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1 INTRODUCTION 

1.1 Project Description 

BCI Minerals (BCI) is building the Mardie Project (the Project), a greenfield high-quality salt and 
Sulphate of Potash (SoP) project, and associated export facility, approximately 80 kilometres south-
west of Karratha, in the Pilbara region of Western Australia (WA). The location is in proximity to several 
documented rookeries for green, hawksbill and flatback turtles. Under the National Light Pollution 
�'�µ�]�����o�]�v���•���(�}�Œ���t�]�o���o�]�(�����~�^�š�Z�����P�µ�]�����o�]�v���•�_�V�����}�u�u�}�v�Á�����o�š�Z���}�(�����µ�•�š�Œ���o�]�����î�ì�î�ì), any action or activity that 
includes externally visible artificial lighting should use best practice lighting design and assess the 
potential impact on listed species and their important habitat(s) if they are present within a 20 km 
radius. Consequently, for this Project there is a recognised pathway for a potential impact from 
artificial lighting to listed threatened and migratory marine turtles that nest on the mainland and 
nearshore islands in the vicinity of the Project. 

1.2 Scope 

Due to the planned timeline of the development, BCI have separated their modelling scope into 
different stages as constructions progresses, this report contains the work for stage one of modelling 
which includes: 

�x Mardie village camp 

�x Jetty construction 

o Jetty traveller (situated at the end of the jetty) 

o Jetty onshore facilities 

o Jetty Barge 

�x Primary seawater intake 

�x Pond transfer stations 

o Transfer 2/3 

o Transfer 3/4 

o Transfer 6/7 

�x Rock haul and stock piling. 

The modelling does not include the proposed salt wash plant, SoP plant, or the quarry. 
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2 METHODOLOGY 

2.1 Light Monitoring 

2.1.1 Field Survey 

Monitoring was undertaken at four locations during two field surveys in February 2022 and February 
2023, coinciding with new moon periods. (Table 1 and Figure 1). The Long Island, Sholl Island and 
Middle Passage Island (MPI) monitoring locations had benchmark data captured during the 2022 
survey. The mainland location at Mardie Creek East (MCE) had benchmark data captured during the 
2023 survey. 

Table 1: Latitude and longitude of all light monitoring locations.  

Survey Year Location Latitude Longitude 

2021/22 
Long Island -21.020256 115.854185 
Middle Passage Island (MPI) -21.049457 115.842692 
Sholl Island  -20.955115 115.901677 

2022/23 Mardie Creek East (MCE) -21.061038 115.958972 

2.1.1 Data Capture 

Artificial light data was captured at each monitoring location using a Sky42 light monitoring camera. 
The camera features a calibrated Canon EOS 700D DSLR combined with a fish-eye lens and custom-
built hardware to acquire low-light images of the entire night sky. The cameras are built into a 
weatherproof housing with a protective lid that automatically opens during image capture and closes 
between capture intervals. 

Sky42 light monitoring cameras were deployed on tripods (~60 cm high) on areas of sandy beach 
suitable for turtle nesting and were programmed to capture one long-exposure image every 
10 minutes between sunset and sunrise. Cameras were deployed overnight at all locations and images 
were downloaded every other day. 

2.1.1 Data Analysis 

���o�o���•�µ�]�š�����o�����]�u���P���•���Á���Œ�����‰�Œ�}�����•�•�������µ�•�]�v�P���•�‰�����]���o�]�•�������•�}�(�š�Á���Œ�����š�}�������š���Œ�u�]�v�����Z�Á�Z�}�o��-of-�•�l�Ç�[���~�t�K�^�•�����v����
�Z�Z�}�Œ�]�Ì�}�v�[���•�l�Ç brightness. WOS is the mean value of light (including direct light and sky glow, natural 
and artificial) in the entire image, and horizon brightness is the mean value of light within the 60 �t 90° 
outer band, considered most relevant to marine turtle vision (Figure 2). All images have been 
quantified in units of visual magnitudes per square arc second (Vmag/arcsec2), a common unit used to 
measure astronomical sky brightness that represents light intensity on an inverse logarithmic scale. 

Note that the colour coding used in the processed imagery represents the scale of intensity of light 
and is not representative of the colour of light as perceived by a human or turtle eye, or a Sky42 
camera. 
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Figure 1: Map of observer and stage one package locations. 
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Figure 2: Measurement of mean pixel values; a. Whole-of-sky brightness (full image); b. Horizon 
brightness (60 �t 90°). Shaded areas denote the region of the sky being measured. 

2.1.2 Measurement Units 

All images have been quantified in units of visual magnitudes per square arc second (Vmag/arcsec2), 
a unit commonly used to measure astronomical sky brightness that represents light intensity on an 
inverse logarithmic scale. This means that lower Vmag/arcsec2 values represent higher and more 
intense brightness, and higher Vmag/arcsec2 values represent darker and less intense brightness, with 
a WOS value of 22.0 Vmag/arcsec2 typically representing a naturally dark sky. For a qualitative 
description of WOS Vmag/arcsec2 values relevant to Sky42 imagery, see Error! Reference source not 
found. and Figure 3. 

Table 2: Night Sky quality range, Bortle scale, and Vmag/arcsec2 (Source: Bortle 2001). 

Sky quality Approx. Vmag/arcsec2 Bortle class 

Excellent dark sky site 21.99 �t 22.00 1 

Typical dark site 21.89 �t 21.99 2 

Rural sky 21.69 �t 21.89 3 

Rural/suburban transition 20.49 �t 21.69 4 

Suburban 19.50 �t 20.49 5 

Bright suburban 18.94 �t 19.50 6 

Suburban/urban transition 18.38 �t 18.94 7 

City  <18.38 8 

Inner city sky <18.38 9 
 
  

a. b. 
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Figure 3: Examples of a dark and bright night sky. a. An �Zideal�[ natural dark sky with a WOS brightness 
value of 22.0 Vmag. B. A bright sky with a WOS brightness value of 19.0 Vmag, representative of a 
suburban night sky. 

2.2 Light Modelling 

Currently, there are no standard commercial models for landscape scale modelling of artificial light 
emissions (Commonwealth of Australia 2020). Recognising the gap and the growing need to respond 
to both local and national regulatory concerns over artificial light impacts on wildlife and on dark sky 
conservation values required to meet the International Dark Sky Association Dark Sky Park certification 
requirements, PENV has developed a landscape-scale model of artificial light.  

The ILLUMINA model is used as the base model for the work, selected for its ability to represent light 
across large areas and distances, and across the entire visible spectrum, including biologically 
meaningful light from 350 �t 700 nm (Aube et al. 2005). ILLUMINA accounts for both line-of-sight light 
visibility and sky glow derived from atmospheric scattering of light. The model also addresses the 
attenuation of light over landscape scale distances and, consequently, the areal extent of glow across 
the sky can be modelled. 

a. 

b. 
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2.2.1 Scenarios 

Two scenarios were modelled for the BCI Stage 1 lighting inventory: worst case and base case 
scenarios. The worst case scenario included all lighting active concurrently, whereas the base case 
scenario was adjusted to reflect lighting that would likely be active during stage 1 of the Project. 
Specifically in the base case scenario the following lighting was changed: 

�x Barge lighting was removed as it is highly unlikely to be operational at night. 

�x Traveller lighting was reduced to an operational lighting standard. 

�x Onshore facilities lighting reduced to be focused on task specific areas. 

A full description of inventories for both scenarios can be found in Appendix A. 

2.2.2 Inputs 

The following parameters were used as inputs into the model: 

�x Topography and reflectance: NASA Shuttle Radar Topography Mission (SRTM) digital elevation 
data (1 arc-second resolution). 

�x Latitude and longitude coordinates for the observer viewpoints. 

�x Weather conditions: all scenarios are considered free of any influencing atmospheric or 
weather conditions (sun, moon, rain, or cloud). 

�x A detailed lighting inventory (light types, positions, heights, intensity) for �š�Z���� �W�Œ�}�i�����š�[�• 
infrastructure based on information provided by BCI. For stage one modelling, the inventory 
contained 797 lights with a total power output of 9.58 million lumens. A detailed summary of 
the lighting inventory is provided in Appendix A. 

2.2.3 Outputs 

A projected all-�•�l�Ç�� �u�}�����o�o������ �]�u���P���� �Z���•�� �À�]���Á�����[�� �(�Œ�}�u�� �������Z�� �u�}�v�]�š�}�Œ�]�v�P��location was produced and 
combined additively with camera imagery to illustrate the predicted visible increase in brightness 
across the horizon and sky due to direct light and sky glow from the Project (Figure 4). 

Direct light is defined as lighting that has line of sight visibility from the monitoring location, and sky 
glow is defined as light that is scattered or reflected into the area surrounding a direct light source. 
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a. Benchmark image 

 

b. Modelled brightness of proposed development 

 

c. Benchmark image + modelled brightness (i.e. a + b = c) 

 

Figure 4: Example all-sky benchmark and modelled imagery from an observer location: a. Benchmark 
image; b. Modelled image based on lighting inventory; c. Cumulative result (benchmark + modelled 
image. 

2.2.4 Assumptions 

The lighting inventory was generated under the following assumptions: 

�x Lighting inventories provided by BCI are accurate. 

�x Only external lighting has been considered in the model (i.e. omits internal lighting that may 
be reflected externally). 

�x Jetty traveller (mobile construction equipment) was positioned at the end of the jetty as a 
worst-case scenario. 

�x Where colour temperatures are uncertain a worst-case is assumed. 

�x Rock Haul lighting is assumed to be amber LEDs. 
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2.2.5 Limitations 

While the underlying science of light behaviour is well known, the methods required to measure and 
model light intensity and sky glow on a landscape scale are still in the research and development 
phase, and consequently, are constrained by the following limitations: 

�x Model results have not yet been definitively ground-truthed for large-scale projects 
(Linares et al. 2018, 2020), however, the technical approach outlined within this report is 
considered current with the most recent literature, subject matter expert input, and best 
practice. 

�x The precision of the model outputs is directly related to the level of input detail. Much of the 
lighting design is still conceptual and may be changed prior to construction.  

�x The model has converted units of absolute radiance (W/m2/sr) to units of photometric 
luminance (Vmag/arcsec2). Where absolute radiance represents light equally across the whole 
visible spectrum, visual magnitudes represent only the human visual (green) band of the 
spectrum and may not fully represent light as perceived by marine turtles or seabirds. 

�x Monitoring locations selected for benchmark data collection and subsequent modelling 
represent only a single viewpoint at each location. These locations have been selected based 
on the distribution of nesting activity and are considered to be most appropriate for 
determining potential impacts on hatchlings. However, the potential for impact is likely to 
change based on the specific location of a nest emergence (e.g. differences in dune 
topography, vegetation, beach slope). In this regard, the results should be interpreted with 
caution. 
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3 RESULTS 

3.1 Light Monitoring 

Artificial light data was successfully captured from all survey locations during the 2021/22 and 2022/23 
field campaign (see Figure 1 for light monitoring locations). A single clear image was selected from 
each monitoring location for analysis and processed results are show in Figures 5a - 12a & Table 3. 

Table 3: Sky brightness results of benchmark artificial light monitoring for zenith, whole-of-sky and 
horizon in Vmags/arcsec2. 

Location Sky Brightness (Vmag/arcsec2) 
Zenith Whole-of-sky Horizon 

Long Island 21.47 21.27 21.10 
MPI 21.94 21.64 21.45 

Sholl Island 21.47 21.25 21.06 
MCE 21.45 21.34 21.20 

Several sources of horizon light were visible within the captured imagery at varying levels of brightness 
and located at different bearings from each monitoring location. Notable existing light sources 
included:  

�x Barrow Island  

�x Cape Preston 

�x Citic Pacific Sino Iron facility (Sino Iron) 

�x Mardie Village 

�x Mesa A Mine 

�x Varanus Island  

The brightest source of light on the horizon was the Sino Iron Project Facility which was visible from 
all monitoring locations. Cape Preston was also visible from all monitoring locations except Middle 
Passage Island although it is substantially darker than the Sino Iron facility.  

The visibility of other sources of light from the monitoring locations was dependent on the bearing 
and distance of the light source as well as shielding from nearby dunes or other localised topographic 
features. For example, artificial light from the Mesa A Mine was only visible from Long Island and Sholl 
Island (Figures 5a and 7a) and shielded elsewhere, while light from both Barrow and Varanus Islands 
was only visible from Sholl Island (Figure 7a).  

Benchmark sky brightness values captured during the surveys (Table 3) show that the darkest 
benchmark was Middle Passage Island with a zenith sky brightness value of 21.94 Vmag/arcsec2, 
classified as a typical dark night sky (Table 2). Zenith sky brightness values captured at Mardie Creek 
East (21.45 Vmag/arcsec2), Long Island (21.47 Vmag/arcsec2), and Sholl Island (21.47 Vmag/arcsec2) 
were classified as rural/suburban transition night sky (Table 2). 
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3.2 Light Modelling 

Artificial light modelling was completed at four observer locations for both scenarios detailed in 
Section 2.2.1, the results have been processed and analysis has been completed as described below. 

3.2.1 Worst Case Scenario 

Artificial light modelling for stage one, worst case scenario was completed for each monitoring 
location and the processed results are shown in Table 4 and Figures 5b �t 8b. The modelled output for 
each scenario (Figures 4b �t 7b) was then combined with the respective benchmark light monitoring 
data for each location to create a cumulative result (see Figures 5c �t 8c).  

At Long Island, the modelling indicates that there will be an increase in sky brightness (WOS: 106%; 
horizon: 278%), primarily due to its direct line of sight to the jetty traveller, barge, and onshore 
facilities. The size and magnitude of these sources on the horizon is comparable to existing Sino Iron 
source (Figure 5). 

Similarly at Middle Passage Island, the modelling indicates that there will be an increase in sky 
brightness (WOS: 109%; horizon: 255%), with the jetty traveller, barge, and onshore facilities being 
the primary sources visible, which overlap with the existing Sino Iron facility. Smaller sources can be 
seen on the horizon from Mardie village, primary seawater intake, rock haul, and the pond transfer 
facilities (Figure 6). 

Modelling completed for Sholl Island indicates that there will be an increase in sky brightness (WOS: 
73%; horizon: 166%), with the largest source of artificial light being due to the jetty traveller, barge, 
and onshore facilities (Figure 7). 

The modelling of the mainland location Mardie Creek East predicted a substantial increase of sky 
brightness (WOS: 594%; horizon: 2158%), which is due to its proximity and direct line of sight to jetty 
barge, traveller, and onshore facilities which appear as large domes of artificial light on the horizon. 
Other sources of artificial light are only visible as sky glow, due to the presence of dunes blocking the 
direct line of site to light sources over the 25 �t 225° bearing range (Figure 8). 

The cumulative changes in zenith sky brightness predicted by the modelling indicate Sholl Island (21.36 
Vmag/arcsec2), Long Island (21.35 Vmag/arcsec2), and Mardie Creek East (21.20 Vmag/arcsec2) to have 
maintained the classification of rural/suburban transition night skies. Middle Passage Island (21.76 
Vmag/arcsec2) is reclassified from a typical dark sky to a rural night sky (Table 4). 
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3.2.2 Base Case Scenario 

Artificial light modelling for stage one, base case scenario was completed for each light monitoring 
location and the processed results are shown in Table 5 and Figures 9b �t 12b. The modelled output 
for each scenario was then combined with the respective benchmark light monitoring data (Figures 
8a �t 11a) for each location to create a cumulative result (see Figures 9c �t 12c).  

At Long Island, the modelling indicates that there will be an increase in sky brightness (WOS: 58%; 
horizon: 126%), primarily due to its direct line of sight to the jetty traveller and onshore facilities. The 
size and magnitude of these sources on the horizon are comparable to existing Sino Iron source (Figure 
9). 

Similarly at Middle Passage Island, the modelling indicates that there will be an increase in sky 
brightness (WOS: 45%; horizon: 70%), with the jetty traveller and onshore facilities being the primary 
sources visible, which overlap with the existing Sino Iron facility. Smaller sources can be seen on the 
horizon from Mardie village, primary seawater intake, rock haul, and the pond transfer facilities 
(Figure 10). 

Modelling completed for Sholl Island indicates that there will be an increase in sky brightness (WOS: 
57%; horizon: 121%), with the largest source of artificial light being due to the jetty traveller and 
onshore facilities (Figure 11). 

The modelling of the mainland location Mardie Creek East predicted a substantial increase of sky 
brightness (WOS: 265%; horizon: 813%), which is due to its proximity and direct line of sight to jetty 
traveller, and onshore facilities which appear as large domes of artificial light on the horizon. Other 
sources of artificial light are only visible as sky glow, due to the presence of dunes blocking the direct 
line of site to light sources over the 25 �t 225° bearing range (Figure 12). 

The cumulative changes in zenith sky brightness predicted by the modelling maintain the classification 
of Sholl Island (21.36 Vmag/arcsec2), Long Island (21.36 Vmag/arcsec2) and Mardie Creek East (21.25 
Vmag/arcsec2) as rural/suburban transition night skies and reclassify Middle Passage Island (21.77 
Vmag/arcsec2) from a typical dark sky to a rural night sky (Table 5). 

3.2.1 Comparison 

Comparison of sky brightness results found in the worst and base case scenario are shown in Table 6 
for WOS, horizon, and zenith sky brightness values. A decrease in brightness is seen at all locations, 
with the greatest change occurring at Mardie Creek East (WOS: -48%; horizon: -60%; zenith: -9%) due 
to direct line of sight to the barge and traveller, which have reduced lighting inventories in the base 
case scenario. Substantial decreases are also seen at Middle Passage Island (WOS: -31%; horizon: -
52%; zenith: -2%) and Long Island (WOS: -23%; horizon: -40%; zenith: -1%), with the smallest change 
occurring at Sholl Island (WOS: -9%; horizon: -17%; zenith: 0%). 
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Table 4: Worst case scenario comparison of benchmark and benchmark + modelled (cumulative) sky brightness values (Vmag/arcsec2). Note that the scale 
is inverse logarithmic, brightness increases with decreasing Vmag/arcsec2 values. 

Location 

WOS (0 �t 90°) 
(Vmag/arcsec2) 

Horizon (60 �t 90°) 
(Vmag/arcsec2) 

Zenith (0 �t 30°) 
(Vmag/arcsec2) 

Benchmark Benchmark 
+ Modelled Change Benchmark Benchmark 

+ Modelled Change Benchmark Benchmark 
+ Modelled Change 

Long Island 21.27 20.88 106% 21.10 20.38 278% 21.47 21.35 24% 
MPI 21.64 21.24 109% 21.45 20.76 255% 21.94 21.76 38% 

Sholl Island 21.25 20.96 73% 21.06 20.53 166% 21.47 21.36 23% 
MCE 21.35 20.29 594% 21.20 19.50 2158% 21.45 21.20 59% 

Table 5: Base case scenario comparison of benchmark and benchmark + modelled (cumulative) sky brightness values (Vmag/arcsec2). 

Location 

WOS (0 �t 90°) 
(Vmag/arcsec2) 

Horizon (60 �t 90°) 
(Vmag/arcsec2) 

Zenith (0 �t 30°) 
(Vmag/arcsec2) 

Benchmark Benchmark 
+ Modelled Change Benchmark Benchmark 

+ Modelled Change Benchmark Benchmark 
+ Modelled Change 

Long Island 21.27 21.02 58% 21.10 20.66 126% 21.47 21.36 22% 
MPI 21.64 21.44 45% 21.45 21.16 70% 21.94 21.77 35% 

Sholl Island 21.25 21.01 57% 21.06 20.63 121% 21.47 21.36 22% 
MCE 21.34 20.64 265% 21.20 20.00 813% 21.45 21.25 43% 

Table 6: Comparison of benchmark + modelled (cumulative) sky brightness values (Vmag/arcsec2) for worst and base case scenarios. 

Location 
WOS (0 �t 90°) 

(Vmag/arcsec2) 
Horizon (60 �t 90°) 
(Vmag/arcsec2) 

Zenith (0 �t 30°) 
(Vmag/arcsec2) 

Worst Case Base Case Change Worst Case Base Case Change Worst Case Base Case Change 
Long Island 20.88 21.02 -23% 20.38 20.66 -40% 21.35 21.36 -1% 

MPI 21.24 21.44 -31% 20.76 21.16 -52% 21.76 21.77 -2% 
Sholl Island 20.96 21.01 -9% 20.53 20.63 -17% 21.36 21.36 0% 

MCE 20.29 20.64 -48% 19.50 20.00 -60% 21.20 21.25 -9% 
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Figure 5: Artificial light modelling results for the worst case scenario at Long Island: a. Benchmark 
all-sky processed image recorded during the light survey; b. Modelled brightness based on light design 
provided by BCI; c. Benchmark monitoring image + modelled brightness. Red labels = existing light 
sources, white labels = new light sources associated with the Project.  
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Figure 6: Artificial light modelling results for the worst case scenario at Middle Passage Island: a. 
Benchmark all-sky processed image recorded during the light survey; b. Modelled brightness based on 
light design provided by BCI; c. Benchmark monitoring image + modelled brightness. Red labels = 
existing light sources, white labels = new light sources associated with the Project.  
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Figure 7: Artificial light modelling results for the worst case scenario at Sholl Island: a. Benchmark 
all-sky processed image recorded during the light survey; b. Modelled brightness based on light design 
provided by BCI; c. Benchmark monitoring image + modelled brightness. Red labels = existing light 
sources, white labels = new light sources associated with the Project. 
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Figure 8: Artificial light modelling results for the worst case scenario at Mardie Creek East: a. 
Benchmark all-sky processed image recorded during the light survey; b. Modelled brightness based on 
light design provided by BCI; c. Benchmark monitoring image + modelled brightness. Red labels = 
existing light sources, white labels = new light sources associated with the Project. 
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Figure 9: Artificial light modelling results for the base case scenario at Long Island: a. Benchmark all-
sky processed image recorded during the light survey; b. Modelled brightness based on light design 
provided by BCI; c. Benchmark monitoring image + modelled brightness. Red labels = existing light 
sources, white labels = new light sources associated with the Project. 
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Figure 10: Artificial light modelling results for the base case scenario at Middle Passage Island: a. 
Benchmark all-sky processed image recorded during the light survey; b. Modelled brightness based on 
light design provided by BCI; c. Benchmark monitoring image + modelled brightness. Red labels = 
existing light sources, white labels = new light sources associated with the Project.  
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Figure 11: Artificial light modelling results for the base case scenario at Sholl Island: a. Benchmark 
all-sky processed image recorded during the light survey; b. Modelled brightness based on light design 
provided by BCI; c. Benchmark monitoring image + modelled brightness. Red labels = existing light 
sources, white labels = new light sources associated with the Project. 
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Figure 12: Artificial light modelling results for the base case scenario at Mardie Creek East: a. 
Benchmark all-sky processed image recorded during the light survey; b. Modelled brightness based on 
light design provided by BCI; c. Benchmark monitoring image + modelled brightness. Red labels = 
existing light sources, white labels = new light sources associated with the Project. 
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4 CONCLUSION 

Artificial light monitoring successfully completed over the 2021/22 and 2022/23 field campaigns 
identified several key existing light sources that are visible from the monitored beaches, including the 
Citic Pacific Sino Iron facility, Barrow Island, Cape Preston, Mardie Village, Mesa A Mine, and Varanus 
Island. These sources were included in the light modelling undertaken by PENV to provide cumulative 
understanding of light emissions following the addition of the stage one project lighting associated 
with the BCI development. 

Light modelling of the development predicted the greatest change in brightness occurring at the beach 
closest to the jetty (Mardie Creek East). This monitoring location has a direct line of sight to the jetty 
developments and is shielded from other major light sources (e.g., Sino Iron) by local topographic 
features. Predictive modelling for Long, Middle Passage, and Sholl islands shows a smaller increase in 
brightness across all three monitoring locations when compared to Mardie Creek East. The brightest 
new artificial light sources at each location are the jetty traveller, barge, and onshore facilities, other 
artificial light sources such as the new BCI worker accommodation at Mardie village, primary seawater 
intake, transfer pump stations, and rock haul lighting are visible but as much smaller sources of 
artificial light on the horizon. Existing sources of light are also visible from the island locations with the 
most dominant being the Sino Iron facility. Sholl island has the most visibility of existing sources with 
Cape Preston, Sino Iron, MESA A Mine, Barrow Island, and Varanus Island all appearing on the horizon. 

In comparing the two modelled scenarios (worst and base case), under the base case there is a 
decrease in cumulative modelled sky brightness for WOS, horizon, and zenith values, with the greatest 
decrease occurring at Mardie Creek East and the smallest change at the Sholl Island observer location. 
In the worst case scenario, the cumulative changes in zenith brightness show that Sholl Island, Long 
Island and Mardie Creek East are classified as rural/suburban transition night skies, with Middle 
Passage Island being reclassified from a typical natural dark sky to a rural sky. In the base case scenario, 
the cumulative light changes also reclassify Middle Passage Island from a typical natural dark sky to a 
rural night sky. Mardie Creek East, Sholl Island and Long Island maintain their classification between 
benchmark and cumulative light modelling as rural/suburban transition night skies. 

 

 



BCI MINERALS 
MARDIE ARTIFICIAL LIGHT MODELLING STAGE 1 REPORT 

26 | P a g e 

5 REFERENCES 

AUBÉ, M., FRANCHOMME-FOSSE, L., ROBERT-STAEHLER, P. & HOULE, V. (2005) Light pollution 
modelling and detection in a heterogeneous environment: Toward a night-time aerosol optical 
depth retrieval method. Proceedings of Spie, 5890, 248�t256.DoD, 2014 Australian Government 
Department of Defence, Space Surveillance Telescope Facilities, Statemen to Evidence to the 
Parliamentary Standing Committee on Public Works. 

BORTLE, J.E. (2001) "Gauging Light Pollution: The Bortle Dark-Sky Scale". Sky & Telescope. Sky 
Publishing Corporation. Retrieved 2020-05-29. February 2001. 

COMMONWEALTH OF AUSTRALIA (2020) National Light Pollution Guidelines for Wildlife Including 
Marine Turtles, Seabirds and Migratory Shorebirds. Available at: 
https://www.environment.gov.au/system/files/resources/2eb379de-931b-4547-8bcc-
f96c73065f54/files/national-light-pollution-guidelines-wildlife.pdf.  

LINARES, H., MASANA, E., RIBAS, S., AUBÉ, M., SIMONEAU, A. & BARA, S. (2020). Night Sky Brightness 
Simulation over Montsec Protected Area. 249. 

LINARES, H., MASANA, E., RIBAS, S.J., GIL, M.G.-, FIGUERAS, F. & AUBÉ, M. (2018). Modelling the Night 
Sky Brightness and Light Pollution Sources of Montsec Protected Area. Journal of Quantitative 
Spectroscopy and Radiative Transfer 217: 178�t188. 

 



 

 

Appendix A: Lighting Inventory. 



 

 

This page has been left blank intentionally 



��

�������������� �_������ �,�O�O�X�P�L�Q�D�W�L�R�Q���3�O�D�Q�� �'�R�F���1�R�����������������(�9���3�/�1���������������5�H�Y������

��

��

�$�S�S�H�Q�G�L�[���������$�U�W�L�I�L�F�L�D�O���/�L�J�K�W���0�R�G�H�O�O�L�Q�J���5�H�S�R�U�W�����:�R�U�O�H�\�����������D����



20 January 2026

Level 14, 240 St Georges Terrace
Perth WA 6000
Australia

T: +61 8 9278 8111
Worley Services Pty Ltd
ABN 61 001 279 812

© Copyright 2026 Worley ACN 096 090 158. No part of this document or the information it contains may be reproduced or transmitt ed
in any form or by any means electronic or  mechanical, including photocopying, recordin g, or by any information storage and retr ieval
system, without permission in writing from Worley.

worley.com

BCI MINERALS LIMITED

Mardie Salt and Potash Project
Artificial Light Modelling Report

�%�&�,���0�L�Q�H�U�D�O�V���'�R�F���1�R�����������������(�9���5�(�3�������������5�H�Y����

Document no. Rev 0: 311012-02496-EN-REP-001



20 January 2026

Level 14, 240 St Georges Terrace
Perth WA 6000
Australia

T: +61 8 9278 8111
Worley Services Pty Ltd
ABN 61 001 279 812

© Copyright 2026 Worley ACN 096 090 158. No part of this document or the information it contains may be reproduced or transmitt ed
in any form or by any means electronic or mechanical, including photocopying, recording, or by any information storage and retr ieval
system, without permission in writing from Worley.

worley.com

Synopsis
This report documents the updated outcomes of the Mardie Salt and Potash Project’s Artificial light
modelling for proposed site of Secondary Seawater Intake.

Disclaimer
This report has been prepared on behalf of and for the exclusive use of BCI Minerals Limited, and is
subject to and issued in accordance with the agreement between BCI Minerals Limited and Worley
Services Pty Ltd. Worley Services Pty Ltd accepts no liability or responsibility whatsoever for it in respect
of any use of or reliance upon this report by any third party. Copying this report without the permission
of BCI Minerals Limited or Worley Services Pty Ltd is not permitted.

Details on how personal information provided to Worley is processed can be found at
https://www.worley.com/site-services/privacy.

-

PROJECT 311012-02496 - 311012-02496-EN-REP-001: Mardie Salt and Potash Project -
Artificial Light Modelling Report

Rev Description Originator Reviewer
 Worley

Approver
Revision
Date

Customer
Approver

Approval Date

Rev 0 Issued for Use 20 Januar y
2026

G. Hickson D. Bhattarai G. Hickson



311012-02496-EN-REP-001_Rev0.docx iii

Table of contents
1. Introduction ................................................................................................................ ....... 3

1.1 Background ................................................................................................................ 3

1.2 Scope of Work and Objectives ....................................................................................... 3

2. Methods ..................................................................................................................... ......... 5

2.1 Artificial light modelling ................................................................................................ 5

2.2 Scenarios .................................................................................................................. . 5

2.3 Inputs ........................................................................................................................ 6

2.4 Outputs .................................................................................................................... . 6

2.5 Units of measurement .................................................................................................. 7

2.6 Assumptions ............................................................................................................... 8

2.6.1 Lighting inventory ...................................................................................... 8

2.6.2 Light modelling.......................................................................................... 8

2.7 Limitations ................................................................................................................ . 8

3. Results...................................................................................................................... ........ 10

3.1 Base case scenario .................................................................................................... 10

3.2 Worst-case scenario .................................................................................................. 11

3.3 Comparison between scenarios ................................................................................... 12

3.4 Comparison to previous modelling results..................................................................... 23

4. Conclusion .................................................................................................................. ...... 25

5. References ........................................................................................................................ 26

Appendices
Appendix A. Lighting Inventory

List of tables
Table 2-1: Lighting included under worst-case and base case scenarios ............................................... 6

Table 2-2: Qualitative interpretation of zenith sky brightness values using Bortle class (Bortle, 2001) ..... 8

Table 3-1: Observer locations.................................................................................................. ..... 10

Table 3-2: Base case and worst-case scenario co mparison of benchmark and benchmark + modelled

(cumulative) sky brightness values (Vmag/arcsec 2) ........................................................................ 13

Table 3-3: Comparison of worst and base case sce narios for benchmark + modelled (cumulative) sky

brightness values (Vmag/arcsec 2) ................................................................................................. 14

Table 3-4: Summary of model parameter differences ...................................................................... 23

Table 3-5:Comparison of base case and worst-case  2023 and 2025 results for benchmark + modelled

(cumulative) sky brightness values (Vmag/arcsec 2) ........................................................................ 24

List of figures
Figure 1-1: Project location and observer locations ...........................................................................  4

Figure 2-1: Measurement of mean pixel values to determine different sky brightness levels ................... 7



311012-02496-EN-REP-001_Rev0.docx iv

Figure 3-1: Artificial light modelling results for the base case scenario at Long Island .......................... 15

Figure 3-2: Artificial light modelling results for the base case scenario at Middle Passage Island ........... 16

Figure 3-3: Artificial light modelling results for the base case scenario at Sholl Island ......................... 17

Figure 3-4: Artificial light modelling results for the base  case scenario at Middle Creek East ................. 18

Figure 3-5: Artificial light modelling results for the worst-c ase scenario at Long Island ........................ 19

Figure 3-6: Artificial light modelling results for the worst-case scenario at Middle Passage Island .......... 20

Figure 3-7: Artificial light modelling results for the worst-c ase scenario at Sholl Island ........................ 21

Figure 3-8: Artificial light modelling results for the worst-case scenario at Mardie Creek East ............... 22



311012-02496-EN-REP-001_Rev0.docx 1
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Executive Summary

The Mardie Salt and Potash Project (the Project) , developed by BCI Minerals, is located in the

Pilbara region of Western Australia, approximat ely 135 kilometres southwest of Karratha. Now

entering its early operational phase, the Projec t will produce, process, and export industrial-

grade salt and sulphate of potash (SoP) derived from seawater. Artificial light at night (ALAN)

has been identified as a potential source of envi ronmental impact, particularly to marine turtles

and other fauna. In response, BCI Minerals deve loped an Illumination Plan aligned with the

National Light Pollution Guidelines for Wildlife  (Department of Climate Change, Energy, the

Environment and Water [DCCEEW], 2023) and the Environmental Protection Authority’s (EPA)

Assessment Guideline No. 5  (EPA, 2010), aiming to minimise and manage lighting impacts on

marine turtles.

This report presents updated artificial light modelling for the Project, now incorporating the

Secondary Seawater Intake facility following the completion of its detailed lighting design. The

modelling uses the same four observer location s and baseline data as the previous modelling

study conducted by Pendoley Environmental in 2023, enabling a consistent cumulative

analysis. Model outputs are compared with earlie r results to identify any changes in predicted

light impacts.

Two scenarios were modelled: base, and wors t-case scenarios. The worst-case scenario

included all lighting active concurrently, wher eas the base case scenario was adjusted to

reflect only lighting that would realistically be  active during the operation of the Project.

The modelled outputs provide the location, directionality, and intensity of artificial light sources

(direct and indirect) due to the proposed project lighting. A projected, all-sky modelled image

‘as viewed’ from each monitoring location was produced and combined additively with the

benchmark camera imagery from previous report to illustrate the predicted visible increase in

brightness due to direct light and sky glow.

The updated modelling predicted no significant increase in sky brightness; therefore, the

Illumination Plan does not require any changes and there is no requirement to update the

impact assessment to marine turtles. A comp arison of cumulative sky brightness values

between the modelling conducted in 2023 (Pendo ley Environmental, 2023) and this report

indicates minimal overall change in sky br ightness across all monitoring locations and

scenarios. Minor increases in sky brightness were  observed near the horizon, with additional

brightness increases across the whole of sky (WOS) and at the zenith. However, these changes

remained below 5%, suggesting they are not significant. Additionally, the sky quality

classifications based on predicted zenith br ightness remained unchanged between 2023 and

2025 and were consistent across both the base  case and worst-case scenarios. The Middle

Passage Island location remains classified as “Rural sky”, and the Long Island, Sholl Island,

and Mardie Creek East locations remain classifi ed as “Rural/suburban transition” night skies.
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1. Introduction

1.1 Background
The Mardie Salt and Potash Project (the Project) , constructed by BCI Minerals (BCI) is located

in the Pilbara region of Western Australia,  135 kilometres (km) southwest of Karratha

(Figure 1-1). The Project is entering its early operational stage and will in future produce,

process and export industrial grade salt an d sulphate of potash (SoP) from seawater.

Artificial light at night (ALAN) emitted from the Project has been identified as a potential

source of impact to marine turtles and other fauna, which led to the development of the

Illumination Plan (BCI, 2024). This plan aims to minimise and manage potential impacts

associated with project lighting and is in line with the National Light Pollution Guidelines for

Wildlife  (Department of Climate Change, Energy, the Environment and Water [DCCEEW],

2023) and the Environmental Protection Authority’s (EPA) Assessment Guideline No. 5  (EPA,

2010).

Artificial light modelling was performed in 2023 by Pendoley Environmental for components of

the Project to predict contribution to sky glow  and the visibility of light from nearby turtle

nesting habitat (Pendoley Environmental, 2023). This modelling excluded the Secondary

Seawater Intake facility, Salt Wash Plant, SoP Plant and Quarry, as detailed lighting designs

were not available at the time.

1.2 Scope of Work and Objectives
This report presents updated artificial light modelling including the Secondary Seawater Intake

facility, as BCI now has a detailed lighting design.

According to Section 4.2 of the Illuminati on Plan (BCI, 2024), light modelling must be

conducted prior to the construction of any elemen t involving significant lighting. If the artificial

light modelling outcomes change, then the revi sed modelling and corresponding updates to the

lighting design must be submitted to the DCCEEW  for approval before the installation of new

lighting infrastructure. Regular audits will also be undertaken, and specific lighting design

details will be documented in future revisions of the Illumination Plan.

The updated artificial light modelling is based on the same four observer locations as the

previous modelling study (Pendoley Environmenta l, 2023) and applied the same baseline data

for cumulative analysis. The observer  locations are (see Figure 1-1):

• Long Island,

• Middle Passage Island (MPI),

• Sholl Island; and

• Mardie Creek East (MCE).

The model outputs are compared with the previous results to determine if there has been a

change in outcomes. In the event of a change in modelling results, the impact assessment to

marine turtles will be revised following approval from BCI.





311012-02496-EN-REP-001_Rev0.docx 5

2. Methods

2.1 Artificial light modelling
Currently, there are no standard commercial mode ls for landscape scale modelling of artificial

light emissions (DCCEEW, 2023). Recognising this  gap, and the growing need to respond to

both local and national regulatory concerns over artificial light impacts on wildlife, and on Dark

Sky conservation values, a landscape scale model of artificial light was developed.

The base model used for this work was the ILLUMINA model, developed by Physics Professor

Dr. Martin Aubé of Sherbrooke University, Ca nada (Aubé et al., 2005). This well documented,

open-source model was selected for its ability to represent light across large areas and

distances and across the entire visible spectrum , including biologically meaningful light from

350 nanometres (nm) to 700 nm. Specialised soft ware is used to incorporate this base model

and generate quantitative outputs relevant to asse ssing the impacts of artificial light on wildlife

and the night sky.

Unlike commercially available engineering light ing models typically used to design human

centric lighting for relatively small areas such as individual buildings, parking lots or

streetlighting, ILLUMINA is a three-dimensional model that accounts for both line-of-sight light

visibility and sky glow caused by atmospheric scattering. The model also addresses the

attenuation or loss of light over landscape sc ale distances and, consequently, can model the

areal extent of light glow across the sky.

Additional details of the equations and model pa rameterisation can be found in Aubé et al.

(2005). The model input parameters include proj ect specific details about the light type and

spectral distribution, including any shielding, which substantially increases the model's

precision and accuracy. The model also includes project location specific inputs, such as

surface reflectance and topographic values that are incorporated from aerial imagery such as

those supplied by National Aeronautics and Space Administration’s (NASA’s) Earthdata and

National Oceanic and Atmospheric Administration.

2.2 Scenarios
Two scenarios were modelled: base, and wors t-case scenarios. The worst-case scenario

included all lighting active concurrently, wher eas the base case scenario was adjusted to

reflect only lighting that would realistically be  active during the operation of the Project.

Specifically in the base case scenario the following lighting differed from the worst-case

scenario:

• Barge lighting was removed as it is highly unlikely to be operational at night.

• Traveller lighting was reduced to an operational lighting standard.

• Onshore facilities lighting reduced to  be focused on task specific areas.
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Table 2-1: Lighting included under worst-case and base case scenarios

Infrastructure Worst-Case Base Case

Barge Y N

Traveller Y Y*

Onshore Facilities Y Y*

Secondary Seawater Intake Y Y

Transfer 6/7 Y Y

Transfer 3/4 Y Y

Transfer 2/3 Y Y

Mardie Village Y Y

Rock Haul Y Y

Primary Seawater Intake Y Y

Note: *denotes that the number of lights were reduced to an operational lighting standard.

The lights from the Secondary Seawater Intake have been added to the existing 2023 lighting

inventories (Appendix A). A total of 12 additional  lights, contribute a combined luminous flux of

35,600 lumens (lm). Updating the inventories for both the worst-case and base case scenarios

results in a total luminous flux values of 5,722,163 lm and 9,619,593 lm, respectively.

A full description of lighting inventories can be found in Appendix A.

2.3 Inputs
The following parameters were used as inputs into the model:

• Topography: NASA’s Shuttle Radar Topography Mission digital elevation data (1 arc-second
resolution).

• Reflectance: Types of surfaces—such as asphalt, grass or snow—as well as the percentage
of each type when multiple surface types are present.

• Latitude and longitude coordinates for the observer viewpoints.

• Weather conditions: all scenarios are consid ered free of any influencing atmospheric or
weather conditions (sun, moon, rain, or cloud).

• A detailed lighting inventory (light types, posi tions, heights, luminous  flux) for the Project’s
infrastructure based on info rmation provided by BCI. Fo r the updated modelling, the
inventory contained 809 lights with a total power output of 9.61 million lm. A detailed
summary of the lighting inventory is provided in Appendix A.

2.4 Outputs
The modelled outputs provide the location, directionality, and intensity of new artificial light

sources (direct and indirect) due to the proposed project lighting. A projected, all-sky modelled

image ‘as viewed’ from each monitoring location was produced and combined additively with

the benchmark camera imagery from Pendoley Envi ronmental (2023) to illustrate the predicted

visible increase in sky brightness across the horizon and sky due to direct light and sky glow.



311012-02496-EN-REP-001_Rev0.docx 7

2.5 Units of measurement
Whole-of-sky (WOS) is the mean value of sky glow in the entire image (Figure 3-1a), horizon

is the mean value of sky glow within the 60° – 90° outer band (Figure 3-1b), and zenith is the

mean values of sky glow directly overhead within the 0° – 30° inner band (Figure 3-1c).

Sky brightness is measured in units of visual magnitudes per square arcsecond

(Vmag/arcsec 2), a standard unit used in astronomic al measurements and emerging as a

standard for sky glow monitoring globally. The Vmag/arcsec 2 unit quantifies light intensity on

an inverse logarithmic scale, where  higher values represent lower intensity light, and

lower values represent higher intensity light.

Note that the colour coding used in the proces sed imagery represents the scale of intensity of

light and is not representative of the colour of light as perceived by a human, wildlife or Sky42

camera.

a. b. c.

Figure 2-1: Measurement of mean pixel values  to determine different sky brightness levels

Note: Shaded areas denote the region of sky being measured.
a. Whole-of-sky brightness (full image)

b. Horizon brightness (60° – 90°)

c. Zenith (0° – 30° inner band) directly overhead.

Sky quality is classified using the Bortle Cla ss based on the approximate zenith sky brightness.

A Bortle Class 1 sky, describes an excellent dark sky site with no presence of artificial light and

is approximately 21.99 to 22.00 Vmag/arcsec 2. A Bortle Class sky 9, describes an Inner City

sky with an approximate sky brightness of less than 18.38 Vmag/arcsec 2. The sky quality

classifications and Bortle Class are shown in Table 2-2.
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Table 2-2: Qualitative interpretation of zenith sky brightness values using Bortle class (Bortle, 2001)

Sky quality classification Approximate sky brightness
(Vmag/arcsec 2)

Bortle Class

Excellent dark sky site 21.99 – 22.00 1

Typical dark site 21.89 – 21.99 2

Rural sky 21.69 – 21.89 3

Rural/suburban transition 20.49 – 21.69 4

Suburban 19.50 – 20.49 5

Bright suburban 18.94 – 19.50 6

Suburban/urban transition 18.38 – 18.94 7

City/ Inner city sky <18.38 8/9

2.6 Assumptions

2.6.1 Lighting inventory

The lighting inventory was generate d under the following assumptions:

• lighting inventories provided by BCI are accurate

• only external lighting has been considered in the model (i.e., the model omits internal
lighting that may be reflected externally)

• the Jetty traveller was positioned at the end of the jetty as a worst-case scenario

• where correlated colour temperatures (CCT) are uncertain for artificial luminaries a worst-
case is assumed

• the results are based on assumed angular powe r distributions of the luminaries, which may
overestimate the measured output

• rock Haul lighting is assumed to be amber Light-Emitting Diodes (LED).

2.6.2 Light modelling

The following assumptions were made when generating the model parameters:

• the modelled all-sky imagery assumes the observer is located at a position and height that
matches the benchmar k camera imagery from that location

• there is no impact from weather conditions (for example, clouds and rain may increase
reflection of light)

• there is no influence of the sun or moon on light intensity aerosol profile is maritime clean
(Hess et al., 1998).

2.7 Limitations
While the underlying science of light behavi our is well known, the methods required to

measure and model light intensity and sky glow on a landscape scale are still in the research

and development phase, and consequently, ar e constrained by the following limitations:

• Results have not yet been definitively ground-truthed for large-scale projects (Linares et al.
2018; Linares et al. 2020). While the approach outlined within this report is considered
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sound at the time of writing, future model re sults may not be comparable due to updates in
the science and methodology that underpin the current software.

• The precision of the model outputs is directly related to the level of input detail provided by
BCI. Much of the lighting design is st ill conceptual and may be changed prior to
construction.

• The model does not allow for in put of luminaire tilt. All light distributions are centred on the
zenith (pointing directly downward) and radially symmetrical, which limits accurate
representation of angled or directional lig ht sources and may underestimate obliquely
emitted or upward light.

• The surface topographic data supplied by NASA’s Earthdata is restricted to 1 arcsecond
(approx. 30 metres) resolution, therefore large changes in topography over small regions
may not be captured.

• The model has converted units of absolute radiance (W/m 2/sr) to units of photometric
luminance (Vmag/arcsec 2). Where absolute radiance represents light equally across the
whole visible spectrum, visual magnitudes repr esent only the human visual (green) band of
the spectrum and may not fully represent light as perceived by wildlife.

• Monitoring locations selected for benchmar k data collection and subsequent modelling
represent only a single viewpoint at each location. These locations have been selected
based on the distribution of nesting activity and are considered to be most appropriate for
determining potential impacts on hatchlings. Ho wever, the potential for impact is likely to
change based on the specific location of a nest emergence (e.g., differences in dune
topography, vegetation, beach slope). In this regard, the results should be interpreted with
caution.
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3. Results

The artificial light data captured from all su rvey locations during the 2021/22 and 2022/23

field campaign were used as benchmark images . These images were captured using the Sky42

camera at various location (Pendoley Environmental, 2023).

Artificial light modelling was conducted for fo ur observer locations (Table 3-1) for both

scenarios detailed in Section 2.2, the results ha ve been processed and analysed as described

below.

Table 3-1: Observer locations

Monitoring Location Latitude Longitude

Long Island -21.02026 115.85419

Middle Passage Island -21.04946 115.84269

Sholl Island -20.95512 115.90170

Mardie Creek East -21.06104 115.95897

3.1 Base case scenario
Artificial light modelling for the base case scenario was conducted from four observer locations.

The modelled results are shown in Table 3-2 and Figure 3-1 to Figure 3-4 (b). The modelled

output for each scenario was then combined with its respective benchmark artificial light

monitoring data (Figure 3-1 to Figure 3-4 (a)) for each monitoring location to create a

cumulative result (Figure 3-1 to Figure 3-4 (c)).

At Long Island, the modelled results predict ther e will be an increase in sky brightness due to

the Project in comparison to the benchmark monitoring alone (WOS: 29%; horizon: 57%).

This is primarily due to the location’s direct line of sight to the jetty traveller and onshore

facilities. The apparent size and magnitude of these light sources on the horizon are

comparable to existing Sino Iron source, as  viewed from this location (Figure 3-1).

Similarly, at Middle Passage Island, the modelled result predicts that there will be an increase

in sky brightness due to the Project (WOS: 21%;  horizon: 30%), with the jetty traveller and

onshore facilities being the primary sources visibl e, which overlap with the existing Sino Iron

facility. Smaller sources can be seen on the horizon from Mardie v illage, primary seawater

intake, rock haul, and the pond transfer station facilities (Figure 3-2).

Modelling completed for Sholl Island predict that  there will be an increase in sky brightness

due to the Project (WOS: 25% increase; horizon: 47%), with the largest source of artificial

light being due to the jetty travelle r and onshore facilities (Figure 3-3).

Modelling from the mainland location, Mardie Creek East, predict higher increases in sky

brightness (WOS: 84%; horizon: 182%), which is due to the location’s proximity and direct

line of sight to the jetty traveller and onsh ore facilities, which appear as large domes of

artificial light on the horizon. Other sources of ar tificial light are only visible as sky glow, due to

the presence of dunes blocking the direct line of sight to light sources over the 25° – 225°

bearing range (Figure 3-4).



311012-02496-EN-REP-001_Rev0.docx 11

In comparison to the benchmark sky brightness , the following sky quality classification are

predicted for the cumulative (benchmark + modell ed) results at each location (see Table 3-3):

• Long Island – Sky quality is predicted to be maintained at “Rural/suburban transition” with
a zenith sky brightness of 21.35 Vmag/arcsec 2 compared to benchmark zenith sky
brightness of 21.47 Vmag/arcsec 2.

• Middle Passage Island – Sky quality is predic ted to be “Rural sky” with a zenith sky
brightness of 21.77 Vmag/arcsec 2 compared to the benchmark classification of “Typical
dark sky” (zenith sky brightness of 21.94 Vmag/arcsec 2).

• Sholl Island – Sky quality is predicted to be maintained at “Rural/suburban transition” with
a zenith sky brightness of 21.36 Vmag/arcsec 2 compared to benchmark zenith sky
brightness of 21.47 Vmag/arcsec 2.

• Mardie Creek East – Sky quality is predic ted to be maintained at “Rural/suburban
transition” with a zenith sky brightness of 21.25 Vmag/arcsec 2 compared to benchmark
zenith sky brightness of 21.45 Vmag/arcsec 2.

3.2 Worst-case scenario
Artificial light modelling worst-case scenario wa s conducted for each light monitoring location

and the modelled results are shown in Table 3-2 and Figure 3-5 to Figure 3-8 (b). The

modelled output for each scenario was then comb ined with the respective benchmark artificial

light monitoring data (Figure 3- 5 to Figure 3-8 (a)) for each monitoring location to create a

cumulative result (Figure 3-5 to Figure 3-8 (c)).

At Long Island, the modelling results predict that  there will be an increase in sky brightness

due to the Project in comparison to the be nchmark monitoring (WOS: 46%; horizon: 98%),

primarily due to the location’s direct line of si ght to the jetty traveller, barge, and onshore

facilities. The apparent size and magnitude of these sources on the horizon is comparable to

existing Sino Iron source, as viewed  from this location (Figure 3-5).

Similarly at Middle Passage Island, the modelling results predict that there will be an increase

in sky brightness due to the Project (WOS:26%; horizon: 41%), with the jetty traveller, barge,

and onshore facilities being the primary sources visible, which overlap with the existing Sino

Iron facility. Smaller sources can be seen on th e horizon from Mardie village, primary seawater

intake, rock haul, and the pond transfer station facilities (Figure 3-6).

Modelling completed for Sholl Island indicates th at there will be an increase in sky brightness

as a result of the Project (WOS: 32%; horizon: 65 %), with the largest source of artificial light

being due to the jetty traveller, barge, and onshore facilities (Figure 3-7).

Modelling from the mainland location, Mardie Cr eek East, predicted a larger increase in sky

brightness (WOS: 165%; horizon: 380%), which is due to the location’s proximity and direct

line of sight to jetty barge, traveller, and onshore facilities which appear as large domes of

artificial light on the horizon. Other sources of ar tificial light are only visible as sky glow, due to

the presence of dunes blocking the direct line of sight to light sources over the 25° – 225°

bearing range (Figure 3-8).
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In comparison to the benchmark sky brightness , the following sky quality classification are

predicted for the cumulative (benchmark + modell ed) results at each location (see Table 3-3):

• Long Island – Sky quality is predicted to be maintained at “Rural/suburban transition” with
a zenith sky brightness of 21.34 Vmag/arcsec 2 compared to benchmark zenith sky
brightness of 21.47 Vmag/arcsec 2).

• Middle Passage Island – Sky quality is predic ted to be “Rural sky” with a zenith sky
brightness of 21.76 Vmag/arcsec 2 compared to the benchmark classification of “Typical
dark sky” (zenith sky brightness of 21.94 Vmag/arcsec 2).

• Sholl Island – Sky quality is predicted to be maintained at “Rural/suburban transition” with
a zenith sky brightness of 21.36 Vmag/arcsec 2 compared to benchmark zenith sky
brightness of 21.47 Vmag/arcsec 2).

• Mardie Creek East – Sky quality is predic ted to be maintained at “Rural/suburban
transition” with a zenith sky brightness of 21.20 Vmag/arcsec 2 compared to benchmark
zenith sky brightness of 21.45 Vmag/arcsec 2).

3.3 Comparison between scenarios
Comparison of the predicted sky brightness for the cumulative worst an d cumulative base case

scenarios is shown in Table 3-3. The sky brightne ss is predicted to be brighter for the worst-

case scenario compared to the base case scenario at all monitoring locations. The largest

difference in sky brightness between the base and worst-case scenarios is predicted to occur at

Mardie Creek East with a change in sky brightness of 30% (WOS) and 41% (horizon) due to

direct line of sight to the barge and traveller,  which have reduced lighting inventories in the

base case scenario. The smallest  difference in sky brightness between the worst and base case

scenarios is predicted to occur at Middle Passage Island with a change in sky brightness of 4%

(WOS) and 8% (horizon).
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Table 3-2: Base case and worst-case scenario comparison of be nchmark and benchmark + modelled (cumulative) sky brightness value s (Vmag/arcsec 2)

Location Scenario WOS (0 – 90°) (Vmag/arcsec 2) Horizon (60 – 90°) (Vmag/arcsec 2) Zenith (0 – 30°) (Vmag/arcsec 2)

Benchmark Benchmark + Modelled
(cumulative)

Change in sky
brightness (%)

Benchmark Benchmark + Modelled
(base case)

Change in sky
brightness (%)

Benchmark Benchmark +
Modelled (base case)

Change in sky
brightness (%)

Long Island Base case 21.27 20.99 29.36 21.10 20.61 57.35 21.47 21.35 11.31

Worst-case 20.86 45.82 20.36 98.09 21.34 12.34

MPI Base case 21.64 21.43 20.69 21.45 21.16 30.48 21.94 21.77 16.38

Worst-case 21.38 25.96 21.07 41.11 21.76 18.0017

Sholl Island Base case 21.25 21.01 24.69 21.06 20.64 47.44 21.47 21.36 10.22

Worst-case 20.95 32.22 20.51 65.11 21.36 10.85

MCE Base case 21.34 20.68 84.42 21.20 20.07 182.17 21.45 21.25 19.80

Worst-case 20.29 165.26 19.49 380.44 21.20 26.01

Notes: Vmag/arcsec 2 is measured on an inverse logarithmic scale, brightness increases with decreasing Vmag/arcsec 2 values. Change in brightness is presented as percenta ge change, calculated after the logarithmic sky brightness

values (Vmag/arcsec 2) were converted to a linear scale. A positive percentage change in sky brightness indicates an increase in light intensity in the Benchmark s+ Modelled compared to the benchmark conditions.
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Table 3-3: Comparison of worst and base case scenarios for benc hmark + modelled (cumulative) sky brightness values (Vmag/arcsec 2)

Location Sky brightness metric Cumulative sky brightness (Vmag/arcsec 2) Change in sky
brightness (%)Base case Worst-case

Long Island WOS 20.99 20.86 11.28

Horizon 20.61 20.36 20.57

Zenith 21.35 21.34 0.92

MPI WOS 21.43 21.39 4.05

Horizon 21.1620 21.0820 7.57

Zenith 21.77 21.76 1.00

Sholl Island WOS 21.01 20.95 5.69

Horizon 20.64 20.51 10.70

Zenith 21.36 21.36 0.56

MCE WOS 20.68 20.29 30.47

Horizon 20.07 19.49 41.27

Zenith 21.25 21.20 4.93

Notes: Vmag/arcsec 2 is measured on an inverse logarithmic scale, brightness increases with decreasing Vmag/arcsec 2 values. Change in brightness is

presented as percentage change, calculated after the logarithmic sky brightness values (Vmag/arcsec 2) were converted to a linear scale. A positive percentage

change in sky brightness indicates an increase in intensity in  the worst-case scenario compared to the base-case scenario.
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Figure 3-1: Artificial light modelling results for the base case scenario at Long Island

Note: a. Benchmark all-sky processed image recorded during the light survey; b. Modelled

brightness based on light design provided by BCI; c. Benchmark monitoring + modelled

brightness.

Note: Yellow labels indicate existing light source s, white labels indicate light sources associated

with the Project and light blue labels indica te light from the secondary seawater intake.
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Figure 3-2: Artificial light modelling results for the base case scenario at Middle Passage Island

Note: a. Benchmark all-sky processed image recorded during the light survey; b. Modelled

brightness based on light design provided by BCI; c. Benchmark monitoring + modelled

brightness.

Note: Yellow labels indicate existing light source s, white labels indicate light sources associated

with the Project and light blue labels indica te light from the secondary seawater intake.














































































