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1. TERMS OF REFERENCE

1.1 QUALIFICATIONS

1 This report was prepared by George Georgevits, managing director of and

principal consulting engineer for Power and Digital Instruments Pty Ltd (PDI).

2 I have an honours degree in electrical engineering and 40 years experience

as an engineer, specialising in the fields of communications, electronics and

power.

3 I also hold a PhD in Astrophysics.

4 My PhD work in astrophysics has entailed the use of the 1.2 metre UK

Schmidt Telescope and the 0.5 metre Automated Patrol Telescope, both

located at Siding Spring Observatory, Coonabarabran NSW.

5 I have conducted presentations of my work in astrophysics at a number of

overseas and Australian conferences.

6 An article referencing my work has appeared in Science magazine (see

Appendix 4), and it has also been cited in a paper appearing in Nature.

7 I have also co-authored a Chapter in a text book on the outer solar system.

8 I have owned and operated a number of small astronomical telescopes over

the years.

9 I am thus very familiar with observational astronomy and also the astronomical

objects that are the subject of this matter.

10 A brief CV for George Georgevits is provided in Appendix 1 and a brief

capability statement for PDI is provided in Appendix 2.
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1.2 TERMS OF ENGAGEMENT

11 I have been engaged by Lendlease to provide astronomical advice in relation

to this matter.

12 The matter concerns an assessment of the loss of sky view from

Sydney Observatory (south dome) due to the proposed construction of

residential tower R4B (R4B), this building being part of the Barangaroo South

project.

13 In particular, the matter concerns the proposed change in height of R4B from

RL 210 to RL 235 (RL stands for Reduced Level - the height above mean sea

level, measured in metres).

14 In response to an instruction from Lendlease, I prepared a report dated

23 September 2014 (my first report).

15 That report assessed the loss of sky view from Sydney Observatory due to the

proposed construction of the Crown Hotel and Residential Towers R4A and

R4B (R4B was proposed with RL 210 at that time) in accordance with the

Barangaroo South Project, Mod 8 Concept Plan.

16 I also prepared a report dated 11 August 2015 that provided a point by point

response to the issues raised in Sydney Observatory’s submission to NSW

Planning and Environment in relation to the possible sky view obstruction by

the various proposed Barangaroo South buildings.

1.3 INSTRUCTIONS

17 The present report has been prepared in response to the following

instructions:

18 Lendlease are requesting George to undertake a review of the Sky View

Impact of a proposed change in height of one of our approved buildings

(Residential Tower R4B) from RL 210 to RL 235.  This is likely to involve:
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 Review of the existing Lendlease reports to confirm that the analysis and

conclusions contemplate or include the potential for the increase in height

of the building.

 Preparation of an Addendum Report to support a conclusion of “no

additional impact” from the previous conclusions (if appropriate) or

Preparation of an Addendum Report that describes the additional impacts

if these are found to exist.

19 Part of the earlier briefs received from Lendlease included a set of drawings

that depict viewing angles from Sydney Observatory towards the Barangaroo

South development, with possible areas of view obstruction.

20 They also contained information relating to the make, model and location of

the telescope used by Sydney Observatory for night time astronomical

observing, plus the opening hours for the observatory (refer Appendix 3).

21 At that time, I also made my own enquiries in relation to certain aspects of the

matter, and I have included the findings from my enquiries in this report.

22 Where I have used material from other sources, I have provided the relevant

references.

23 On 11 December 2019 I received from Lendlease an updated drawing that

depicts viewing angles from Sydney Observatory (south dome) towards the

Barangaroo South development (see Fig 4).

24 I also received information stating that the footprint of building R5 has been

increased slightly, with an additional ~1.9m added in width to the footprint. The

building height remains unchanged at RL107.
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25 Due to its low altitude, this will have no effect on the sky view from Sydney

Observatory.

2. OBSERVATIONAL ASTRONOMY – A PRIMER
26 The following information is provided to enable the reader who is not

conversant with astronomical concepts to gain a basic understanding of the

issues associated with this matter.

27 As such, is considered essential reading for readers not familiar with

astronomical concepts.

28 In the southern hemisphere, the night sky appears to rotate clockwise around

a point in the sky known as the South Celestial Pole (see Fig.1).

29 This point represents the intersection of the extension of the southern end of

the Earth’s axis of rotation with the sky plane.

30 Thus the sky plane completes one rotation every 24 hours, which means it

rotates at a constant angular velocity of 15o per hour.

31 Thus, in order to observe a sky plane object, a telescope must first find the

object and then track it as the sky rotates.

32 In addition to this, the Earth moves in its orbit around the sun, completing one

revolution approximately every 365.25 days.

33 Thus, at any particular time (e.g. 8:00pm), and at any particular altitude and

azimuth (alt/az) co-ordinate in the sky plane (e.g. 26o, 210o), a different part of

the sky will appear at that co-ordinate location at 8:00pm on each day of the

year.

34 Another way of looking at this is that the same part of the sky will be at a

different location every night of the year.
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35 For example, on the 1st September, at 8:00pm,  Centauri is at alt/az 43o,

216o.

36 On 1 October, at 8:00pm, it is at alt/az 23o, 213o, this change being due to the

fact that the Earth has moved further along in its orbit around the sun.
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Fig.1 - Map of the night sky showing the location of the South Celestial Pole

and the target objects of interest, as they appeared on 16 September, 2014 at

8pm.
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3. OBSERVING ISSUES AT SYDNEY OBSERVATORY
37 A number of factors affect the viability of conducting astronomical

observations from any particular location.

38 These factors determine whether observing is even possible, and if so, the

quality of the image likely to be seen through a telescope.

3.1 CLOUD COVER

39 Depending on the nature of the clouds, this can degrade the transparency of

the atmosphere to the point where it becomes opaque, making observing

impossible.

40 With translucent clouds, observing is possible, but scattered light from the

various bright city light sources (e.g. Harbour Bridge) will degrade the

observed images by degrading the contrast and altering the colours.

41 The Bureau of Meteorology statistics state the following for the weather station

at Observatory Hill:

Fig.2 - 56 year average BOM weather data for Observatory Hill

42 From this, we can assume that there will be a roughly ~50% chance of cloud

at any particular time/date.

3.2 SMOG AND PARTICULATE POLLUTION

43 Smog and particulate pollution affects the transparency of the atmosphere.
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44 It causes selective absorption of the short wavelengths of light (blue end of the

spectrum), making images look redder (hence the bright orange sunsets

during bushfire season).

45 Smog is worse looking at low altitude across the western suburbs of Sydney,

and it tends to be worse in summer under certain weather pattern conditions.

46 It can also be bad during bushfires, and during ground cover burn off activities

in winter and spring.

47 Smog will also scatter light from nearby bright ground based sources (e.g.

Harbour Bridge), thereby increasing the overall sky brightness.

48 These effects will degrade the observed image because the image contrast is

reduced and the colours are changed.

3.3 SCINTILLATION

49 Scintillation is caused by air density variations due primarily to air movement

(turbulence).

50 It results in image distortions that fluctuate with time.

51 Scintillation is also a function of the air mass.

52 The minimum column of air through which the light has to pass occurs for

targets directly overhead (i.e. at zenith).

53 As we move away from zenith towards the horizon, the column of air we have

to look through (and the turbulence it contains) increases.

54 The air mass at 30o altitude is twice that at zenith (90oaltitude), and therefore

the scintillation effects are much worse.
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55 These effects then worsen rapidly as the horizon is approached.

56 Scintillation effects also worsen with increasing air temperature (heat haze)

and with increasing humidity.

3.4 OBSERVATORY OPENING TIMES

57 Sydney Observatory is only open at specific times on specific days (refer

Appendix 3).

58 Thus in order to assess the impact on viewing caused by any particular

obstruction, the required target object locations must be tracked throughout

the year so as to determine when or even if they intersect with the obstructed

area of sky, and if so, for what proportion of the observatory’s opening hours

on the days it is open.
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4. SYDNEY OBSERVATORY SKY VIEW LOSS ASSESSMENT

4.1 BACKGROUND

59 The Sydney Observatory site is located on Observatory Hill at The Rocks,

Sydney NSW, about 600m south west of the Sydney Harbour Bridge.

60 The observatory building was built between 1857 and 1859. It is now part of

the Powerhouse Museum.

61 Due to the glare of the city lights (the nearby Harbour Bridge in particular), the

low altitude of the site and the proximity to water, seeing conditions are poor

at the observatory even on the best nights.

62 Research astronomy has not been conducted at the site for many years now.

63 The observatory does, however, conduct public astronomical observing

sessions from the north dome building using a 16” Meade Schmidt Cassegrain

telescope.

64 The observing times vary, depending on the time of year.

65 A complete list of observatory opening hours is provided in Appendix 3.

66 The aim of this report is to independently quantify the observatory’s concerns

in relation to the concerns they have expressed.

4.2 SYDNEY OBSERVATORY SKY VIEW LOSS CONCERNS

67 Sydney Observatory had indicated that their area of concern covers the

azimuth angle between 210o and 218o and altitudes between 18o to 26o.

68 In addition, they indicated that the view of the following night sky objects of

interest is likely to be obstructed by the buildings at certain times of the year.
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 The Southern Cross

 The Pointers (Alpha and Beta Centauri)

 The Jewel Box Cluster (open star cluster)

 Omega Centauri (globular star cluster)

69 See Fig.1 above for a sky map showing the location of all of these objects.

70 For the preparation of my first report, Lend Lease provided a set of drawings

that depict viewing angles from Sydney Observatory towards the Barangaroo

South development (see Fig below) for the drawing relevant to the matter at

hand).

Fig 3 – Altitude angle of 21o from Sydney Observatory to R4B for RL 210

(see my first report)

71 Fig 3 and the other documentation provided by Lendlease at the time did not

contemplate an increase in height of R4B to RL 235.
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Fig 4 – Azimuth angles from Sydney Observatory south dome to residential

towers R4A and R4B, as per information provided by Lendlease on

11 December 2019.

72 Thus a revised calculation of the impact of R4B with RL 235 on the

observatory’s sky view is necessary.



J085821: Barangaroo South Project Sydney Observatory Sky View Loss 12 December 2019
Assessment Building R4B RL 235

Commercial-in-Confidence Page 13

4.3 IMPACT OF THE RESIDENTIAL TOWER R4B AT RL 235 ON SYDNEY OBSERVATORY

SKY VIEW

73 From the original Lendlease drawings, using a worst case horizontal distance

of 435 metres and RL of 39 metres for ground level at Observatory Hill, I

calculate a worst case altitude angle of 24.3o for R4B with RL 235.

74 Sky view below altitude 18o in the direction of the Barangaroo South

development is obstructed by heritage listed trees in the park adjacent to the

observatory.

75 Thus, using these values, the silhouette of R4B, where it obstructs the sky

view from the observatory, as projected onto the sky plane, is azimuth 207o to

212o with altitude 18.0o to 24.3o.

76 However, it is also necessary to allow a margin of an additional ~3o in both

altitude and azimuth to take into account the effects of light spillage and the

field of view of the observatory’s Celestron telescope (5.7o).

77 This increases the effective size of the R4B building silhouette on the sky

plane to azimuth range to 204o to 215o and the altitude range to 18.0o to 27.2o.

78 The silhouette for R4B with RL 235 with the calculated margins incorporated is

shown projected onto the sky plane in Fig 5 below.

79 Fig 5 depicts the sky at the time of year when the sky objects of interest are in

the vicinity of the calculated R4B silhouette area, and as an example, shows

the time of night when the view of the Southern Cross and the Jewel Box

Cluster is completely obstructed by R4B.
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Fig 5 – Area of sky on 7 September, 2018 at 8:24pm, with view obstructed by R4B

with RL 235 shown by the upper red rectangle. Sky objects obstructed by R4B are

Southern Cross and Jewel Box cluster, with Omega, Alpha and Beta Centauri in the

clear.
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80 Fig 6 shows the same area of sky one month later, at approximately the same

time of night, when R4B obstructs the view of Alpha and Beta Centauri, with

the other sky objects of interest below 18o elevation being obstructed by the

trees that surround the observatory.
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Fig 6 – Same area of sky on 7 October, 2018 at 8:31pm, with view obstructed by

R4B with RL 235 shown by the large red rectangle. Sky objects of interest now

obstructed by R4B are Alpha and Beta Centauri, with Omega Centauri,

Southern Cross and Jewel Box cluster obstructed by trees.
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5. FINDINGS

81 The sky view obstruction analysis in my first report used a conservative 26o

maximum altitude for R4A and R4B, this being based on Sydney

Observatory’s stated area of concern.

82 For this report, the maximum obstruction altitude for R4B with RL 235 with

allowances for light spillage and telescope field of view has increased to a

calculated 27.2o.

83 The proposed extremities of R4A and R4B have also changed slightly, and

Fig 4 shows the currently proposed azimuth angles as projected from the

observatory’s south dome.

84 Using these parameters for calculations, some sky objects of interest pass

through the area of sky that is obstructed by R4B with RL 235 during times

when the observatory is open for viewing in the months of August, September

and the beginning of October each year.

85 It should be noted that the observatory opening times vary throughout the

year, as they are governed in part by when the sun sets and the sky turns

dark (see Appendix 3 for the schedule of observatory opening hours during

various parts of the year).

86 The observatory’s viewing opportunities the following sky objects of interest

will be reduced during these three months on the nights when the objects of

interest enter the obstruction area:

 The Jewel Box Cluster (open star cluster)

 The Southern Cross

 The Pointers (Alpha and Beta Centauri)

87 Table #1 below summarises, on a weekly basis, the calculated times that

these sky objects will be obstructed by R4B in the year 2020.
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88 Table #1 also shows for each object of interest, on the Monday night of each

week, the duration of the obstruction in minutes.

89 The week to week changes in obstruction times are immediately apparent

from the table, and the daily changes may be derived by interpolating the

weekly data.

90 It should be noted that on most nights, the sky objects of interest are only

obscured for part of an observing session.

91 These nights are not necessarily problematic because if the viewing schedule

is appropriately arranged by the observatory, the required sky objects could

be viewed first, while they are still unobstructed, with no real inconvenience to

the observatory.

92 For example, on 25th August, the Jewel Box Cluster is obscured from 9:17 to

10:00pm, at which time the observatory closes.

93 This should not present a problem, because the late observing session starts

at 8:15pm, and it could be scheduled for observation before the time of

obstruction.

94 Only those nights where the sky objects are not accessible for at least

10 minutes during any observing session should be considered as

problematic.

95 Once a sky object passes through the obstruction area, there is no further

viewing opportunity, since the trees surrounding the observatory obstruct

viewing as each object progressively sets.

96 If a particular object enters the obstructed area before the start of an

observing session, up to 90 minutes of potential viewing time may be lost,

depending on the object and the time of year.
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97 Table #1 finishes at the beginning of October.

98 After this, all objects of interest have set behind the trees during observatory

opening times and are thus not available for viewing.

99 In situations where the observatory runs two observing sessions on the same

night, each session needs to be considered separately, as some objects of

interest may sometimes not be visible for one entire session.

100 R4B with RL 235 does not affect the observatory’s view of Omega Centauri as

this object sets well to the east of the obstruction area.

101 The following other sky objects of interest originally suggested are similarly

unaffected, as they do not pass through the obstruction area of R4B:

 Ring Nebula (in Cygnus)

 Sun, moon and planets

 Star Albirio

102 The adjacent R4A building with RL 235 has been approved and is located in

close proximity (see Fig 4).

103 However, all objects of interest set into the area obstructed by trees before

they move west sufficiently to be in the obstruction area of building R4A.

104 Finally, I have been asked to comment, for context only, on whether the

Central Barangaroo buildings obstruct the observatory’s sky view.

105 The current approved massing envelopes for Central Barangaroo are

maximum RL 35 or less.
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106 Given that the ground level at the observatory has an RL of ~39 metres, it is

higher than the tops of the Central Barangaroo buildings, and hence there is

no possibility for them to obstruct the sky view from Sydney Observatory.
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6. CONCLUSIONS

107 For the four sky objects of interest flagged by Sydney Observatory as having

possible problems, three are generally not observable for part of the night

from approximately mid-August to the beginning of October due to the

obstruction caused by R4B with RL 235.

108 In addition to the four objects noted by Sydney Observatory, I have conducted

a search for other well known sky objects that may be of interest to the

general public that may pass through the area of obstructed sky during certain

times of the year.

109 I have found no other such objects.

110 The seeing conditions for the part of the sky immediately above the buildings

will generally be poor due to its low altitude, the large air mass through which

it is viewed, the light pollution from nearby bright sources such as the Harbour

Bridge, the effects of smog, scintillation, humidity and so forth.

111 Consequently, observing objects in the vicinity of the area obstructed by R4B

would be done under observing conditions that are far from ideal, and the

image quality would be relatively poor on most nights.

112 Based on Bureau of Meteorology weather data for Observatory Hill for

September:

 on average, there will be some cloud cover for about half of the time

 there will be 10.9 clear days

 there will be 8.5 days when it is totally clouded over.

113 This, plus some Sydney entertainment night events (e.g., fireworks from the

Harbour Bridge), imposes additional restrictions on the observatory’s ability to

conduct viable night sky observation sessions.
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114 These issues reduce the viable observing opportunities for Sydney

Observatory by an estimated 40%.

115 Thus the times when obstruction by R4B prevents viewing an object of

interest, as listed in Table #1, will be similarly reduced due to conditions being

unsuitable for observing.

116 Building R4A (with RL 250) does not obstruct any of the observatory’s stated

objects of interest.

117 Due to their low elevation, there is no possibility for the Central Barangaroo

buildings to obstruct the sky view from Sydney Observatory.

George Georgevits

B.E. (Hons), PhD
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1 In 1972 I was awarded a cadetship with the then Postmaster General’s

Department to complete my Bachelor of Electrical Engineering degree at

University of NSW.

2 I graduated in 1974 with honours.

3 I have 40 years experience as an electrical engineer, specialising in the fields

of telecommunications, electronics and power.

4 During the first eight years of my career, I worked as an engineer for the

PMG’s Department, later known as Telecom Australia and then as Telstra.

5 In 1981 I founded Power and Digital Instruments Pty Ltd. (PDI) with a view to

establishing a consulting engineering practice specialising in communications

and electronics. A brief capability statement for PDI appears in Appendix A2.

6 Through PDI, I have successfully completed thousands of engineering

projects for some 300 corporate and government clients.

7 PDI also owns and operates a test and measurement laboratory. The primary

function of this laboratory is to conduct a wide variety of electrical tests on

various types of active and passive components and equipment using

sophisticated laboratory test equipment.

8 In addition, I regularly write technical articles on topical communications and

power technology issues for Cabling Connections, Cabling Home Solutions

and Electrical Connections magazines, these being Australian trade journals.

9 Although my formal qualifications relate primarily to electrical engineering, I

also have extensive experience with the concepts of physics, electromagnetic

waves, advanced mathematics and errors in measurements.



J085821: Barangaroo South Project Sydney Observatory Sky View Loss 12 December 2019
Assessment Building R4B RL 235

Commercial-in-Confidence

10 I hold PhD in Astrophysics from the University of NSW.

11 I have given presentations of my work in astrophysics at a number of

international and Australian conferences.

12 I have co-authored a chapter in a textbook on the outer solar system.

13 My work in astrophysics has been cited in an article in the internationally

recognised journal Science and also referenced in an article appearing in

Nature.
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APPENDIX 2

Capability Statement for PDI
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APPENDIX 3

Sydney Observatory Public Viewing Schedule
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APPENDIX 4

Science Article
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