mix of light types to be used on the FLNG facility were provided by Woodside 

and consisted of the following: 

a. 90% Fluorescent 2x36 W fixtures  

b. 10% HPS (high pressure sodium) 500 W floodlights  

c. The output of the 2x36 W fluorescent fixtures is rated at approximately 6,600 lumens and the 

output of the 500 W HPS lamps are approximately 50,000 lumens. Given these assumed 

values, a series of calculations were undertaken to determine the quantity of each type of light 

fixture needed to supply the total luminous flux. The quantities were determined to be 1,000 

fluorescent lamps and 140 HPS lamps.  

d. Result: 1,000 fluorescent lamps and 140 HPS lamps 

8. Interpolation of lux values - using the lux values determined from stages 3 through 6 (17.84, 1.1, 0.034, 

0.002), an equation was generated within Microsoft Excel to determine the relationship between lux and 

distance from the vessel.  The relationship was found to be exponential. Figure 2-4 shows a graphical 

representation of this relationship. The lux values are on the vertical axis and the distances (in 

kilometres) are on the horizontal axis.  

 

Figure 2-4 Relationship between lux and distance from FLNG 

J. Plotting of lux values - the equation generated at stage 8 was used to produce lux contour layers within 

ArcMap. These layers were created for each FLNG facility as well as for the combined operational 

scenarios. Figures are provided in 0. The results are discussed in Section 3.2.   

The light modelling approach undertaken for this study represents a worst case scenario. A utilisation factor of 

0.3 was applied in determining the amount of lumens required at stage 1. This recognises the fact that not all 

light produced from the lighting fixtures would contribute to illumination of the operational surface area. This 

means that the calculated figure of 13.67 million lumens is over three times that which is required to achieve an 

illuminance of 200 lux in a pure mathematical sense. However, this utilisation factor is typical for preparing 

lighting plans in most industrial applications.  
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In taking the figure for total luminous flux and using it to calculate luminous intensity and then illuminance at 

different distances, it was assumed that all light is produced from one point source radiating out in all directions 

above sea level with no shielding. In reality, light fixtures would be focussed on the areas where light is needed.  

The modelling approach has not made any allowance for lumen depreciation. Allowing for lumen depreciation 

usually entails specifying more lighting output than what is required to offset the gradual decline in lighting 

output over time. It was determined however, that the scenario that has been modelled was already very 

conservative and allowing for lumen depreciation was not required. 

The following output figures (Appendix B) were produced for the light modelling using the aforementioned 

approach: 

i. BWB-TR lux contour figure (Figure B 1) 

ii. BWC lux contour figure (Figure B 2) 

iii. BWB-TR and BWC lux contour figure (Figure B 3) 

The results of these analyses are discussed in section 3.2. 

2.2.3 Modelling parameters 

Table 2-3 provides information on the parameters that were associated with the light modelling.  

Table 2-3: Light modelling parameters 

Parameter Value Description 

FLNG facility location BWB-

TR 

Coordinates - 391946 E, 

8462687 N 

Position shown on figures 

FLNG facility location BWC Coordinates - 394883 E, 

8453223 N 

Position shown on figures 

Deck level lighting Height above sea level - 

23 m. Refer to Figure 

2-2 

Used to represent worst case scenario in terms of level of 

illuminance. 

Illuminance (base case) 200 lux Target illuminance level for operations area  

Total operational surface area 20,500 m
2
 Vertical surface of operations area along broad side of an 

FLNG facility.  

Total luminous flux 13.67 million lumens   Required to illuminate operations area to 200 lux 

Luminous intensity 2.2 million candelas    Modelled intensity of flux emitted from an FLNG facility 

Illuminance @ 350 m  17.84 lux Lux emitted at 350 m from the FLNG facility 

Illuminance @ 1,400 m  1.1 lux Lux emitted at 1,400 m from the FLNG facility 

Illuminance @ 8 km  0.034 lux Lux emitted at 8 km from the FLNG facility 

Illuminance @ 35 km  0.002 lux Lux emitted at 35 km from the FLNG facility 
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Number of fluorescent fixtures 1000 Number of fixtures required to achieve 200 lux using ratio of 

90% fluorescent and 10% HPS 

Number of HPS fixtures 140 Number of fixtures required to achieve 200 lux using ratio of 

90% fluorescent and 10% HPS 

Earth curvature Yes Input distances for modelling were measured in ArcMap. 

Distances shown in ArcMap take into account the curvature of 

the earth. 

Atmospheric refraction N/A No significant bearing on light modelling approach. 

Receptor locations North Scott Reef, South 

Scott Reef and Sandy 

Islet  

Shown on bathymetry data figure (Figure 2-3) and overlain on 

LOS  figures (Appendix A). 

2.2.4 Verifications 

The results from the light modelling were cross-checked with actual lux readings obtained from a pilot appraisal 

well at the Torosa site (conducted in 2008 by ERM/SKM) and a simplified model of light emissions generated by 

a proprietary light modelling software. This was undertaken to verify the reliability of the results. The results of 

the verification process are discussed in Section 3.2.5. 
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3. Results and Discussion 

The following sections describe the results of the LOS and light modelling. 

3.1 Line of Sight Modelling 

3.1.1 BWB-TR line of sight Analysis  

Figure A 1 shows that the flare of BWB-TR would be visible from all areas up to approximately 6 km south west 

beyond South Scott Reef. The topside modules/cranes would be visible from Sandy Islet and approximately 2 

km beyond to the south west. The deck level lighting would be visible across most of North Scott Reef but will 

not be visible from Sandy Islet.   

3.1.2 BWC line of sight Analysis  

Figure A 2 shows the results of the analysis which has been undertaken in the same manner as for BWB-TR 

but using BWC as the subject of the analysis.  

This figure shows that the flare of BWC would be visible from all areas up to approximately 10 km south west 

beyond South Scott Reef. The topside modules/cranes would be visible from Sandy Islet and approximately 3 

km beyond to the south west. The deck level lighting would be visible across most of North Scott Reef but will 

not be visible from Sandy Islet. 

3.1.3 BWA line of sight Analysis  

Figure A 3 shows the results of the analysis which has been undertaken in the same manner as for BWB-TR 

but using BWA as the subject of the analysis. 

This figure shows that the only part of the FLNG facility that would be visible from sensitive areas is the flare. It 

would be visible from a portion of South Scott Reef, but the flare would not be visible from Sandy Islet.  

3.1.4 BWB line of sight Analysis  

Figure A 4 shows the results of the analysis which has been undertaken in the same manner as for BWB-TR 

but using BWB as the subject of the analysis. 

This figure shows that no part of the FLNG facility would be visible from South Scott Reef (including Sandy Islet) 

or  North Scott Reef.  

3.1.5 Scenario #1 (combining line of sight analysis of BWC, BWA, BWB)  

Figure A 5 shows the result of combining the visibility analysis of BWC, BWA and BWB. Some areas at the 

southern sections of South Scott Reef may experience views of the flares from BWC and BWA. Views of both 

features at the same time are however, unlikely, as they are temporary features. 

3.1.6 Scenario #2 (combining line of sight analysis of BWB-TR, BWC and BWA) 

Figure A 6 shows the result of combining the visibility analysis of BWB-TR, BWC and BWA. Areas that may 

allow views of light sources on BWB-TR are also likely to allow views of light sources on BWC.  

3.1.7 Verification results 

The formula described in Section 2.1.3 was used to calculate the distance between the observer points and the 

edge of visibility, or the visible horizon. The following results were obtained: 

 Deck level lighting visibility (23m above sea level) - ~18.5km 

 Topside modules/cranes lighting visibility (75m above sea level) - ~33.4km 



Light Modelling Study - Final Report 

 

 

<document number> 22 

 Flare visibility (154m above sea level) - ~47.9km 

The results obtained from the verification measures were generally consistent with the results obtained from the 

LOS modelling.  

3.2 Light Modelling 

3.2.1 BWB-TR Light Modelling 

Figure B 1 shows that the brightness of the lights on board the vessel at BWB-TR from Sandy Islet would be in 

the order of 0.002 to 0.005 lux (0.003 lux at the centre of the landmass). Some areas of South Scott Reef would 

also experience this level of brightness. Most of North Scott Reef would experience a level of brightness in the 

order of 0.005 to 0.035 lux. There would be some areas of open ocean which would experience levels of 

brightness in the order of 17.84 lux and above within 350 m of the facility at BWB-TR, however, the area 

experiencing this is approximately 8 km from North Scott Reef.  

3.2.2 BWC Light Modelling 

Figure B 2 shows that brightness levels of the facility are similar to BWB-TR except that there would be a shift in 

light emissions toward the eastern rather than the north east section of North Scott Reef. South Scott Reef may 

experience higher light emissions than in the case of BWB-TR. Sandy Islet would not experience a significant 

change to light emissions compared to the BWB-TR scenario. 

For both BWB-TR and BWC locations, brightness levels are expected to attenuate below 0.1 lux (the brightest 

natural light source at night – a full moon) within  approximately 5 km of the FLNG facilities. Therefore 

brightness levels above the brightest natural light source at night (a full moon) are not expected to reach the 

sensitive receptor locations under these scenarios. 

3.2.3 BWB-TR and BWC Light Modelling 

Figure B 3 shows that generally, the summed values of both BWB-TR and BWC would give a greater level of 

light emissions. The level of brightness of both of the FLNG facilities would increase from approximately 0.003 

lux for a single facility to 0.006 lux for two facilities at Sandy Islet. Although this generally represents a doubling 

of light emissions, the overall values remain low; being less than 0.01 lux.   

The straight summing of values represents a worst case scenario as, in reality, the light would be travelling from 

different directions. The resultant lux level incident on a vertical surface would be actually less than if the light 

was travelling from the same direction. This difference would be more pronounced at closer distances to the 

facility.  

Brightness levels are expected to attenuate below 0.1 lux within approximately 2.5 km from North Scott Reef. 

Therefore brightness levels above the brightest natural light source (a full moon) are not expected to reach the 

sensitive receptor locations under this scenario. 

3.2.4 Results Summary 

The results of both the LOS modelling and light modelling studies are summarised in Table 3-1. 

Table 3-1: Line of Sight and Lux Levels at sensitive receptors  

FLNG Facility Locations 

North Scott Reef South Scott Reef Sandy Islet 

  Line of 

Sight 

Modelling 

Lux 

Levels 

 Line of 

Sight 

Modelling 

Lux 

Levels 

 Line of Sight 

Modelling 

Lux 

Levels 

BWB-TR  0.005-  <0.005  <0.005 
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0.025 

BWC 
 

0.005-

0.025 
 <0.005  <0.005 

BWA X N/A X N/A X N/A 

BWB X N/A X N/A X N/A 

BWC, BWA and BWB  N/A  N/A  N/A 

BWB-TR, BWC and BWA  N/A  N/A  N/A 

BWB-TR and BWC Not 

modelled 

0.005 – 

0.5 

Not 

modelled 

<0.005 – 

0.25 

Not 

modelled 

0.005 – 

0.025 

 indicates FLNG facility may be visible at the sensitive receptor location 

X indicates FLNG facility is not visible at the sensitive receptor location 

3.2.5 Verifications   

The results from the light modelling were cross-checked with actual lux readings obtained from a mobile 

offshore drilling unit (MODU) during appraisal drilling at the Torosa site (conducted in 2008 by ERM/SKM. This 

was undertaken to verify the reliability of the results.  

As the specifications available for the FLNG facilities and the MODU engaged for the Torosa appraisal drilling 

were not of a high enough level of detail to allow a comprehensive analysis, a comparison was undertaken by 

dead reckoning (the process of estimating the value of any variable quantity by using an earlier value and 

accounting for any known changes). The calculated values at the 350 m and 1,400 m distances were in the 

order of 15 times and 50 times respectively more than the lux readings from the Torosa South-1 rig. The fact 

that the calculated values are many times greater is reflective of the additional size and additional lighting on 

board the FLNG facility compared to a drill rig. The purpose of this verification was to identify any grave errors in 

order of magnitude, such as lux values which differ by an order of magnitude of ten or a tenth. As these orders 

of magnitude were not evident in the comparison of lux values, the values produced in this study are considered 

to be an acceptable estimation of light emissions from the FLNG operations. All calculations were designed to 

represent a worst case scenario.  
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4. Conclusion 

The potential for visibility of the light sources on the FLNG facilities will depend on the facility locations. A FLNG 

facility at location BWB would not be visible at North or South Scott Reef (including Sandy Islet). Only the flare 

on a FLNG facility at Location BWA could be visible at Scott Reef.  Lighting on the upper infrastructure of a  

FLNG facility at Location BWB 1 and/or Location BWC has the potential to be visible at Scott Reef. 

The elevation of the upper infrastructure light sources means that the angle of incidence of light emitted from 

vessels at either BWB-TR or BWC would be high, resulting in a high level of light reflected from the water 

surface under perfectly still conditions. Under choppy water conditions, most of the light emitted is likely to be 

absorbed by waves and the water itself, prior to reaching the reef structure. Thus the FLNG facility would need 

to be in very close proximity to the reef in order to result in a substantial change to ambient illuminance 

conditions.  

The highest modelled lux values occur over open water. These quickly decay and drop below levels considered 

to be equivalent to the brightest naturally occurring light source (0.1 lux – a full moon on a clear night) by the 

time the light reaches the exposed reef and land masses. Sandy Islet is located at the outer periphery of the 

zone of light emissions and the modelled lux levels at this location are less than 0.1 lux in all modelled 

scenarios. Low tide at night would result in some emergent areas of Scott Reef experiencing an increase in 

levels of light emissions from either BWB-TR or BWC or both (depending on the operational scenario), however, 

levels would always remain below the brightest natural night time light lux level of 0.1 lux. 
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Appendix A. Line of Sight Figures 
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Figure A 1: BWB-TR LOS analysis  
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Figure A 2: BWC LOS analysis  
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Figure A 3: BWA LOS analysis   
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Figure A 4: BWB LOS analysis  
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Figure A 5: BWC, BWA and BWB combined LOS analysis  
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Figure A 6: BWB-TR, BWC and BWA combined LOS analysis
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Appendix B. Light Modelling Figures 
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Figure B 1: BWB-TR light modelling results 
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Figure B 2: BWC light modelling results  
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Figure B 3: BWB-TR and BWC combined light modelling results
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Appendix C. Detailed Methodology 

The following sections describe the underlying principles associated with the viewshed analysis and the 

rationale for assessing sky glow. 

Viewshed analysis principle 

A viewshed analysis is an analytical process within Esri ArcMap that calculates the individual cells within a 

digital elevation model (DEM) that can be seen from one or more observer points. An output layer is produced 

showing the cells that can be seen as well as cells that cannot be seen. The visible cells, together, form the 

viewshed. Each cell in the output layer receives a value that indicates how many observer points from which 

that cell can be seen from. Where there is only one observer point that the cell can be seen from, the cell is 

given a value of one. Where no observer points offer a view of the cell, the cell is given a value of zero. Cells 

that are visible from more than one observer point are given a value according to the number of observer points 

they can be seen from.  

In principle, cells that can be seen from an observer point would represent the same location that the observer 

point itself can be seen from.  For instance, locating an observer point on a ship to calculate land masses that 

can be seen from the ship would also reveal land masses from which the ship itself could be observed. The 

term ‘observer point’ relates more specifically to the analytical process. Figure C 1Error! Reference source not 

found. illustrates the key principles of the viewshed analysis.  

 

Figure C 1: Key principles of the viewshed analysis (source: innovativegis.com) 
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The viewshed analysis allows for taking into consideration the height of the observer point above the DEM, 

referred to as Offset A. In the previous example given, Offset A may refer to the height of a viewing deck on the 

ship above the surface of the water, plus the height of a person standing on the deck.  

A second parameter, Offset B allows the modeller to account for the height of emergent features in the 

viewshed. For instance, determining whether a lighthouse of a specific height located on an island can be seen 

from the ship. In circumstances where the location of the actual observer is reversed, Offset B would 

incorporate the height of a person or actual observer, and Offset A would specify the height of the observed 

object only. Figure C 2Error! Reference source not found.  illustrates this principle. In this study, the only 

Offset A applies (i.e. the light sources on the FLNG facility). 

 

Figure C 2: Offset values in the viewshed analysis 

The viewshed analysis also permits incorporation of the effects of the Earth’s curvature and atmospheric 

refraction in the calculation of visibility. Views across the open ocean are typically only limited by the curvature 

of the Earth, or horizon line, except where significant emergent features are present.  

Atmospheric refraction extends the visibility of objects to beyond the horizon line as the light deflects toward the 

surface of the Earth at low altitude. At sunset or sunrise, the sun appears to be higher in the sky than it actually 

is as a result of atmospheric refraction.  

Sky glow 

Sky glow refers to the luminous appearance of the night sky as a result of both natural and human made 

causes. The latter typically arises from light pollution from misdirected or over illuminated areas under electric 

lighting. Light that is emitted directly upward by light fixtures or reflected from surfaces and other objects is 

scattered by dust and gas molecules in the atmosphere, producing a luminous haze above the light sources. 

Sky glow is highly variable depending on weather conditions, quantity of dust and gas in the atmosphere, 

amount of light directed skyward and the direction from which it is viewed. In adverse weather conditions, more 

particles are present in the atmosphere to scatter the upward bound light, so sky glow becomes more 

pronounced. The presence of clouds may also heavily influence the level of sky glow, as they reflect light back 

to the Earth. 

Sky glow changes the appearance of light from artificial sources, but the glow can never be brighter than the 

source when both are visible. This is due to partial absorption or transmission of light as it passes through the 
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atmosphere. Light would never be completely reflected from the atmosphere back to the earth. The brightness 

of the sky glow can never be greater than the source from which it came. Where the direct path from source to 

observer may be inhibited, light may reach the observer via reflection from clouds or particles in the 

atmosphere. 

Figure C 3Error! Reference source not found. shows an example of sky glow from the Karratha Gas Plant.  

Sky glow associated with the light sources of the gas plant is negligible, however the light sources themselves 

are prominent. A similar scenario is expected for the FLNG facilities.  

 

Figure C 3: Sky glow associated with Karratha Gas Plant 

Owing to the great degree of variable (e.g. atmospheric conditions etc.) and uncertain parameters giving rise to 

sky glow, it is not feasible or within the scope of this study to model it. In addition, the brightness of any sky glow 

effect as a result of light emitted from an FLNG facility would not be greater than the brightness of the light 

sources themselves (as long as the light sources are not hidden from view), which at sensitive receptor 

locations (North Scott Reef, South Scott Reef (including Sandy Islet)) is always less than the brightest natural 

light source (a full moon).  


