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Editorial
These proceedings contain the papers presented at the Association of Public Authority
Surveyors Conference (APAS2019), held in Pokolbin, NSW, Australia, on 1-3 April 2019.
Papers were not peer-reviewed but have been subject to changes made by the Editor. The Editor
would like to thank all authors for their contributions covering a wide range of topics relevant
to the surveying and spatial information community, thus ensuring an exciting and informative
conference.
Authors are welcome to make their paper, as it appears in these conference proceedings,
available online on their personal and/or their institution’s website, provided it is clearly stated
that the paper was originally published in these proceedings. Papers should be referenced
according to the following template:
Powell L. and Underwood N. (2019) Challenging the status quo: Innovate or detonate,
Proceedings of Association of Public Authority Surveyors Conference (APAS2019),
Pokolbin, Australia, 1-3 April, 37-54.
APAS is not responsible for any statements made or opinions expressed in the papers included
in these conference proceedings.
Spatial Services, a unit of the NSW Department of Finance, Services and Innovation (DFSI) is
gratefully acknowledged for providing the front cover artwork and producing these
proceedings. The APAS committee is thanked for their hard work in organising this conference.

Dr Volker Janssen
APAS Publications Officer, Program Chair and Editor
Spatial Services
NSW Department of Finance, Services and Innovation
Volker.Janssen@finance.nsw.gov.au
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GDA2020 Adoption: Who, When, Why?
Joel Haasdyk
Spatial Services
NSW Department of Finance, Services & Innovation
Joel.Haasdyk@finance.nsw.gov.au

ABSTRACT
The year 2020 is just around the corner, and 1 January 2020 is the nominal deadline for the
adoption of our new national datum, the Geocentric Datum of Australia 2020 (GDA2020).
During such a time of change, it is important to keep everyone on the same page, and to explore
the expectations and understanding of all participants. This presentation describes recent work
towards the implementation of GDA2020 within the Department of Finance, Services and
Innovation (DFSI) and across NSW government, academia and industry. Expected timeframes
are provided for the ‘enabling’ and ‘adopting’ of GDA2020 within NSW and Australia. The
importance of metadata and the development of related standards are discussed, along with
various challenges and opportunities explored along the road to implementation. Finally, we
look forward to the next necessary facet of datum modernisation: the implementation of timedependent coordinates and what this really means for you, the user.
KEYWORDS: Datum modernisation, GDA2020, ATRF, time-dependent, transformation,

metadata.
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NSW Surveyor General International Fellowship 2018:
Investigation into Vertical Datums Defined by Gravimetric
Geoid Models
Nicholas Gowans
Spatial Services
NSW Department of Finance, Services & Innovation
Nicholas.Gowans@finance.nsw.gov.au

ABSTRACT
The NSW Surveyor General International Fellowship in Surveying and Spatial Information is
offered annually to spatial professionals to facilitate personal and professional development in
emerging areas, to promote the broader opportunities for spatial professionals, and to gain
knowledge of international best practice through overseas travel and work experience. The
successful application for 2017 proposed to investigate the developing trend towards vertical
datums based on gravimetric geoid models in the broader context of Australian datum
modernisation. During the travels undertaken in 2018, geodetic experts at Land Information
New Zealand, the US National Geodetic Survey and the Canadian Geodetic Survey were
interviewed regarding their new vertical datums and what they considered were successes and
lessons learned. This study suggests that significant improvements in accuracy and productivity
could be gained with the adoption of a vertical datum defined by a gravimetric geoid model,
although airborne gravity across Australia would be required for best results and levelling
would still be required for local-scale, height-critical projects. Additionally, new vertical
datums are noted to be most readily accepted by the user community where the case for change
is well understood and a full suite of user tools is available upon release.
KEYWORDS: NSW Surveyor General International Fellowship, vertical datum modernisation,

Australian Height Datum, physical geodesy.

1 INTRODUCTION
The 2018 Surveyor General International Fellowship in Surveying and Spatial Information
(SGF2018) sought to evaluate the suitability of vertical datums defined by gravimetric geoid
models, rather than levelling measurements, for application in NSW and Australia. This was
carried out by visiting the geodetic agencies of countries which have already made this change,
i.e. New Zealand, the US and Canada, as well as meeting with relevant experts at Ohio State
University (OSU) and the Canadian Geophysical Union (CGU) 2018 annual meeting.
1.1 SGF2018 Proposal

In submission, this proposal sought to:
 Gain knowledge, experience and practical insight into next-generation vertical gravimetric
datums, both in a technical sense and regarding implementation and lessons learned.
 Contribute significantly to the author’s PhD studies by exposure to international
organisations and universities.
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Influence discussions on, and the direction of, Australia’s next generation vertical datum
based on international progress in this topic area.
Evaluate the benefit of a next-generation vertical datum to NSW’s surveying and spatial
information industry and flag potential stumbling blocks for user uptake.

It was expected that such a proposal would deliver benefits in terms of increased in-house
expertise in vertical datums, maintenance of DFSI Spatial Services’ capability and reputation
as a leader in Australian geodesy, and obtaining advanced warning of any stumbling blocks for
industry uptake. Additionally, it was expected the proposal would benefit the PhD studies of
the author through international networking and face-to-face collaboration with world experts
in physical geodesy.
1.2 Concept of Heights

Vertical datums provide a common reference point or surface by which heights of points and
features on the Earth can be meaningfully related. Traditionally, vertical datums have been
established through a network of levelled height differences based on one or more benchmarks
which are usually related to mean sea level (e.g. Australian Height Datum, AHD – Roelse et
al., 1971). These vertical datums, in almost all cases, describe physical heights, i.e. those which
intend to represent the flow of fluids.
Heights observed using Global Navigation Satellite System (GNSS) technology, however,
provide a height above the surface of the reference ellipsoid, and these heights do not describe
the flow of fluids. Therefore, a geoid (or quasigeoid, herein called geoid when dealing in general
terms) model is used to convert from ellipsoidal heights to physical heights. Height
determination from levelling and GNSS is compared in Figure 1. Recently, improvements in
geoid modelling have seen a handful of countries adopt the geoid model as the basis of their
national vertical datums, rather than renewing their levelling networks.

Figure 1: Height determination by GNSS (left) versus levelling (right).
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1.3 Australian Height Datum

The Australian Height Datum (AHD) has been Australia’s national vertical datum since 1971,
as adopted by the National Mapping Council of Australia (Roelse et al., 1971). It was based on
a least squares adjustment of almost 100,000 km of primary levelling, fixed to mean sea level
at 30 tide gauges around mainland Australia. An additional ~80,000 km of supplementary
levelling was then adjusted to fit the heights established in the primary adjustment. In Tasmania,
AHD was established in 1983 in a separate levelling adjustment fixed to two tide gauges. While
strictly they are different datums, often they are collectively referred to as ‘AHD’.
Since 1971, many analyses of AHD have been undertaken (e.g. Coleman et al., 1979; Kearsley
et al., 1988; Morgan, 1992; Featherstone and Stewart, 1998; Featherstone, 2004, 2006;
Featherstone and Filmer, 2008, 2012; Filmer and Featherstone, 2009; Filmer, 2010). These
found that generally, while AHD meets the requirements of a third-order levelling datum, it has
regional biases, and contains a ~1 m north-south tilt due to the effect of neglecting oceanic
mean dynamic topography (MDT – depicted in Figure 1) at tide gauges.
In the last decade, Australian geoid models have attained such an accuracy that they now must
be retro-fitted, or warped, in order to deliver AHD with its distortions. While this might benefit
a surveyor, who is required to work on AHD over short distances, this ‘temporary fix’ has
significant, real-world problems across larger areas. For example, since 2012, Geoscience
Australia has required that all Light Detection and Ranging (LiDAR) surveys are transformed
from GNSS heights to physical heights using the Australian Gravimetric Quasigeoid 2009/2017
(AGQG – Featherstone et al., 2011, 2018), rather than AUSGeoid09/2020 (Brown et al., 2018a,
2018b) models. This requirement is borne out of necessity to accurately model flooding events,
e.g. across the Murray Darling Basin.
Furthermore, soon Geoscience Australia will enable centimetre-accurate, real-time positioning
through the AU$260 million National Positioning Infrastructure Capability (NPIC – Australian
Government, 2018). This will see everyday users achieving better accuracies than AHD can
support. In this context, the SGF2018 travels were completed in order to assess the potential
benefit for Australia from the implementation of a vertical datum defined by a gravimetric geoid
model.

2 STUDY DESTINATIONS
The SGF2018 travels spanned five main organisations, three countries, four weeks, and
approximately 40,000 km in distance travelled (Table 1 & Figure 2).
Table 1: Itinerary of SGF2018 travels.
Dates
7-11 May 2018
17 May 2018
21-23 May 2018
4-8 Jun 2018
11-14 Jun 2018

Destination
Land Information New Zealand (LINZ)
Wellington, New Zealand
Ohio State University (OSU)
Columbus, Ohio, USA
National Geodetic Survey (NGS)
Silver Spring, Maryland, USA
Canadian Geodetic Survey (CGS)
Ottawa, Ontario, Canada
Canadian Geophysical Union (CGU) 2018 Annual Meeting
Niagara Falls, Ontario, Canada
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Figure 2: SGF2018 study destinations.

2.1 Land Information New Zealand, Wellington, New Zealand

Land Information New Zealand (LINZ) is the geodetic agency for New Zealand, which was the
first country to adopt a geoid model as its vertical datum. The New Zealand Vertical Datum
2009 (NZVD2009) is defined by the New Zealand Quasigeoid 2009 (NZGeoid2009) and was
introduced as a way to unify 13 disparate local vertical datums (LVDs – Figure 3a) across the
country. NZGeoid2009 was later replaced by NZGeoid2016 (Figure 3b), which incorporated
new aerial gravity over the country, providing a more consistently performing geoid model.

Figure 3: (a) New Zealand local vertical datums, and (b) New Zealand Quasigeoid 2016 (LINZ, 2019a, 2019b).
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2.1.1 Lessons Learned from NZVD2009

New Zealand’s first geoid-defined vertical datum, New Zealand Vertical Datum 2009 (Amos,
2010), was never fully implemented. For example, NZVD2009 heights were not published by
LINZ, and there was a very low user uptake.
While there were many factors contributing to this, the most significant are:
 It only had a nominal 1-sigma accuracy of ±0.06 m (when users wanted ±0.03 m).
 At the time of product delivery, there were no implementation tools or products available
to aid industry uptake.
 LINZ quickly had the business case approved to fly gravity over the country, and so in the
knowledge that a new geoid model was on the horizon, the rollout and implementation of
NZVD2009 stalled.
Further, recovery efforts following the Canterbury earthquake of 2011 showed that NZVD2009
was not suitable to restore the water/sewer infrastructure in an efficient manner. Levelling was
required across the entire affected area.
2.1.2 Successes of NZVD2016

The New Zealand Vertical Datum 2016 (NZVD2016 – McCubbine et al., 2018) was released
with a three-pronged strategy:
1) It is a superior technical product, meeting a minimum accuracy standard. Airborne gravity
covering the entire country was incorporated into the geoid model, and this was combined
with surface gravity, ship-track gravity and a more recent gravity reference-field model
(EIGEN-6C4 EGM). This resulted in a nominal accuracy figure of ±0.03 m, which was
more in line with the user community’s requirements.
2) The local vertical datum offsets are better quantified. An increase in co-located GNSSlevelling sites meant more sophisticated modelling of the relationship between the local
vertical datums and NZVD2016 was possible. These trended surfaces are provided to
industry as a 2-arc-minute grid, whereas only a simple, constant offset (i.e. block shift)
quantified the relationship between NZVD2009 and each of the local vertical datums.
3) A suite of tools was available at the time of product release and industry was briefed
throughout the process. LINZ dedicated significant effort towards enabling industry to
adopt NZVD2016 which encompassed efforts to streamline the user interface, availability
of heights through the LINZ survey database and a number of online and offline tools to
transform between the New Zealand Geodetic Datum 2000 (NZGD2000) and NZVD2016
as well as between NZVD2016 and the LVDs. In the lead-up to release, a range of industry
briefings and workshops were held to update the relevant stakeholders.
LINZ now encourages adoption through open data, and a cost-sharing data-acquisition model.
For example, LiDAR data is jointly funded by LINZ, councils and other government
organisations with the understanding that the data will be open and published with reference to
the national horizontal and vertical geodetic datums.
2.1.3 Airborne Gravity

From a value-for-money perspective, LINZ considers the acquisition of airborne gravity across
the country a worthwhile investment. The largest improvements were gained across the littoral
(coastal) zone where satellite altimetry is problematic and terrain modelling is usually void, and
17
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in other areas with no gravity data. For the Australian application, it follows that airborne
gravity flown over the coastline, and across void areas, would provide the most significant
improvements.
2.2 Institution of Surveyors New Zealand

A meeting was hosted by the Institution of Surveyors New Zealand where a representative of
Wellington City Council was present. The rollout of NZVD2016 was discussed along with
if/when the council was likely to adopt. The representative acknowledged that NZVD2016 had
proved its worth in highlighting local gross errors and distortions within the Wellington LVD,
yet all but ruled out the possibility of its adoption by Council. Some concerns were raised
regarding where the cost of implementation would fall, but by far the biggest obstacle was the
attitude of “I don’t want to change, it’s not the right time”. When queried what circumstances
would indicate the right time, the answer was “Maybe when I retire”.
2.3 Ohio State University, Columbus, OH, USA

Prof Chris Jekeli, Ohio State University (OSU), was interviewed based upon his expertise in
height systems and physical geodesy (e.g. Jekeli, 2000). His current research investigates
gravity gradiometry, which can provide far higher resolution than traditional relative airborne
gravity techniques, although this technology is currently very expensive.
Perhaps the most insightful comment came while he was lamenting the US’s failure to adopt
the metric system. He remarked there was probably a point where it was possible to adopt the
system, but delays in making that decision caused the costs of adoption to increase until it was
no longer viable. In many ways, this could parallel Australia and its reluctance to improve AHD.
Changing the vertical datum is already considered very difficult. It is suggested that very
difficult is easier to achieve than impossible.
2.4 National Geodetic Survey, Washington, DC, USA

The US National Geodetic Survey (NGS) has resolved to replace the North American Vertical
Datum 1988 (NAVD88 – Zilkoski et al., 1992) with the North-American-Pacific Geopotential
Datum 2022 (NAPGD2022 – NGS, 2007, 2017). This comes at the expense of US$40 million
to fly gravity over the whole of the continental United States (see section 2.4.2).
NGS’s justification for moving away from levelling is as follows:
 To re-level the country would cost between US$200 million and US$2 billion (NGS, 2017).
 Due to the effect of glacial isostatic adjustment (GIA) and other surface movements, the
results would be outdated before the fieldwork is finished.
In the Australian context, a superficial estimate suggests the cost to re-level the ~200,000 km
in the original primary and supplementary AHD networks to be a minimum of about AU$150
million. This does not include the estimated tens to hundreds of thousands of kilometres of
levelling carried out since that time. There is a reasonable question to ask if airborne gravity
would deliver better value for money.
NGS’s public message for vertical datum modernisation justification is summarised as (1)
vertical positioning is now accurate at the centimetre-level but the vertical datum is only
accurate at the decimetre-level, and (2) levelling is not sustainable long term.
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2.4.1 Role of Levelling within a Gravimetric Geoid-Based Vertical Datum

NGS does accept, however, that levelling still has a role to play in surveying. Once
NAPGD2022 is implemented, NGS will recommend that any levelling carried out is controlled
by GNSS+geoid derived heights at distances no further than 30 km. This demonstrates that, at
the local scale, levelling is still superior and is likely to remain the tool of choice by surveyors
for height-critical projects.
In the Australian context, AUSGeoid2020 provides superior performance to that of third-order
(cf. ICSM, 2007) levelling at distances greater than 3 km (Brown et al., 2018a). While this
figure is more like ~15 km for second-order and ~50+ km for first-order levelling, the notion
that levelling can be controlled by GNSS is supported by Australian research.
2.4.2 GRAV-D

GRAV-D stands for the Gravity for the Redefinition of the American Vertical Datum project
(NGS, 2007). This project aims to capture airborne gravity at high elevation and link the
terrestrial with the space-borne gravity datasets.
In summary, GRAV-D includes:
 Project cost: US$40 million.
 Two phases: Initial capture, and long-term monitoring at selected areas.
 Coverage: Entire US landmass, and as far out to sea as the continental shelf break.
 Flight lines: 10,000 ft elevation, 10 km spacing.
 Processing software: NEWTON, developed in-house.
 Aircraft: Several fixed-wing aircraft utilised, each highly individual in terms of calibration
requirements.
 Positioning: GPS, initially by Real-Time Kinematic (RTK), but ultimately by Precise Point
Positioning (PPP).
 Gravity calibration: Before and after the flight at the airport.
2.4.3 Time-Dependent Geoid Model

After completion of the initial GRAV-D project and the computation of the first geoid model,
NGS intend to incorporate a time-dependent geoid component into their model. This timedependent model will represent divergence from the initial geoid model and can be thought of
as a vertical velocity model. Upon completion of the initial coverage of GRAV-D, key areas
with known geophysical variations will be targeted, and re-observed. In the US, various
terrestrial gravity surveys have observed changes from 5-10 mGal, which represents changes
of up to 0.15-0.2 m in geoid height.
2.4.4 Communications with Industry

NGS is recognised and trusted as an expert in geodesy, therefore the agenda it sets will be
followed by the spatial community. From industry’s perspective, they simply desire to know
what is going to happen, and when. In this regard, NGS has a very good communication
strategy. It provides updates to the spatial community through ‘industry days’, webinars and
other conferences. The major software providers, e.g. ESRI, are contacted and encouraged to
attend. The end-users in the spatial community are not worried about the coming changes to the
geodetic datums, so long as the changes are supported by their software.
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2.4.5 Financial Benefits of the Improved Vertical Datum

NGS reports that the accuracy improvements of the new vertical reference system will save
US$240 million through improved floodplain management, and the overall vertical datum
modernisation campaign will yield an estimated US$522 million in annual economic benefits
to the United States.
2.5 National Society of Professional Surveyors

The US National Society of Professional Surveyors (NSPS) was contacted to represent the
industry’s opinion on the coming vertical datum. NSPS reports that industry is not overly
worried about the change. It believes that NGS is doing a good job engaging with industry
through workshops and webinars, so that surveyors are well aware of the case for change and
any ramifications to their work.
NSPS also works with NGS to identify relevant legislation requiring updates in order to move
from NAVD88 to the new vertical datum, which shows a good level of support and rapport
between government and professional industry bodies.
2.6 Canadian Geodetic Survey, Ottawa, Canada

The Canadian Geodetic Survey (CGS) maintains Canada’s geodetic reference frames and
geodetic services. Canada recently adopted the Canadian Geodetic Vertical Datum 2013
(CGVD2013), based on the Canadian Gravimetric Geoid 2013 (CGG2013 – Véronneau and
Huang, 2016), to replace the levelling-based Canadian Geodetic Vertical Datum 1928
(CGVD28).
2.6.1 Motivation for Change

Canada’s decision to adopt a vertical datum defined by a geoid model was driven by having no
other viable option. Knowing this, CGS still consulted with industry regarding the upcoming
change and produced the required consultant reports and industry analysis. In this instance, the
report simply provided the formal justification required to make such a change.
Levelling was considered unviable for several reasons:
 Skills and staff shortages.
 High ongoing costs.
 The dynamic nature of the Canadian landmass, due to effects such as GIA.
Furthermore, some repeat sections of levelling diverge in excess of the effect of GIA, so CGS
believes there is some unaccounted systematic error in the levelling data.
2.6.2 Lessons Learned from the Implementation of CGVD2013

Discussions with CGS indicate that the biggest barriers to change are people’s attitudes. In
CGS’s experience, surveyors have a level of comfort with physical benchmarks, and they do
not want their heights to change, despite the reality that they do in fact move. A lesson for
Australia is that any new system should produce physical heights on the fly, from the best
available model, rather than simply storing the result as is done with AHD. In practice, this
could work by storing the GNSS-derived ellipsoidal heights, and then on delivery computing
20
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the physical height based on the latest available geoid model.
CGS believes that wide-scale adoption and acceptance will follow as part of generational
change, similar to the way in which GNSS was resisted as ‘black box’ technology before seeing
widespread adoption in the surveying industry. Even now, some 5 years after the release of
CGVD2013, it has not been adopted by all Canadian provinces, although there is agreement to
adopt over a transition period spanning years.
During SGF2018 discussions, CGS staff offered the following suggestions to Australia in
regards to vertical datum modernisation:
 Before releasing a geoid model, ensure you can live with it for many years because people
do not like change!
 But on the other hand, deliver to clients what they want now. However, in your own work
be ahead of them by at least one step in order to anticipate the needs of industry.
In this context, CGS is working towards a time-dependent geoid model – one with a velocity
model to account for changes of up to ~1.5 mm/yr observed in the geoid due to GIA, which is
similar to that outlined in section 2.4.3.
2.7 Canadian Geophysical Union Annual Meeting, Niagara Falls, Canada

The Canadian Geophysical Union (CGU) encompasses five disciplines: Biogeosciences, Earth
Surface Processes, Geodesy, Hydrology, and Solid Earth. This conference was of particular
interest due to the North-American geoid workshop held. The geoid workshop illustrated how,
for North Americans at least, political borders are no obstacle to science. Around the table were
discussions on sharing the datasets of CGS (Canada), NGS (United States) and Inego (Mexico)
for each to independently compute the geoid model and compare the results of their preferred
technique. This meeting specifically clarified which data holdings would be used for the
experimental geoid computations.

3 RECURRING THEMES AND LESSONS LEARNED
A recurring theme throughout the SGF2018 travels is that maintenance of national levelling
networks is no longer viable. It is widely considered too costly, too time consuming, and in
countries subject to significant surface displacement, the results are too short-lived. In this
respect, gravimetric geoid models offer advantages because they are far more cost effective to
maintain and less susceptible to surface movements. Furthermore, their complete spatial
coverage provides significant efficiency gains for industry when accessing the datum –
propagating datum from the nearest levelled benchmark(s) is no longer required. In this context,
vertical datums have been upgraded via gravimetric geoid models to effectively and efficiently
resolve a modern positioning paradox whereby users can readily obtain positions more accurate
than the underlying datum.
However, levelling is still considered the most accurate technique for height transfer across
short distances and will retain relevance in surveying for height-critical, local-scale projects.
This often prompts the question “What is a short distance?” While AUSGeoid2020 can provide
superior performance to third-order levelling at distances greater than ~3 km (see section 2.4.1),
it is dependent on the accuracy of the underlying GNSS data, which is highly variable
depending on observation and reduction techniques. The better strategy to answer this question
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is to review the individual requirements of the project and select the observing technique
accordingly.
With regard to the utilisation of Australia’s levelling data holdings in any future Australian
vertical datum, it is currently unclear whether a readjustment of the Australian National
Levelling Network (ANLN) based on modern techniques would provide a more accurate
solution than adopting the stand-alone Australian Gravimetric Quasigeoid 2017 (AGQG2017 –
Featherstone et al., 2018), or if some combination of the two (cf. Filmer and Featherstone,
2012) is the best strategy. A hybrid-style vertical datum, with the levelling network adjusted to
GNSS control linked via AGQG2017 (or another geoid model) may provide a best-of-bothworlds solution.
A second recurring theme is the system acquisition of nationwide airborne gravity. This proved
to significantly benefit the geoid models of the US and New Zealand. A model can only ever
be as good as the data that informs it. It is therefore expected that the acquisition of airborne
gravity would significantly improve the performance of Australia’s geoid models.
Finally, the change-management aspect of vertical datum modernisation is often the most
difficult. From the experience of the countries visited, it is apparent that a vertical datum is best
implemented when:
 The technical product meets the user-required accuracy.
 The full suite of implementation products is available at launch (e.g. geoid models,
interpolation and transformation tools, manuals, documentation and industry education).
 The stakeholders understand and support the case for change.
 The appropriate legislation to facilitate such a change is in place.
Furthermore, industry champions hold a significant role in encouraging and facilitating
adoption for everyday users. These might be organisations from whom industry source spatial
data, such as state government organisations and local councils.

4 CONCLUDING REMARKS AND RECOMMENDATIONS
These studies suggest that the spatial industry in NSW and Australia could gain significant
productivity benefits in the utilisation of a vertical datum defined by a gravimetric geoid model.
Such productivity benefits are delivered through a significant decrease in time to establish
vertical control (via GNSS), widespread coverage (rather than confined to levelling runs) and
improved accuracy over the current AHD. Further, geodetic agencies would benefit from
reduced maintenance costs associated with vertical datums defined by levelling. However, for
the most accurate applications, such as critical water infrastructure, levelling is still required at
the local scale.
Before implementation, any future Australian vertical datum modernisation effort must first
educate users why change is necessary and provide convincing, compelling arguments. Once
accomplished, implementation may begin. Industry must be supported with a suite of
documentation, tools and transformation products.
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As a result of the SGF2018 travels, the following recommendations are made to the NSW
Surveyor General:
1. DFSI Spatial Services produces and maintains a dense network of high-quality ellipsoidal
heights across NSW.
A gravimetric-geoid-model defined vertical datum is accessed by ellipsoidal height minus geoid
separation. A dense, readily available network of precise ellipsoidal heights will support the
NSW industry in accessing any new vertical datum. DFSI Spatial Services projects such as
CORSnet-NSW (e.g. Janssen et al., 2016; DFSI Spatial Services, 2019), Saving AHD, Trig
Maintenance and Upgrade (Gowans et al., 2015), Positioning Rural NSW, and AUSPOS at
GBMs are invaluable in this respect and should be continued to maintain and improve the state
control survey within the meaning of the Surveying and Spatial Information Act 2002.
2. DFSI Spatial Services maintains the technical skill and capability to carry out geodetic
levelling.
Even if a new Australian vertical datum were defined solely by a geoid model, levelling would
still be required for critical, local-scale water management projects. In order to set best-practice
guidelines and directions, and to maintain relevance amongst industry, DFSI Spatial Services
needs to have this capability.
3. DFSI Spatial Services digitises its levelling network and combines it into a single adjustment,
to be merged with the GDA2020 network.
This is ongoing as part of the author’s formal studies, and will provide significant benefit to
NSW spatial stakeholders and Australian geodesy.
4. DFSI Spatial Services prepares to enable 4D geodesy.
One of the suggestions from CGS was for geodetic agencies to be at least one step ahead of the
needs of industry, with work towards a time-dependent geoid model given as an example. For
DFSI Spatial Services, keeping one step ahead becomes increasingly relevant as Australia
prepares for the second stage of its datum modernisation agenda, i.e. the time-dependent
Australian Terrestrial Reference Frame (ATRF – e.g. Janssen, 2017; GA, 2019). This theme
will invariably transfer to any new vertical datum proposed for Australia.
5. ICSM reviews the case for nationwide airborne gravity.
In New Zealand and the US, the addition of airborne gravity has significantly improved their
geoid modelling capability. For New Zealand, this difference was critical for successful
implementation. As such, the potential benefit of airborne gravity to Australia’s geoid
modelling capability should be assessed.
6. ICSM continues investigations into an alternative to and/or successor for AHD.
An alternative to and/or successor for AHD is required for users to fully exploit modern, highprecision positioning technologies, such as the NPIC. As it stands, there are significant accuracy
and productivity benefits to be gained from improving Australia’s datum for physical heights.
A real-world case study, which demonstrates and quantifies such benefits, could be a first step
towards industry education and change management.
In closing, the following quote is offered: “Get it as right as possible the first time. People don’t
like change!” – Dan Roman, NGS Chief Geodesist, CGU Annual Meeting, June 2018.
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ABSTRACT
Datum control surveys are the means by which a survey control network is defined, propagated
and maintained. These are performed using a combination of terrestrial survey methods, i.e.
traversing and levelling, and also space-based techniques such as Global Satellite Navigation
System (GNSS) surveys. For large-scale and high-quality control surveys, static GNSS has
become the standard, providing high precision over long distances and connected observations,
allowing for implementation of strong geometrical arrangements and giving high redundancy.
For smaller projects, however, static GNSS surveys are a resource and time intensive method,
with at least two receivers required, often implemented by at least two field parties, and using
observation lengths upward of 10 minutes. While having the ability to provide quick
measurements and limiting demand on resources, rapid GNSS positioning methods, such as
Real-Time Kinematic (RTK) and Network RTK (NTRK), are insufficient for higher-class datum
control surveys due to their radiations or point-based positional solutions and lack of direct
connection between observations. This paper introduces an alternative method of control
survey that implements elements of NRTK methodology and infrastructure, in particular the
Virtual Reference Station (VRS) method, which allows a static GNSS control survey to be
carried out by a single surveyor using a single receiver. Manually generated VRSs are used to
link temporally separated GNSS observations by post-processed static baselines. This method
is compared to a static GNSS survey, with both surveys using similar geometry. The introduced
method shows encouraging results, achieving a horizontal class B and showing good agreement
with the static GNSS survey (horizontal Root Mean Square coordinate difference of 17 mm)
while providing an advantage in terms of resource requirements.
KEYWORDS: Control survey, GNSS, VRS, NRTK.

1 INTRODUCTION
The coordination and propagation of the NSW survey control network has increasingly, over
the last 20 years, been performed using static Global Navigation Satellite System (GNSS)
measurements, which have largely replaced terrestrial observations. Terrestrial methods, such
as traversing and levelling, while providing excellent relative accuracy in the micro-survey
environment (i.e. with measurement lengths of around 100 m or less), can be a time-consuming,
labour-intensive and therefore costly process in control surveys spanning large areas.
Furthermore, the propagation of errors means that over long distances, terrestrial methods
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cannot match the relative uncertainty achievable using high-precision static GNSS baselines
(DFSI Spatial Services, 2012).
The transition from using terrestrial methods to using space-based technology for datum control
surveys is therefore an example of technological advancement leading to an improvement in
efficiency and productivity, while providing the ability to create a more homogenous and
reliable survey control network at a state-wide level. This paper explores a technique that
utilises further advancements in GNSS technology and, for some purposes, may provide a boost
to productivity in the performance of static GNSS control surveys, and in particular in the
reduction of resources required to do so.
Static GNSS classically involves simultaneous GNSS observations between two or more
receivers (Dawidowicz and Kzran, 2014), often operated by two or more field parties, meaning
that static GNSS can be a resource-intensive process. The method presented in this paper allows
a single surveyor to perform a static GNSS survey with a single GNSS receiver. This is made
possible by linking temporally and spatially separated raw GNSS observations together by
computing baselines between the measured stations and a manually generated Virtual
Reference Station (VRS) between them.
In order to test this technique, a traditional static GNSS survey was implemented, and the survey
was then repeated using the proposed method utilising similar survey geometry for comparison.
Positional and statistical results were compared along with a consideration of resource
requirements for each survey.
2 TECHNICAL BACKGROUND
The process of Network Real-Time Kinematic (NRTK) positioning can produce a VRS. There
are several different NRTK architectures, which have been summarised by Cina et al. (2015)
into three main categories:
 Virtual Reference Station (VRS).
 Multi-Reference Station (MRS).
 Master-Auxiliary Concept (MAC).
These differing methods have been shown to have similar levels of accuracy (Janssen, 2009),
albeit with slight differences with respect to some other parameters, such as the distribution of
processing load and required bandwidth, which are not a focus of this study. In this paper, we
utilise the methodology and infrastructure of the VRS method.
Landau et al. (2002) describe the process of the VRS method of NRTK as follows. Upon starting
the GNSS receiver, a communications link is established between it and the GNSS network
control centre via radio, wireless internet or the mobile phone network. Approximate
coordinates of the receiver are sent to the control centre in National Marine Electronics
Association (NMEA) data format. The control centre then passes on correction data in Radio
Technical Commission for Maritime Services (RTCM) format (or similar) to the receiver,
allowing it to compute a more accurate differential GNSS position. Finally, the control centre
simulates a new, invisible and unoccupied VRS near the rover, allowing for continual
computation of a differential position by the rover with corrections sent in real time. The control
centre can also supply Receiver Independent Exchange (RINEX) data emanating from this VRS
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for post-processing. The VRS remains in place until the rover moves approximately 5 km from
its initial position, causing a new VRS to be generated. This process is illustrated in Figure 1.

Figure 1: The process of generating a VRS (Landau et al., 2002).

Traditionally, a VRS is automatically generated and positioned in real time, allowing for a
radiation to be computed by NRTK positioning. However, a VRS can also be manually
generated and positioned in post-processing, and in NSW this functionality is available through
CORSnet-NSW (Janssen et al., 2016; DFSI Spatial Services, 2019). The possibility therefore
exists to manually compute a static baseline between raw data collected from a receiver to a
strategically placed VRS that was not directly observed. Expanding on this idea, if a single
surveyor with a single receiver were to collect raw GNSS data at two different survey marks
and at different times, a direct connection could be made between these marks if static baselines
are computed from each mark to a VRS placed in between them, providing the VRS duration
spans for both observations. This principle can be applied to allow a single surveyor with a
single GNSS receiver to produce a static GNSS control survey.
This technique also introduces another benefit of NRTK methodology, which may assist in
difficult observing conditions. When obstacles are blocking the skyview in different directions
at each receiver while using traditional static GNSS measurements, each receiver may be
reading to a different subset of satellites and this may make ambiguity resolution difficult to
achieve. Given that the production of a VRS will, in theory, provide an uninterrupted and
complete dataset on at least one end of each baseline, the ability to achieve ambiguity resolution
should become more likely and be achieved more quickly. The measurement times required
could therefore be reduced. In this paper, the minimum time required for GNSS baselines in
cadastral work stipulated by Surveyor General’s Direction No. 9 (SG9) (DFSI Spatial Services,
2014) of 10 minutes is adopted, regardless of baseline length.

3 NETWORK DESIGN
The area selected to implement this procedure is a 31 km2 region in Sackville North, NSW.
Throughout the area a GNSS network of horizontal and vertical class and order B2 exists, as
well as two levelled marks, with vertical class and order LAL1, and these marks serve as control
for the survey adjustment. Nine marks within the area were adjusted horizontally, with seven
of them also being adjusted in height. For more information on the classification of class and
order, the reader is referred to ICSM (2007).
A static GNSS survey was designed with a minimum density of 600 m, with the network
connected in triangular or quadrilateral loops. The network was braced to four marks external
to the network, one with horizontal class and order A1, and three B2 marks. These four marks
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also provided Australian Height Datum (AHD) control with class and order B2, as well as two
marks internal to the network, with vertical class and order LAL1. The network design for the
static survey is shown in Figure 2.

Figure 2: Static network design with survey control configuration.

This survey design was then emulated, this time using the VRS method. Each connection
between marks remained consistent between surveys, but in this case marks were linked via a
VRS. This design is pictured in Figure 3. VRS were placed roughly at the planimetric midpoint
between marks, and the height of each VRS was set to a nominal Geodetic Reference System
1980 (GRS80) ellipsoidal height of 180 m, as this height is roughly the mean height of all
stations within the network.

Figure 3: Network design for the VRS method with survey control configuration.
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4 DATA PROCESSING
GNSS baselines were processed using Leica Geomatics Office (LGO) (Leica Geosystems,
2017). Each baseline was carefully examined, with short observations and noisy data removed.
GeoLab (BitWise Ideas, 2019) was used to perform the least squares network adjustments.
An important consideration must be taken in the implementation of this method. In the least
squares adjustment (LSA) of a closed-loop survey, it is essential that no trivial baselines exist
within the network, as explained by Reilly (1997). Since each VRS generated within the area
of a typical survey is most likely interpolated from the same dataset collected by the
surrounding Continuously Operating Reference Stations (CORS), a single GNSS observation
can only be connected to one VRS. Therefore, each line coming from a survey mark requires a
new measurement.
As required by Surveyor General’s Direction No. 12 (DFSI Spatial Services, 2012) and SP1
version 1.7 (ICSM, 2007), the determination of class comes from a minimally constrained LSA.
This also serves as an assessment of the quality of the data, while allowing an estimate of the
precision of observations to be formed and is essential in ensuring the validity of this
comparison (Featherstone et al., 2001). The assignment of order is then based on the fully
constrained adjustment. In this case, the adjustment provides horizontal coordinates relative to
the Map Grid of Australia 1994 (MGA94), zone 56, and, following application of AUSGeoid09
(Brown et al., 2011), heights with respect to AHD.
Northing-Easting correlations were used for the input standard deviations for GNSS baselines,
and not Northing-Easting-Up correlations. This reflects the differing quality in horizontal and
vertical components inherent in GNSS measurements (Li et al., 2010). Furthermore, separating
horizontal and vertical components will give independent variance factor (VF) values for each
component. This provides greater flexibility in the adjustment of the horizontal and vertical
input standard deviations and prevents one from skewing the other, with a 3-dimentional VF
potentially containing an overly large vertical VF and a small horizontal VF, or vice versa,
which together could pass the Chi-squared test. However, in reality the standard deviations used
are not appropriate for either direction. Harvey (2016) describes the Chi-squared test as a range
of acceptable values for the VF, with two-tail test limits being given by:
1/F1-α/2,r2,r1 < VF < F1-α/2,r1,r2

(1)

where α is the significance level of the test (5%), r1 is the degree of freedom of the solution,
r2 is the degree of freedom of the a priori estimate of the VF, and F is the F-statistic.
The following input standard deviations were applied to the minimally constrained adjustment
of the static network:
 Horizontal: 0.005 m constant + 0.7 ppm, and 0.0015 m centring.
 Vertical: 0.015 m constant + 2.0 ppm, and 0.002 m centring.
These values resulted in a variance factor of 0.51 and a failure of the Chi-squared test. With
confidence in the survey geometry and methodology, instead of lowering input standard
deviations beyond realistic values, it was chosen to scale the covariance matrix by the VF in
order to achieve more appropriate values for the error ellipses.
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An examination of the statistical results from initial runs of the minimally constrained
adjustment of the VRS method revealed that the average redundancy number for the VRS
network was low, with a value of 0.27. Observations with redundancy numbers below 0.3 may
have a negative effect on the strength of the network (Geoida, 2017). Furthermore, Harvey
(2016) describes that small redundancy numbers can hide the effects of marginally detectable
errors within the network. Low redundancy numbers in this case are the result of the VRS
method adding a node between each pair of measured marks, leading to a weakening in
geometry. Given that the method being tested is somewhat of an unknown quantity, it was
decided to add more observations to brace these nodes and increase the strength of the network
to ensure that potential measurement errors are well understood. The resulting changes in the
geometry of the network are pictured in Figure 4.

Figure 4: Network design for the VRS method with added measurements.

The addition of these bracing lines resulted in an average redundancy of 0.55, well above the
value recommended by Geoida (2017). By comparison, the average redundancy for the static
network adjustment was 0.56. In the adjustment of the VRS method, the ‘centring’ component
of the VRS is somewhat unknown, but certainly not as precise as the centring error estimated
for the set-up of a receiver. Retscher (2002) found the precision of a VRS near to a CORS to
be ±20 mm for the horizontal component and ±43 mm for the vertical (99% confidence level).
The adjustment process used here does not allow for differing centring errors to be
implemented. However, this effect is assumed to be a constant error and will be absorbed into
the constant in the estimate of the precision used.
The final input standard deviations for the minimally constrained adjustment of the VRS
network were therefore:
 Horizontal: 0.008 m constant + 0.6 ppm, and 0.0015 m centring.
 Vertical: 0.020 m constant + 2.0 ppm, and 0.002 m centring.
The above values resulted in a VF of 0.85, which passed the Chi-squared test, and therefore it
was decided not to scale the error ellipses.
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5 RESULTS
The LSA of the static GNSS survey resulted in a class and order of B2 for both horizontal and
vertical components, as computed by DFSI Spatial Services. The LSA of the survey using the
VRS method also resulted in a horizontal class and order of B2, however, returned a vertical
class and order of C3. In order to further investigate these results, we first examined the relative
uncertainties between marks within the network as a product of each survey. Results from the
minimally constrained adjustment were examined, as these form an assessment of the quality
of measurements, free from potential datum distortions.
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Figure 5 displays the magnitude of the semi-major axis of the horizontal relative error ellipse
(REE) between each pair of marks within the network at the 2-sigma level, for both the static
and VRS networks.

Bin (m)
Static GNSS

VRS Method

Figure 5: Comparison of the horizontal REEs resulting from each adjustment.

The amount of data in each survey is insufficient to definitively show a normal distribution of
REEs, however, each dataset shows roughly the expected shape. The static GNSS network
showed superior results, with the majority of REEs tightly grouped around a mean of 9 ± 2 mm.
The VRS method gave a mean REE of 18 mm and showed less stability, exhibiting a larger
standard deviation than the static GNSS network (with a value of ±4 mm), and also appears to
show some positive skewness with a maximum value of 27 mm.
The same comparison was then made for the vertical REEs from each LSA, shown in Figure 6.
Again, each set of REEs appeared to be roughly normally distributed, with the static survey
provided better uncertainty results, with a mean of 19 ± 4 mm. The VRS survey resulted in a
mean of 34 ± 7 mm, with the highest value being 54 mm which was not flagged as an outlier.
The computed coordinates, resulting from the minimally constrained adjustment, of the 9
horizontally floated marks and also the 7 vertically floated marks were compared between both
survey adjustments. Table 1 contains a summary of the descriptive statistics, showing that both
surveys provided good agreement with an overall horizontal Root Mean Square (RMS)
difference of 17 mm (1σ), a median of 13 mm and a maximum difference of 39 mm. Vertically,
the RMS difference was 19 mm (1σ), with a median of 14 mm and a maximum of 36 mm.
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Figure 6: Comparison of the vertical REEs resulting from each adjustment.
Table 1: Descriptive statistics comparing coordinates derived from each LSA.
RMS (m)
Median (m)
Max (m)
Min (m)

Easting
0.009
0.007
0.018
0.001

Northing
0.014
-0.010
0.035
0.003

Horizontal
0.017
0.013
0.039
0.005

AHD
0.019
0.014
0.036
0.005

6 CONCLUDING REMARKS
This paper has investigated the performance of an alternative method of static GNSS control
survey that utilises elements of NRTK methodology to allow the survey to be performed with
a single GNSS receiver. While the comparison aimed to keep survey geometry for both methods
as similar as possible, it became clear that the addition of VRSs used to link observed stations
introduced geometrical weakness. This weakness was then resolved with the addition of extra
observations used to brace the linking VRSs in a roughly perpendicular direction.
Analysis of the LSAs of each survey network showed that, perhaps unsurprisingly, the VRS
method was not able to match the performance or stability of the static GNSS survey, which
resulted in mean horizontal REEs of 18 ± 4 mm, compared to 9 ± 2 mm, and mean vertical
REEs of 34 ± 7 mm compared to 19 ± 4 mm, respectively. Based on these results, the adjusted
coordinates compared within expected ranges, with a horizontal RMS difference of 17 mm and
vertical RMS difference of 19 mm, both at the 1σ level. As this paper aimed to find a relatively
rapid and resource-effective method, the measurement times of 10 minutes used are quite short
for static GNSS surveys. Results could be improved by using longer observation times.
While there was a difference in quality, both surveys were able to achieve a horizontal class B,
based purely on the resulting statistics. Vertically, the tested method returned a class C,
compared to a class B from the static method. Given that class, as defined in SP1 version 1.7
(ICSM, 2007), is not only based on statistical results but also survey methods and procedures,
the awarded class using the tested method is up for debate.
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Although not able to match the results of a static GNSS survey, the results were still
encouraging, and would be fit for purpose for many control surveys. Furthermore, the ability to
perform a closed-loop control survey with a single GNSS receiver provides a significant
resource advantage. The ability for a single surveyor with a single receiver to perform a survey
of this quality, was previously not possible.
There are also other potential applications of the tested methodology. One particular application
could be to augment static control surveys with extra connections, using raw observations
already made, and linking them via a VRS. This could be done retrospectively without the need
for more observations, provided VRS data is still available for the appropriate time intervals.
This study has demonstrated a further use of pre-existing technology, which may have much
more potential than is currently realised.
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ABSTRACT
“The only constant in life is change” – Greek philosopher Heraclitus of Ephesus. Technology
has and is continuing to change the way the world functions and how business operates. The
rate of change is rapidly accelerating as technology is utilised in more innovative and
disruptive ways. Disruptors such as Uber, Netflix and driverless cars are not just thinking
outside the box, they are questioning the need to have ever have had a box. Unlike ever before,
consumers have mobile solutions and instant connectivity at their fingertips, resulting in
greater demands for immediate results and digital solutions. The surveying profession is faced
with a need to challenge the status quo and develop innovative solutions to problems that are
not yet thought of. The profession of surveying has a long history of evolving and adapting to
inevitable change driven by political, economic and technological factors. This paper explores
the importance of digital transformation and innovation in the surveying profession to meet the
ever-evolving needs of the consumer. It investigates global factors affecting business and
challenges specific to the surveying profession within NSW. Several options are presented to
address these challenges, including shifting the core business of a surveyor from measurement
to management and promoting the value the profession adds for consumers. This paper also
examines the benefits of a diverse workforce and options to foster diversity within the
profession.
KEYWORDS: Innovation, digital transformation, diversity, technology, GNSS, RPAS,

surveying, profession.

1 INTRODUCTION
The art of surveying has existed since ancient civilisation, with evidence of land and
infrastructure surveys being carried out in Egypt, Babylon, Greece and Rome using gifts (rod
and rope) handed down to Kings from the Gods (Monaghan, 2011). The technology used by
surveyors since 3500 BC has undergone numerous innovations as society’s need for accuracy
has increased. From rod, rope and clay tablets, as a profession we have seen technology
transform with the development of the plane table, chain, circumferentor, theodolite, wire,
EDM, total station, photogrammetry, and more recently, GPS/GNSS, LiDAR and drones
(UAV/RPAS).
While the basic principles that form the foundation of survey knowledge have not changed
significantly since the adoption of trigonometry, the applications of survey information and data
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have, and continue, to grow exponentially. The 3rd industrial revolution (digital revolution) saw
the surveying profession transformed with the adoption of computer and internet technology.
Complex calculations are now much easier to complete, and the development of ComputerAided Drafting (CAD) and Geographic Information System (GIS) software packages mean that
survey data is easier to prepare, analyse and distribute. The combination of changes in
technology and society also mean that the profession has been able to diversify and attract some
females to its ranks, although there is still a significant gender imbalance in the profession
today.
The 4th industrial revolution (connectivity and cyber physical systems) presents the surveying
profession with significant challenges that it needs to address. An ageing profile, measuring
technologies that anyone can use, artificial intelligence and open data mean that many current
customer service and business models will be challenged. As with any challenge, there always
exists an inherent opportunity to innovate and reinvent. Cloud computing, Blockchain, the
Internet of Things (IoT) and the growth in demand and understanding of geospatial (locationbased) data and services all present areas that the surveying profession can influence and
capitalise on. Ignoring them and continuing with the status quo is not an option if the profession
wishes to thrive in the new paradigm.
This paper explores the importance of digital transformation and innovation in the surveying
profession to meet the ever-evolving needs of the consumer. It investigates global factors
affecting business and challenges specific to the surveying profession within NSW. Several
options are presented to address these challenges, along with the benefits of a diverse workforce
and options to foster diversity within the profession.

2 EXAMINING THE CURRENT STATE GLOBALLY
Before examining the challenges currently faced by the surveying profession, it is important to
reflect on the impact technology and innovation are having at a global level. In an article
published by the University of Sydney (2017), their Deputy Vice-Chancellor (Research)
effectively summarises the importance of innovation: “Rethinking how we live and work in the
midst of the dramatic technological changes occurring all around us is vitally important. We
are living through the emergence of a new industrial revolution, one where artificial
intelligence, quantum computing and other technologies that haven’t even been invented yet
will have far reaching consequences for not just our economy but our society and culture.” The
unparalleled rate of change facing organisations globally requires a workforce that is
innovative, adaptable and able to respond to new business models and markets. Diversity in the
workforce is key to reaching this capability.
The exponential rate of change due to technological advancement and innovation is constantly
changing the way business operates. As a society, we have adapted to the accelerated pace of
change caused by technology and the disruption this causes for markets, labour and business.
Reflecting on changes over the past 5 years, we have seen the rise of mobile technology, the
birth of the mobile ‘app’, the widespread adoption of cloud-based computing and increased
connectivity of users. In Australia, the total number of households with access to the internet
has risen by 20%, with 97% of households with children under 15 years having access to the
internet (Figure 1) and of these 99% using mobile devices for this access (Australian Bureau of
Statistics, 2018). In 2014, the University of Sydney undertook a study which reviewed the
mobile and internet connectivity of people experiencing homelessness in Sydney and
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Melbourne and found that 95% of participants had a mobile phone (Humphry, 2014). This
highlights the extent to which mobile technology is integrated into our society.

Figure 1: Proportion of households with access to the internet at home (Australian Bureau of Statistics, 2018).

Mobile technology has evolved from a medium for casual pursuits to a necessity for business
applications. Internet giant Google has recently adapted its search algorithms to favour mobilefriendly webpages, reflecting user behaviour trends (Google, 2018). Figure 2 illustrates the
growing trend towards favouring mobile devices to access the internet, with 91% of households
utilising a mobile device for this purpose. An astonishing example of the increased global
connectivity is the 2016 launch of the ‘Pokemon GO’ mobile phone application. After
launching in Australia and New Zealand, it is reported to have taken just 19 days for the
application to be downloaded on 50 million platforms (Burlacu, 2016). In comparison,
Facebook reportedly took 3 years to reach the same milestone (Desjardins, 2018) and, looking
even further back in history, the telephone took decades.

Figure 2: Devices used to access the internet at home (Australian Bureau of Statistics, 2018).
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The widespread adoption of mobile technology and changing customer expectations have
allowed for innovative new businesses such as Uber, Amazon and Airbnb to disrupt and change
entire industries. Berger et al. (2018) found that the introduction of the ‘sharing economy’
platform created by Uber to the taxi industry was minimal, with Uber effectively expanding the
market and meeting the shortfall from licensed taxi services. However, it was also determined
that the flexibility and earning potential for employees was greater with Uber, and in areas
where the two services competed wages for licensed taxi services decreased by an estimated
10%.
Coleman (2013) explored the need for businesses to continue to seek out new products, services
and revenue streams in order to exploit new market opportunities. She identified that the key to
diversifying successfully was “having a well-established core business, doing thorough
research of potential new markets and ensuring you have the right people to help manage a
diversification strategy.”
The video hire company, Blockbuster, provides an excellent example of the importance of
diversifying to meet changing consumer needs. In 2000, Netflix approached Blockbuster and
offered to sell them Netflix for $US50 million. Blockbuster declined, thinking Netflix was
targeting a niche market (Chong, 2015). By 2014, Blockbuster had closed all remaining stores
in the United States (Stern, 2013). In 2017, Netflix surpassed $US11 billion in annual global
revenue (Feldman, 2017).
In order to keep up with evolving customer expectations of effective and immediate results,
many businesses are undergoing digital transformations. This is not just the adoption of
technology and digitisation of records, but a total radical rethink of how the business utilises
technology to meet ever-increasing and shifting customer demands (Boulton, 2018). Gerard
(2017) writes “Digital transformation does not merely allow a business to re-evaluate its
position on the market in real time, it dictates it.” Customers are continually discovering new
ways to consume, new needs and aspirations, and it is up to business to shift their mindset
toward agile, innovative customer-centric business models, which identify and fulfil the
evolving needs of the consumer (Gerard, 2017). In the digital era, companies are increasingly
diversifying, which means that any company can disrupt your line of business, regardless of
their core business.
Location-Based Services (LBS) have become increasingly popular and are commonly utilised
as an effective marketing tool for businesses, geo-social networking, online searching,
navigation and more. As users become more familiar with geographic information and begin to
understand the power of position, it is expected that we will continue to see more innovative
and diverse uses of geographic information. The LBMA 2017 Global Location Trends Report
(LBMA, 2017) surveyed 500 marketing decision makers and found that 25% of marketing
budgets are spent on location-based marketing, and over 50% of brands are using location data
to target customers. This represents billions of dollars and illustrates that location is an
increasingly critical element of business marketing. Increasingly, organisations are looking to
add location data and analytics to their capabilities in order to reveal further insights into
consumer behaviour and to support better decision-making (Forbes Insights, 2016). As
illustrated in Figure 3, spatial information provides the key to location-based services and ties
context-aware services to position, presenting a wealth of information and opportunity.
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Figure 3: Spatial information provides the key to location-based services (Küpper, 2005).

3 CHALLENGS FACING THE SURVEYING PROFESSION IN NSW
As highlighted in the previous section, there is a number of factors affecting business globally,
which has the potential to significantly impact the surveying profession. The accelerated rate
of change of technology, diversification of industries, increase in mobile technology and rise
of location-based services has and will continue to change the expectations consumers have and
the value the surveying profession can provide to society. As precise positioning technology
rapidly improves, we are witnessing the democratisation of measurement and the rise of nonskilled users capturing spatial data. In order to stay relevant, the profession must identify
innovative ways to add value to measurement and spatial data. It needs to promote this value
within society to raise the public profile of the profession. A lack of diversity and ageing
demographic with the profession threatens the ability to create innovative solutions and drive
digital transformation within survey firms.
With consumers able to access and capture spatial data with the click of a button, the art of
measurement has become democratised and the role of the surveyor devalued. As technology
continues to evolve, the profession must take the lead and drive innovation or risk being left
behind as non-professional users forge forward. Hannah et al. (2008) accurately summarised
the situation: “Our future is at stake, as the market in which surveyors operate finds itself under
dynamic change. The challenge is for the profession to respond or be left behind, as others take
advantage of the opportunities which we ignore”.
The European GNSS Agency has published two key reports, which provide insight into the
global GNSS market, i.e. the GNSS Market Report (European GNSS Agency, 2017) and the
GNSS User Technology Report (European GNSS Agency, 2018). Surveying accounts for less
than 5% of the GNSS receiver market, while smartphones dominate with close to 80%. It is
estimated that by 2020 there will be 8 billion GNSS devices in use, i.e. on average more than
one device per person on the planet. There is a clear trend in the rapid adoption of multiplefrequency GNSS including in consumer devices, with the first dual-frequency smartphone
released in May 2018.
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The new and emerging GNSS trends listed in Table 1 highlight the continued democratisation
of measurement as GNSS technology becomes more widely adopted across industries outside
of surveying. The introduction of a Satellite-Based Augmentation System (SBAS) in Australia
will further drive this trend as consumers access sub-metre positional accuracy on their mobile
devices.
Table 1: New and emerging GNSS trends by market segment (European GNSS Agency, 2017).

An increase in the adoption of Unmanned Aerial Vehicle (UAV) or Remotely Piloted Aircraft
System (RPAS) technology is replacing or rethinking traditional surveying disciplines such as
detail surveys and even terrestrial laser scanning. New tools are being developed which further
reduce the need to engage a surveying professional. An example is ‘AeroPoint’ created by
Propeller (2019), which is a ground control point with inbuilt Global Positioning System (GPS)
capability. The units log static GPS data which is post-processed online with Continuously
Operating Reference Station (CORS) data to provide accurate ground control for drone-based
imagery at the ‘push of a button’. Propeller promotes the AeroPoint as delivering high-precision
ground control without the need for a ‘GPS expert’, ‘complex surveying equipment’ or the risk
of ‘human error’ (Figure 4). The role of the surveyor in this space is testing and understanding
the accuracy of the data, managing and utilising the data in a meaningful way, and finding new
and innovative ways to use the data to meet the needs of customers and communities.

Figure 4: Advertising on the Propeller website (Propeller, 2019).
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Enemark (2009) identified that the role of the surveyor was shifting from ‘measurement’ to
‘management’. He highlighted that the value surveyors added to measurement was not just the
capture of position but also the management of the measurement process and the related
property and land use administrations. Only a few years ago, professional competency was
required to capture and interpret spatial information, but this is no longer the case. Consumers
can easily capture and interact with spatial data, and the value of using a professional is not
obvious for many users.
Although the surveying profession has continued to adapt to change due to technological
advancements, the rate of change is slow and, in some cases, there is stubborn refusal to change.
As technology progresses rapidly, the spatial information industry is embracing change and
opportunities which the surveying profession ignores. It is up to the profession to make
themselves invaluable in this space as early adopters of technology and drivers of innovation.
In order to continue to not just survive, but to thrive, survey firms need to be continually
challenging the status quo, experimenting in new markets and being prepared to fail.
The NSW Government is investing in the creation of a proof-of-concept digital twin for the
State, meaning 3D/4D data capture and visualisation state-wide. The NSW Digital Twin is a
reality mesh model which will enable testing, building, operating and monitoring in a virtual
environment. It will integrate live data feeds from across the State, building information models,
3D and 4D foundation spatial data, above and below ground infrastructure as well as analytics
and reporting functionality. The challenge for the surveying profession is to be proactively
engaged at a level that allows influence over the outcomes informing the resulting strategies
and policies. There is an opportunity for the profession to lead this digital revolution, and the
adoption of digital workflows and lodgement of intelligent digital survey plans are the first step.
Ignoring the opportunities this project presents could result in the surveying profession being
excluded from key decisions and implementation that could have significant impacts on
surveying businesses.
Another major challenge facing the profession is the ability to clearly articulate and therefore
promote what its core expertise is and the value it adds. Hannah et al. (2008) estimated that
within the surveying profession there are close to 200 recognised skills and competencies,
ranging from engineering design, planning and cadastral surveying through to estate and spatial
information management. This diverse skillset throughout the profession suggests a
multitalented profession that is willing to think outside the box but may also indicate difficulty
in defining its core expertise. Surveying generally has a low public profile, with the term
‘surveying’ being interpreted very narrowly (Williamson, 1997), resulting in a varied public
perception. Without a clear definition of what a surveyor is or does, anyone can call themselves
a surveyor, further devaluing the role of the surveyor in the broader community.
With the significant government investment in infrastructure and continuing growth in the
property development market, the profession is facing a major shortage of trained, experienced
surveyors. Furthermore, there is an astonishing lack of diversity within the profession. In NSW,
the average age of a registered land surveyor is 53 and there is a significant spike in those aged
61 (Figure 5). Gender diversity in the profession is minimal with only 3% of registered land
surveyors in NSW being female (BOSSI, 2018) while in other parts of the world, particularly
in European and African countries, the gender balance is more equitable. With females
comprising 47% of all employed persons in Australia, there is significant room for improvement
(WGEA, 2018).
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Figure 5: Age profile of registered land surveyors in NSW 2017-2018 (BOSSI, 2018).

The Department of Jobs and Small Business (2018) released findings as part of its skills
shortage research, which classified the surveying profession as having a shortage of skilled
workers in NSW. This classification was a result of the following determinations:
 50% of advertised vacancies in surveying are not filled.
 Average of <1 suitable applicant per vacancy, with many employers taking less-than-ideal
applicants.
 Employers are generally unable to fill positions for specific fields including cadastral,
construction and engineering.
According to the Department, these findings have been consistent in NSW since 2011.
Consulting Surveyors National (2015) commissioned a report, titled Determining the Future
Demand, Supply and Skills Gap for Surveying and Geospatial Professionals: 2014-2024, which
found that NSW is predicted to reach the peak of its expected skills shortage in 2020/21 with a
predicted shortfall of 1,000 surveyors in NSW. The report also determined that given the age
profile of the current total skilled labour workforce, the workforce will shrink by an estimated
24% over the decade (from 2014-2024) due to demographic factors alone.
Lorenzo et al. (2017) undertook a study exploring the link between diversity and innovation
with a focus on the impact on revenue. The study surveyed diversity managers, HR executives,
and managing directors at 171 German, Swiss and Austrian companies. The study focused on
six types of diversity and found a significant relationship between innovation and diversity of
employees in the form of industry background, country of origin, career path and gender (Figure
6).
Interestingly, the study found that age had a negative impact on innovation, which suggests that
companies are having issues with inter-generational collaboration. The study also concluded:
 There is a statistically significant correlation between management diversity and
innovation, resulting in higher revenue from new products for businesses with greater
diversity.
 Achieving greater revenue from innovative solutions and products is not attributed to a
single type of diversity but can be resultant from having managers with a range of inherent
(e.g. gender, ethnicity) or acquired (e.g. life experiences, career path, languages) traits.
 The impact of a diverse workforce and leadership team increases for more complex or larger
organisations.
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For companies to reach their potential, gender diversity needs to go beyond tokenism.
Having a high number of female employees has very little impact on innovation and
resultant revenue if there is only a small number of female leaders in the organisation.
The true benefits of a diverse workforce and management team can only be realised within
organisations that are inclusive and supportive. A culture in which employees feel free to
speak their minds and employees at all levels of the organisation are able to provide open,
honest contributions.

Figure 6: Findings from The Mix that Matters: Innovation Through Diversity, linking the relationship between
innovation and six different diversity dimensions (Lorenzo et al., 2017).

A number of other studies have made similar conclusions, including the study Global Diversity
and Inclusion: Fostering Innovation Through a Diverse Workforce by Forbes Insights (2011),
which concluded that diversity is a key driver of innovation and that a diverse and inclusive
workforce is essential for attracting and retaining top talent. Based on this research, the
surveying profession must commit to diversifying its workforce.

4 OPTIONS
4.1 Measurement to Management

Changes in measurement technology mean that for ongoing success, the surveying profession
must identify and promote the value it adds to measurement. It must continue to develop from
a core business of providing measurement expertise and expand to provide specialisation in
project, data and land management. Increasingly, projects are reaching a level of complexity
such that multi-professional groups are required to manage and implement large projects
(Hannah et al., 2008). With a foundation skillset based in science and land management,
surveyors are ideally placed to add value to and in many cases lead such a team.

45

Proceedings of the 24th Association of Public Authority Surveyors Conference (APAS2019)
Pokolbin, New South Wales, Australia, 1-3 April 2019

As the collection of data and the art of measurement becomes easier, management of data and
associated metadata becomes more complex and challenging. Surveyors have a key role to play
in the management, analysis and interpretation of data. The profession needs to embrace new
methodologies and lead other industries in best practice techniques to utilise technology.
Surveyors can understand and interpret accuracy of derived products, to combine data from a
variety of sources and create meaningful products of known accuracy that are fit for purpose.
By collaborating with users of spatial data from a variety of industries, the profession can play
a key role in managing spatial data for a huge variety of uses.
The democratisation of measurement means that any person can use a device (e.g. GNSS, drone,
scanner) to capture and create a spatial dataset and combine it with information from other
sources such as government departments through their data portals (e.g. data.nsw) or web
services. This could include information such as aerial imagery, environmental or planning
constraints and property boundaries. The risk is that unless the person involved is a professional
with an understanding of metadata, accuracy and projections, the derived product could
influence an incorrect decision by the user of such data. This also extends to multidisciplinary
projects where different types of data and/or aspects of a project are managed by different
professionals. Surveyors are uniquely placed to help coordinate and provide advice to clients
on when a particular data source is going to be fit for their specific purpose.
In order to gain a competitive advantage in the marketplace, surveying professionals must
develop innovative solutions which drive efficiency and quality. The European GNSS
Agency’s GNSS Market Report predicted that revenue from value-add services to GNSS were
set to skyrocket by 20% between 2015 and 2020 (European GNSS Agency, 2017). Value-add
services are any service which leverage GNSS technology to add value to users and include
location-based services. With a thorough understanding of GNSS technology and the
opportunities and limitations it presents, surveyors are uniquely positioned to discover new
markets utilising GNSS.
4.2 Promotion of the Profession

Very few members of the public have an understanding of the role that surveyors play in society.
Surveying is a unique, interesting and rewarding career that contributes significant value to
society. At the most fundamental level, surveying underpins land tenure which provides the
foundation of our economy. The education of the public and continued promotion of the
surveying profession is the responsibility of all surveyors.
It is important to capitalise on all media coverage the profession receives. For example, the
Anzac Soil Collection project provided a brilliant example of the surveying profession
embracing the opportunity to contribute to a unique project and promote the profession to a
diverse audience. The project commenced in 2017 and collected soil samples from 1,701
locations which were identified as the home towns of World War I enlistees (Anzac Memorial,
2018). The surveying profession assisted with collecting these samples as they could provide
spatial attributes with each sample, quality assurance, and had the mobility to gather samples
across the State. This project achieved successful community engagement, received significant
media coverage across all platforms and presented an opportunity for surveyors to promote
what the profession does.
There are many infrastructure projects that receive extensive media coverage and provide
opportunities for the surveying profession to promote their contributions. Many projects simply
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could not commence or be delivered without the work undertaken by surveyors. It is important
to capitalise on promotional opportunities as they present themselves. For too long surveyors
have undervalued their contributions to projects, often deeming them as not being interesting
and just part of their everyday duties. A change to this mindset is required to promote and
highlight the innovative ways surveyors are contributing to the development and delivery of
projects.
Social media provides an excellent platform for promoting the profession as a valuable and
rewarding career to a diverse audience. Widely used platforms such as Twitter, LinkedIn,
Facebook and Instagram can be utilised to highlight the interesting, unique and diverse projects
undertaken by surveyors. The Instagram account ‘Surveylife’ posts images of surveying from
around the globe and has a following of over 36,000 users. The account regularly receives over
2,000 ‘likes’ on photographs and up to 10,000 views on videos (Figure 7). This is a simple, free
and effective way to promote the profession. #Hashtags are a metadata tag used on social media
to label topics and allow users to easily find related posts. Hashtags can be used on social media
posts to reach a much broader audience and draw users to posts.

Figure 7: Examples of utilising social media to promote the surveying profession. Hashtags on posts and actively
using the account can increase user engagement.

Promotion of the profession to school-aged students provides surveying exposure to a wide
audience and helps develop a pipeline of future surveyors. The NSW Surveying Taskforce was
created to help combat the shortfall of surveyors in the future. The Taskforce has created a
website (Surveying Taskforce, 2018) to capture those considering a career in surveying, has a
social media presence and provides resources for presentations to school-aged students. While
the Taskforce is doing fantastic work, the profession needs to supplement and support this.
Surveyors can become a ‘Surveying Ambassador’ which provides opportunities to be involved
in career events, school presentations, assisting with maths in surveying days or hosting work
experience students.
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In the UK, geospatial marketing company Elaine Ball has launched a campaign to get kids into
surveying, which produces marketing material aimed at promoting the profession to schoolaged children (Elaine Ball, 2019). The success of this campaign relies on the engagement of the
profession to utilise the available resources and reach the target audience.
4.3 Digital Transformation

“It is not the strongest of the species that survives, nor the most intelligent that survives. It is
the one that is most adaptable to change.” – origin unknown.
Digital transformation is the integration of digital technology into all areas of the business and
results in fundamental changes to business models which allow technology, people and
processes to continually adapt in order to deliver value to customers (The Enterprisers Project,
2019). Digital transformation requires an organisation-wide cultural shift which is open to
change, challenges the status quo, is comfortable with failure and invests in innovation. Digital
transformation involves not just the digitisation of records but the uptake of technology to
improve performance in the organisation for employees, suppliers, customers and stakeholders.
A successful digital transformation relies on effective leadership, not technology. The uptake
of technology, upgrading of systems and digitising of records within an organisation is
important but it does not equal a successful and effective digital transformation (McKeown,
2015). Figure 8 outlines the difference between an organisation which has undergone a
successful digital transformation (Digital Business) and an organisation utilising digital
information and processes (Doing Digital).

Figure 8: Digital business versus doing digital, i.e. the difference between an organisation that has undergone a
successful digital transformation and an organisation utilising digital information and processes (McKeown,
2015).

A successful digital transformation relies on leaders with a clear strategic vision that focuses
on the customer experience. The greatest challenge for a leader managing the digital
transformation of an organisation is change management. Effective leadership will deal with
the culture shock that rapid change brings and will support people to cross the digital divide.
As a culture develops which embraces innovation, challenges the status quo and is prepared to
try and fail, it is up to the leader to ensure that the business model is adaptive and flexible to
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allow innovative solutions to grow rather than being lost in the void of business policy and red
tape. The quickest way to destroy a culture of innovation is by bureaucratic negative which
defaults to ‘no’ (Miller, 2016).
Every organisation requires a unique and specific digital transformation framework which
addresses the challenges and opportunities the organisation faces. There are several key
elements that underpin a successful digital transformation framework for any organisation:
1) Customer experience.
2) Operational agility.
3) Culture and leadership.
4) Workforce enablement.
5) Digital technology integration.
Historically, surveyors have adopted digital technology to replace specific workflows but have
not adopted a digital mindset (digital end to end). Access to digital data, continual developments
in technology and system connectivity provide an opportunity for surveyors to take a step back
and reimagine their workflows to take advantage of digital systems. The profession needs to
shift its culture from traditional, risk-adverse mindsets to being more adaptable, open to change
and innovative. By not being prepared to take a chance, the profession is missing opportunities
to reach changing and new markets. Adopting an agile mindset, ‘prepare to fail fast and fail
early’ provides an environment that supports iterative innovation, allowing the profession to
utilise resources in more inventive and creative ways.
4.4 Fostering Diversity

Frédéric Rozé, Chief Executive Officer of L’Oréal USA, stated “Diversity fosters creativity.
We need to generate the best ideas from our people in all levels of the company and incorporate
them into our business practices” (Forbes Insights, 2011). Forbes Insights (2011) concluded
that the responsibility for the success of a company’s diversity and inclusion efforts rested with
senior management. The idea is that diversity in your workplace should reflect that of the wider
community. Diversity can be categorised into two groups, i.e. inherent and acquired diversity.
Inherent diversity refers to traits you are born with such as gender, ethnicity and sexual
orientation, while acquired diversity are traits which are gained through experience (Forbes
Insights, 2011).
Diversity is central to innovation. It creates new and better ways of doing things, helps us to
harness the benefits of technology and creates opportunities to more effectively meet the needs
of our consumers. Inclusion is the key to unlocking this potential (Department of Human
Services, 2016). Inclusive leadership in the profession is the key to driving diversity and
innovation. The Diversity Council Australia (2019) outlines the five mindsets required for an
inclusive leader:
1) Understands and believes in the benefits of diversity for organisational performance.
2) Creates teams and networks in which all people feel they belong, are heard, valued and
respected.
3) Is open and curious about new and different perspectives from a range of people.
4) Is flexible about, and responsive to, a diversity of people and perspectives. Is willing to take
an agile approach to problem solving.
5) Challenges accepted practices and is willing to incorporate different perspectives into
business models.
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Strong leadership is essential to set diversity objectives within an organisation and monitor their
effectiveness. With a lack of diversity among qualified surveying professionals in NSW, it is
important that organisations are setting realistic and non-trivial diversity targets and
implementing strategies which aim to foster inclusion in the workplace. This means that
diversity needs to be through all levels of the organisation, particularly in decision-making
roles. The Department of Human Services (2016) has released its Workplace Diversity and
Inclusion Strategy 2016-19, which provides an excellent example of a commitment to a
workplace culture that builds respect, fosters inclusiveness, promotes diversity and embraces
the unique skills and qualities of all employees. Figure 9 provides the guiding principles used
by the Department of Human Services, which underpin a successful diversity and inclusion
strategy.

Figure 9: Guiding principles behind the Workplace Diversity and Inclusion Strategy 2016-19 (Department of
Human Services, 2016).

Fostering a culture that is inclusive, respectful and values differences will not only retain top
talent in the profession, it will also attract talent. Leaders in the profession need to actively call
out behaviour which discourages diversity and openly celebrate initiatives that foster diversity.
Providing mentors to employees who are under-represented within the profession can provide
the necessary support to promote development and to retain these individuals. Connecting
underrepresented employees with relevant professional organisations provides additional
support as they are able to build meaningful relationships with a diverse range of colleagues
throughout the profession.
Diversity needs to be seen and celebrated within the profession. Initiatives such as the ‘Women
in Surveying’ feature in the Institution of Surveyors NSW (ISNSW) Azimuth magazine are
fantastic ways to showcase one aspect of diversity within the profession. The NSW Surveying
Taskforce has published an article on women in surveying (Brooks, 2017) on their ‘Surveying:
A Life Without Limits’ website, which highlights some of the successful female surveyors in
NSW and organisations that are proudly advocating for women in the workplace. Similar
initiatives, which reach a larger, broader audience outside of the profession, will help to
promote this message and attract diverse talent to the industry.
When undertaking recruitment, leaders need to think outside the box and question their own
unconscious bias when assessing candidates. Many employers seek employees who will fit into
their workplace culture. It is important to be open to people that may add to the culture rather
than simply integrate. Using language in job advertisements which is inclusive and prodiversity will help to attract a more diverse range of candidates. Having a diverse recruitment
panel, which includes an ‘independent’ panel member who is not part of the organisation, helps
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to counter unconscious bias and provide different perspectives to the recruitment selection
process.

5 CONCLUDING REMARKS
“To improve is to change. To perfect is to change often.” – Winston Churchill. As discussed,
technology has and is continuing to change the way the world functions and how business
operates. The rate of change is rapidly accelerating and unparalleled, as technology is utilised
in more innovative and disruptive ways. Unlike ever before, consumers have mobile solutions
and instant connectivity at their fingertips, resulting in greater demands for immediate results
and digital solutions. The surveying profession is not exempt from these changes and is faced
with a need to challenge the status quo and develop innovative solutions to streamline
workflows, increase efficiencies and create new products, or risk becoming irrelevant to an
ever-changing society.
Through both global and survey-specific examples, this paper has examined several challenges
currently facing the profession. The democratisation of measurement, rapid growth in demand
for geospatial data and changing customer expectations are factors that need to be addressed.
In a society where non-skilled users are plentiful and the value of using a professional is not
understood, the surveying profession must develop a clear message to sell and promote its
contribution.
Innovative businesses are disrupting traditional industries and developing new markets.
Surveyors now represent only a minor proportion of the GNSS and RPAS markets, areas that
were once dominated by surveying professionals. Survey companies need to adopt a digital
business mindset, continually challenging accepted practice, experimenting in new markets and
being prepared to risk failure.
A number of options have been examined, which the surveying profession needs to invest in to
realise the opportunities present in both existing and emerging sectors of the market. The lack
of diversity in the surveying profession across areas such as age, ethnicity, gender and
experience threatens to inhibit its ability to meet the demands and challenges of consumer
expectations in the future. The workforce of the future needs to represent the diversity of the
society it serves in order to not only attract people to the profession but to also understand and
capitalise on the changing opportunities that are present in the market.
Surveying is no longer just about measuring distances or cadastral boundaries. Surveyors,
government and the wider community are beginning to acknowledge and recognise data as an
asset and the foundation spatial data as infrastructure. The surveying profession, current and
future, must recognise and capitalise on the strategic advantage which comes from having
strengths and expertise in measurement, land management and spatial information science.
Surveyors are ideally placed to provide innovative services which exceed the expectations of
consumers and reach new markets.
In conclusion, the rise of the 4th industrial revolution provides surveyors with an opportunity to
reinvent the profession and take advantage of continual advances in digital connectivity and
cyber physical systems. If the profession does not embrace these changes, it risks detonation,
unable to attract the next generation to the profession and becoming irrelevant.
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A Ridgy Digital Cadastre
Fred de Belin
City of Ryde
fdebelin@ryde.nsw.gov.au

ABSTRACT
In preparing a digital cadastre on the scale of a Local Government Area like the City of Ryde,
it is easier to construct by fixing the street pattern first. The City of Ryde has 850 streets, with
merely a handful of new streets being created since 1972. By far the majority of streets created
in Ryde occurred after 1900, with the beginnings of residential suburban subdivision, when the
previous rural landscape was altered and obliterated. It has been a practice in surveying to
hide or leave any measurement differences and ambiguities in the road reservation. This
practice creates small pockets of cadastre which may be stable within themselves, but do not
tie well to other pockets. This in itself can lead to variance in street width, bends in formerly
straight streets, drifts and uncertainties as to where the true street boundary is. The purpose of
this paper is to describe how City of Ryde intends to right these uncertainties and to increase
the size of these small cadastral pockets to much larger areas (say 600 m by 200 m), which
closely represents the portion sizes of Ryde’s first Crown Grants. Hand in hand with this street
re-definition goes the stable, reliable and long-lasting marking of the street fix.
KEYWORDS: Road marks, digital cadastre, street definition, subdivision.

1 INTRODUCTION TO A DIGITAL CADASTRE
Some of the first land grants in the Territory of New South Wales were in the Ryde district from
1792, along the northern shore of the Parramatta River (Figure 1). This map is essentially
Ryde’s first cadastre, consisting only of portion numbers, grant areas and names of the grantees.

Figure 1: Essentially Ryde’s first cadastre.
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How the original portion corners were first marked is unclear. However, some plans from the
early 1800s do mention stakes and trees. For example, the original boundary survey for the
Town of Parramatta, in 1834, described corners being indicated by stakes, trees, tree stumps
and natural features such as creek centreline, river bank and ridge line. Thus, parts of the early
cadastre had corners which were well fixed in the ground and unlikely to move. Obviously, the
margin of error was large (e.g. a tree with a diameter of 1 metre) when compared to today’s
wont to have corners defined to 10 millimetres!
The boundaries of these first grants became legally established through long-term fencing
occupation, and although the accuracy of their dimensions was suspect, they gradually acquired
modern survey accuracy by later survey (usually at a time of subdivision or Primary Application
after 1881-82). The placing of survey reference marks was the next step towards stabilising the
cadastre. Clearly, any reference mark cut in bedrock had a great chance of remaining rigidly in
the place where it was sited, and had the potential to lock down the cadastre and prevent any
movement of the cadastre (some background information can be found, e.g., in de Belin, 2017).
The placing of substantial marks such as stone alignment posts and concrete block reference
marks, followed by reference marks placed into concrete and a system of Map Grid of Australia
(MGA) coordinated marks on public record in the Survey Control Information Management
System (SCIMS), lulled the surveying industry into thinking that the cadastre would be locked
down and stable.
If the system of reference marks and SCIMS marks is stable, then it is a logical progression to
say that lot corners can be stable, and a further logical progression to say that the lot corners
could have unique coordinate values – a rigid digital cadastre – where corner re-instatement is
a straightforward and repeatable process. Whatever could go wrong?
2 HOW RIGID IS THE CURRENT CADASTRE?
It has been a practice in surveying to hide or leave any measurement differences and angular
ambiguities in the road reservation (for some background information, refer to, e.g., de Belin,
2015). This practice creates small pockets of cadastre which may be stable within themselves,
but do not tie well to other pockets. In order to achieve a stable cadastre over a large area, a
different approach needs to be taken.
City of Ryde is attempting to regain the streets, to reposition the streets into their original
intended position and then lock them into this position. Future surveys will then have a better
chance of achieving some conformity when it comes to street definition and subsequent lot
boundary definition. The City of Sydney has a consent rule where any street definition has to
conform to the City’s accepted definition. A plan will not proceed until complete agreement
and consent is achieved.
This paper focuses on two examples, each with a different development history, from two
different areas within the City of Ryde:
 Boyce Street, Ryde (Figure 2), a precinct 600 m by 400 m, comprising 290 lots.
 Eltham Street, Gladesville (Figure 3), a precinct 700 m by 700 m, comprising 374 lots.
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(a)

(b)

Figure 2: (a) 1943 aerial image of Boyce Street showing just 16 houses built, and (b) 2016 aerial image showing
the complete development.
(a)

(b)

Figure 3: (a) 1943 aerial image of Eltham Street, Gladesville, showing almost full development, and (b) 2016
aerial image showing the complete development.

2.1 The Precinct around Boyce Street, Ryde

In 1789, Abraham Payne was granted 60 acres of land as Portion 38. Almost 100 years later, in
1885, C.R. Scrivener placed stone alignment posts to mark the kerb lines in the three
surrounding roads: Twin Road, Quarry Road and Goulding Road (some background
information on alignment can be found, e.g., in de Belin, 2014). In 1924, 45 years after
alignment, Portion 38 (which had remained intact until then) was fully subdivided into two
Deposited Plans (DPs) by one surveyor (Figure 4). This land forms the precinct of Boyce Street,
Ryde.
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Figure 4: DP12670 and DP12999 (both 1924), which fully subdivided Portion 38.

DP12670 and DP12999 (both 1924) used those same stone alignment posts to define the
surround of the subdivision and to establish the land available for subdivision – an example of
street alignment occurring before the residential subdivision. The subdivision surveys in 1924
created seven new streets, whose boundaries were marked by the placing of concrete block
reference marks. Any original concrete block reference marks found can help establish the
streets in their original positions. The presence of a dense ring of established SCIMS marks (8
PMs and 11 SSMs) surrounding the precinct of Boyce Street, together with three already found
concrete blocks from 1924 (Figure 5), should ensure that the street fix is consistent. A further
bonus would be the finding by City of Ryde of any other remaining concrete block reference
marks, which are currently hidden by concrete footpaths. This task is about to commence. When
the subdivision is fully tied to MGA, it will be rigidly in place and each lot able to be safely
and fully coordinated.
Plans of survey presently lodged electronically with NSW Land Registry Services (LRS) via
LandXML must match with existing MGA. Some will say that streets are being fixed in the
modern day and are already tied to MGA, but just how reliable and consistent are these street
definitions? Since 1924 in the Boyce Street precinct, 22 DPs have appeared: 16 plans of survey
and 6 compilations.
Plans of survey up until 1997 maintained everything parallel and at right angles in accordance
with the 1924 subdivisions. Plans of survey in 2000 and 2004, however, introduced a swing of
30” into one street, which removed the parallelism. Admittedly, a swing of 30” does not amount
to much over a distance of 350 m (i.e. 50 mm over the length of the street), but it does set a
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precedent by making the streets no longer parallel. A further plan of survey in 2007 missed a
70 mm step (Figure 6) in Boyce Street altogether and joined end to end, while another plan of
survey in 2016 also missed this step and created instead a bend in Boyce Street of 1’ 10”.

Figure 5: Current cadastral map, showing 18 concrete block reference marks (3 found) and 19 SCIMS marks.

Figure 6: The diagram in DP12999 (1924), which shows that a 70 mm step in Boyce Street was created.
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Since 1993, in the Boyce Street precinct, 18 lots have been newly created or re-surveyed with
direct connection to the MGA system of coordinates (Figure 7). This translates to coverage of
just 6% in 25 years! At this point in time, the cadastre of the Boyce Street precinct is at risk of
having errors introduced across the whole precinct and these errors becoming established. City
of Ryde is in a commanding position to halt this propagation of errors, to re-establish the
original street fix and to complete the coordination of the remaining 94%.

Figure 7: Current cadastral pattern showing the 18 lots already connected to MGA.

2.2 The Precinct around Eltham Street, Gladesville

DP679 (1881) was a very early residential subdivision in Gladesville (Figure 8), where there
remains not a single original subdivision mark. It should be noted that no reference marks were
required to be placed in this period. This DP forms the basis of the precinct around Eltham
Street, Gladesville.
Nine new streets were created. Of particular interest at this point is that DP679 (1881) has some
serious, patent miscloses (Figure 9). All the bearings and angular relationships hold true, but
the distances display differences much greater than the order of accuracy indicated on the DP
(plan dimensions are shown to 25 mm).
Alignment plan H4-2110 (Figure 10) was requested by Council in the early 1890s. All streets
were aligned, with Pittwater Road (formerly Bridge Road) having a kink removed – an example
of street alignment occurring after the residential subdivision.
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Figure 8: DP679 (1881), showing the first subdivision pattern.

Figure 9: Two Sections of DP679 (1881), showing some discrepancies in dimension.
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Figure 10: Detail from Alignment Plan H4-2110 (1896).

A visit to State Archives was undertaken in order to obtain copies of the field notes of Surveyor
F.J. Gregson, who carried out the alignment survey H4 in 1892. The field notes (Figure 11),
which are very accurate, enabled plotting of where the stone alignment posts were placed.

Figure 11: Detail of Eltham Street alignment from F.J. Gregson’s field books (1892).

Two posts have survived (Figure 12 & 13). It is interesting to note that the stone alignment posts
in this case are reduced in size and weight from the big stone alignment posts of surveyor C.R.
Scrivener in 1885.
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Figure 12: Stone alignment post (1892) in Pittwater Road, last referred to on DP591763 (1977).

Figure 13: Stone alignment post (1892) at the intersection of Pittwater Road and Eltham Street.

It is also possible to re-establish the alignment of the streets by inspection of all the DPs since
1887. There are 34 plans of survey (mostly prior to 1957), which placed marks or referred to
monuments after finding pairs of stone alignment posts and using them to fix the street
boundary. Any of these marks which have survived until now can be used to help re-establish
the streets fixed by alignment. For some background information on re-establishing original
corners, the reader is referred to de Belin (2018).
In DP404545 (1957), the face of an old brick wall (now rendered) (Figure 14) was made a
monument for Eltham Street, which had been fixed from stone alignment posts found. In
DP416690 (1959), a roofing nail in an old brick fence (Figure 15) was placed on the Eltham
Street boundary after it was fixed from the same stone alignment posts. In DP370103 (1950), a
section of old concrete kerb and guttering (Figure 16) was made a monument for Cambridge
Street, which had been fixed from stone alignment posts found.
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Figure 14: Old brick shop in DP404545 (1957), which was related to the stone alignment posts found.

Figure 15: ‘Roof nail and cut’ in old brick fence in DP419960 (1959), placed after Eltham Street was reestablished using a pair of found stone alignment posts.

Figure 16: Section of very old concrete kerb in Cambridge Street, which was monumented (to the kerb line
between stone alignment posts) in DP370103 (1950) and has been used ever since for definition.
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Within and surrounding the Eltham Street precinct, 19 SCIMS marks exist (Figure 17).
Everything is in place: a set of established SCIMS control marks, which can be readily
supplemented! Since 1993, in the Eltham Street precinct, 50 lots have been newly created or
re-surveyed with direct connection to the MGA system of coordinates (Figure 18).

Figure 17: The current cadastral map showing positions of 18 SCIMS marks.

Figure 18: The current cadastre, showing the 50 lots connected to MGA.
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25 years of connecting surveys to MGA has resulted in only 13% of the lots in the Eltham Street
precinct being set up for coordination. City of Ryde is once again in a commanding position to
re-establish the original street pattern in the same place as the 1892 alignment survey, and to
complete the coordination of the remaining 87%. The opportunity now presents itself for City
of Ryde to place substantial, long-lasting marks to re-define each street and lock the streets into
the modern SCIMS control marks and therefore MGA.
3 IN COUNTERPOINT
In counterpoint, the task becomes more and more difficult as fewer and fewer of the original
marks or alignment marks are found. At Balaclava Road, in Eastwood, a precinct of 34 portions
was created in 1887 (Figure 19). No alignment survey was ever carried out and no original
marks have been found. However, some remnant boundaries are still evident in the current side
boundaries (Figure 20). Some background information on this approach can be found in de
Belin (2016). This will be a project for a later date, but it shows how surrounds of old streets
can enclose a large-scale cadastre which can then be tackled at one go.

Figure 19: Crown Grants, in 1887, of 34 portions in Eastwood.

Figure 20: Current cadastre of 277 lots and remnant portion boundaries in Eastwood.
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4 CONCLUDING REMARKS – MAKING A CADASTRE MORE RIGID
The most straightforward way to make a cadastre more rigid is to have an easily re-definable
and easily re-instatable street pattern. Pairs of stone alignment posts served this purpose of
providing reliable street definition for 70 years, until the late 1950s. Unfortunately, stone
alignment posts have disappeared en masse ever since.
After highlighting the differences which are being introduced into each precinct by a number
of different surveyors, the timing is right for City of Ryde to step in and redefine the streets in
the Boyce Street and Eltham Street precincts. This provides a chance to arrest the swings and
variations that are threatening to alter and destabilise the intention of the original subdivision.
The fact that so many of City of Ryde’s streets were connected to the original stone alignment
marks also means that the present cadastral pattern can accurately reflect the street boundaries
from the alignment surveys of 1885 and later. The alignment surveys effectively form an
accurate control network throughout that area of City of Ryde, which is not yet connected to
the MGA network.
The lack of alacrity in the coordination process and its tardy progress means that 25 years has
passed and barely 10% of the lots, and therefore lot corners, in the City of Ryde have connection
to MGA. SCIMS marks and other special control marks will play a vital role in controlling the
stability of the cadastre once the street pattern is fully connected to MGA. It would be good to
think that City of Ryde could achieve such control over its streets as City of Sydney has over
their streets.
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LandXML: Deposited Plans But Not As You Know Them
Martin Pundyk
Blairlanskey Surveys, Coffs Harbour
martin@blsurvey.com

ABSTRACT
LandXML is an alternative format for information shown in a Deposited Plan (DP), available
to surveyors for the lodgement of DPs with Land Registry Services (LRS). The format and
opportunity to lodge LandXML files has existed for about 5 years. However, it has not been
wholeheartedly adopted by the profession, with its current level of usage falling well short of
the expectations of LRS and DFSI Spatial Services. This presentation intends to examine the
possible reasons for this and to break down the LandXML concept into something that is
relatable to how we currently prepare Deposited Plans. By providing a pathway on how to get
started with LandXML, it is hoped to encourage the use of LandXML amongst the profession
when preparing and lodging DPs. LandXML is a game-changing development to the status quo
of DP preparation, and this presentation demonstrates the many and varied benefits it can
provide to surveyors. More information on this topic can be found in the 2017 student thesis
‘Software Ingestion of LandXML Files’ by Ahmed El-Kiki, available from UNSW at
http://www.sage.unsw.edu.au/Textbooks.
KEYWORDS: LandXML, Deposited Plan, export format, metadata, Land Registry Services,

DCDB.
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Nepean River Green Bridge (Yandhai Nepean Crossing)
Troy Dean
Roads & Maritime Services
Troy.Dean@rms.nsw.gov.au

ABSTRACT
The Nepean River Green Bridge (now known as Yandhai Nepean Crossing) is a new pedestrian
and cyclist bridge spanning the Nepean River between Penrith and Emu Plains. The bridge is
a steel truss with a 200 m span and is the longest pedestrian bridge in the southern hemisphere.
The geometry of the bridge is very complex and is approximately 800 tonnes in weight. It was
built and erected in a workshop in Newcastle where checks were performed on the structure to
ensure design specifications and tight tolerances were satisfied. The bridge set-out points on
the two bottom and single upper chords are inaccessible which required innovative ideas,
methodology and equipment. The bridge was initially tack-welded into position and due to the
width, height and length of the structure with respect to the workshop was assembled at 90
degrees to its true position. After the bridge had been surveyed for conformity, it was then
dismantled into large sections, transported to Penrith and for a second time re-assembled in a
workshop, this time in an upright position. The bridge has a series of punch marks (survey
reference marks) strategically placed in order to make the re-assembly quick and easy. The
bridge was tack-welded, surveyed for conformance, final weld performed and then
incrementally launched in sections using temporary supports placed in the Nepean River. This
paper focusses on the required survey work, which was high-precision, involved rotating survey
control and bridge design values about different x, y & z coordinates due to the bridge initially
being constructed at 90 degrees, and necessitated surveying, thinking and analysing in three
dimensions. The bridge was officially opened on 28 October 2018.
KEYWORDS: Bridge, precision, tolerance, assembly, conformance.

1 INTRODUCTION
The Nepean River Green Bridge (now known as Yandhai Nepean Crossing) was built by Roads
and Maritime Services (RMS) to provide a safe pedestrian and cyclist connection between
Penrith and Emu Plains, as well as a landmark structure with regional significance. RMS
partnered with KI Studio, BG&E and Seymour Whyte Constructions to meet these objectives
and deliver an iconic architectural bridge crossing over the Nepean River.
The main feature of the project is the 200-metre long Warren truss, which has the longest
unsupported span for a shared-path bridge in Australia. This truss was built by assembling prefabricated sections on one side of the river and then progressively launching them over
temporary piers in the Nepean River by the ‘node-by-node’ incremental launching technique.
This construction methodology was extremely innovative as it was the first time this form of
incremental launching had been used in Australia.
This paper outlines the design, construction and surveying challenges that presented themselves
at various stages and were resolved through collaboration and expertise of the project team. The
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Nepean River Green Bridge was successfully opened to the community on 28 October 2018,
with this world-class piece of infrastructure welcomed and now under constant use from the
people of Western Sydney (Figure 1).

Figure 1: Nepean River Green Bridge design.

2 FABRICATION AND CONSTRUCTION OF THE BRIDGE
The actual manufacture and construction of the steel truss was a 2-staged process, which is
outlined in this section.
2.1 Stage 1: Tomago

The fabrication of the structural steel components was undertaken by Civmec at their Tomago
(Newcastle) Engineering Facility for a ‘trial fit’. This trial fit was basically manufacturing and
then constructing the steel truss bridge (tack or pre welding) to ensure the strict spatial
tolerances were achievable. After conformity, the structural steel of the bridge would be
dismantled and delivered in 8 bays – 25 m long by 8 m wide. Each bay was split by the bottom
floor and top truss due to height restrictions, supplying the complete bridge in components
(Figures 2-4).

Figure 2: Manufacturing of top and bottom chords/bays. These we surveyed to ensure correct lengths and grades.
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Figure 3: Bottom and top chords/bays lifted into their correct horizontal and vertical alignments. These
alignments were positioned by survey. Inter-connecting bays at this stage were only tack/pre welded together as
a part of the trial fit.

Figure 4: Diagonals being craned into position with the aid of survey and then being tack/pre welded together
ready for conformance surveys.

Stage 1 was really aimed at determining whether the bridge could be fabricated to design
specifications. The spatial tolerance for each bay in accordance to the bridge designer was
“think of the size of a pea”. This was even more difficult to achieve when taking into account
that the trial assembly was performed during the winter months when temperatures dipped as
low as 2ºC and welding of the structural steel components resulted in shrinkage and pipe
distortions. In addition, critical points of interest were inaccessible, the physical work
environment was very restrictive, working at heights of approximately 9 m above the ground,
and dealing with a communication barrier between workers.
2.2 Stage 2: Penrith

Once in Penrith, the final bridge section re-assembly took place in a 65-mtere long and 15metre high purpose-built workshop, which included two brand new 20-tonne gantry cranes and
engineered collapsible access platforms 12 m high. After the re-assembly and conformance of
each bay, which was a very meticulous process for the bridge fabricator and surveyors, the
bridge was painted and progressively launched across to the western side. Temporary piers were
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installed while the bridge was being moved to its final position (Figure 5).

Figure 5: Using temporary piers to progressively launch the bridge across the river.

During the entire build, surveyors had the task of ensuring the unique and complex geometrical
design was constructed to strict 3-dimensional spatial tolerances. In addition to the obvious
environmental constraints, such as large temperature variations and strong winds, the physical
barrier of the Nepean River and working at heights also made the process that much more
difficult to manage. A successful outcome was achieved by working in collaboration with all
stakeholders, having the ability to solve complex problems in a relatively short period of time,
consultation, utilising latest surveying equipment, employing basic surveying principals,
improvising and always taking into consideration atmospheric corrections to correctly apply
the thermal coefficient linear expansion of steel.
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3 SIZE, CONSTRAINTS AND COMPLEXITY OF THE PROJECT
The Nepean River Green Bridge main span has a length of 200 m, truss width of 8 m and height
of 13.5 m. With the Engineering Workshop Facility in Tomago only being 120 m long and 10
m high (i.e. the bridge is longer and higher than the workshop), an innovative approach to the
assembly of the bridge was required. Because the horizontal and vertical bridge alignments
were symmetrical, it was decided to construct the bridge in two sections longitudinally.
Bays 1-5 along the bottom two chords and bays 1-4 along the top chord was section 1. After
truss fabrication and 3-dimensional conformity the bridge was dismantled, sent for painting and
transported to Penrith for re-assembly. Section 2 consisted of bays 5-9 along the bottom two
chords and bays 4-8 along the top chord. To make this 2-staged process a little more difficult,
the truss had to be constructed on a rotation of 90 degrees so that it would fit into the workshop.
The re-assembly in Penrith was performed with the truss in the upright position.

Figure 6: Assembly sequence of nodes/braces into the final jig.

The main bridge facts are (RMS, 2019):
 Main span length – 200 m.
 Overall bridge deck length – 257 m.
 Overall length of shared path – 455 m.
 Truss width – 8 m.
 Truss height – 13.5 m.
 Steel tonnage of truss – 485 t.
 Steel tonnage of deck – 240 t.
 Bridge total tonnage – 800 t.
The enormity of the project becomes clear when a scaled cross section of the bridge is produced
(Figure 7). The top chord diameter is 1450 mm with the bottom two chords being 750 mm. The
thickness of the steel varied from 25 to 40 mm.
Due to the width of the bottom truss/bays, heavy haulage permits from Tomago to Penrith had
to be organised well in advance of the scheduled delivery dates. These dates formed part of the
critical path for delivery of the structural steel components to Penrith. The estimated cost of the
bridge was $49 million.
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From a surveying perspective in terms of just the steel truss, the points of interest referencing
all of the individual components together were the ‘nodes’. There were nine nodes along each
bottom chord and eight on the top chord. In total, there were 26 nodes requiring positioning to
a very high precision (Figure 8).

Figure 7: Scaled cross section of the bridge (indicative only).

Figure 8: Diagram illustrating The Nepean River Bridge.
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The complexity associated with surveying, calculating, coordinating and positioning the nodes
was that they were a point in space that could not be accessed. They were actually the centre
point on the inside of intersecting tubular steel (Figure 9a). In addition to positioning these node
‘reference points’, it was critical that the butt joins connecting each node exhibited little to no
deflections. The butt joins where located mid span between each node (Figure 9b). For the truss
to maintain its structural integrity, it was paramount to have these joins within millimetres of
the horizontal and vertical alignments.
(b)

(a)

Figure 9: (a) Node positions are the centre point of the intersecting chords, and (b) butt join alignments were
critical and difficult to survey due to accessibility (here the join is being tack welded together).

4 METHODOLOGY
Node positions were calculated and verified by surveying the outside of pipes (measuring the
circumference, dividing the pipe into equal quadrants and locating accurately by EDM),
creating pipe centrelines and extrapolating lengths until a common chainage was reached
(Figure 10). Through trial and error, it was concluded that intersecting lines on flat grades
produced large error ellipses which rendered the technique not viable for this project.

Figure 10: Diagram illustrating indicative field observations on the bottom truss bay.

Calculating the position of a single node to the highest possible accuracy was difficult and time
consuming, taking a minimum of 13 EDM recordings. A chord that was elevated to between 4
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m and 9 m above the ground (which was two thirds of the time) often required measuring with
a hidden point tool. When measuring to a hidden point tool, three measurements at a time would
be required. Therefore any recorded measurements to the hidden point tool would increase the
number of observations, measurements and time required.
Figure 11 illustrates that taking a measurement on top of a pipe suspended 4 m or higher above
the ground required problem solving skills. It was impossible to see directly onto the top of the
pipe, and due to obstacles and safety, accessibility was very difficult. Holding a ranging pole
vertically and record accurate measurements safely was next to impossible. The hidden point
tool (Figure 12) became invaluable in this situation.

Figure 11: Taking a measurement on top of a pipe suspended 4 m or higher above the ground.

Figure 12: Hidden point tool in action.

Once a node position was calculated and verified, punch marks were strategically placed on the
steel truss as close to the node as possible, which. These punch marks acted like ‘survey
reference marks’ and became critical to the project. Whether located in Tomago or Penrith,
once all nodes had been surveyed and referenced, a single measurement to a punch mark could
provide a report on the 3-dimensional node position after applying the referencing details.
However, as more and more pipes were being added to the truss, punch marks started to be
destroyed (Figure 13) – just like traditional survey marks! It was therefore necessary to
continuously monitor, upgrade and replace marks.
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Figure 13: Adding pipes to the truss caused punch marks to be destroyed.

Other interesting complexities were encountered during the trial fit at the Tomago Engineering
Facility Workshop. One of the first was that the 90º rotation of the bridge required us to
transpose the y & z coordinate values. With regards to the bridge centreline, offsets now became
heights and the bridge vertical alignment became offsets. Fortunately, the bridge rotation had
no impact on chainage values.
During the fabrication and assembly of the steel truss in Tomago, even though the bridge was
on a 90º rotation, the geometrical properties were still correct as the truss was being supported
at multiple points throughout. However, after the bridge was launched and mid-supports were
removed in Penrith, the design truss geometry was under ‘self-weight’ supported permanently
at bearings. The difference in node position between the ‘two’ bridge design positions was in
the order of 120 mm in length and 500 mm vertically.
Figure 14 illustrates the visual difference between the ‘weightless’ and ‘under self-weight’
bridge geometry. In order to determine the weightless fabricated node geometry that was used
to perform the set-out work in Tomago, pre-camber offsets had to be applied to the under selfweight design truss node values. Extreme care was required in performing these calculations
because pre-camber values were sometimes positive and sometimes negative.

Figure 14: Visual difference between the ‘weightless’ and ‘under self-weight’ bridge geometry.
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After the trial fit in Tomago, the complexities of the project grew exponentially during the
Penrith re-assembly phase. There was a period when the trial-fit on the second half of the bridge
was performed in Tomago, while also assisting with the set-out and conformance surveys of
the re-assembly process in Penrith. Travelling between the two site locations on a good day
takes about 3 hours. Each location had to be treated vastly different. With respect to the
Engineering Facility at Tomago, the bridge was rotated at 90º and on an assumed datum. In
Penrith for the re-assembly, the bridge was upright and on Map Grid of Australia (MGA)
orientation with Australian Height Datum (AHD) elevations. Successfully managing this
process required excellent communication, storage of spatial data capture and concentration.

5 TRUSS RE-ASSEMBLY IN PENRITH
It was clear that the first re-assembly would be the largest, most difficult and completely
different to the ensuing six launches. With the assistance of survey, nodes 1, 2 & 3 on both
bottom chords and top chord nodes 1 & 2 were configured in accordance to reference nodes
and data logs recorded in Tomago from the trial fit. In order to hold the truss in a temporary
fully supported position with ‘weightless’ geometry, the bridge required tack welding in
strategic positions. This stage was referred to as a ‘pre-weld’ survey.
In order to re-position the nodes, our reference/punch mark values derived in Tomago were
utilised, now rotated upright (Figure 15 & 16). To take advantage of optimum temperature
conditions, RMS performed critical survey measurements of nodes and butt joins in the very
early hours of the morning. It took around 2 hours to record approximately 15 precise
measurements because accessibility in the purpose-built workshop was slow and difficult.
Extreme care was taken for all surveying activities to ensure accurately recorded measurements
were taken on every occasion.

Figure 15: Diagram highlighting the seven different staged launching sequences.
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Figure 16: Re-assembly process.

Once the vital points of interest were located and recorded in the workshop, the computations
commenced. This was another 2-hour process, made all the more difficult due to the pressure
of not being able to perform pre-calculations. During this first re-assembly extreme difficulties
were experienced in performing the office-based calculations. This was largely due to the
purpose-built workshop floor being constructed on a 3% grade to assist with the launching
process. Therefore the truss and floor were on a skew to one another, which significantly
impacted chainage lengths and Reduced Levels (RLs). This constraint also impacted the design
node values, which had to be re-calculated.
After discovering that computer-aided design and drafting (CADD) software 3-dimensional
transformation packages did not always yield correct results, a plan was devised to use a
combination of vertical angles calculated long-hand along with 3-dimensional CADD package
transformations. This process had to be performed after each set of observations. After every
node survey, these calculations had to be performed.
If the nodes and butt joints were not within tolerance, we would advise and assist with the truss
re-alignment. This process could take as little as 2 hours or up to a day. If the truss geometry
was within a 5 mm tolerance, a report would be sent to the bridge designer for his concurrence
and release of the hold point. Upon hold point release, all of the truss tack welds would be
progressed into final welds. The process of moving from a ‘pre’ to ‘post’ weld stage took about
3 days. Truss movement was continuously monitored until conformance was achieved. It was
absolutely critical that a ‘post’ weld survey be performed in the early morning prior to the bridge
being launched. After each successive launch, the bridge running chainages, offset position and
heights would be lost. We could only then deal with absolute positions, which were calculated
from the ‘post’ weld survey results. The staged process of moving from pre to post weld
including the release of hold points and launch was an intense 2-week period.
Re-assembly of stages 2 through to 7 was a comparable process. Stage 2 involved positioning
bottom nodes 4 and top node 3 into the back of the workshop and re-assembly from data logs
recorded in Tomago. Positioning these three new nodes could only be done by using the
immediate three preceding nodes. That is, determining the position of new bottom nodes 4 and
top node 3 could only be done from existing bottom nodes 3 and top node 2. Each node in
section view would form a triangular shape (Figure 17a). Therefore, to position a new ’triangle’,
one could only use the immediate adjoining one that had already been completely welded.
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Figure 17b illustrates that as the bridge was being progressively launched, the nodes being
supported would vary due to the vertical alignment.
(a)

(b)

Figure 17: (a) View of triangular shaped truss being re-assembled in sections, and (b) nodes being supported
during launch vary due to the vertical alignment.

During the truss re-assembly, very minor corrections had to be applied to achieve conformance.
For example, when setting out bottom node 5 right-hand-side, we took into consideration the
‘post’ weld position of bottom node 4 right-hand-side. The chainage on node 4 was 3 mm short,
height was -3 mm and alignment good. These values theoretically could not change irrespective
where the bridge was positioned after launching. Therefore, the position node 5 was set out
after taking into consideration corrections for temperature and weld shrinkage was a few
millimetres longer and a few millimetres higher with no adjustment to alignment. The ‘post’
weld results for node 5 were 1 mm long, height -1 mm and alignment good. Continuing to apply
this method of corrections throughout the re-assembly process proved to be very successful.
By utilising the latest surveying theodolites and traditional surveying techniques, real-time
results were provided on a very complicated project. Being able to assist, guide and provide
information in real time on a construction site in a pressurised environment is paramount, hence
the reason for using traditional equipment. As an independent sanity check, nodes were often
scanned to verify the conformance reports (Figure 18). The scanned results provided excellent
comparisons often to within millimetres to the values determined by conventional means.

Figure 18: Scanned image of a node.
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6 OTHER CHALLENGES THAT HAD TO BE OVERCOME
The unexpected difficulties associated with the seven re-assemblies and their subsequent
launches in Penrith caught everyone by surprise. Although the purpose-built workshop
provided a controlled working environment to a certain degree, during summer indoor
temperatures frequently exceeded 40ºC. Even the temperature variation in the workshop
between working at ground level and at an elevation of about 13 m was quite profound. As the
bridge propagated into direct sunlight, the temperature effects on the expansion of the steel truss
were extraordinary. There were times when the steel truss reached temperatures of 55ºC.
With these extremely high summer temperatures, the expansion of the steel truss was so
significant that it actually started to distort out of its true geometrical shape, even after being
completely welded. The uncertainty in these circumstances was how consistent can the linear
thermal expansion of steel be applied? A 20ºC temperature variation over the length of a 25 m
bay is equivalent to approximately 6 mm in length. Taking this into consideration and
remembering that the thermal expansion of the truss will occur 3-dimensionally (Figure 19),
trying to achieve this spherical (pea size) accuracy of 5 mm was becoming more and more
difficult to achieve. Another factor that required consideration was the further away from the
standardised 20ºC temperature critical surveying measurements were performed, the least
confident or accurate the corrections for the linear thermal expansion of steel became.

Figure 19: Diagram illustrating that thermal expansion is 3-dimensional.

In order to compensate for temperature variations, derived scale factors had to be applied. The
ideal strategy we devised to counter-act the effects of temperature was to perform critical
surveying set-out and conformances in the early hours of the morning. The RMS Hunter Survey
Team would travel to Penrith during the evenings in order to commence surveying activities
the next morning at 2 am. Having these early starts provided the best opportunity to have (1)
little to no temperature variations during surveying, and (2) the optimum ambient temperature
of 20ºC, therefore eliminating the need to apply scale factors.
In conjunction with temperature, another significant environmental factor to consider was wind.
The bridge orientation is in an east-west direction spanning over the Nepean River. During the
summer season, numerous strong southerly changes were encountered which would funnel up
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the river at high velocity. These strong winds would deflect the bottom chords to the north by
as much as 40 mm. This value is significant, considering that any deflection values greater than
5 mm were considered non-conforming. As a result of these large deflections, the truss
geometry would distort and twist, providing false chainage values in particular. To counter-act
these significant distorted values, effective communication, forward planning, an eye on the
weather forecast and very early morning starts were required at all times. Early mornings not
only enhanced optimum environmental conditions, but also provided minimal worker on foot
movements on and across the bridge. Despite the truss rigidity, a worker walking across the
bridge would hinder our ability to record precise measurements due to vibration and movement.

7 CONCLUDING REMARKS
This paper has outlined the numerous surveying challenges encountered during the fabrication,
construction and launch of the Nepean River Green Bridge (Figure 20), which was officially
opened on 28 October 2018 and is now called Yandhai Nepean Crossing. In undertaking this
project, many difficulties were encountered, which required an elevated level of problem
solving skills and technical excellence to overcome.

Figure 20: Construction of the Nepean River Green Bridge.
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A summary of these challenges is provided here:
 Working at two locations approximately 200 km apart on different coordinate systems and
performing completely different tasks.
 Positioning a reference point (node) 3-dimensionally that could not be physically accessed.
 Rotating coordinate values, mainly the y & z components for the trial fit at Tomago where
the truss was rotated at 90 degrees.
 Collaboration with the large number of diverse stakeholders.
 Working in confined and restrictive areas, at heights and above a river.
 Dealing with temperature variations exceeding 40ºC and applying scale factors.
 Weld shrinkage and distortions.
 Surveying the truss, girder, decks, bearings and structures to millimetre precision on every
occasion at all hours of the day/night.
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ABSTRACT
Sydney’s mega-projects demand increasingly more from surveying, monitoring, navigation
systems and other technologies. NorthConnex is a 9 km long series of twin-tube road tunnels
in Sydney, NSW, currently under construction by the Lend Lease Bouygues Joint Venture. This
paper outlines how a variety of clever and effective systems have met the challenges of data
management across a project of this scale. On NorthConnex, there are a multitude of examples
of how things are being done in new ways. Surveying systems are being challenged by such
large projects: both in the checking of and dissemination of design data, but also in the capture
and processing of as-builts and monitoring data. Private mobile communication networks and
underground WiFi systems are the end-point in supporting many initiatives, and there are many
yet to be realised by such an open and well-adopted platform. Navigation and machine
automation systems drive these tunnels ahead. Such systems now move the machine hardware
and the navigation systems even closer, providing an ideal platform for machine control and
integrated data capture. Today, underground crews can capture data in the tunnel and perform
processing and checks of the data with a few clicks, then approve and send the data to office
teams instantly.
KEYWORDS: Tunnelling, monitoring, 12d Model, automation, navigation.

1 INTRODUCTION
NorthConnex is a 9 km long series of twin-tube road tunnels in Sydney, NSW, currently under
construction by the Lend Lease Bouygues Joint Venture (NorthConnex, 2019). The tunnelling
portion of this project involved, at its peak, the use of 20 road headers for tunnel excavation (a
record in Australia at the time). For most of the construction period, all these machines were
used simultaneously and operating on a 24/7 schedule, requiring a correspondingly high amount
of construction survey support for set-out, as-built, conformance and much more.
In addition to the tunnelling, other construction activities include the project’s northern and
southern interchanges, comprising 3 km of roads and multiple bridge widenings. As such, the
project requires the creation, capture and verification of an extraordinary amount of design,
survey, deformation monitoring and construction work, under constant time, cost and quality
pressures. This paper outlines how a variety of clever and effective systems have met the
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challenges of data management across a project of this scale.

2 THE CHALLENGE OF MEGA TUNNEL PROJECTS
2.1 Survey Data Management
2.1.1 Survey Specifications and Quality Assurance

Adherence to survey specifications (e.g. G71 Construction Surveys – see RMS, 2018) and bestpractice procedures by large-scale civil contractors has traditionally been quite low. NSW
Roads and Maritime Services (RMS) has recently indicated that it is taking a hard-line approach
to the way surveying is managed on projects and committed itself to conducting more extensive
and frequent audits. NorthConnex, as a large, high-profile project, was held to a high standard
of quality assurance and adherence to the specifications, requiring innovative solutions in
survey procedures. Traditional surveying practices and workflows would not meet those needs.
2.1.2 Survey Teams

Due to the size and scope of the project, up to 75 surveyors were required at peak periods. These
surveyors came from a wide range of backgrounds with high variation in:
 Survey coding standards (if present at all).
 File and model naming conventions.
 Data management procedures (formal or otherwise).
 Skill level and experience.
 Minimum levels of acceptable quality.
The project needed to adopt novel ways of managing a diverse survey workforce to ensure a
consistently high-quality and time-efficient output.
2.1.3 Field Procedures and Survey Deliverables

Management of design and survey data has traditionally been quite poor and of an informal
nature on even the largest infrastructure projects. Design information is often poorly controlled
once issued, with surveyors and others having various revisions, sometimes out-of-date.
Furthermore, such design information is rarely controlled or handled in a way to prevent
unauthorised alteration, allowing users to modify critical design information (deliberately or
accidentally).
Building 3-dimensional models for set-out is often left to the surveyor, with inconsistent
methods, results and occasional double-handling all typically present on projects, regardless of
size. Centralised storage and consistent distribution of survey control was noted as being one
of the most important objectives of this work. Similarly, field information is usually stored on
the local drive of field tablets, offering poor data security and infrequent, unreliable or totally
absent backup of a project-critical resource. There exists no consolidated, authoritative source
of design or survey data from which to build, create important project documentation or act as
a reference source-of-truth for the project. Figure 1 shows the challenging environment in which
survey teams are required to execute their tasks.
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Figure 1: Bolting, grouting, survey as-builts and convergence monitoring in close proximity.

2.2 Monitoring Data

A complex monitoring program was developed within the design documentation for
NorthConnex. From a survey perspective, significant responsibility existed for the regular and
reliable collection of tunnel convergence data by manual means. Similarly, surface monitoring
arrays above tunnels in low cover areas or near third-party assets required regular measurement
in difficult-to-access environments.
A multitude of automated systems was required to manage accessibility, safety, resource
limitations and notions of real-time, continuous data collection. Requirements for disseminating
the data to engineering teams and Permit To Tunnel meetings (PTTs) were regular and
voluminous.
2.3 Navigation Systems

Data for road headers and bolters had to be prepared, checked and distributed to multiple sites,
with multiple machines on each site. Many impediments to this exist:
 Multiple machines.
 Changing plans by site teams.
 Multiple machine geometries need to be considered.
 Keeping data held by survey teams synchronised with that on the machines.
 Keeping both above in sync with changes to excavation class.
Figure 2 illustrates the proposed construction methodology and technology systems.
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Figure 2: Proposed construction methodology and technology systems.

3 MEETING THE CHALLENGE
A strategic instrumentation and software plan was developed to base all survey work on a single
platform of high-end ruggedised field tablets running 12d Model software with 12d Field
exclusively used during the construction phase. This was recognised as being the ‘beating heart’
of the survey system upon which all other decisions would be based.
3.1 Survey Data Management
3.1.1 Distributed Data Model

A single, consistent platform allowed for efficiencies to be gained from streamlining of training,
support, customisation and procedures whilst still being able to cover all the needs of the
surveying function. The adoption of such an approach allowed for the seamless and traceable
transfer of rich data amongst the survey team.
3.1.2 Centralisation of Data Storage and Processing

In order to simplify the management, control and issue of the large amount of survey data, the
concept of a Central Data Model (CDM) was created. The CDM comprises 12d Model projects
for design, survey, utilities, tunnel, imagery, cadastral and survey control marks.
Customisations for 12d Model, 12d Synergy, third-party software, help documents and training
tutorial videos were also stored in the CDM. Each aspect of the CDM can then be further split
to allow for finer control, easier management and the future size of the projects.
Primarily, the CDM provides:
 A single, centralised source of truth for all data.
 A secure, managed, version-controlled and backed-up source of field work and design data.
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A formal, consistent workflow for data management on the project.
A live, as-built model of the entire project, assembled as surveys are completed, rather than
the traditional method of building an as-built model at the end of the project.

3.1.3 Customisation of 12d Model and Field Processes

The entire 12d Model was customised to best suit the project requirements and streamline
workflows. Providing a consistent interface across the project helps a diverse survey workforce
provide identical outputs, regardless of skill level. All field work processes were reviewed to
allow for:
 Easier use (i.e. touch-friendly, small-screen-friendly) on field tablets, e.g. using tick boxes,
minimising typing and automatic population of fields.
 Compliance with survey-specific quality standards (RMS G71 Construction Surveys) and
providing an audit trail for all data.
 Standardised naming conventions, inputs and outputs.
 Off-line use (i.e. with no network connectivity).
As an on-going process, the project goal is to have the surveyor in the field as much as possible,
being able to produce and deliver reports, plots and calculations, and make assessments without
leaving the site. Processes are continually reviewed based on surveyor feedback and assessed
against key performance indicators. Any future enhancements can be automatically delivered
to all surveyors, allowing for productivity gains to be realised immediately.
Although the NorthConnex project is unique in being one of the first projects in Australia to
have a WiFi network available in the tunnels, all field procedures and processes have been
developed on the worst-case assumption that no network connection will be present.
This presents unique problems and requires innovative solutions in providing the surveyor with
the most up-to-date design and survey information to build and also receiving data collected in
the field. Solved through the adoption and customisation of 12d Model and 12d Synergy
software, our selected solution performs the core functions required for this project.
3.1.4 Survey Specification and Quality Assurance

All submitted field work data has an assigned quality class, reflecting its adherence to the
requirements of the RMS G71 specification (RMS, 2018). When exported, a report file
summarises the submitted data, including how and why it met or failed the specifications and
the quality class assigned. This provides the user with immediate feedback as to the quality of
their survey, allowing them to correct or redo their survey to meet project requirements, before
it is reviewed by managers. This quality class record travels with the submitted data as it travels
through the survey workflow. At each step, various macros and processes add extra data to
record the progress and actions taken at each step: export, post-processing, review, approval or
rejection and, finally, import into the CDM. This provides an extensive and thorough audit trail
that successfully meets the RMS and project quality requirements with no extra effort required
from surveyors or managers.
By automatically assessing data for quality standards, the review process by managers is
streamlined and greatly improved. The corresponding reduction in time spent managing and
reviewing data means that more time can be spent on other, more important aspects of surveying
for the project. Assessment of the quality of surveys also allows managers to identify
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deficiencies in training or skills and provide remedial training, action or revise processes.
3.1.5 New Features and Innovation

This project has contributed to the development and testing of new features and functionality
for multiple contributing suppliers. It is leading the industry on many such features, including:
 Tunnel scans (using Leica’s MS50 instrument).
 Tunnel set-out, including from trimesh objects.
 Tunnel conformance plots and reports.
 Tunnel definitions on alignments.
 Conformance analysis and assessment on scans using ‘heat maps’.
 Management of point cloud data.
3.2 Monitoring
3.2.1 Monitoring Point Density

In its peak implementation on the project, rail monitoring points were installed at a density of
2.4 m on each rail for approximately 150 m in the North Shore rail corridor. Three Leica TM30
total stations provided monitoring datasets every 2 hours, with the ability to be triggered for
continuous measurement if required. Track monitoring calculations take observations to
approximately 400 monitoring prisms and covert them to over 1,000 virtual measurements,
which are consistent with Sydney Trains monitoring limits for top, line and twist.
The choice of monitoring target shows that not all technology is found in silicone and software.
Behind all survey data are the measurements themselves, and their integrity. The KODABlock
track monitoring target (Figure 3) was pioneered for, and tested on, the NorthConnex project
based on expectations of (1) a long monitoring period, (2) extremely close scrutiny of data, and
(3) likely interactions with track maintenance and construction crews. The outcome was
extremely successful in that (1) the target system was installed quickly and safely, and (2)
despite damage to the mounted prism by various sources (including tamper machines), the block
itself remained in place and allowed simple replacement of a new prism to within ±1 mm of the
previous mark.

Figure 3: KODABlock track monitoring target.
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3.2.2 Storage and Management of Data

All monitoring data for the project is stored within the Kronos Instrumentation and Monitoring
Database (KIMDB) system. The KIMDB system features a Microsoft SQL Server database and
a desktop and web client for management and viewing of data.
The KronosCollect data format specification provides a clear, outward-facing interface for the
easy uploading of data directly into the system. For example, this allowed the convergence
monitoring data from field tablets to be exported directly to the ‘3D_MR’ data format and
directly loaded into Kronos via FTP continuously as new files were generated.
3.2.3 Assess and Approve

Convergence monitoring is a tunnel construction process, which identifies settlement or
straining of newly constructed tunnel for the purposes of design verification and safety. Many
methods exist, but commonly survey targets are anchored through the tunnel shotcrete lining
into the excavated rock and regularly measured via total station techniques.
Very soon into the excavation phase of the project, the survey management teams realised the
importance of standardising even further the workflows for tunnel convergence monitoring.
Several problems emerged, including (1) small errors in point naming meaning that data was
either allocated to incorrect points or not at all, and (2) surveyors were nervous about blindly
loading data into the KIMDB based on no knowledge of previous movement or whether marks
had been disturbed by construction activities.
To this end, a macro-driven application was developed that allowed a direct connection to the
KIMDB. This allowed (1) automatic fixing of point names, (2) semi-automatic assessment of
new measurements against previous trends, (3) proper establishment of new monitoring points,
and (4) submission of data directly from the tunnelling face. In doing so, ownership of the data
collection process was maximised before data was made quickly available to other disciplines.
3.2.4 Reporting

Extensive, regular reporting requirements existed for all monitoring data. Primarily, the reports
are used as incoming information for PTTs, based on which decisions about the next phase of
construction can be made. In most cases, these meetings are held daily, with monitoring data
reports forming part of the permanent record for the project. As such, the accuracy, clarity and
timeliness of generating of these reports is paramount to project success.
The KIMDB features an extensive automated reporting system in which packages of PDF
reports are templated, grouped and executed at required intervals. Reporting templates are
standardised based on common tunnelling workflows and based on the various different types
of survey, geotechnical and monitoring data available.
3.2.5 Managing Monitoring System Deployment

Frequently overlooked with monitoring system deployments are a few key considerations that
would assist with the management of systems:
1) Mechanisms often do not exist for the reassessment of monitoring requirements based on
design changes or new information about geology, in-situ objects or third-party assets
found. Often it is easy to do more than is specified, but very difficult to do less. Sometimes
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the purpose of monitoring is vague, which hinders the ability of experienced professionals
to apply their skills to the task at hand. Furthermore, often the method of monitoring is
directly specified, rather than the purpose. Adding in the purpose (or intent) would allow
alternative systems to be considered that would achieve the same objective.
2) Mechanisms for ceasing monitoring are often poorly defined, and as such, responsible
parties are not confident in doing so. Similarly, well-defined mechanisms may exists, but
people involved at the establishment of monitoring no longer fill the same roles, leaving
new occupants hesitant to easily follow through the process.
The outcome of both of these scenarios is that a lot of work is completed that has no engineering
merit.
3.3 Navigation
3.3.1 Large Number of Machines

The challenge of the large number of machines (20 road headers and 13 bolters) is slightly
reduced by the division of the project to four main tunnelling sites which, for most of the
construction period, remain unlinked. As such, the complexity of the data management task can
be reduced.
Synchronisation of construction data across construction machinery and survey tablets is driven
by the non-standardised environment in which changes to the data may be generated. Changes
to the construction data model may be generated by (1) the PTT process in which a change of
rock class is needed, i.e. changing the size of the tunnel and the bolting pattern dimensions as
draped over that design tunnel, (2) changes of the construction phase in which benches are
advanced and transitioned up to the top heading height, and (3) changes of the road header type
which has different cutting heights, requiring changes in bench heights.
Bolters, while standardised in size and type on NorthConnex, are the most mobile of machines
and are shared, generally, between two faces, but often more. As such, bolters require
synchronisation with all relevant data in the area they are operating. An additional complication
is that bolters often spend more of their time disconnected from the tunnel WiFi network while
travelling or parked up and powered down.
Not all of these challenges were elegantly addressed, but ideas arising from these challenges
currently form the basis of new ideas ready for implementation in 2019’s new projects.
3.3.2 Construction Data

Conversion of design data to a constructible model for distribution to road headers and bolters
comprised a significant full-time role. Initially, while the number of machines was low and
systems were being developed, this remained a centralised role. Eventually, as the task both
grew and matured, this was distributed out to the site survey team leaders.
The task of creating the constructible model for tunnelling machines requires the
implementation of transitions, temporary headings and benches. In many cases, preparations
need to be made for multiple rock class types. The generation of the constructible tunnel model
is generally guided by the inherent characteristic of the navigation system software. On
NorthConnex, this posed some limitation when the bench definition method was not optimised
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for handling frequent, complex changes as required by ramps and difference in machine reach.
Conversely, the supplied system provided some market-leading ideas. Worth mentioning is the
advanced profile transitioning process (Figure 4), which provided techniques for creating and
validating complex transitions in an easy-to-use desktop software package. Traditional methods
required one-to-one element relationships to exist from one profile to the next, often requiring
some pre-planning and a skilled user to implement in complicated situations. With the supplied
software, many-to-many profile transitions were able to be managed easily and accurately.

Figure 4: Advanced tunnel transitioning method and interface.

4 FUTURE APPROACHES
Lessons learnt are inevitable on projects of this size, length and complexity. The approaches
mentioned in this section feature in the systems developed for, or currently in the bidding stage
for, 2019’s new road tunnelling projects.
4.1 Management Approaches

One needs to be prepared to implement systems which are flexible and acknowledge the stage
and maturity of the project. Initially, when underground communications systems are either not
present or not fully implemented, the idea of carrying full datasets is relevant. Then, when
projects develop, and it is possible to rely upon communications networks, benefits are seen in
a more on-demand approach in terms of the area of work, but also the task involved (e.g.
monitoring data only when performing convergence readings). It is also important to
acknowledge how new or developing systems can challenge the experience of specialist tunnel
survey contractors.
4.2 Reactive Construction Model

Concepts have been developed to provide real-time design at the construction face. Distribution
of the data is via site IP networks, often held at edge devices in key locations underground. By
implementing such systems, the project can expose simple methods for changes to be made
without the exhaustive delays surrounding communications delays, approvals, implementation
and then distribution of the data. The responsible party makes changes to the design using a
simple interface and the changes are version-controlled, and reflected to road headers
immediately. Bolt patterns are re-generated and then distributed to bolters whenever they are
nearby and require bolt patterns to work.
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This approach potentially creates a liability of having to preconfigure all possible future options.
Optimising this process should be possible based on expected ground conditions. Looking
further ahead, approaches for even further parametrising profile data may simplify the
definition of many rock class types.
4.3 Volume Logging

Traditionally, excavation progress is tracked via ‘maximum face chainage reached’. This can
have limitations, least of which are (1) varying face size, and (2) uneven or curving faces. This
means that in many cases the amount of work done is vague, or incomparable to other work
areas, or is simply inaccurate. Properly assessing the true productivity of different teams and
machine types becomes difficult when faced with this.
Enhanced representations of construction progress are possible through volume logging. Such
approaches are not intended as a replacement for survey-grade as-builts, but instead as a
valuable spatial output with sufficient accuracy for project management purposes. Known
implementations have been developed since as early as 2005 by some suppliers but, to date, use
by the industry is limited. Of course, generating the data is one milestone, but modern methods
of dissemination and reporting via web and mobile systems might be the technology these ideas
need for greater adoption in practice.
4.4 Information Systems

Modern data visualisation systems (like Tableau) are suitable for distribution and representation
of many under-utilised or previously unavailable information sources. Many commercial and
open-source systems can integrate real-time enterprise solutions with static or manually
uploaded data sources like CSV or Excel. In this way, there are a multitude of options for
incrementally improving the value of these systems by adding in additional and historic data
(e.g. shift rosters, shotcrete delivery records, road header pick consumption and rock class).
These all add additional dimensions, from which insight can be extracted about the construction
process (Figure 5).

5 CONCLUDING REMARKS
Collection of tunnel construction data is happening at ever-increasing scales – both spatially
and temporally. Projects measure more and more of our constructed objects, to a higher density,
and more often. Managing data continuously and from the beginning of the project, to a high
standard, is a crucial determinant of success.
In the future, spatial professionals will need to continue their efforts towards assisting other
disciplines in understanding data, its accuracy and its limitations. Conversely, a challenge exists
for spatial professionals to gain comfort in providing data that is useful, but not necessarily at
the highest of standards, rather than providing no data at all (e.g. excavation volume estimation
systems).
Despite all the work done to date, and the massive changes, there are still many opportunities
waiting to be exploited, with significant benefits to be had. The importance of implementing
systems that are open or customisable through database connectivity standards, Application
Programming Interfaces (APIs), macro programming languages and innovation-centric design
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of systems cannot be understated. Due to the large amount of up-coming work (in Sydney
alone), projects and companies working in this sector find fertile ground for continuous and
confident innovation.

Figure 5: Prototype Integrated Construction Environment (ICE).
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ABSTRACT
In a successful career spanning more than 45 years, AC/DC have persistently ignored trends
in popular music and resolutely stuck to their bluesy, stripped-to-the-bone brand of highvoltage rock ’n’ roll. This paper investigates the AC/DC phenomenon by examining song lyrics
and connotations, the band’s work rate, and the vocalist debate (Bon Scott vs. Brian Johnson).
Furthermore, a group of 82 hardcore fans is examined to get a better understanding of their
passion for the band, and it is outlined how the AC/DC brand is increasingly being marketed
to a larger consumer base not limited to music lovers. It was found that the word ‘rock’ is by
far the most prominent in AC/DC song titles but lyrically almost half of all AC/DC songs revolve
around sex. While the frequency of album releases slowed considerably over time, the band
generally played 150 live gigs following each studio album. Bon Scott material continues to
account for at least 45% of the songs included in typical AC/DC live sets. Analysis of a
questionnaire revealed how committed the cohort of hardcore fans is. They generally became
serious fans in their early teens, prefer the older material, experienced their first gig during
early adulthood and enjoyed up to 124 gigs since. This paper also demonstrates how one can
collect, analyse, interpret and present data.
KEYWORDS: AC/DC, rock music, popular culture, hardcore fans, brand marketing.

1 INTRODUCTION
AC/DC are arguably one of the most uncompromising rock ’n’ roll bands of all time
(Motörhead and the Ramones also come to mind). “Let there be sound... there was sound. Let
there be light... there was light. Let there be drums... there was drums. Let there be guitar...
there was guitar. Let there be rock!” This biblical line of lyrics from the song ‘Let There Be
Rock’ summarises the essence of what AC/DC are all about: rock ’n’ roll in its purest and
simplest form. Another anthem that epitomises the band’s philosophy is ‘For Those About To
Rock (We Salute You)’. Traditionally the closing number at AC/DC’s live shows, it features
big cannons on stage, saluting the fans and everyone else who appreciates the power, enjoyment
and volume of rock music.
AC/DC stands for ‘alternating current / direct current’ and has proven to be a fitting name for
their electrifying brand of rock ’n’ roll (Figure 1). Dressed in his trademark school uniform,
lead guitarist Angus Young quickly became the focal point of the band, owing to his neverstand-still stage antics that include his unique style of full-body headbanging, duckwalking and
madly rolling around the floor without missing a lick on his Gibson SG guitar. Headbanging is
a type of dance involving rhythmic movement of the head synchronous with music, most
commonly associated with hard rock and heavy metal (Patton and McIntosh, 2008). The
duckwalk is a stage element of guitar showmanship invented by Chuck Berry.
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Figure 1: Two electrifying AC/DC songs on one sign.

From playing the rough, tough and often sleazy pubs and clubs of 1970s Australia, the band has
made it onto the big stages of today’s arenas and stadiums around the world. After 45 years,
AC/DC have sold more than 200 million albums worldwide and still display sheer energy,
charisma and prowess on record as well as on stage.
This paper examines the AC/DC phenomenon by investigating various aspects contributing to
the longevity and continuing success of the band. Mainly focussing on the 16 studio albums
released to date, the analysis includes song lyrics and song connotations as well as the band’s
work rate and live shows. The ongoing vocalist debate (Bon Scott vs. Brian Johnson) is briefly
discussed, and a group of 82 hardcore fans is examined by means of a questionnaire to get a
better understanding of their passion for the band. Finally, it is outlined how the AC/DC brand
is increasingly being marketed to a broader consumer base not limited to fans and music lovers.

2 AC/DC HISTORY
Covering more than 45 years, the history of AC/DC is extensive and has been the topic of
several well-researched books. Some of these concentrate on the early years, often referred to
as the Bon Scott era (e.g. Walker, 2007; Daniels, 2013). Others also encompass the years since
1980, generally known as the Brian Johnson era (e.g. Sutcliffe, 2010; Engleheart and Durieux,
2015). None of these is an official biography of AC/DC. However, interesting insider accounts
of life in and around the band have recently been provided by vocalist Brian Johnson (2009),
former bassist Mark Evans (2011), former manager Michael Browning (2014), Bon Scott’s exwife Irene Thornton (2014) and Bon’s close friend Mary Renshaw (Renshaw et al., 2015).
Consequently, this section can only provide a brief summary.
AC/DC were formed by Scottish-born brothers Malcolm and Angus Young in November 1973,
took their name from the back of a sewing machine and performed their first official gig on
New Year’s Eve 1973 at the Chequers nightclub in Sydney, Australia. The first line-up included
the Young brothers on guitar, Dave Evans (vocals), Larry Van Kriedt (bass) and Colin Burgess
(drums). In February 1974, AC/DC already recorded their first single ‘Can I Sit Next To You,
Girl’ (backed by ‘Rockin’ In The Parlour’), which was released on 22 July 1974. Harry Vanda
and George Young (Malcolm and Angus’s older brother), former members of the Easybeats
(Australia’s answer to the Beatles in the 1960s), produced the single and started a very
productive association with AC/DC. In fact, George contributed immensely to the band,
particularly in the early days. He was their mentor and additional band member, often helping
out on bass (e.g. on the first single) and having significant involvement in ‘bashing’ the songs
into shape.
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AC/DC went through several line-up changes in this early phase. At the beginning of October
1974, Bon Scott (another Scottish-born immigrant) replaced singer Dave Evans. With his
charisma, charm, powerful voice and lyrical talent, Bon fitted into the band “like a hand in a
velvet glove” and would become instrumental to their worldwide success at the end of the
decade. Only a month later, the debut album High Voltage was recorded and then released in
February 1975. The line-up finally stabilised with drummer Phil Rudd and bassist Mark Evans
(no relation) joining in January and March 1975, respectively. It should be noted that regular
appearances on Australia’s popular music television show Countdown (hosted by music guru
Molly Meldrum) played a major part in promoting the band to a national audience in the mid
1970s.
Following their second studio album T.N.T. (also released in 1975), relentless touring and
increasing success in Australia, AC/DC moved to England in April 1976. The band arrived in
London on April Fool’s Day and played their first official gig outside Australia at
Hammersmith’s Red Cow on 23 April 1976. Constant touring followed, and the band’s fourth
studio album Let There Be Rock (released in 1977) cemented the unique AC/DC sound.
Just before heading to North America for even more touring on the back of this record, Mark
Evans was replaced by Englishman Cliff Williams on bass in May 1977. The band continued
to win over audiences all over the globe, and their sixth studio album Highway To Hell, released
in 1979, is generally seen as marking AC/DC’s breakthrough to worldwide success.
However, tragedy struck as the band was working on material for their next studio album. On
19 February 1980, just days before he was due to start work on the lyrics, Bon Scott died after
a night out drinking in London. The official cause of death was stated as “acute alcoholic
poisoning – death my misadventure”. Obviously, this was a shock for the tight-knit band, but
with the blessing of Bon’s family it was decided to carry on with another singer.
Englishman Brian Johnson (born only about 70 km from the Scottish border) was recruited as
the new front man, and the news was made official in early April 1980. In a quirk of fate, the
paths of Bon and Brian had already crossed before. In 1973, prior to joining AC/DC, Bon and
his band Fraternity (then called Fang) supported Brian’s band Geordie at a gig in England, and
Bon was very impressed by Brian’s voice and performance.
The band went on to record Back In Black (released in July 1980), the entire album including
its title and black cover being a tribute to Bon. It turned the band into global superstars,
becoming the second most successful record of all time with some 50 million copies sold to
date.
The departure of drummer Phil Rudd just before AC/DC’s ninth studio album Flick Of The
Switch was released in 1983 did not slow the band down. He was replaced by Simon Wright,
who in turn was replaced by Chris Slade for the twelfth studio album The Razors Edge (released
in 1990), until Phil returned onto the drum stool in 1993. The band headlined the iconic
Monsters of Rock festival at Castle Donington, England, for a record-breaking three times in
1981, 1984 and 1991 (later returning a fourth time to headline the first night of the Download
festival in 2010).
While the work rate slowed considerably in the second half of their career, the band now
received recognition for their contribution to music. AC/DC were inducted into the Rock and
Roll Hall of Fame in 2003 and had streets named after them, e.g. ‘Calle de AC/DC’ in Leganés
108

Proceedings of the 24th Association of Public Authority Surveyors Conference (APAS2019)
Pokolbin, New South Wales, Australia, 1-3 April 2019

near Madrid in 2000 and ‘AC/DC Lane’ in Melbourne in 2004 (Frost, 2008). It should be noted
that ‘AC/DC Lane’ is located in close proximity to where the iconic music video for ‘It’s A
Long Way To The Top (If You Wanna Rock ’N’ Roll)’ was filmed on 23 February 1976,
featuring the band playing on the back of a flatbed truck travelling along Swanston Street.
Statues of Bon Scott were unveiled in Fremantle in 2008 and near Bon’s birthplace in
Kirriemuir, Scotland, in 2016. Since 2018, a sculpture of Bon also graces a house wall in
‘AC/DC Lane’. Many critics, who had originally shunned the band for being primitive and
repetitive, now praised them for their uniqueness and longevity. However, the band was never
particularly interested in such awards – for them it had always been about playing live and
entertaining the fans.
Released in 2008 after a hiatus of more than eight and a half years, AC/DC’s fifteenth studio
album Black Ice became their most successful record since 1980’s Back In Black, charting at
number one in 21 countries. The subsequent world tour was their biggest and most successful
to date, incorporating 168 shows and lasting for 20 months between 2008 and 2010. The
audience now comprised three generations of rock fans.
Following another extended break, the band returned to the studio in May 2014 to record their
sixteenth studio album Rock Or Bust. Malcolm Young was unable to take part in the recording
sessions and had to cease any further involvement in the band due to ill health. Dementia would
eventually claim his life, aged 64, on 18 November 2017 – just four weeks after the passing of
older brother George. Nephew Stevie Young filled in on rhythm guitar, just as he had done
during the US leg of the Blow Up Your Video tour in 1988. The album was released on 28
November 2014, charted at number one in 10 countries and made it into the top five in a total
of 25 countries, showing that AC/DC had not lost any of their momentum. At around the same
time, drummer Phil Rudd got into trouble with the law. In January 2015, he was replaced by
former band member Chris Slade.
The Rock Or Bust world tour started in Europe in May 2015, following two headliner
appearances at a US festival a month earlier, and continued into 2016. In March 2016, Brian
Johnson was forced to discontinue touring due to severe hearing problems, and the remaining
23 shows were completed with a guest vocalist (Axl Rose of Guns N’ Roses). After the last gig
of the tour on 20 September 2016, bassist Cliff Williams retired from the band.
Somewhat surprisingly, the band (Angus, Brian, Cliff, Phil and Stevie) returned to the studio
in August 2018 to record once again. According to rumours, the new album is to be dedicated
to the late Malcolm Young and based on compositions that Malcolm and Angus worked on in
the past. A release date has yet to be announced, and it is not clear whether a tour will follow.

3 EXAMINING THE AC/DC PHENOMENON
This section examines the AC/DC phenomenon by investigating song lyrics and connotations,
the band’s work rate, live shows, the vocalist debate and hardcore fans. The analyses mainly
focus on studio albums containing entirely new material (e.g. Popoff, 2017), i.e. ignoring bestof compilations, movie soundtracks, live albums, box sets and DVD releases (Table 1). If not
specifically related to studio albums, a dozen non-album tracks are also included for
completeness.
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Table 1: AC/DC studio albums to date.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Album Title
High Voltage
T.N.T.
Dirty Deeds Done Dirt Cheap
Let There Be Rock
Powerage
Highway To Hell
Back In Black
For Those About To Rock (We Salute You)
Flick Of The Switch
Fly On The Wall
Blow Up Your Video
The Razors Edge
Ballbreaker
Stiff Upper Lip
Black Ice
Rock Or Bust

Release Date
Feb 1975
Dec 1975
Sep 1976
Mar 1977
May 1978
Jul 1979
Jul 1980
Nov 1981
Aug 1983
Jun 1985
Jan 1988
Sep 1990
Sep 1995
Feb 2000
Oct 2008
Nov 2014

3.1 Song Lyrics and Connotations

Lyrically, AC/DC have always favoured primal rock ’n’ roll topics that complement their toetapping music rather than trying to present a deeper meaning or message to punters. AC/DC
songs are about partying hard, conquering women, catching venereal disease, getting “beat up,
broken boned” and an unshakable commitment to rock ’n’ roll itself.
Double entendres (often so obvious they qualify as single entendres) feature heavily throughout
their catalogue of about 180 songs, but always with a tongue-in-cheek sense of humour. Lines
like “Some balls are held for charity and some for fancy dress, but when they’re held for
pleasure they’re the balls that I like best” have become prime examples of Bon Scott’s ‘toilet
poetry’ (Bon’s own phrase) in particular. Most singers tend to make up stories when writing
lyrics, but Bon mainly sang about his life experiences, particularly in regards to his encounters
with the fairer sex.
In the 1980s, some Christian groups claimed that AC/DC were devil worshippers and the band’s
name was an abbreviation for ‘antichrist / devil’s child’. Undoubtedly fanned by the popularity
of devilish heavy metal lyrics at the time and AC/DC song titles such as ‘Highway To Hell’
and ‘Hells Bells’, this claim could not have been further from the truth.
An analysis of 178 AC/DC songs revealed that the word ‘rock’ is by far the most prominent in
song titles (12.9%), followed by ‘love’ and ‘ball’, while ‘hell’ appears in only four titles (Table
2). It should be noted that only two songs (i.e. 1.1%) actually deal (vaguely) with the devil’s
topic. The band even wrote a Christmas song, in typical Acca Dacca fashion entitled ‘Mistress
For Christmas’.
Table 2: Words featuring most often in the titles of the 178 AC/DC songs investigated.
Word in Title
Rock
Love
Ball
Fire
Hell
Shake

# Songs
23
7
6
4
4
4

110

Percentage
12.9
3.9
3.4
2.2
2.2
2.2
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It is generally recognised that most rock lyrics focus on three main topics: sex, drugs, and rock
’n’ roll. Consequently, it is useful to examine to what extent AC/DC songs conform to this
common conception. However, considering the frequent use of double entendres present in
AC/DC lyrics, the band’s output must be analysed in regards to song connotation, rather than
focussing on the literal meaning of the lyrics.
In order to obtain a more detailed picture of what AC/DC songs are really about, the three
traditional topics were expanded into the following seven categories:
1) Sex (i.e. focussing on physical affection)
2) Drugs and alcohol
3) Rock ’n’ roll (including life in a rock band)
4) Love and loneliness (i.e. focussing on emotional affection)
5) Bad boy behaviour and fighting
6) Work, money and business
7) Other
The results of investigating 178 AC/DC songs in this regard are summarised in Table 3. A
graphical representation can be found in Figure 2. It is evident that almost half of all AC/DC
songs are about sex (47.2%), followed by bad boy behaviour (20.2%) and rock ’n’ roll (16.9%).
Together, these three topics account for 84.3% of all songs investigated. This is not surprising,
considering the party lifestyle and rebellious behaviour that is often associated with rock ’n’
roll. For punters, rock music is all about forgetting every-day life for a little while, having a
good time, partying hard, letting their hair (or whatever is left of it) down and fantasising about
being in a rock band (including all the perks that come with it). It is interesting to note that only
six songs (3.4%) explore the topic of drugs and alcohol, although several band members have
had problems with excessive alcohol consumption in particular during parts of their career.
Table 3: Connotation of the 178 AC/DC songs investigated.
Connotation
Sex
Bad Boy/Fight
Rock ’n’ Roll
Love/Loneliness
Work/Money/Business
Drugs/Alcohol
Other

# Songs
84
36
30
10
8
6
4

Percentage
47.2
20.2
16.9
5.6
4.5
3.4
2.2

Figure 2: Graphical representation of song connotation (178 AC/DC songs).
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It is also useful to investigate song connotations on an album-by-album basis (Figure 3). It is
found that on each of the 16 studio albums to date, at least about 30% and generally about 50%
(but up to 75%) of the songs revolve around sex. This is evident throughout the band’s entire
career, i.e. the advancing age and maturity of the band members has not changed this philosophy
at all.
Only on two albums the most popular topic is not sex. On the second album T.N.T. (1975), 55%
of songs focus on rock ’n’ roll, while sex accounts for the remaining 45%. Uncharacteristically,
on the fifth studio album Powerage (1978), sex merely features in 10% of the songs. Rock ’n’
roll, bad boy behaviour and work/money/business contribute 20% each, while the majority of
songs (30%) revolve around love and loneliness, i.e. focussing on emotional rather than
physical affection. Only the debut album High Voltage (1975) contains more songs about love
and loneliness (37%), while this topic fades into insignificance (10% or less) on all other
albums.
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Figure 3: Song connotations in percentage per studio album to date.

Although AC/DC’s music is undoubtedly rock ’n’ roll, this song connotation was insignificant
(10% or less) for two 4-album periods, i.e. albums 6-9 and 11-14, but made a resurgence on the
most recent albums Black Ice (2008) and Rock Or Bust (2014).
3.2 Work Rate: Studio Albums

Understandably, the work rate tends to change as a band develops from being unknown
underdogs trying to establish a following to ‘making it’ in the harsh music business and
achieving ongoing success. Hence, it is interesting to analyse how this journey has affected
AC/DC’s work rate.
The work rate can be measured in two ways: quantity of output (i.e. how much) and frequency
of output (i.e. how often). AC/DC’s output quantity (here indicated by the number of songs per
studio album) and output frequency (indicated by the time lag between releasing studio albums)
are illustrated in Figure 4.
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Figure 4: (a) Output quantity expressed as number of songs per studio album, and (b) output frequency expressed
as years since last studio album.

It is evident that the first four albums contain 8 or 9 songs each, which represents the lower end
of the norm for most established bands at the time. However, it needs to be considered that
these four albums were released within only about two years between 1975 and 1977,
representing a young band that did not have the resources to spend a more reasonable amount
of time in the studio. Instead, constant touring was used to build a following.
The next seven studio albums (1978-88) conformed to the then well-established formula of 10
songs per album. This catered for the limitations of the vinyl record medium used at the time,
generally featuring 5 songs on each side and a maximum running time of about 50 minutes. The
introduction and increasing popularity of the music CD medium in the 1980s allowed album
lengths of up to 80 minutes and, consequently, an increase in the number of songs. In the case
of AC/DC, this is evident from the twelfth studio album The Razors Edge (1990) onwards,
culminating in 15 tracks included on the fifteenth studio album Black Ice (2008).
Another factor that has contributed to the increasing number of songs on the more recent albums
is the substantial time lag of several years between releases. Until the seventh studio album
Back In Black (1980), the band released new material at least once a year. Impressively, Back
In Black was released exactly a year after Highway To Hell, despite the band having to cope
with the tragic loss of vocalist Bon Scott and the subsequent recruitment of Brian Johnson. In
part, this can be explained by unexpected studio availability at short notice, allowing the band
to enter the studio earlier than anticipated.
The landmark album Back In Black generated worldwide success for the band. From then
onwards, over five albums and 10 years, the work rate slowed almost linearly from about one
year to more than two and a half years. Increasing success does not only translate into longer
tours and bigger live venues (resulting in larger earnings), but also allows the band to spend
more time in the studio and relieve some of the time pressure often exerted by the record
company. Following the album The Razors Edge (1990), the work rate slowed significantly –
first to five years, and then to more than eight and a half years before the release of Black Ice
(2008). AC/DC have reached retirement age and are in the enviable position of working just for
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fun, rather than to provide for their families. This situation contributes to explaining the
correlation between fewer studio albums over time but more songs per album.
As mentioned earlier, this study focuses on studio albums as the main indication of creative
output. It is recognised that the release of a live album, compilation or box set also takes time
and effort and can therefore influence the frequency of output (e.g. by delaying the next studio
album). However, this is very difficult to measure in practice and has therefore been ignored in
this analysis.
3.3 Work Rate: Live Shows

Live shows are an essential part of being a musician and provide the opportunity for close
interaction between band and audience. Considering that AC/DC gigs are very intense and
energetic performances (e.g. Lageat and Brelet, 2014, 2017), touring plays an important role in
regards to the band’s work load. This aspect of the work rate can be quantified by examining
the number of live shows following each studio album (Figure 5).
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Figure 5: Work rate expressed as number of live gigs following each studio album, based on data sourced from
Durieux (2019).

It should be noted that this figure combines the 1975/76 tours supporting the second studio
album T.N.T. (released in Australia only) and the European High Voltage album. These two
albums feature very similar content, and the latter was released as the first AC/DC album
outside Australia after the band relocated to England. This explains the large spike of 250 live
gigs promoting this studio album as the band tried to generate a following in Europe. Similarly,
the 1978 tour in support of the fifth studio album Powerage was combined with the subsequent
70-gig tour following the release of the live album If You Want Blood (You’ve Got It) five
months later, generating a spike of 176 shows. The 1985/86 tours promoting the tenth studio
album Fly On The Wall and the subsequent soundtrack album Who Made Who released in May
1986 (41 gigs in North America only) were also combined. Finally, the 8-gig mini tour
following the band’s induction into the Rock and Roll Hall of Fame in 2003 was attributed to
the previous 2000/01 tour supporting the fourteenth studio album Stiff Upper Lip.
It is evident that the band played almost 150 live gigs following the release of the hugely
successful seventh studio album Back In Black (1980) with new vocalist Brian Johnson. The
next three studio albums were far less successful commercially, in part due to the increasing
popularity of the New Wave of British Heavy Metal in the 1980s (Tucker, 2006). As a
consequence, AC/DC played less live shows in support of these albums. However, the eleventh
studio album Blow Up Your Video (1988) ended this temporary ‘low’, and the band has played
at least 150 live gigs in support of each studio album since. The most recent Rock Or Bust tour
2015/16 (88 live gigs) is the exception to this rule. It is also important to mention that while the
number of shows per tour has been relatively steady in recent times, the capacity of venues
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utilised has grown considerably. AC/DC have outgrown large indoor venues and are now
routinely able to sell out stadium and race-track shows with crowd capacities of up to 100,000
or so.
As mentioned earlier, the Black Ice world tour 2008-10 was their biggest and most successful
to date. Over 20 months, it incorporated 168 shows in 125 cities across 31 countries on five
continents (only Africa and Antarctica were not visited), and AC/DC played for about 5 million
people (Figure 6). As indicated in the figure, this tour included 26 cities hosting two gigs and 7
cities hosting three gigs (i.e. Chicago, London, Oslo, Stockholm, Buenos Aires, Melbourne and
Sydney), while the band played four shows in Paris. This illustrates both the globalisation of
AC/DC and the importance of the European and North American markets (e.g. Waddell et al.,
2007; Johansson and Bell, 2014).

Figure 6: Black Ice world tour stops, indicating the number of gigs played in each city.

3.4 The Vocalist Debate

Traditionally, the singer is the focal point of a band because the vocals play a critical role in
regards to the listener deciding whether the band is worth listening to or not. Consequently, the
career of AC/DC is often divided into the Bon Scott era (1974-80) and the Brian Johnson era
(1980-present). Not surprisingly, there is an ongoing debate amongst fans and music lovers
about who was/is the ‘better’ singer. Given the diversity of musical taste in humans, this is
obviously a very subjective matter and the question will therefore never be truly answered.
However, it is possible to investigate some aspects of this common debate scientifically. For
example, Oxoby (2009) used tools from the field of experimental economics (i.e. the ultimatum
game) to determine who may be the better singer in regards to affecting efficient decision
making among listeners. In the ultimatum game, individuals are randomly paired and assigned
the roles of either ‘proposer’ or ‘responder’. Proposers are allocated a sum of money from which
they must choose an amount to extend as an offer to the responder. Upon learning of this offer,
the responder can either accept or reject the offer. If the offer is accepted, the responder receives
the offer (in cash), and the proposer is given the original sum of money less the offer. If the
offer is rejected, both participants receive nothing.
While the study has provided some interesting findings, the design of the experiment
undertaken to arrive at the conclusion in favour of Brian was not ideal because one group of
participants was treated to ‘It’s A Long Way To The Top (If You Wanna Rock ’N’ Roll)’
featuring Bon on vocals and the other to ‘Shoot To Thrill’ with Brian on vocals. In order to
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rigorously determine a singer’s ability to implement efficient behavioural outcomes among
listeners, the same song should have been played to both groups participating in the experiment
(easily possible using live versions). This would have eliminated the considerable effect the
music style or tempo would have had on the decision making process (Carpentier and Potter,
2007). Additional tests could have investigated the effects of playing a slower, bluesy song such
as ‘The Jack’ as opposed to a fast, heavy rocker like ‘Whole Lotta Rosie’ – ignoring for a
moment that the former is about gonorrhoea and the latter about shagging large women.
While the rhythm of music is generally the main trigger for related physiological (Bernardi et
al., 2006), psychological (Lesiuk, 2005) and sociological (Bryson, 1996) behaviour in
individuals, it would also be useful to study how song lyrics may influence business decisions.
This is particularly of interest considering the topics favoured in AC/DC songs. Depending on
the type of business or negotiations conducted, certain songs may prove to be more stimulating
than others. An interrogation of AC/DC’s song catalogue reveals some potential options worth
investigating in this regard (Table 4).
Table 4: Examples of AC/DC songs that may be useful for stimulating particular business activities.
Area of Business
Automobile Industry
Correctional Services
Electrical Engineering
Finance
Mining
Music Industry
Natural Disaster Management
Politics
Public Transport
Space Exploration
Work Health and Safety

Bon-Era Song
Highway To Hell
Jailbreak
Live Wire
Down Payment Blues
T.N.T.
It’s A Long Way To The Top
There’s Gonna Be Some Rockin’
Beating Around The Bush
Can I Sit Next To You Girl
What’s Next To The Moon
High Voltage

Brian-Era Song
Cover You In Oil
Breaking The Rules
Flick Of The Switch
Moneytalks
Deep In The Hole
Rock Or Bust
Landslide
Hail Caesar
Rock ’N’ Roll Train
Satellite Blues
Danger

This author is of the opinion that both singers are unique and a perfect fit for the band.
Consequently, this paper will not explore this debate any further. However, it is interesting to
show how important the Bon-era songs still are to both the band and the fans.

Bon Era Songs (%)

Figure 7 illustrates the percentage of Bon-era songs included in typical AC/DC live sets during
the tours from 1980 to 2016. For consistency, the horizontal axis relates to the studio album
number referred to previously. The 41-gig Who Made Who tour (1986) and the 8-gig tour
following AC/DC’s induction into the Rock and Roll Hall of Fame (2003) are included in this
analysis as separate entries (10a and 14a, respectively) because the set lists differed significantly
from the preceding tours.
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Figure 7: Percentage of Bon-era songs included in AC/DC live sets from 1980 to 2016.
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Understandably, the tour promoting the seventh studio album Back In Black (the first with new
vocalist Brian Johnson) featured the most Bon-era songs (69.2%). This percentage dropped to
50% over the next two tours as the band was able to choose from a larger pool of Brian-era
material and later stabilised at around 45-47%. This is a remarkable occurrence, considering
that Bon appeared on six AC/DC studio albums over 5 years, while Brian has appeared on ten
(soon to be eleven) studio albums over 39 years.
Two distinct spikes are visible for the small tours following Who Made Who (60.0%, see 10a)
and the Rock and Roll Hall of Fame induction (66.7%, see 14a). The former promoted a movie
soundtrack album that only featured three new songs (including two instrumentals), while the
latter did not support a particular album at all. As such, these two tours can be characterised as
‘best of’-type affairs that include a larger number of old songs usually not played live anymore.
Obviously, both the band and the fans still enjoy the old AC/DC classics. This indicates the
high quality of the early song material in particular and the timelessness of AC/DC’s music in
general as old and new songs can be mixed at will. More importantly, it shows the enormous
love and respect that AC/DC and their fans still have for Bon Scott and his contribution to the
band.
3.5 Hardcore Fans

Lasting musical preferences or tastes are primarily formed during late adolescence and early
adulthood (e.g. Holbrook and Schindler, 1989; Smith, 1994). In a career spanning five decades
(1970s through to 2010s), AC/DC have become a global phenomenon and therefore enjoy a
large global fan base. These fans are very loyal and passionate, originating from a variety of
socio-economic backgrounds not limited to the working-class roots of the band and
encompassing multiple generations.
The most passionate and fanatic of these fans are the hardcore fans, an international family of
die-hard supporters and human Acca Dacca encyclopaedias going to extraordinary lengths to
support the band (Figure 8). The range of activities includes the establishment and maintenance
of fan clubs and social media communities, the publication of AC/DC fanzines (i.e. magazines
made by fans for fans), the generation of well-researched fan websites, and the organisation of
international fan meetings.
(a)

(b)

Figure 8: (a) The author during the Ballbreaker world tour in 1996, and (b) eCircle members sporting their
AC/DC fan vests © [Timm Nüchter – www.stonebreaker.de].
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No distance is too far to support the band during the filming of their promotional video clips,
which generally revolve around playing live in front of an audience. Often wearing jeans vests
teeming with AC/DC patches, hardcore fans are also well known for following the band across
the globe during each tour (e.g. Rule, 2010a, 2010b). This type of AC/DC tourism is not only
a nice way for fans to meet up, ‘rock out’ and explore the world but also very welcome by the
tourism industry (e.g. Gibson and Connell, 2007; Frost, 2008; Leaver and Schmidt, 2009). For
example, a recent report by UK Music (2017) demonstrates the pulling power of live music and
its potential to fuel tourism: 12.5 million music-loving tourists attended a festival or gig in the
UK in 2016, generating £4 billion spending and sustaining more than 47,000 full-time jobs in
the process.
Germany has always been one of the biggest AC/DC strongholds and is home to many of these
die-hard fans. In order to get a better understanding of this passion for the band, a group of 82
hardcore fans belonging to the German eCircle community was examined by means of a
questionnaire in late 2015. While the vast majority of this cohort (92.7%) was German, the
study also included three Austrians, two Swiss and one Dutch fan. Only four respondents
(4.9%) were female, which is not representative of the larger number of females now embracing
this traditionally very male-oriented band. Participants were asked to provide their nationality,
gender, year of birth, favourite AC/DC studio album, favourite AC/DC song, the year they
started to become a serious AC/DC fan, the year of their first AC/DC gig, and the number of
AC/DC gigs experienced so far.
It was found that these hardcore fans were born between 1960 and 1992, with a mean birth year
of 1970.7 ± 6.5 (1 sigma), i.e. translating into an average age of 49 years at the time of writing
(in 2019). On average, they became serious AC/DC fans in the year 1983.4 ± 7.2 (1 sigma),
ranging from 1976 to 2014. This translates into becoming a serious fan at the tender age of 12.8
± 4.2 years (1 sigma), i.e. in early adolescence, with a range between 5 and 41 years.
The vast majority of participants (53.7%) rated Powerage as their favourite AC/DC album,
followed by Let There Be Rock, Back In Black and Highway To Hell (Table 5 & Figure 9). It is
interesting to note that these four albums represent the output of four consecutive years between
1977 and 1980, coinciding with a highly creative period of the band and their journey to global
success. Three of these four albums were fronted by Bon Scott, and twelve albums were
mentioned in total (five and seven stemming from the Bon and Brian eras, respectively).
Table 5: Questionnaire results: Favourite AC/DC album.
Album Title
Powerage
Let There Be Rock
Back In Black
Highway To Hell

Votes
44
11
11
4
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Percentage
53.7
13.4
13.4
4.9
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Figure 9: Graphical representation of questionnaire results (favourite AC/DC album).

As expected, the results in regards to the favourite AC/DC song were far more varied. However,
it was confirmed that most respondents prefer the older material (Table 6). The most popular
songs were ‘Gone Shootin’’ (11.0%) and ‘Whole Lotta Rosie’ (8.5%). A total of 39 songs were
named, and of these were eight from Powerage (1978), six from Back In Black (1980), five
from Highway To Hell (1979), and four each from Let There Be Rock (1977) and Dirty Deeds
Done Dirt Cheap (1976). This emphasises that the cohort is very fond of the band’s output
originating from the immensely creative period between 1977 and 1980.
Table 6: Questionnaire results: Favourite AC/DC song.
Song Title
Gone Shootin’
Whole Lotta Rosie
Let There Be Rock
Bad Boy Boogie
Back in Black

Votes
9
7
5
4
4

Percentage
11.0
8.5
6.1
4.9
4.9

Most hardcore fans regard their first ever AC/DC live gig as a very significant (if not lifechanging) experience that has since prompted them to come back for more (and more), often
following the band around for parts of each world tour. Respondents stated that their first
AC/DC gig took place between 1979 (Highway To Hell tour) and 2015 (Rock Or Bust tour),
translating into an average age at the first gig of 19.8  6.0 years (1 sigma), with a range between
12 and 42 years old. Not unexpectedly, the average age corresponds to the period of late
adolescence and early adulthood. Undoubtedly, the ability to legally drive to the show (or
having friends that can) is also a contributing factor.
Figure 10 illustrates how many respondents experienced their first gig following each of
AC/DC’s studio albums. The peak following the eleventh studio album Blow Up Your Video
(1988) and the twelfth studio album The Razors Edge (1990) neatly coincides with the mean
age of the cohort questioned. In 2019 on average 49 years old, these respondents were on
average 19 years old in 1989, i.e. experiencing early adulthood. The smaller peak evident
following the eighth studio album For Those About To Rock (We Salute You), released in late
1981, coincides with the period most respondents became serious AC/DC fans. However,
considering the relatively young age at which this cohort has developed into dedicated AC/DC
fanatics, this peak represents the first AC/DC concert experience of the older respondents.
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Figure 10: Questionnaire results: First AC/DC gig.

The number of AC/DC live gigs experienced (as of December 2015) varied from two to 124,
with a mean of 33.5  24.1 concerts (1 sigma). The histogram shown in Figure 11 illustrates
that hardcore fans are committed to attend as many concerts as possible on each tour. The graph
does not follow a normal distribution because the older generation is still keen on ‘rocking out’,
while the younger generation makes the most of the limited opportunities to see the band
perform live in recent times. This confirms that even after more than 40 years in the business,
AC/DC’s style of rock ’n’ roll is as popular as it has ever been.
Number of Fans
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Figure 11: Questionnaire results: Histogram of the number of AC/DC gigs experienced (as of Dec 2015).

4 MARKETING THE AC/DC PHENOMENON
AC/DC (and the band logo in particular) has developed into a very marketable brand, appealing
to a much larger consumer group than the band’s fans. For example, Metzinger (2013) outlined
how the AC/DC machinery complies, unknowingly, with the following 14 strategic
campaigning guidelines for marketing, communication and corporate strategy: polarising,
profiling, positioning; controlling the agenda; concentrating forces; building on existing
strengths; maintaining flexibility; tenacity and perseverance in the pursuit of strategy; impact
orientation and alignment of objectives and means; utilising synergies and multiplication
effects; awareness and foresight; unity of the doctrine; efficiency and simplicity; thinking in
scenarios; success principles of communication; building golden bridges.
Several decades ago, marketing a band’s output was limited to touring, providing radio airplay
and generating media exposure in order to promote the band in the general public. Nowadays,
a multitude of tools can be used to this effect. For example, releasing albums in various versions
featuring different cover designs and/or contents is one strategy applied by many record
companies. Another tool is to release remastered versions of older albums, sometimes including
bonus material to provide added incentives (Plasketes, 2008). Both of these techniques have
been applied to AC/DC albums. In the US, Black Ice (2008) was exclusively sold by the world’s
largest retailer, Walmart, following a growing trend in today’s music industry that translates
into increasing profits for retail giants and established acts (Christian, 2011). This section
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briefly outlines how the AC/DC phenomenon is increasingly being marketed to a larger and
more general customer base, focussing on music videos, motion pictures and merchandise.
4.1 Music Videos

The use of music videos as a tool to promote records started in the 1960s. However, it took
almost two decades and the launch of the popular music television channel MTV in 1981 to
provide the platform for developing this concept into a major medium for marketing music.
While AC/DC have released promotional video clips throughout their entire career, initially
these were low-key affairs that mainly showed the band playing live on stage. From the mid1980s, AC/DC began to embrace this medium (albeit reluctantly at first) by producing more
elaborate clips, starting with a short film containing five clips promoting the Fly On The Wall
album in 1985.
Following the introduction of the DVD medium, several compilations of video clips were
released in later years: Family Jewels (2005), Plug Me In (2007) and Backtracks (2009). This
development was welcomed by fans who could finally retire their laboriously collated VHS clip
collections. The band also addressed the market for video footage covering entire concerts,
catering for concert goers interested in purchasing a visual memory of the experience and those
who missed the tour. The strategy of releasing a live DVD after each world tour has been
followed since the 1990/91 tour supporting the album The Razors Edge. To date, the only
exception remains the Rock Or Bust tour (2015/16), although a concert was filmed for DVD
release.
4.2 Motion Pictures

The ultimate AC/DC movie is Let There Be Rock (1980), a concert film documenting a
particularly energetic live show in Paris on 9 December 1979, together with backstage footage
and interviews. The soundtrack album, featuring the live gig, was released much later as part
of the box set Bonfire (1997). An earlier documentary featuring live and backstage footage from
the 1976/77 A Giant Dose Of Rock ’N’ Roll tour supporting the Dirty Deeds Done Dirt Cheap
album in Australia has never been released (Evans, 2011, 230-231). Numerous unauthorised
(and often rather uninteresting) AC/DC documentaries exist. One notable exception is Beyond
The Thunder, a feature-length documentary by AC/DC fans about AC/DC fans for AC/DC fans
that has been in production for some time. However, any band involvement is unlikely and a
release date has yet to be announced.
Owing to the (understandable) resistance of the band to get involved, it is not surprising that
motion pictures about AC/DC and/or their fans are extremely rare. The Australian road movie
Thunderstruck (2004) tells the story of a group of friends devoted to AC/DC honouring a pledge
given after an AC/DC concert. Several internet sources report on a planned movie called Bon
Scott – The Legend Of AC/DC, but reliable information about this project is scarce.
While AC/DC songs have been used in various movies over the years, they have rarely been
included on the soundtrack albums. However, there are a few noteworthy exceptions,
illustrating how marketing strategies have been used in an attempt to tap into both consumer
markets (i.e. attracting AC/DC fans to watch the movie and enticing movie fans to buy the
soundtrack album). Stephen King’s Maximum Overdrive (1986) is unique in this regard
because it features music entirely composed by AC/DC. While the movie flopped at the box
office, the previously mentioned soundtrack album Who Made Who did not share the same fate.
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Last Action Hero (1993) starring Arnold Schwarzenegger includes the AC/DC song ‘Big Gun’,
which was only released as a single and on the soundtrack album. In the song’s entertaining
video clip, Schwarzenegger appears dressed in a school uniform, mimicking Angus on stage.
Beavis and Butt-Head Do America (1996), a movie adapted from the popular 1990s animated
MTV series Beavis and Butt-Head, continues the tradition of Butt-Head wearing an AC/DC tshirt. The movie and soundtrack album also include the AC/DC song ‘Gone Shootin’’. In the
same year, Beavis and Butt-Head featured in the introductory cartoon clip shown during the
Ballbreaker world tour. Howard Stern’s Private Parts (1997) includes a cameo live appearance
of AC/DC playing ‘You Shook Me All Night Long’, which also appears on the soundtrack
album. Finally, in a well-calculated marketing ploy, the critically acclaimed and commercially
very successful Iron Man 2 (2010) was somewhat advertised as an AC/DC movie. The
soundtrack album (released in basic, special and deluxe versions) exclusively features AC/DC,
although only two AC/DC songs actually appear in the movie (one of these during the end
credits).
4.3 Merchandise

Merchandise was once limited to posters, calendars, patches, t-shirts and related fan attire.
Nowadays, however, a wide range of licensed products is part of a huge marketing exercise,
and dedicated fans can neither afford nor justify collecting ‘everything’ anymore (Figure 12).
It appears that there is a market for an incredible amount of unrelated products ranging from
board games, barbecue sets and white goods to letter openers, Christmas decoration and eau de
toilette. Most recently, in 2018, a limited edition of AC/DC collector’s coins was released in
Australia – as a special gimmick, ten of these coins were ‘thunderstruck’ by artificial lightning.
Understandably, the band seems to be happy catering for this much larger (and more general)
consumer group.

Figure 12: Examples of AC/DC merchandise.

5 CONCLUDING REMARKS
In a career spanning over 45 years and producing 16 (soon to be 17) studio albums to date,
AC/DC have developed into a band that defines its own subgenre (high-voltage rock ’n’ roll
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with a healthy dose of filthy blues thrown in) and strikes a chord with several generations. This
paper has examined the AC/DC phenomenon by investigating song lyrics and connotations, the
band’s work rate, live shows, the vocalist debate, the passion of hardcore fans and the marketing
of the AC/DC brand.
Rock songs generally focus on three main topics: sex, drugs, and rock ’n’ roll. An analysis of
178 AC/DC songs revealed that this common conception also applies to AC/DC, albeit with a
major focus on sexual content and favouring rebellious behaviour over drugs. While the word
‘rock’ is by far the most prominent in AC/DC song titles, lyrically almost half of all AC/DC
songs revolve around sex. Consequently, sexual encounters play a prominent role on almost all
AC/DC albums – always presented with a tongue-in-cheek sense of humour.
The band’s work rate was investigated in regards to output quantity, output frequency and
number of live shows. It was found that output quantity generally conforms to the norm of 10
songs per studio album, although recent releases feature a larger number of songs. This can be
explained by changes in the music medium (from vinyl records to CDs, mp3 files and beyond)
and the considerably lower frequency of output in recent times (partly due to the advancing age
of the band members). It was shown that touring has always been an important part of AC/DC’s
work load, generally playing at least 150 live gigs following each studio album and now
frequently selling out stadium shows.
While the author does not support the unnecessary vocalist debate (Bon Scott vs. Brian
Johnson), it was shown that Bon-era material continues to account for at least 45% of the songs
included in typical AC/DC live sets since 1980. This demonstrates the immense love and
respect that AC/DC and their fans still have for Bon and his contribution to the band. It also
highlights the quality of the early song material and the timelessness of AC/DC’s music,
allowing old and new songs to be mixed at will.
A group of 82 hardcore fans was examined by means of a questionnaire to get a better
understanding of their passion for the band. It was found that the cohort became serious fans at
the tender age of 12, i.e. in early adolescence, and is now on average 49 years old. More than
half of the participants rated Powerage (1978) as their favourite AC/DC studio album. The most
popular songs were ‘Gone Shootin’’ (1978) and ‘Whole Lotta Rosie’ (1977), showing that most
die-hard fans prefer the older material. Respondents experienced their first AC/DC gig at the
average age of 20 (i.e. corresponding to early adulthood) and have enjoyed up to 124 gigs since,
demonstrating that hardcore fans are committed to attend as many concerts as possible on each
tour.
Finally, it was outlined how the AC/DC brand is increasingly being marketed to a more diverse
consumer base not limited to fans and music lovers, focussing on music videos, motion pictures
and an ever-increasing range of merchandise.
This study has shown that the AC/DC phenomenon is alive and well. While the time lag
between studio albums has increased considerably, AC/DC’s unique style of rock ’n’ roll is as
popular as it has ever been. The philosophy of ignoring popular trends and sticking to a proven
formula has spawned three generations of dedicated fans and turned AC/DC into rock giants.
This paper is dedicated to Malcolm Young, who had the vision, determination and riffs to make
it all possible – rock in peace.
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DISCLAIMER
This study was conducted entirely in the author’s spare time and is in no way related to his
employer.
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POSI 101: Getting the Job Done!
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ABSTRACT
The NSW Government has committed over $80 billion to critical state infrastructure and
currently has more major infrastructure projects than any other state or territory in Australia.
As our highways, motorways and rail systems are being upgraded and improved, our survey
infrastructure is more valuable than ever. The NSW Surveyor General has committed to the
Preservation of Survey Infrastructure (POSI) state-wide. Historically, local Spatial Services
surveyors have assisted throughout part or all of the POSI process. As a result of the increase
in infrastructure projects across NSW, a revision of Surveyor General’s Direction No. 11
(Preservation of Survey Infrastructure) was undertaken in 2015, which established new
processes for gaining consent to remove survey marks in NSW. The objective of this
presentation is to provide public authorities, organisations and their contractors with a ‘road
map’ for POSI when undertaking works that may remove, damage or destroy any survey mark
in NSW. The presentations aims to provide practical suggestions to avoid project delays, cost
overruns or possible penalties to organisations due to the POSI process. POSI 101, a new POSI
resource pack, is unveiled and explained. This resource pack aims to provide clarity and better
understanding on what is required in the application process, as well as providing templates
and diagram examples for reference. The resource pack will assist those seeking approval to
destroy or disturb survey infrastructure in NSW. POSI 101 suggests organisational processes
and strategies to support the preservation of survey infrastructure. Real-world examples are
explored, highlighting how these strategies can be adopted during the concept and planning
phase, through to the on-the-ground works and delivery.
KEYWORDS: Infrastructure, preservation, survey marks, resources.

126

Proceedings of the 24th Association of Public Authority Surveyors Conference (APAS2019)
Pokolbin, New South Wales, Australia, 1-3 April 2019
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ABSTRACT
Adhering to the Continuing Professional Development (CPD) Determination of the Board of
Surveying and Spatial Information of New South Wales (BOSSI) is a legislated requirement for
all registered land and mining surveyors in NSW. It therefore cannot be taken lightly and
undertaken sporadically by surveyors when it suits them. Instead, we should embrace CPD to
ensure that professional surveyors learn and grow on a continual basis, thereby maintaining
their levels of quality and relevance of their professional practice and hence their quality of
service to their clients and to the public. The BOSSI CPD Determination is considered a living
document which changes regularly. Because of this, delivering updates to the profession is
necessary to keep all registered land and mining surveyors abreast of those changes. The latest
round of changes includes increasing the amount of specialty points (cadastral or mining) from
3 points to 5, as well as major changes in BOSSI audit practices. Conditional compliances with
CPD requirements will also be more strictly applied in accordance with the BOSSI
Determination, meaning that the cut-off date of 31 July for applications for conditional
compliance will be enforced from 2019 onwards. Furthermore, all registered surveyors will be
audited by BOSSI for CPD compliance in September 2019. These changes have the potential
to seriously affect registered surveyors if they are not aware of them or do not fully understand
the consequences of not adhering to the Determination. This paper explains the recent changes
in the BOSSI CPD Determination and details how registered surveyors can contact any of the
five ratified organisations who have been tasked with assisting surveyors in meeting their
BOSSI audit requirements.
KEYWORDS: BOSSI, CPD, changes, audits, consequences, registered surveyors, ratified

organisations.

1 INTRODUCTION
Upon gaining their registration, all registered surveyors are made aware of their obligations to
obtain Continuing Professional Development (CPD) points as part of their annual renewals of
registration with the Board of Surveying and Spatial Information (BOSSI). In fact, it is a
legislated requirement that registered surveyors adhere to the BOSSI CPD Determination in
order to maintain their registration (BOSSI, 2019).
However, it is not so certain that all registered surveyors are intimately familiar with the variety
of ways in which CPD points may be obtained and indeed how BOSSI enforces the CPD
Determination, which is the policy document setting out the requirements and administration
of the CPD system for registered surveyors in NSW.
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Furthermore, the BOSSI CPD Determination is considered a living document, which changes
regularly and evolves over time. Because of this, it is important that registered surveyors
actively stay abreast of such changes and attend professional events such as the annual APAS
conference where legislative and other changes occurring throughout the year are discussed.
The purpose of this paper is to publicise some of the most recent changes in the requirements
of CPD points that are to be gained and to clarify the BOSSI audit process for registered
surveyors in NSW which has also had some major changes in the last 12 months. Because of
the very nature of CPD being a legislative requirement, the implications of not being up to date
with these changes are very serious indeed. Some of the main items of change include
increasing the number of specialty points from 3 to 5, increasing the number of surveyors being
audited from 50% to 100%, and enforcing the already existing rules of conditional compliance
more strictly.
Another matter that is discussed in this paper includes revising the structure and purpose of the
five ratified organisations. Understanding how these organisations work on behalf of BOSSI is
important so that surveyors can obtain personal CPD assessments for seminars and other events
that are run by non-ratified or non-surveying organisations who are not necessarily familiar
with the CPD system for surveyors in NSW.

2 MAIN CPD REQUIREMENTS
The essential elements of the requirements for CPD points for registered surveyors in NSW are
actually very simple (Table 1). Surveyors must obtain a total of 15 CPD points in each CPD
period, which coincides with financial years, to enable the renewal of registration with BOSSI.
A recent change to the requirements means that now of those 15 total points, 5 must be in the
surveyor’s specialty area, i.e. either cadastral points for land surveyors or mining points for
mine surveyors.
Table 1: Current CPD point requirements for NSW registered surveyors.
Surveyor Type
Registered Land Surveyor
Registered Mine Surveyor

Requirements
5 cadastral points plus 10 survey practice points
5 mining points plus 10 survey practice points

An update to the BOSSI CPD Determination was published in February 2019 (BOSSI, 2019).
This document contains details of the various ways in which points may be obtained by
surveyors. Generally, points are equivalent to hours spent in training at a rate of 1 point per
hour. However, there are some exceptions, where some items are capped at a certain level per
CPD period and other items are worth only 0.5 point per hour. This paper does not intend to
enumerate each and every possible way of achieving CPD points. Instead, surveyors should
refer back to the CPD Determination for specific details and information.

3 OTHER RECENT CHANGES TO CPD
Some other minor changes that have occurred within the BOSSI CPD Determination include
the following:
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Attendance at career booths is now to be treated as worthy of points in a similar way as
attending Maths in Surveying events. Obtaining points in this way is capped at a maximum
of 2 points per event, and a maximum of 4 points per CPD period.
Webinars continue to increase in popularity, and now a surveyor can claim points for
watching a pre-recorded webinar if they are unable to watch the live presentation online.
To be able to claim points for watching after the live presentation, a surveyor must
subsequently answer a questionnaire which is typically in a multiple-choice format (4
choices) and achieve a pass mark of 80%. The purpose of the questionnaire is to prove the
attendance and interaction of the attendee.
Gaining 1 point for being a personal member of a professional surveying organisation has
been altered slightly with the Association of Public Authority Surveyors (APAS) being
added to the list of acceptable organisations for CPD points. The list of organisations also
includes the Institution of Surveyors NSW Inc. (ISNSW), the Surveying and Spatial
Sciences Institute (SSSI) and the Australian Institute of Mine Surveyors (AIMS).

4 PROCEDURAL MATTERS
4.1 Ratified Organisations and BOSSI Audits

It is worthwhile to review the five ratified organisations at this point, including their relationship
with BOSSI. The ratified organisations are listed in Table 2.
Table 2: List of BOSSI ratified organisations.
Ratified Organisation
Institution of Surveyors NSW Inc.
(ISNSW)

Contact Details
Level 4, 162 Goulburn Street
Surrey Hills NSW 2010

Australian Institute of Mine Surveyors
(AIMS)

PO Box 104
Darlinghurst NSW 1300
Tel: (02) 9264 2076
Email (Maria Misquitta): membership@surveyors.org.au
PO Box 828
Singleton NSW 2330

Association of Consulting Surveyors NSW
(ACSNSW)

NSW CPD Panel Chairman: Alan Mellor
Tel: (02) 6354 8702
Email: alan.mellor@centennialcoal.com.au
Suite 702, Level 7, 350 Kent Street
Sydney NSW 2000

Surveying and Spatial Sciences Institute NSW
(SSSI NSW)

University of Newcastle
(UoN)

PO Box Q1404
Queen Victoria Building NSW 1230
Tel: (02) 9267 9728
Email (Jo Peh): admin@acsnsw.com.au
NSW Regional Office Manager
Megan Lavendar
Tel: 0410 572 920
Email: rom.nsw@sssi.org.au
Dr Lloyd Pilgrim
Tel: (02) 4921 6051
Email: Lloyd.Pilgrim@newcastle.edu.au
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The purpose of ratified organisations has always been to act on behalf of BOSSI, undertake
CPD assessments throughout the year and process end-of-year compliance with the BOSSI
CPD Determination for those individuals who wanted an optional certificate of compliance.
In past years, BOSSI has asked surveyors to comply with the requirements but not expected
upfront evidence of compliance. Instead, a post-registration renewal audit was conducted of a
percentage of registered surveyors (originally 20% but increased to 50% at the end of the 20172018 CPD period). One of the most significant changes in the Determination is that audits will
no longer be for only a portion of all surveyors but every surveyor, i.e. the audit will have 100%
coverage. Further details of the audit requirements are discussed in section 4.6.
Verifying that every surveyor has met their CPD requirements is a far more onerous task than
previously when audits were of 20% of the registered surveyors. Ratified organisations will
now be required to carry out more verifications than ever before. However, those ratified
organisations have given assurances to BOSSI that they will continue to offer the services to
their members and non-members and endeavour to meet the new expectations of BOSSI. Some
of the organisations have created an online system of recording CPD points, and these systems
continue to improve.
4.2 Quantum of Points per Event

As stated above, the BOSSI CPD Determination details all the various ways in which CPD
points may be obtained. Professional seminars and conferences are perhaps the easiest way to
obtain points and the programs they offer are generally varied and usually of high standard with
current speakers and relevant topics. Points are assigned based on the program and content
details provided at the time of CPD assessment.
The quantum of points may not be so clear with other events or training outside the usual
seminars and conferences. A process is available for individuals to seek points for other forms
of training, such as undertaking courses and workshops. If an individual wants to claim points
for such an event, the process for obtaining a personal CPD assessment is outlined in Figure 1.
In general terms, an individual should approach one of the ratified organisations with details of
how they want to achieve points. The individual should then be guided through the system of
personal assessment. This involves showing sufficient content details to enable the correct CPD
assessment and, subsequently after attendance, providing sufficient evidence of attendance. It
should be remembered that the CPD assessors must relate each topic to the CPD policy.
4.3 Evidence Required by Ratified Organisation

Because ratified organisations are now going to review every surveyor’s CPD points each year
prior to issuing CPD Summary Reports, it is more important than ever for surveyors to provide
sufficient evidence of the points that have been attained at the end of the CPD period. The forms
of evidence of attendance vary depending on the nature of the event attended. The preference
for evidence is listed in Table 3.
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Contact one of the 5 ratified organisations:
ISNSW, ACSNSW, AIMS, SSSI (NSW) or University of Newcastle
Provide details of the event/training you want to attend.
For a seminar/conference:
 Name of event
 Event organiser
 Date
 Duration of formal
presentations
 Show break times
separately
 Detailed explanation of
each speaker/topic (far
more than just a heading
and name)
 Supporting evidence of
programs, advertising
flyers, presenter abstracts
etc.

For a training course:
 Name of course
 Course organiser
 Date
 Total length of course
 Duration and
frequency of formal
presentations
 Supporting evidence
with details of the
training and content,
perhaps even some of
the material as an
example.

For any other form of
CPD learning:
 Equivalent
information to be
provided
 Supporting evidence
must be provided
 More information is
better than not
enough.

You will be asked for more information if required.
The CPD assessors will compare the details provided to the BOSSI CPD
determination to see how it best applies for point allocations. Once assessment is
complete, you will be issued points and a code.
You attend the event.
Contact the ratified organisation again to advise of successful attendance.
You will need evidence of attendance (see section 4.3).
Ratified organisation can update your records of attendance (tally of points) and if requested
can issue you with a CPD Summary Report for BOSSI audit.
Figure 1: Procedure for seeking CPD personal assessment.
Table 3: Options for providing evidence of attendance in order of preference.
Types of Evidence of Attendance
1. Attendance certificate.
2. Sign-on sheets.
3. Written confirmation from the event organiser (can be in email format).
4. Minutes for committee attendance.
5. For preparation of presentations, provide copy of presentation together with the program and evidence of
it being delivered.
6. For BOSSI candidate supervision, evidence is written confirmation from BOSSI that candidate is
financially enrolled with BOSSI, and written confirmation that surveyor is the supervisor, together with
confirmation of over 26 weeks of supervision.
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4.4 Your Personal Tally (CPD Summary Report)

At the end of the CPD period, surveyors will be required to provide BOSSI with a CPD
Summary Report. This report is effectively a tally of points attained through the CPD period. It
may be necessary to obtain a report from more than one ratified organisation, which is
acceptable by BOSSI. Figures 2-4 provide examples of such CPD Summary Reports.
ISNSW and ACSNSW both offer user-friendly electronic systems of recording CPD points, i.e.
ISNSW’s ‘MyCPD’ and ACSNSW’s ‘CPD Bank’ (ACSNSW, 2019). In either system, a CPD
Summary Report can be downloaded for a particular CPD period. The other ratified
organisations can be contacted for the same CPD Summary Report to be generated.
When audited by BOSSI, this is the only evidence that surveyors should provide. BOSSI will
not accept any Certificates of Attendance, or programs or personal assessments. If they are
provided with such information, the surveyor will be directed to contact one of the ratified
organisations. This will only cause delays at the time of audit.
4.5 If You Fall Short of Points

If for some reason, a surveyor knows that they will be short of the required number of CPD
points, they should contact BOSSI immediately. A surveyor may seek an exemption or
conditional compliance for CPD, however such applications must be received in writing by
BOSSI by 31 July. This deadline is rigid and cannot be extended.
When seeking either an exemption or conditional compliance, sufficient information must be
provided to BOSSI with explanation of the reason for seeking the exemption or conditional
compliance. Often, when a conditional compliance is granted, a surveyor will be asked to obtain
the missing points as extras in the following CPD period.
The deadline for seeking conditional compliance cannot be overemphasised. If you do not
contact BOSSI by 31 July, or you fail to achieve your required points, you may be struck off
the register.
4.6 BOSSI Audits

As already mentioned, one of the biggest changes to the CPD Determination is that BOSSI will
now be auditing every registered surveyor in NSW (yes – 100% audits). The audit process
commences after 31 August. As stated in section 4.1, as well as undertaking CPD assessments
for individual events, the purpose of ratified organisations has always been to act on behalf of
BOSSI and process end-of-year compliance with the BOSSI CPD Determination.
BOSSI does not want to receive or process any documentation other than the CPD Summary
Reports provided by the ratified organisations. Therefore, surveyors should approach a ratified
organisation prior to replying to the BOSSI audit. It is expected that many surveyors will
approach more than one ratified organisation to provide them with the required CPD Summary
Reports covering the total number of points required (see Figures 2-4).
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Figure 2: Example CPD Summary Report (ISNSW).
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Figure 3: Example CPD Summary Report (ACSNSW).
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Figure 4: Example CPD Summary Report (SSSI NSW),
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A summary of the results of the last BOSSI audit (2017-18 CPD period) is provided below:
 518 surveyors were audited.
 19 surveyors did not respond to the audit and had to be pursued by BOSSI for information.
 13 surveyors were issued conditional compliance (did not obtain enough points to pass, so
were required to obtain extra points in the following year).
 Therefore, 504 surveyors passed audit (i.e. 97%, which is excellent).
 1 surveyor was removed from the register by BOSSI for non-compliance.

5 CONCLUDING REMARKS
After being introduced several decades ago for the purpose of educating and maintaining
currency for professional surveyors, the system of Continual Professional Development (CPD)
has evolved into a sometimes complicated process. The original intentions remain clear, and its
benefits cannot be denied, assisting surveyors in maintaining their professional currency.
Because of the ever-changing nature of the BOSSI CPD Determination, regular updates are
vital to make sure surveyors understand and can comply with the requirements within it.
Considering the most recent changes, the main items of current concern are:
 Requirement of 5 specialty (cadastral or mining) points within a total of 15 CPD points.
 Need to seek personal assessments for particular events and training from one of the five
ratified organisations (provide full details).
 Need to provide evidence of attendance to the ratified organisation in order to have points
approved and added to your points tally.
 BOSSI audits now cover 100% of surveyors. You will be audited in September 2019!
 If you are likely to be short of points, contact BOSSI early. Do not miss the 31 July cut-off
date for conditional compliance!
 BOSSI only accepts CPD Summary Reports from ratified organisations (probably several
to get your full points).
As registered surveyors, we must take our professional responsibilities seriously – the public
expects that. CPD is a part of what we do as professionals and should be treated as an
opportunity for learning, not as a burden. Lastly, it should be remembered that BOSSI and the
ratified organisations are here to help – please ask if you are in doubt.
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ABSTRACT
The Surveying and Spatial Information Regulation 2017 (“the Regulation”) came into force on
1 September 2017. The Cadastral Management Unit (CMU) within the NSW Office of the
Surveyor-General is, amongst other duties, responsible for regulatory compliance matters
regarding the Regulation. Overseeing regulatory compliance can be considered a quality
assurance mechanism for the integrity of the State cadastre and State control survey. Recently,
registered plans are received by CMU on a daily basis that require amendment due to missing
information that is required under the Regulation or incorrect interpretation and application
of the Regulation. This presentation outlines some of the common and more serious compliance
matters received by CMU that require attention by registered surveyors. It also clarifies some
of those aspects of the Regulation that are less well known yet still required for regulatory
compliance.
KEYWORDS: Regulation, compliance, cadastre, integrity.
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ABSTRACT
The commodification of education has turned universities into businesses. They clamour for
higher rankings on international league tables to elevate their status in the eyes of their future
customers – their students. However, the role of graduates upon completion of their discipline
remains unchanged. The community requires highly skilled and competent graduates who can
contribute to society. As the universities’ strategic models turn more toward an ever higher
status, dedicated educators with a close connection to their profession are increasingly
challenged to provide a well-rounded and useful graduate within the constraints of their
institution. In surveying, practical exercises have always been an important part of the
curriculum. Lecturers with some level of industry knowledge develop creative, educational
practical tasks for students designed to challenge and deepen their knowledge. It is an
expectation of the surveying profession that some level of practical knowledge has been
attained at university. Accordingly, students also consistently report very positive feedback for
practical exercises – indeed this is why they chose to study surveying in the first place. So how
much practical education should be included in a modern surveying curriculum and how does
it benefit the graduate, the lecturer and the profession? This paper details practical exercises
in the surveying curriculum in the Bachelor of Engineering (Surveying) at the University of
New South Wales (UNSW) and makes an argument for their retention in the surveying
curriculum.
KEYWORDS: Surveying, curriculum, practical exercises, education.

1 INTRODUCTION
Surveying is a practical profession. It is contingent on universities to therefore equip graduates
with the requisite skills to enter their chosen profession and develop into competent
professionals. These skills are both theoretical and practical in nature. The surveying curriculum
must therefore blend these two aspects of student education to allow students to gain a deeper
knowledge of their discipline through study and practice.
In Australia, students are required to complete a 4-year degree from a tertiary institution. The
Council of Reciprocating Surveyors Boards for Australia and New Zealand (CRSBANZ) set
standards for the curriculums of the nine surveying programs offered in Australia and New
Zealand that are pre-requisite for a professional qualification of Registered or Licensed Land
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Surveyor in the corresponding jurisdictions (CRSBANZ, 2019). It is implicit in the assessment
of these various tertiary qualifications that practical education is included. It should be stressed
that practical education does not mean training. Graduates are expected to commence work
having been exposed to the broad range of practical disciplines during their studies but are not
expected to be experienced technicians ready to lead field parties on their first day (although
some do).
In the last decade, Australian tertiary education institutions have focussed their attention toward
international higher education ranking schemes such as the Shanghai based Academic Ranking
of World Universities (AWRU, 2019), the Times Higher Education World University Ranking
(THE, 2019) and the QS World University Rankings (QS, 2019) to name a few. Each of these
‘league tables’ relies on differing metrics. A single institution could be top 50 in the world by
one ranking and not even in the top 100 by another.
In 2017, education-related travel services (including international student expenditure on tuition
fees and living expenses) was Australia’s third largest goods and services export, behind iron
ore and coal, with a total value of over $30b per year. This has grown at an average of 8% per
year over the last 5 years with a spike of 17.7% growth from 2015 to 2016 (DFAT, 2019). The
cost of studying for one year in 2019 as a full fee paying international undergraduate student in
engineering at the University of New South Wales (UNSW) is $46,320 (UNSW, 2019a).
Postgraduate coursework and research degrees charge similar fees. This is clearly a very
attractive business model for universities and a primary reason why Australian tertiary
education institutions have focussed their attention toward international higher education
ranking schemes (Gomes, 2014; Zhang and Tobias, 2015; Hare, 2018). Full fee paying students,
especially from Asia, are persuaded by international rankings and will choose to study at a
particular institution for that reason (Gong and Huybers, 2015; Gomes, 2016).
In order to maintain or climb international rankings, universities assent to the metrics applied
by the various ranking schemes and steer their institutional strategies accordingly. This makes
it very difficult for future educators, who may be dedicated to their profession but do not have
a strong research track record, to succeed in a job application in this new competitive university
paradigm. Successful academics in surveying programs may not even have a surveying
background and very limited surveying experience or connection to the profession. These
academics will likely not include practical surveying exercises in their teaching to the detriment
of the students in the program and the profession. Not all academics in a surveying program
require practical surveying skills, but at least some do.
There is a movement at UNSW and elsewhere to provide more digital online learning to teach
larger classes efficiently. Lectures are recorded for students to view later, and online tutorial
exercises and forums are provided for each course. We do this in surveying at UNSW, but we
also provide on-campus, person-to-person learning, and practical field exercises are a key
component of that.
This paper gives an overview of the practical education students are exposed to in the 4-year
Bachelor of Engineering (Surveying) program offered at the University of New South Wales
(UNSW Programs, 2019). UNSW also offers a 5-year combined degree Bachelor of
Engineering (Civil) – Bachelor of Surveying program that includes all the surveying practicals
described in this paper. The difficulties of running practical exercises are outlined, followed by
a discussion of the environment in which surveying programs must survive. Finally, a case is
made for the significance of such education to produce well-rounded, competent graduate
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surveyors.

2 PRACTICAL SURVEYING EDUCATION AT UNSW
Table 1 lists 29 practical surveying exercises offered throughout the BE (Surveying) program
at UNSW including the approximate field and report writing time to indicate the complexity of
the task. It should be noted that this list does not include the many and varied computer
laboratory exercises offered in these and other courses throughout the program – especially
those related to Geographic Information Systems (GIS), which for the purposes of this paper
were not considered as surveying practical exercises.
It can be seen that the bulk of the field practical exercises occur in 2nd and 3rd year, with options
in 4th year depending on which path a student will take in their senior program. An important
part of the curriculum is the progression of knowledge in various aspects of the discipline. For
example in regards to Global Navigation Satellite Systems (GNSS), Table 1 shows that
handheld GNSS is introduced in 1st year and reintroduced with a Real-Time Kinematic (RTK)
GNSS exercise in 2nd year without a full explanation of how it works. RTK is again used
extensively at survey camp (GMAT3150) in 3rd year. Later in GMAT3700 in 3rd year, a deeper
theory is presented and a full fast-static control survey is designed and carried out. By the end
of 3rd year, students have a deeper understanding of GNSS positioning and could extend this in
a final year thesis project if they choose.
A similar progression can be seen with regard to height determination. The first surveying field
practical that students experience in their surveying careers is levelling (GMAT1110). In 2nd
year they will use a rotating laser level and a precise digital level (GMAT2120). This is then
used for a second-order levelling run, which is later checked in the same course by the same
student groups using the total station leap-frog Electronic Distance Measuring (EDM) height
traversing technique. A resection practical (GMAT2120) introduces students to the technique
of trigonometric levelling and all its complexities. Students also use static and RTK GNSS for
height determination later in the course. This again demonstrates how the concept of
determining height is introduced and exercised using various methodologies. Students gain an
appreciation for the advantages and disadvantages for the various techniques and their
uncertainties, sometimes through bitter experience. Practical application of this theory
promotes deep learning (Schön, 1990).
The practical exercises try to cover a wide range of instrumentation and methodologies. Indeed
some of the instruments students may never use again and some of the techniques may be old
and outdated. However, the fundamental surveying knowledge gained by the task ensures that
the exercise remains relevant. This is illustrated in sections 2.1-2.3.
Students are also exposed to some of the very latest equipment. For instance, the School boasts
a high-end laser scanner as well as a modern mobile laser scanner and access to a mediumaccuracy, high-productivity laser scanner. The School recently purchased second-order digital
levels, a suite of low-cost total stations for junior students, high-end Network-RTK (NRTK)
capable GNSS receivers, and a top-end robotic total station designed for deformation
monitoring. A range (8) of Remotely Piloted Aircraft (RPA), both fixed wing and copters, are
available for student use for various projects.
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Table 1: List of Surveying practical exercises in the BE (Surveying) program at UNSW.
Course

Description

1st year
GMAT1110 – Surveying &
GIS

Levelling

ENGG1000 – Engineering
Design
2nd year
GMAT2500 – Survey
Computations
GMAT2700 – Geodesy 1
GMAT2550 – Least
Squares
GMAT2120 – Survey
Instruments

3rd year
GMAT3420 – Cadastral
GMAT3100 – Survey
Applications

GMAT3150 – Survey
Camp

Field
Time (hrs)

Report
Time (hrs)

2

0.5

2
2/2
3/3
10

0.5
0.5/0.5
1/1
10

Loop traverse practical

4

4

Link traverse practical between MGA control
marks
RTK GNSS
EDM validation and reflectorless EDM

4

6

3
3

5
3

Rotating laser level / digital level collimation test

2.5

0.5

Precise digital level practical
Resection by directions
Mini practical: Tribrach validation, plunge test,
middling up, vertical circle index & vertical axis
test
Leap-frog EDM height traversing
Long line EDM practical
Practical exam

5
3
3

8
6
1

5
3
0.7

8
5
0

4
2

6

Handheld GNSS/GIS
Setout / Angles & Distances *
Detail Field / Office *
Design of photogrammetry capture of area using
mobile phone or similar. Open-ended design
project.

Cadastral identification boundary survey
Laser scanning field work (followed by
processing)
Robotic total station
Several mini practicals, e.g. alignment, through
glass
Control traverse design, field work and least
squares
Detail survey and CAD plans
Road setout (total stations, digital levels and RTK
GNSS)
Tunnel setout
Close-range photogrammetry
Flying fox cable (with least squares curve fitting)
Handheld GNSS image validation
Static GNSS design and execution

GMAT3700 – Geodesy 2
4th year
GMAT4150 – Survey
Large complex design project incorporating many
Camp 2
instruments and techniques
GMAT4040/4050 –
Research or project thesis (could include little or a
Research or Project Thesis
lot of practical field work)
* These practical pairs are alternated for different years.

2
4
8

2

8
8

12
12

5.5
0.5
1
1
4

0.5
1.5
4
3
10

40

110

n/a

n/a

The only remaining ingredient is the creativity of the educators to develop worthwhile and
challenging field surveying practical exercises to blend with the curriculum, challenge the
students and promote their learning. An important element of the difference between training
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and education (specifically equipment and processing software) is that when students use
equipment or software, the exercise is about experience in what is currently possible and
learning in a way that they will be able to cope with new equipment and software during their
careers.
2.1 Example Practical Exercise: Resection by Directions

In 2nd year, students are asked to use the resection-by-directions technique to coordinate a pillar
in the Map Grid of Australia 1994 (MGA94) and Australian Height Datum (AHD)
(GMAT2120). They have learnt the theory of 3-point resections by several techniques
previously in session 1 (GMAT2500). The educators know the coordinates of the pillars and
can therefore assess the result based on accuracy. This practical requires students to work on
the roof of a tall building. They site various targets with known coordinates. Because they use
pillars, there are no centring errors. They use modern total stations but do not measure distances.
Up to this point in the program, students have had little experience measuring precise directions.
They learn about parallax, sighting, pointing, instrument-craft and measure 3 arcs to 6 targets
each for some repetition. It is palpable to observe a students’ confidence grow in just a few
hours. The residuals in their results are testament to the improvement. They learn to look
carefully at their raw data to discern blunders, suspect observations due to wind moving their
target or grazing rays or shimmer. None of this can be taught in the classroom or online. It must
be experienced. The threat of the field notes blowing off the roof top or being destroyed by rain
reinforces a sense of care for the importance of raw data. These are all valuable lessons with no
substitute. Circumstances are sometimes challenging and the students must adapt to field
conditions.
(a)

(b)

Figure 1: (a) Wagon wheel of directions, and (b) students observing on the roof.

The computations require students to statistically determine their best pointings and choose the
best combination of 3 (from 6) pointings to be used to compute the coordinate of the pillar.
Here students are faced with decision making. Is it better to use a pointing with a lower residual
or a suite of pointings with a better geometry? These are fundamental surveying questions.
Sometimes a target (TV antenna on the roof of an apartment block) has been unwittingly moved
by several metres. The computations of various combinations of pointings can identify a rogue
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target. This is also an important outcome of this exercise. Lecturers make a list of those rogue
targets that are suspected to have moved and must re-coordinate them.
2.2 Example Practical Exercise: EDM Long Line

Also in 2nd year, students exercise their theoretical knowledge of EDM first velocity
corrections, reduction for geometric corrections to the ellipsoid and computation of the point
and line scale factor (GMAT2120). The class is split into four groups who will visit the
trigonometric stations along the cliffs of Sydney’s eastern beaches at Malabar, Maroubra,
Clovelly and North Bondi. Students prepare themselves in the survey store prior to the practical
exercise and try to anticipate all contingencies. On the practical day, students arrive with their
cars, load their gear and deploy to the field.
(a)

(b)

Figure 2: (a) Students at TS10329 BONDI NORTH, and (b) students at TS10644 MALABAR looking north.

The field task is very straightforward. Students simply set their EDMs to 0 ppm (i.e. using the
standard temperature and pressure for the instrument) and measure raw distances 10 times to
neighbouring trig stations as well as ambient temperature and pressure. With these
observations, they are allocated a line (or lines) to compute by their lecturer and they perform
all the necessary corrections individually by hand and compare with the join calculation for the
known coordinates derived from the information on public record in the Survey Control
Information Management System (SCIMS). Students follow the technical instructions and
prepare a report and comment on the accuracy of the results.
The most important lesson of all from this EDM exercise is logistics and communications.
Faced with a distance of 3 or 6 km to their neighbouring trig station, students experience how
difficult it is to see over such a long distance even with the telescope of a total station. They
learn that coordinating four field parties using radios (or maybe mobile phone apps) is more
difficult than they had anticipated. Lots of time is wasted and sometimes some data is simply
not recorded. The lecturers stand back and allow the students to self-organise. This is a very
valuable experience in communications and leadership. The fact that it is located on the Sydney
sea cliffs makes this exercise especially memorable for the students and for the most part
reinforces their decision to become surveyors.
2.3 Are These Practical Exercises Outdated?

In reality, very few surveyors nowadays would measure a distance of over 6 km using EDM.
Most would use GNSS for such long lines, but the point of the exercise is for students to see
the magnitude of the corrections as they compute them step-by-step and comment on each.
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When they use software to reduce distances, they will understand the steps taken in the
reduction process and the magnitude of the various steps. The EDM exercise also facilitates an
opportunity for students to experience the difficulty of complex logistics and communications
for a larger survey project. Modern survey projects require these skills.
It could also be argued that resection by directions is a technique of the past. However, this
exercise gives students an opportunity to improve their instrument skills and actually measure
the quality of their work by comparing their computed coordinates with those of the ‘known’
result. There are also valuable lessons about uncertainty in observations and computations.
Another component of the resection exercise is to compute the AHD height of their pillar using
single zenith angle readings and taking into account earth curvature and refraction. A weighted
mean AHD height is computed, but students quickly learn that single shot trigonometric
levelling is an inferior technique to other forms of height determination. Numerous trig stations
in the NSW survey control network (SCIMS) were coordinated using this technique, so an
appreciation of its limitations remains valuable.
2.4 Survey Camps

Survey camps have always been a part of the surveying curriculum. These are extended field
exercises often in a different location away from campus where an intense period of surveying
field work is undertaken and subsequent computations as well as plan and report preparation
are carried out back in the office. This is not unlike what a professional might do in their future
career.
2.4.1 GMAT3150: Field Project 1 (3rd Year Survey Camp)

GMAT3150 is a 1-week survey field camp without any lectures or exams. Students attend camp
at the NSW Sport and Recreation facility in Berry (previous camps were held at Morpeth). All
accommodation and catering is arranged months in advance by the academic coordinator as
well as the financial arrangements. Students pay a partly subsidised cost for the week.
After a Work Health and Safety (WHS) briefing and site orientation, student groups of 3
commence their first high-precision control traverse. This is used as the framework for their
following detail survey using total stations. All data is recorded in the instrument and students
are encouraged to fill in some parts of their survey with RTK GNSS. This exercise is scheduled
to be completed in 2 days. Least squares computations (Harvey, 2016) are carried out in the
evening, and students have the opportunity to take extra observations if necessary. They must
ensure their unprocessed raw data is at least correct before returning to university. Neighbouring
student groups’ detail areas overlap, so later during session at university, students are required
to import the data from a neighbouring group to produce a combined plan. They can compare
their detail survey directly with their colleagues. If it does not import or fit seamlessly, then
they must explain why. This simulates real-world scenarios on large projects with multiple
survey crews in operation.
Prior to the camp, the students have designed the centreline of a road 360 m in length using
Computer-Aided Drafting (CAD) software for setout in the field. They set out using total station
radiation techniques in MGA94 and check using RTK GNSS. A detail survey 15 m either side
of their road corridor is undertaken for design later at university. This also gives a coarse check
on the levels of the set out pegs, which are accurately levelled using digital levelling. Later,
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back a university, students design a road in CAD software adhering to prescribed design
constraints. They produce longitudinal, cross section and plan views with all associated volume
and road design computations, including super-elevation, in a professional written report.
The last exercise requires students to precisely set out a tunnel 500 m in length. They must first
set out their allocated starting point as accurately as possible. Thereafter they must set out their
allocated finishing point and imagine that they are in the tunnel as they do this. Therefore they
can only plunge over their instrument and cannot use external control. The starting and ending
points are not inter-visible. This is an exercise in accuracy and precision. Students measure to
check marks at either end of their tunnel and supply these radiations to their lecturers for
confirmation. Students do not know the coordinates of the check marks.
Other minor tasks during the camp include a terrestrial photogrammetry exercise, curve fitting
to the catenary of a 300 m flying fox cable and satellite image validation using handheld and
RTK GNSS and comparison with ELVIS (ELVIS, 2019) data.
2.4.2 GMAT4150: Field Project 2 (4th Year Survey Camp)

GMAT4150 is a capstone course for final-year surveying students whereby they undertake a
challenging project for a ‘client’ (the course coordinator) and act as a group of survey
consultants. There are no lectures and no exams. The project may be on campus, or off campus
in camp mode. The project task can be open-ended and often the outcome may not be known
at the start. Students must organise themselves, often appointing a project manager who
coordinates all tasks. Students conduct weekly meetings, set tasks, design their survey, arrange
logistics, perform the survey and prepare a final report based on their work.
The focus of this course is on the quality of the education and completing the challenging tasks
presented. The assessment is a mixture of group work and individual contributions. Students
prepare all of their own WHS documentation, organise how best to communicate amongst the
group and log their hours. This is akin to costing the job.
A major part of the assessment is through self-assessment (Roberts and Harvey, 2018). This is
carefully explained to students as not an abrogation of responsibility on behalf of the course
coordinator, but rather an opportunity for students to act as professionals and provide honest,
critical assessment of their own performance and that of the group and nominate an overall
mark for themselves. Results are usually very close to the quantitative assessment as determined
by the course coordinator. The qualitative comments are often very gratifying. In 2018, students
undertook a camp at Wellington in the Central West in conjunction with civil engineering
students from the school (Roberts, 2018).
2.5 Practical Exam

As part of the final assessment for 2nd year students, a practical exam is set. Students are
required to coordinate an unknown mark using basic plane surveying techniques. The lecturer
prepares the students during the session and explains that the purpose of the practical exam is
to give the students confidence in their abilities. It is performed under time pressure, but by the
end of 2nd year students have undertaken more than 10 field practical exercises and this final
exam is relatively straightforward.
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During the practical exam, students are given a locality sketch and instrument and in the allotted
time they must find their relevant mark, setup their instrument, measure a distance and an angle
and perform the required computations using a hand calculator. They are given coordinates for
their instrument station and a known backsight. Therefore they must be able to compute a join
and a radiation and are assessed on their setup, field notes, computations and accuracy. Students
present their result, are shown the final coordinate and can see if they are within 5 mm of the
known mark. Scoring 10/10 gives students a great sense of pride and confidence. Students who
perform poorly are invited to stay and re-compute their observations and usually find their
errors, which they will likely never make again – an example of deep learning.

3 DIFFICULTIES CONDUCTING PRACTICAL SURVEYING EXERCISES
It requires creativity to design field practicals and energy to run them. There needs to be enough
equipment and it must be in good working order with charged batteries. Students, who may be
using these instruments for the first time, require simple instructions to operate the gear. The
task should be challenging but achievable in the time allotted.
In recent times, running practical exercises has become much harder with WHS requirements
becoming increasingly onerous. Heads of Schools are held personally liable for accidents, so
requisite paper work must be completed prior to practical exercises. Survey camps held off
campus require an extra level of protection. However, all of these WHS requirements can be
folded into the education by presenting this to students as the normal process for working as a
surveyor in the workplace.
The School can no longer afford to employ a dedicated storeman. Instead, a professional officer
and relevant academics maintain the equipment as part of their work. An online booking system
has been developed, and a central repository for instruction manuals and relevant documents is
made available via an intranet link. The School provides a budget for equipment maintenance
and competitive grants for purchasing new equipment.
In order to minimise the workload, a ‘culture of care’ is promoted to students during teaching
and exercised during surveying practicals. Students are told that this is ‘their gear’ too and they
should look after it accordingly. If they notice a problem or break any equipment, they report
it. Some minor practical exercises (mini practical GMAT2120, see Table 1) ask students to
validate tribrachs, check the horizontal collimation error of instruments and list their findings.
Students learn about equipment maintenance but also feel like they are looking after their own
gear. Students learn about battery charging, unclamping wet tripods and learn where all the
equipment is stored. This culture reduces the workload for the School staff but also promotes
an understanding of care for equipment that students can take to the workplace.
The logistics for staff organising practical exercises on campus are increasing over time. It is
difficult to find suitable timeslots in the university-wide centrally managed timetabling system.
A timeslot of 5 hours on a Friday from 12-5 pm for large exercises has proven to be the best
option as this can easily extend longer for students who require more time. A 2- or 3-hour
timeslot is the norm. Finding a week during session for a survey camp (GMAT3150) is very
difficult and requires other classes during that week to be moved elsewhere in the session.
For short timeslots of only 2 hours, equipment needs to be transported to the field. Too much
time is lost if students pick up the equipment from the store, walk to the field and then return
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it. Staff therefore need to organise a vehicle for hire prior to the practical, pick up the gear from
the store, transport to the Physics Lawn on campus (one of the few remaining green spaces),
and return the gear and the vehicle after the event. But the green space must also be booked and
security must be informed of the vehicle, length of time and registration or risk a parking fine.
Roof space has to be booked for use for surveying exercises, and academics have to have
completed the relevant WHS certification to access the roof. Students need to wear the correct
Personal Protective Equipment (PPE). They learn to set up their instruments out of the way of
vehicle and pedestrian traffic to ensure safety and for consideration of others on a busy campus.
Educators need to ensure that sufficient survey marks are available to support the practical
exercises. Indeed academics continually maintain the UNSW campus network. Survey marks
are constantly destroyed as a result of construction works on campus. The UNSW campus
network is like a mini geodetic network that students help to maintain. Assessment can offer
extra marks for students who have achieved the required precision in their exercises and they
can submit their results in a FIXIT4 format that can be combined into a new campus network
adjustment (Harvey, 2019). As new survey marks are placed by staff, new student exercises are
designed to coordinate these marks and the raw observations from students help to maintain the
campus network. It should be noted that the campus network and the Berry survey camp
network are not merely a list of coordinates of points but a complete set of observations that
can be readjusted at any time.
The School provides excellent support to the Surveying and Geospatial Engineering (SAGE)
group. In recent times, many new modern surveying instruments have been purchased, however
this presents another problem for academic staff. It is very difficult to learn all of the instructions
for using all of the equipment and all of the software associated with the new equipment. Thesis
projects are often devised for new equipment or used in more open ended projects such as those
undertaken in GMAT4150 (see section 2.4.2). As academics gain experience and confidence
with these new devices, new exercises start to infiltrate the senior program and gradually filter
down as the curriculum evolves with new techniques. It is always the most difficult task to
dispense with an older technique that may no longer be relevant or educationally beneficial. For
example, cyclic error in EDM is no longer taught in practical exercises at UNSW. This makes
way for other tasks elsewhere in the program.

4 PRESERVING PRACTICAL EDUCATION
Universities align new staff recruitment toward the strategic objectives of the institution. In the
current competitive environment, for a high-ranking, research-intensive university, a PhD is a
minimum qualification. A strong research track record promising potential to grow and attract
future research dollars (and all associated kudos) to an institution is valued highly by university
recruiters. Research areas associated with surveying might include GNSS, remote sensing, GIS,
photogrammetry or land administration. It is becoming more and more difficult to find a
promising young researcher with a connection to the practical profession of surveying.
Other Australian tertiary institutions are addressing this issue in various ways. Some employ
temporary fractional lecturers to teach practical surveying based courses. Some outsource field
practicals as either ‘residentials’ or field camps and ask experienced surveyors from the
profession to take these classes. However, the disadvantage here is that professional surveyors
are not professional educators and do not have the experience to design and run field projects
with the best educational outcomes. This can improve over time, but only if the professional
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surveyors continue to contribute and closely liaise with academic staff.
Recently at UNSW, a new category of academic has been implemented called an education
focussed academic (UNSW, 2019b). This new category recognises the importance of teaching
as a fundamental role for an academic and indeed that the lion’s share of money flowing into
universities derives from undergraduate teaching. Perhaps this promising development will
offer a pathway for new junior staff from the surveying profession to be mentored into the
academic world and complete a PhD whilst teaching into a surveying program.
4.1 Student Feedback

Practical surveying exercises almost always receive positive student feedback and a plea for
more. Usually more than 85% of respondents mention practicals specifically in their qualitative
feedback. Students report that they finally understand the material presented in lectures, or did
not realise the importance of a particular detail until they actually experienced it in the field. A
student culture develops during practical exercises. Perhaps it is bonding through adversity or
just sheer enjoyment of performing a technical task outdoors with real equipment and trying to
achieve a measureable outcome. It is hugely satisfying when good results within a specified
tolerance are achieved as planned – both for the student and the educator.
The following are recent examples of student feedback from 1st year:
 “The practical exercises were really enjoyable and helpful in the sense that they allowed for
consolidation of lecture material and also provided a hands-on way to visualise key
concepts.”
 “This is the only course that I’ve done in my first year that allowed me to really experience
what it would actually be like to work in the profession that the course was building
towards.”
More senior years provided similar comments, including: “Hands-on experience, very detailed
feedback.” A 3rd year student commented after completing GMAT3150 – Survey Camp: “I feel
like a different person. I feel much more confident and I have really learnt something.”
One of the important metrics for a university are the Quality Indicators for Learning and
Teaching student experience surveys (QILT, 2019). The survey is designed to collect
information that will help both higher education institutions and the government improve
teaching and learning outcomes, and reports on multiple facets of the student experience. It is
clear from the comments above that practical field exercises in surveying would contribute
strongly to a positive experience for surveying students.

5 CONCLUDING REMARKS
Hands-on practical exercises are essential to a surveying education. They take a lot of effort to
design, prepare and teach, but they also yield consistently excellent educational outcomes and
positive feedback from students. Educators require imagination and energy to continue to
design and conduct these exercises in order to keep them relevant and make use of evolving
technology. Practical field classes provide students with an opportunity to explore and
experience surveying without some of the consequences of mistakes. This is teaching and not
research, and from an accounting point of view survey camps and field practicals might be hard
to justify to university leaders. This is a dangerous misunderstanding, especially when new staff
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recruitment is considered. For employers, professional associations, as well as the Board of
Surveying and Spatial Information (BOSSI) and CRSBANZ who set the standards for
surveying education, practical education is seen as crucial. Indeed, without the requisite of
practical education, surveying programs will not be accredited by professional organisations
and will therefore lose their value and relevance for completing students. Practical education in
surveying programs remains an important component of a modern professional surveying
qualification.
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ABSTRACT
The study of geodesy continues to be a necessary task for students of surveying, but
understanding its complex concepts and its extensive theoretical detail can be confusing.
Practising surveyors who do not undertake sizable geodetic surveys may feel that they never
get on top of the subject, and they may be left with concerns that there are aspects of geodesy
which they do not fully understand, but which they should know about for occasional use in
their practical work. The argument in this paper is that it does not have to be like this. Many
geodetic matters can be eliminated as being of little consequence in most practical surveying,
and the explanations of the remaining necessary and crucial topics can be simplified to an
easily digested level. In order to explain this concept, the paper enumerates the superfluous
topics and briefly itemises crucial geodetic topics.
KEYWORDS: Geodesy, learning, education, practical surveying.

1 INTRODUCTION
The widespread use of satellite positioning techniques and the availability of software suited to
spatial data presentation seem to have expanded the uses of spatial information to diverse parts
of the community, not only for engineering and construction, but also for planning, emergency
services assistance and so on. But it is still surveyors who have the detailed understanding of
the collection of spatial data, coupled with a capability to carry out 3-dimensional spatial data
coordination over large areas and to high accuracy. This is made possible by their knowledge
of the use of geodesy. But geodesy can be a difficult and confusing subject to master. The
concern expressed in this paper is that there is a need to help students in university or other
courses in surveying to identify and understand those geodetic matters that are crucial to
practical surveying. They need to get geodesy into perspective, supplementing that outline with
the more detailed coverage which is provided in lectures, text and reference books on geodesy
and in technical manuals on geodetic networks and map grids when it is needed. It may also be
true that there are practicing surveyors who are not yet on top of all of geodesy’s confusing
aspects, and who could benefit, not so much from a simplistic set of practical instructions, but
from an explanation of the geodetic matters which are crucial for practical surveying, as plainly
as possible and as briefly as possible.

2 ASSUMPTIONS
Surveyors who carry out surveys over areas which are a bit larger than normal – perhaps for
roads, railways, pipelines, transmission lines or large mine sites – will face geodetic
complications. It is also necessary to recognise that even smaller engineering, topographic and
other surveys are usually tied into a coordinate system that covers a region, state, country or
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continent, and those connections also involve geodetic issues. One of the particular challenges
for surveyors can be to discover which parts of geodesy are most important to them in practice.
This paper enumerates some tactics that can be adopted to help unravel geodesy and then
outlines the geodetic issues that are essential for practical surveying. The paper is brief, as if to
emphasise the limited amount of geodesy that is crucial.
We can look at the demand for geodesy by considering the geodetic issues which might arise
in cases where surveys extend for distances up to about 25 km. In these surveys, it could be
assumed that surveyors would use total stations to measure angles and distances, but that they
may, occasionally, face angle and/or distance measurements over lines up to 10 km long. It
could also be assumed that satellite-based measurement would be undertaken over various
distances, and that the required accuracy in these surveys would be at least 1:100,000, with the
required accuracy for angles, directions, bearings and azimuths at a corresponding accuracy of
2”. Specialised geodetic control surveys and very-high-precision engineering surveys, which
are likely to be of higher accuracies and/or over larger areas, need not be a target of such an
explanation of geodesy for most surveyors.

3 TACTICS TO SIMPLIFY GEODESY
Some tactics can be adopted to help surveyors understand crucial geodesy:
1) A lot of geodetic theory can simply be ignored. Not all geodetic theory is crucial to surveyors
in practice: surveyors need a knowledge of geodetic surveying, not a knowledge of geodetic
science. Matters such as geoid determination are important elements of geodesy courses for
surveyors to give them a broad introduction to the geodetic world, but details are not crucial
for most practical surveying. Lectures, textbooks and technical manuals provide details of
geodetic theory for those who need it.
2) Not only can a lot of geodetic science be avoided, but a lot of practical geodetic surveying
that applies only to very precise geodetic control and engineering networks can also be
avoided. It usually applies to large areas, based on measurements over long distances, the
sort of specialised surveying that does not apply to the more common surveys which fit the
scenario outlined above.
3) A lot of mathematics can be avoided. Geodetic calculations must be based on an ellipsoidal
shape, to avoid the possibility of losing accuracy, and the mathematics of an ellipsoid are
very complicated – far more complicated than for a sphere – and this means that a lot of
geodesy is really just mathematics. For example, Vincenty’s formulae, which were
developed in the 1970s to permit calculations of azimuth and distance between two points
given their latitudes and longitudes, is presented over two pages in the Geocentric Datum
of Australia 2020 technical manual (ICSM, 2018). But surveyors only need to have a feel
for the mathematics and understand what it can accomplish. Mathematical details are
available in geodesy textbooks, technical manuals and formal course lectures when needed.
4) Most geodetic effects that are relevant to surveyors would arise even if the earth was
spherical. So, despite the emphasis on the use of an ellipsoidal shape to represent the earth,
the earth can almost always be thought of as a sphere when considering geodetic problems!
Difficult concepts such as meridian convergence, and all the Universal Transverse Mercator
(UTM) issues of scale factor, grid convergence and arc-to-chord corrections, arise whether
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the earth is spherical or ellipsoidal. The ellipsoid shape obstructs simple computing – but
its use should not be a barrier to an understanding of geodesy.
5) A careful distinction must be made between the use of a curved ellipsoidal datum and the
use of a map projection. The use of map projections means that surveyors need to
understand calculations on both the curved earth surface and the map projection, so they
have to cope with two coordinate systems: the geodetic system based on the curved earth
and the map grid system, with two types of north, two types of bearings, two types of
distances, two types of coordinates, and so on.
On the other hand, there are a few things which are essential. The most confusing things are the
need for and the use of the following matters. The first group, which affects azimuths and
bearings, is the hardest:
a) Meridian convergence.
b) Arc-to-chord corrections.
c) Grid convergence.
The second group, which affects distances, is not quite as difficult:
d) Height corrections to distances on the ellipsoid.
e) Scale factor on the UTM grid.
Typical magnitudes of geodetic effects are useful to know. It can be hard to identify which
geodetic phenomena are large enough to be relevant to surveys, so surveyors need guidance
about the magnitude of geodetic effects, even to see when the effects are small or negligible.
The need for informative magnitudes applies especially to the items (a) to (e) above!

4 THE GEODETIC MATTERS WHICH ARE CRUCIAL FOR SURVEYING
Given the tactics outlined in section 3, it is then possible to summarise those geodetic
considerations which are crucial to practical surveying:
1) Geodetic datums: The surveyor does not need to understand in detail how a geodetic
coordinate system is established. However, it is useful to understand a small amount of the
theory about the ellipsoidal coordinate system – the geodetic datum – that surveyors tie into.
2) Calculations on the geodetic datum: Once a geodetic datum has been established, surveyors
can calculate the coordinates of points in their surveys on that ellipsoidal shape, which is a
smooth mathematical representation of the earth. A few matters need to be understood:
 Surveyors measures angles and distances on the uneven topographic surface of the earth,
so it is necessary for field measurements to be converted from values on the physical
earth to values on the ellipsoidal datum. However, for the types of surveys being
considered here, it turns out that angles in the field can be used on the ellipsoid without
alteration, and the only correction that is usually significant is to reduce distances for
the height above or below the ellipsoid.
 Another aspect of using the ellipsoid that surveyors need to appreciate is the way that a
straight line continuously changes its azimuth. Meridian convergence can be confusing.
 Calculating on the geodetic datum demands enormously complicated mathematics
involving the ellipsoidal shape, but the surveyor does not need a detailed understanding.
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3) Using the UTM map grid: In practice, surveyors are more likely to carry out survey
calculations on a map grid than on the ellipsoidal datum. It is important to understand that
any map grid is a projection of shapes, angles, distances, positions etc. from the ellipsoid
surface: the map grid is not a direct projection from the physical earth. That is, a map
projection is not possible without a geodetic datum. (And therefore, whether a survey is
calculated on the ellipsoid or on the map grid, the use of the ellipsoidal datum is best
explained before the use of the map grid.) However, if the map grid is to be used, it is
necessary to understand the crucial features of the widely-used UTM projection.
Calculating on the UTM map grid is usually easier than using the ellipsoidal datum,
especially as, over short distances (taken as meaning lines up to only one kilometre, to be
safe), straight lines on the earth (or on the ellipsoid, really) can be regarded as also being
straight on the map grid, and the projection is conformal. For the surveyor using short lines,
the main matters to be appreciated are just the following:
 Applying the scale factor is essential for all lines, short or long, everywhere.
 The transfer of angles as they are observed in the field onto the UTM grid, and the
calculation of the grid bearings of lines, are easy matters.
 The difference between azimuth and UTM bearing is important but easy to understand.
These matters look easy, but, as lines get longer, each of these three matters gets
complicated. Each one demands understanding in some detail of how to cope with the
curvature caused by long lines. Most significantly, surveyors need to understand how they
can obtain the grid bearings which they need in the field. Arc-to-chord corrections and grid
convergence need to be explained.
4) Surveys of heights: Understanding heights in geodesy should not cause much difficulty.
The determination of the heights of any points, by levelling or notably by satellite methods,
should normally involve connections to benchmarks whose heights are known on the height
datum, the authorised vertical control network.

5 CONCLUDING REMARKS
While a knowledge of geodesy is essential to surveyors, for many surveyors only a limited
number of geodetic topics is crucial. This paper has attempted to point out what can be omitted
and what is crucial, without denying the benefits of more extensive knowledge of the subject.
The role of lectures, text and reference books on geodesy and technical manuals on geodetic
networks and map grids is to provide the complex and detailed theoretical coverage of geodesy,
so a simplified overview, which uses the tactics outlined in section 3 and which provides an
outline like that in section 4, may be difficult for students to obtain.

REFERENCES
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ABSTRACT
The role of the Board of Surveying and Spatial Information (BOSSI) is to ensure that only
appropriately qualified persons undertake land surveys and that the integrity of the NSW
cadastre is maintained. BOSSI has recently published a document to provide a uniform
understanding across the surveying and allied professions of the definition of a land survey.
The document was prepared in response to the increased number of surveys showing property
boundaries being performed by non-registered surveyors in NSW and is available at
http://www.bossi.nsw.gov.au/publications. This presentation covers the history of land
surveying in Australia, cadastral surveying, related definitions, and the penalties applicable to
unregistered persons undertaking land surveys or advertising that they can undertake land
surveys.
KEYWORDS: Land survey, definition, cadastral integrity, BOSSI.
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ABSTRACT
There is an abundance of data available to the modern engineer tasked with planning new
infrastructure. However, this data is not always in a readily accessible format or may be
scattered across various locations. Furthermore, the volume of data is often too large to be
processed manually in a timely manner. When planning major infrastructure, it is critical to
understand potential impacts from 3rd party developments that may impact upon the planned
works. In New South Wales this information is in the public domain but scattered across various
local and state government websites which must be manually searched (often by junior staff) to
detect 3rd party developments that present a risk to the alignment. This paper describes how
this process was automated for a railway project in Sydney. Web scraping bots were written to
mine pertinent development application information from government websites, which were
then automatically risk-rated using natural language processing and machine learning
methods. In order to mine the information effectively and geolocate the data, several publicly
available spatial datasets were integrated, including lot and administrative boundary
information from the Digital Cadastral Database (DCDB) combined with the GeocodedNational Address File (G-NAF). Many machine learning techniques were tested and ultimately
a boosted tree algorithm (XGBoost) was used to build a model that allocated a preliminary risk
rating to development applications. The automated system drastically reduced the time taken
to search through development applications. The speed allowed for high-risk developments to
be identified as they were submitted for planning approvals and new assessments could be made
rapidly upon changes to the alignment. The use of the human mind was then targeted towards
verification.
KEYWORDS: Web scraping, machine learning, natural language processing, development

applications, G-NAF, DCDB.

1 INTRODUCTION
There is a large amount of publicly available information that needs to be analysed to construct
new infrastructure. Development Applications (DAs) are one such piece of publicly available
information. During the planning and design phase of new infrastructure, particularly
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underground infrastructure, it is required that designers are aware of any developments that are
planned near the new piece of infrastructure. In the case of public transport infrastructure, this
may present a significant financial, legal and program risk to the project if land take is required.
From an engineering context, these developments can place constraints on underground
infrastructure. Thus, it is necessary to constantly track new DAs.
Development Applications must be published publicly in New South Wales under the
requirements of the Environmental Planning and Assessment Act 1979. Most local government
and state agencies publish this information on their respective websites. Planners and designers
must manually click through hundreds of webpages to filter through DAs and flag any
developments that may pose a risk to a project. This takes a significant amount of time and due
to the continual submission of new applications is prone to omissions.
This paper describes a process developed to automate this process. The process automatically
mines the information from the various government websites and then uses machine learning
methods to automatically classify developments as high or low risk. To do this, a large number
of disparate datasets need to be joined in order to mine the data effectively and produce
meaningful results.

2 PROCESS
2.1 Overview

An overview of the process the authors have designed is shown in Figure 1. The process can be
separated into four main components, which are described in detail here.
Search Area

Change in
Search Area

Periodic
Update

Extract Addresses

G-NAF Dataset

Consolidate Lot Shapefile

DCDB Dataset

Scraping DAs from
Council Websites

Training Machine
Learning Models

Risk Prediction

Model Evaluation

Display with Web
GIS Application
Figure 1: Flowchart of the process.
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Firstly, addresses within the area of interest are extracted. These are then used to search for
Development Applications from council websites. A machine learning algorithm predicts the
risk rating of each application, and the resulting information is displayed on a web-based
Geographic Information System (GIS) application. This process can be repeated for a periodic
update or when a change has occurred in the search area.
2.2 Scraping

Scraping is the process used to locate and retrieve DA data from council websites: addresses
are searched for on the DA trackers and relevant information is saved. The council websites
that are scraped are served in either Hypertext Markup Language (HTML) or embedded in a
JavaScript. These two require different scraping approaches, as described below.
The Geocoded-National Address File (G-NAF) dataset (PSMA, 2018) is used to extract
addresses. This data is used in conjunction with the Digital Cadastral Database (DCDB), which
contains property shapes and boundaries.
2.2.1 Scraping HTML Pages

HTML is the standard mark-up language for creating webpages (W3C, 2017). Elements on a
HTML page are presented in a hierarchical order and each has a unique tag. These tags are used
by a HTML parser, such as Beautiful Soup (Richardson, 2019), to accurately locate specific
elements of interest on a webpage. These elements can then be recorded for further processing.
It should be noted that some council DA tracker websites have a very similar architecture.
However, due to slight variations, a slightly different scraper had to be used for each website
created using HTML.
2.2.2 Scraping JavaScript Pages

JavaScript is another core technology used to power webpages. Pages embedded with
JavaScript are rendered as the page is loaded and are interactive programs on a webpage, which
makes it harder to scrape compared to HTML. The Selenium WebDriver (Selenium, 2019) has
been used to automate the process of interacting with the JavaScript and subsequently retrieving
DA information.
2.3 Risk Prediction

An integral part of this process is the prediction of risk ratings, which utilises Natural Language
Processing (NLP) and machine learning. NLP techniques are used to extract features from
written text in scraped DAs for input into machine learning algorithms. Features are measurable
variables of each item that is being analysed, and in this case they are words from each DA.
The process of feature extraction utilised by the authors is described as follows. Firstly, text
cleaning is performed, where all non-alphanumeric characters are replaced with whitespaces
and all capitalised letters replaced with their lower-case counterparts. Secondly, stop words are
removed. Stop words are commonly used words that carry no significant information for our
purposes, such as a, the and are. In the next step, lemmatisation is performed, which groups
together different forms of a word, such as organise, organises and organising. There are also
words with similar origin and meaning, such as democracy, democratic and democratisation
which are also lemmatised into a single feature. From here, n-grams are extracted, and their
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frequencies counted. An n-gram is a sequence of n consecutive words found in a corpus. The
authors have chosen to extract 1- and 2-grams for their work.
Several machine learning models, including naïve Bayes, neural network, k-nearest neighbour
and Extreme Gradient Boosting (XGBoost) (Chen and Guestrin, 2016), were trained and tested
using the extracted features. XGBoost was chosen for the final implementation of the process
due to its superior performance over the other models.
2.4 Display

The information that has been obtained is then displayed using a GIS application for ease of
viewing. Lots with DAs rated as high risk are highlighted as bright red, while low-risk lots are
shown as green. This allows engineers tasked with planning major infrastructure projects access
to regularly updated information.

3 RESULTS AND DISCUSSION
The combination of web scraping and machine learning led to significant savings in the time
taken to analyse and assess new Development Applications. Firstly, new DAs could be
monitored much more regularly, and the process was less prone to human errors.
The consolidation of information into a single GIS platform reduced the cognitive load on
designers and planners looking to identify impacts on transport infrastructure. The authors
could scrape all the websites of authorities whose jurisdictions intersected the corridor for the
planned transport infrastructure.
It is important to note that humans were not removed from the process but were rather used in
a verification and validation role. The risk ratings produced by the machine learning algorithms
are checked by engineers and planners with the results being fed back into the machine learning
training process to improve future risk predictions. It was found that humans were much more
effective in this role than in manually checking all the DAs.
As a side benefit, the collation of DAs allowed engineers from other disciplines, such as
transport planning, to rapidly find developments near the alignment that could have traffic
impacts on the local area.
3.1 Performance of Risk Predictor

The performance of the machine learning risk predictor is presented here, as it is integral to the
usefulness of the process. By leveraging the prediction threshold, performance metrics such as
accuracy and recall can be optimised according to the use case. Accuracy measures the ratio of
correct predictions out of all predictions and recall measures the ratio of correctly recognised
high-risk DAs out of all high-risk DAs. In the authors’ application, the optimisation goal is to
maximise recall while retaining an acceptable trade-off to accuracy (Figure 2). A recall of 0.95
and accuracy of 0.86 was chosen by the authors.
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Figure 2: Trade-off between recall and accuracy.

4 DRAWBACKS
It should be noted that there are several drawbacks of the process presented in this paper.
4.1 Currency of Datasets

The G-NAF and DCDB datasets are utilised to identify DAs of interest and present these to the
user. Where the G-NAF dataset is out of date, DAs with new addresses within the search area
will not be identified and therefore missed. The G-NAF dataset has a quarterly update
frequency, which means that it is outdated by one and a half months on average. Due to the
nature of DAs, they are also more prone to having an address that is not listed on the G-NAF.
Where the DCDB dataset is out of date, older lot shapes are rendered, which decreases the value
of the information. Possible solutions include utilising online datasets, increasing the update
frequency of datasets, and geocoding DAs such that address extraction is no longer a necessary
step.
4.2 Quality of Description

The process is dependent on the description of the DA in predicting the risk rating. The machine
learned algorithm can only perform if the description accurately describes the development.
This problem could be overcome by including more relevant information, such as estimated
costs (this is currently only shown for some councils) and estimated time.
4.3 Council Website

The process is dependent on some aspects of the council websites not changing, and as such
requires close scrutiny to identify changes that occur. The changes are, by their nature, not
advertised beforehand. Appropriate adjustments to the scraper must be made should changes
occur.
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4.4 Discrepancies Between Datasets

During the development of this automated process, the authors have noticed that there are
discrepancies between the G-NAF and DCDB datasets. Lots exist in the DCDB dataset that do
not have a corresponding address on G-NAF, which means that these lots are not searched for.
There are also inaccuracies between the two datasets causing DA information to fall into
another lot in close proximity to where they are.

5 CONCLUDING REMARKS
The combination of web scraping and machine learning techniques proved to be an effective
means of conducting preliminary analysis of Development Application data for assessing 3rd
party risk to planned infrastructure. Such techniques were enabled by readily available
foundational datasets such as G-NAF and DCDB, which were fundamental in adding context
to the data that was scraped. Without these datasets the entire process would have been heavily
flawed.
The development and use of such techniques represents a new approach to risk assessments for
infrastructure planning and allows for rapid appraisals of new options. Moreover, it highlights
how digital tools may be used to analyse the increasingly large datasets that are being made
available to engineers, surveyors and planners. These datasets can be analysed even if the
datasets are not made available in a structured format.
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ABSTRACT
It is uncanny what unknown amazing details of history I have discovered while researching
other sites and topics. This is exactly the case with regard to the fascinating collection of
heirlooms unearthed along the Antonine Wall in northern England during hundreds of years of
archaeological investigation of this little cousin of the more substantial and well known
Hadrian’s Wall erected earlier to the south. During various periods of the mid 2nd century a
continuous set of distance slabs have been dug up which accurately record on ornamental stone
tablets precisely the lengths of segments of wall surveyed and built as well as naming the legion
responsible for the construction of that portion. As soon as I read the words ‘distance’ and
‘accurate’, to me there could be only one group of the Roman legions who could have provided
the data required to nominate the right length for these sections of the Wall – the mensors
(surveyors) of the elite squad known as the immunes. Along the way I was also delighted to find
out that one of my favourite Scottish surveyors, William Roy, had re-surveyed the remains of
this ancient earthen rampart during 1755 before he became Surveyor-General in 1765, leaving
behind an invaluable record of many parts of this antiquarian edifice which have now
disappeared as a result of erosion and later construction, particularly in the corridor of the
Forth-Clyde Canal within which sections of the structure were either excavated or flooded
through the construction process.
KEYWORDS: Emperor Antoninus Pius, Roman Britannia, Corpus Agrimensorum Romanorum,

Vallum Antonini, international borders, distance slabs.

1 INTRODUCTION
“I am not afraid of an army of lions led by a sheep; I am afraid of an army of sheep led by a
lion.” – Alexander the Great (356-323 BC)
Although only representing the northern borderline of Rome’s western colony of Britannia for
about 20 years from 138 AD to 158 AD, the lesser known boundary (limes) built by Emperor
Antoninus Pius could not negate the passionate aggression of the battle-hardened highlanders.
In the true traditions of the regulated Roman nation, this new boundary line to supersede the
more famous Wall of Hadrian was called Vallum Antonini because that is exactly what it was –
a continuous earth mound made up of turf squares with the adjoining trench to the North. Within
the collection of writings of the Roman land surveyors (Corpus Agrimensorum Romanorum),
the specification to construct a boundary demarcation along a line separating Roman lands from
those of a different inhabitant was called a limes which took the form of a vallum, literally
“earth mound” (Campbell, 2000, p. 273). More extensive background information on the
evolution of the vallum as the required form of demarcation of such an international boundary
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limit can be found in Brock (2017). Punctuated with timber forts and look-out towers during its
era of adoption, the remains of this border marking were later surveyed again by famed Scottish
surveyor William Roy in the mid-1700s, the excellent work of whom will also be covered in
this paper.

2 WHY WAS THE ANTONINE WALL ERECTED?
“Great empires are not maintained by timidity.” – Tacitus (58-117 AD)
Born in Lanuvium, Latium in 86 AD with the name Titus Aurelius Fulvius Boionius Arrius
Antoninus when this adopted son of Hadrian assumed control in 138 upon the death of his
stepfather, he concocted the bulky appellation Caesar Titus Aelius Hadrianus Antoninus
Augustus later to have Pius added to this lengthy titulary after he had persuaded a reluctant
Senate to deify his predecessor. Despite being tagged as one of the ‘Good Emperors’,
congeniality did not equate to acceptance as a Roman ruler, so Antoninus Pius (Figure 1) felt
obligated to demonstrate to his peace-ridden generals in the far-off colonies that he would not
tolerate insurgency by those foreign clans he had wished to subjugate. What better way to
invigorate morale amongst his battle-hungry legions than to move his territorial front forward
through incursions into hostile lands, giving the troops some combat action as well as providing
extensive capital works to install a new boundary demarcation for the new northernmost limit
of his western colony. Unfortunately desire can often fall well short of the prevailing
circumstances, thus the fierce resistance of the northern highlanders presented a greater foe than
had been anticipated, resulting in the retreat of the regiments back behind the wall erected by
the predecessor of Antoninus Pius a mere 20 years after its establishment.

Figure 1: Roman Emperor Antoninus Pius.

Despite the smouldering disquiet in the distant colony, the reign of the Five Good Emperors
from 96-180 (see Appendix A for tenure of Emperors) was remembered as a period of internal
peace and prosperity, thus receiving this accolade embellished in their description of goodwill.

3 WALL LOCATION: SURVEYING, DESIGN AND CONSTRUCTION
“As we know from the Roman Empire, big empires go down if the borders are not well
protected.” – Mark Rutte, Dutch politician
If the name pre-assigned to the new territory limit as Vallum Antonini was not proof enough
that the delineation of this new boundary 100 miles (160 km) further to the north was to be a
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vallum, then the final construction certainly demonstrated it beyond doubt. The relocated
territory limit was installed as a vallum, i.e. an earth mound with a trench adjoining to the north.
The rampart-mound was made up of turf bricks placed upon a foundation of stones (Breeze
2006, pp. 71-72) laid down for more solid support with a wall height of 9-10 feet (2.7-3 m) with
a V-shaped ditch on the northern side, varying in depth from 6-13 feet (2-4 m) at a width
between 20-40 feet (6 and 12 metres) and divided by a berm at 30-40 feet (9-12 m) (Figure 2).
Excess earth from the ditch was placed along the northern lip of the ditch, exaggerating the
depth. Timber watch towers and bastions were erected on top of the rampart-mound. At various
positions forts were constructed to house the regiments from where they could prepare for
combat when required (Figure 3). As was the case with Hadrian’s Wall, the same three legions
responsible for this prior project were also the builders of the earthen Wall of Antoninus, they
being II Augustus, VI Victrix and XX Valeria Victrix.

Figure 2: Typical view of the design of the Antonine Wall, showing the rampart, berm and ditch as it crosses the
countryside.

Figure 3: Antonine Wall location showing forts (Shotter, 1996, p. 61).

With a pre-existing presence for many years past the limits of Hadrian’s Wall as well as forays
further north to test the climate of hostility and formidability of the occupying tribes, the short
span between the Firth of Forth and Firth of Clyde would have been well known to the Roman
planners. With a total distance of 37.6 Roman miles (36.5 miles or 58.4 km – see Appendix B
for a distance conversion table), the proposed construction length was less than half of the more
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southern frontier limit which spanned 80 Roman miles (77.6 miles or 124 km). Therefore the
completion time would have been much more rapid, and without including any grandiose stone
wall to be placed the overall time to finish placing this new territory demarcation was achieved
much more expediently than its counterpart, said to be 2-5 years from between 138-143 AD
(Figure 4). With the ramparts, watchtowers and forts erected using timber being faster to
complete, they presented a less fire-resistant target for any marauding tribes of assailants. One
feature was certain in the scheme being the vallum (the continuous mound of earth with its
adjoining trench), thus complying strictly with the directions furnished to the Roman military
surveyors to construct such a vallum along the new territory limit, dividing this extended
Roman occupation to the south from the foreign lands to north – a translation of the 5th century
notes Corpus Agrimensorum Romanum by Campbell (2000) provides this instruction.

Figure 4: Antonine Wall cross sectional detail.

Having rebadged himself by adding “Hadrianus and Augustus” onto his extended title, it is not
surprising that this new leader was to fervently incorporate the traditional historic elements in
the placement of his new territorial line demarcation. Along with his idol Augustus and mentor
Hadrian, he was not going to be one to miss the occasion of having himself depicted on the
reverse of a coin ploughing the sulcus primigenius just as his two forerunners had done before
him (Figure 5). Among all other interlocutory features which tie these three heads of Rome
together, it appears that this one simple depiction of each of themselves on a coin over 200
years apart partaking in this traditional ancient ritual of ploughing the first furrow just like
Romulus had done at the birth of Rome in 753 BC more than any other tangible link clearly
exhibits the proud sense of heritage and recognition of history which was a foremost trait in
their characters.

Figure 5: Antoninus Pius coin (138-161 AD) for Komama in Pisidia, showing the monarch ploughing the first
furrow like his antecedents Augustus and Hadrian.

The remains of this Roman earth rampart run across central Scotland from Old Kilpatrick in the
west to Bo’ness in the east, through the land of five modern-day local authorities being East
Dunbartonshire, Falkirk, Glasgow, North Lanarkshire and West Dunbartonshire. Since 2008 it
has been registered on the UNESCO World Heritage List, and many museums, walking paths
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and sites for inspection of the existing vestiges of the Roman presence are available for
interested visitors.

4 DISTANCE SLABS OF THE WALL
“Every new beginning comes from some other beginning’s end.” – Marcus Annaeus Seneca
(54 BC – 39 AD)
As a testimony to their hard work and achievements, each legion decided to carve memorials
in stone, now referred to as distance slabs which listed their Emperor along with their own name
followed by the accurate length of the section of the wall for which they had been responsible.
It is theorised that there may have been four such memorials for each section of wall, consisting
of 15 sections in total separately acknowledged by its respective building legion being two at
each end of the section on opposite sides of the structure probably fastened to the fabric of the
nearest timber member of the walls features. This postulation is supported by the number of
slabs which appear to memorialise the same portion of the overall construction in the
westernmost part of the overall construction.
To date 20 such stone slabs have been recovered from what it is surmised there may have been
40 or possibly 60 under another likely scenario. Should the former model turn out to be an
accurate assessment of the likely total number of distance slabs, this 50 % recovery of the hoard
is a remarkable portion of the full corpus of carvings, seeing that most remains in areas of
former Roman occupation have only yielded from 1-5% of a complete subscription of inscribed
artefacts. The largest amount of recovered stone inscriptions from expected estimates previous
to this amazing rate of rediscovery along the Antonine Wall was a 6.5 % yield along Hadrian’s
Wall, so this volume of material is the most amazing ever collected. It gives us a brilliant set of
commemorative tablets to the work carried out by the nominated legions as well as the
cumulative total of construction lengths achieved (Figure 6).

Figure 6: Map of part of the Antonine Wall in sections along a 4-mile (6.4 km) western stretch, showing the
name of the Roman legion responsible for erecting the named section of the wall and indicating the numbers of
the 11 distance slabs found at the terminus of each portion when completed.
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Therefore this much greater average of salvaged items is by far the most unique amount of a
Roman stocktake ever uncovered to provide a solid reflection of the pride which the Roman
legions held in their achievements on behalf of their empire along with the culture of
monumentation which has been able to allow us this personal insight into the bonded
regimentalism existing within the great army with particular emphasis on its section of immunes
which included the surveyors. Having been erected by the same three Roman legions
responsible for the monumental Hadrian’s Wall project, some of the distance slabs bore the
symbols of the relevant regiment who had carried out the designated part of the building which
were a boar for the XX Victorious Valerian Legion and Capricorn (half-goat/half-fish) or
Pegasus (the flying horse) for the II Augustan Legion (see Appendix C).
Each distance slab follows a relatively standard pattern, starting with the Emperor’s name
followed by the name of the legion responsible for the portion of wall erection for which the
accurate length is quoted in either Roman feet (for the shorter sections) or paces and Roman
feet for those parts of greater expanse. Two of the recovered stone tablets, being numbers 11
(see Appendix D) and 14, also add the words Opus Valli which is quoted by Keppie (1998) to
be “the works of the rampart-mound” who also suggested that it is simpler to include all of the
features of the wall design as being inclusive within this phrase. My input to this interpretation
is that Opus Valli literally means the work of building the vallum with all of the extraneous
inclusions of timber additions being supplementary to the principal feature of the earthen
mound along the ditch. Clearly the resultant ditch (up to 5 metres or 17 feet deep) in front of
the earth mound served as a further obstacle to raiding parties whose progress had to be reduced
when faced with crossing such an impediment. As stated in Brock (2017), many international
border lines have an identifiable width containing a clear zone of no man’s land and this 1st
century forerunner for such a line of division was also made up of a set of defining features all
of which made up the separation between Rome and its independent neighbours. The total
spread of the Antonine Wall from Old Kilpatrick to Bo’ness (Borrowstounness) has been
measured to be 39,726 Roman paces or 36 miles 620 yards in Imperial distance. It was reported
to have been of turf taken from local pastures with gravel from the adjacent ditch being placed
upon a bed of stones quarried locally. Capitolinus, who was the author nearest to the date of
commemoration of the wall, mentioned that the rampart was of turf, and that it was a fresh one:
“Britannus – vicit, alto muro cespiticio – ducto” (Anton. Pius. 5.).
The full recitation of Julius Capitolinus is translated to be: “He (Antoninus Pius) conquered the
Britons through his legate Lollius Urbicus, another wall of turf being built after the barbarians
had been driven back…” – Life of Antoninus Pius (V.iv), translated by Anthony Birley. This
contemporary citation gives us an indicator of when the wall was erected because Urbicus as
the Roman legate in Britannia appointed in 139 AD served as Governor until 142 AD. He
quelled an uprising by the Brigantes around 140 AD, this victory being commemorated on a
series of Roman coins (possibly dating to 141-143 AD) which bore the standing figure of
Britannia on the reverse, the personification of this province, as well as the acclamation of
Antoninus as Imperator being the only time he was ever recognised with this honour. Seeing
as the distance slabs were also emblazoned with this designation of the Emperor as Imperator,
it is a reasonable proposition to estimate that this wall was constructed from 139-140 to 142143 AD.

5 RETREAT TO THE WALL OF HADRIAN
“Britannia’s big enough to count, but remote enough not to matter.” – Ruth Downie, “Medicus”
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What was developing as a continual burden on the Roman military machine was being
considered as too distant to control with a depletion of troop numbers caused by the recall of
some of the legions to other parts of the empire closer to home also under siege from outside
armies of frenzied barbarians.
Therefore, without the likelihood of any reinforcements to support the Britannic frontier, the
next successor of the new leader after Antoninus, Marcus Aurelius, upon his death had little
option than to drag his forces back behind the more formidable stone barrier of his predecessor
after only 20 years activity in the northern regions (Figure 7). This first sign of admission that
the subjugation of the northern tribes of Caledonia was unachievable brought with it cracks
opening up in the Roman vision for undiluted occupation of these western lands with the
determination of the Scots not waning but noticeably buoyed by this weak capitulation after
such an embarrassingly brief time period. Although final desertion from these distant lands
would not eventuate until early in the 5th century (411 AD) the writings were already carved in
stone for this ultimate fall of the Roman Empire at least from its furthest colony in the west.

Figure 7: Map showing Hadrian’s Wall and the Antonine Wall in 150 AD.

6 WILLIAM ROY’S RE-SURVEY OF THE ANTONINE WALL VESTIGES
Described as “the finest map in the Military Antiquities”, this map was of the entire Antonine
Wall together with detail plans of the individual forts along this borderline structure. Carried
out by the iconic Scotsman William Roy, it was completed in 1755 calling this construction
‘Grime’s Dyke’ or ‘Graham’s Dyke’ after Robert Graham who was alleged to have overrun it
in about 500 AD. However, the actual retreat back to Hadrian’s Wall is attributed to a northern
uprising in 158 AD which brought the Antonine occupation to an abrupt end, relegating it
backwards behind its former limit south of Hadrian’s Wall. Although it appears that a quick
retreat would have been desirable, evidence indicates that the complete withdrawal from the
Antonine Wall took place gradually up to 161 AD when the evacuation became absolute.
The first recorded rediscovery of artefacts from the Antonine Wall came on 12 April 1565 when
Queen Mary sent correspondence concerning a recently found inscribed stone altar from
Inveresk at Midlothian (RIB 2132) (Keppie, 2012). In George Buchanan’s 1582 edition of
Rerum Scoticarum Historia, he mentions inscribed walls relevant to the Antonine Wall. Then
the landmark publication of Britannia in Latin by William Camden in 1585 became the
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dominant authority on Roman epigraphy with the 1607 version recording five inscribed stones,
in 1695 there were seven while in 1789 the number had swelled to 30. Now the Hunterian
Museum at Glasgow University holds the single largest collection of Roman etched stones,
possessing 17 of the 20 rediscovered distance slabs (Keppie, 1998).
Roy was a career military surveyor performing his Military Survey of Scotland from 1747 to
1755. Subsequently he founded what would become the Ordnance Survey of Great Britain after
he had been appointed Surveyor-General in 1765, also having a lifelong interest in Roman
antiquities often revisiting many of the Roman sites in Scotland when off duty. He was active
during a period of great resurgence in the discovery of artefacts along with personal and
professional curiosity in the history of Roman occupation and activity in Britain. Thus his
professional endeavours were not only driven by the academic demands for accurate maps of
what remained of the Roman presence in his land but also by his own individual obsession with
this era in his country’s evolution.
His surveying and mapping was to encompass the whole of Scotland and some of the northern
areas of England amongst which the Romans had inhabited. Part of his collection of charts
included a map of all the sites known to him which was the only one published during his
lifetime in 1773. The remainder of his work was issued posthumously in 1793 (Roy, 1793)
which contained his plan of the entire length of the Antonine Wall with adjoining forts and
Roman stations such as those at Rough Castle, Auchendavy, Ardoch, Camelon, Eldon Hills,
Brown Cather-Thun, Castle Dykes, Chew Green, Cleghorn and Inch-Stuthill (Figures 8 & 9).
The work also contained sketches of some features like Arthur’s O’on and Duntocher Bridge
together with long and cross sectional diagrams of certain areas he had mapped. The major
contribution of Roy to the archival record of the Antonine Wall also included logs of many sites
which have either disappeared through the effects of weather or been destroyed by acts of
wanton carelessness since the time of his collation, providing an accurate and thorough
collection of details of a world lost in oblivion to mankind. The fact that this man was a great
surveyor and Scottish just adds to my huge admiration of another individual who obviously
treasured the vestiges left behind from an ancient period of glamour, warfare and extravagance
but more importantly eminent for the great value placed by the Romans upon their surveyors
both legionary and in the areas of private and public land creation and adjudication.

Figure 8: Detail of Ardoch fort by Roy.
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Figure 9: William Roy’s map of the entire Antonine Wall (Roy, 1793).

7 THE HUNTERIAN MUSEUM
The Hunterian Museum within the University of Glasgow was opened in 1807, now being
Scotland’s oldest public museum. Containing the largest collection of inscribed Roman
stonework anywhere in the world, it boasts 17 of the original distance slabs with also two plaster
casts of the remaining slabs held at two other institutions. Up until very recently, the full
collection of these artefacts was on display within a gallery called “The Antonine Wall: Rome’s
Final Frontier”, but the premises are currently closed for around 2 years for refurbishment.
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8 ROMAN SURVEYORS RULE – AGAIN!
“Rome has grown since its humble beginnings that it is now overwhelmed by its greatness.” –
Titus Livius (59 BC – 17 AD)
It is a scenario repeated time after time throughout history that civilisations grow too large and
amorphous, resulting in their administrations being stretched too thin on the land and overgoverned to a level of dysfunctionality, ultimately leading to their implosion providing a soft
target prime to be readily overrun by a stronger less burdened opponent just lingering in wait
for the ponderous giant to topple (Figure 10).

Figure 10: Map showing Vallum Antonini and Vallum Hadriani along with the Roman names for England
(Britannia), Scotland (Caledonia) and Ireland (Hibernia).

Despite the progressive decline of its culture, there is no doubt that the Roman surveyors
maintained an elevated status in society and their work was continuously utilised in the affairs
of the government and community settlement. However, as soon as the words ‘distance’ and
‘accurate’ are uttered, I immediately seize another opportunity to assure all who will listen that
there can be but only one recognition which can come to mind which obviously is surveyors!
Roman surveyors are among those many eminent individuals throughout history who emulate
the qualities, traditions and skills with which surveyors from all over the world can be
identified. Men of undoubted ability, congeniality and technical excellence, it is fully
understandable just how highly esteemed these purveyors of adjudication and judgement had
become.
Enriching the status already attained by the land surveyors of Rome during the mightiest era of
the imperious nation, it is not surprising that I am compelled to once again cite the erudite and
astute Roman official Cassiodorus (Hodgkin, 1886) who referred to the agrimensore (land
surveyor) in the following way: “He walks not as other men walk!” The entire quotation of this
very wise and eloquent man can be found in Brock (2012) to get a full appreciation for just how
well regarded Roman surveyors were as well as the awe with which their activities were held
in Roman society.
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9 CONCLUDING REMARKS
Despite its lesser historical profile than its more formidable southern icon Hadrian’s Wall, the
Antonine Wall is still significant from a surveyor’s perspective due to the unparalleled
production of this magnificent series of distance slabs to once again demonstrate in stone just
how skilled the Roman surveyors were (see Appendix D). The other most noteworthy feature
of this earthen construction was as an even clearer demonstration that its principal function was
as a boundary demarcation monument which designated the limit of the territory for which
Rome claimed jurisdiction and control while being built with symbolic recognition for the
traditional formation adopted by the mighty Empire for the limits of its cities and lands from
the very first sulcus primigenius marked out by the Founder of Rome (known as The Pomerium
in its context as the outer perimeter of the Eternal City) which included such a first furrow or
trench adjoining the earthen mound known as the vallum, being the actual boundary of the limes
or International Border Line of the Roman Colony Britannia.
In a final note concerning the construction of the Antonine Wall, it is most interesting that the
same three Roman legions responsible for the monumental project of erecting Hadrian’s Wall
were also entrusted with the task of making this less imposing border protection line along
Rome’s northernmost territorial limit deep within Caledonia – Second Augustan Legion (Legio
II Augusta), Sixth Legion (Legio VI Victrix) and Twentieth Legion (Legio XX Valeria Victrix).
Figure 11 shows busts of the two Emperors responsible for building these two walls.

Figure 11: Busts of Emperors Antoninus Pius (left) and Hadrian (right).
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Figure 12: Artist’s impression of the timber structures on the Antonine Wall.

Figure 13: Recreation of the timber watchtower and wooden bastion on the Antonine Wall at Vindolanda along
Hadrian’s Wall.
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APPENDIX A
List of Roman Emperors during the period from the Five Good Emperors to the abandonment
of the Antonine Wall in 163 AD, also covering the Antonine Dynasty (from the Department of
Greek and Roman Art, The Metropolitan Museum of Art, October 2004):

The Five Good Emperors
Nerva
Trajan
Hadrian
Antoninus Pius
Marcus Aurelius

96 – 180 AD
96 – 98 AD
98 -117 AD
117 – 138 AD
138 – 161 AD
161 – 180 AD

Antonine Dynasty
Antoninus Pius
Marcus Aurelius
with Lucius Verus
Commodus
with Marcus Aurelius
Pertinax
Didius Julianus
Pescennius Niger

138 – 193 AD
138 – 161 AD
161 – 180 AD
161 – 169 AD
177 – 192 AD
177 – 180 AD
193 AD
193 AD
194 AD

APPENDIX B
Table of Roman Standards of Distance Measurement:
1 Roman inch = uncia = 0.97 Imperial inch = 24.6 mm.
1 Roman foot = pes = 0.97 Imperial foot = 0.296 m.
1 pace (passus) = 5 Roman feet = 4.854 Imperial feet = 1.48 m.
1/8 Roman mile = 125 paces = 1 stadium = 625 Roman feet = 607 Imperial feet = 185 m.
1 Roman mile = 1000 paces = 1 miliarium = 5000 Roman feet = 4854 Imperial feet = 1479.5 m.
1500 paces = 1 lewa = 7500 Roman feet = 7281 Imperial feet = 2219 m.
Author’s note: When Gary Reed took us on a personal tour of parts of Hadrian’s Wall, his career
in the marines gave him a first-hand knowledge of regimental behaviour and training such that
his explanation as to how the pacing of Roman soldiers could be so reliable was a total
revelation to me and those who have thought just how the paces of different sized human beings
could be so accurately determined. He said that it does not matter how tall or short the marching
soldiers are, they never get out of time or left behind the others when making their paces to the
level of a dependable and repeatable step length which could be transferred into their
reconnaissance of proposed locations for various features or for just a reliable estimate for the
amount of building materials which would be required for any future project such as the erection
of a boundary wall along with the various turrets, fortlets and major forts to be placed.
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APPENDIX C
Distance slabs discovered so far, according to legion responsible: A = Second Legion, B = Sixth
Legion, C = Twentieth Legion. Drawings by Margaret Scott. All are in the Hunterian collection,
except the slabs from Bridgeness (RIB 2139), now in the National Museums of Scotland,
Edinburgh, and from Millichen near Summerston (RIB 2194), now in Glasgow Art Gallery &
Museum, Kelvingrove. All at scale 1:30.
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APPENDIX D
Some examples of the surviving distance slabs with translations. For the complete collection of
distance slabs with translations, see Brock (2018).


Distance slab no. 8 from Hutcheson Hill, Dunbartonshire:

Stone size: H: 0.67 m, W: 0.85 m, D: 0.12 m, Material: Local yellowish buff sandstone.
Inscription: Imp(eratori) C(aesari) T(ito)/ Ael(io) Hadr/ iano An/ tonino Aug(usto)/ Pio p(atri)
p(atriae) vex(illatio)/ Leg(ionis) XX V(aleriae) V(ictricis)/ fec(it)/ p(er) p(edum) III. “For the
emperor Caesar Titus Aelius Hadrianus Antoninus Augustus Pius, Father of his Country, the
Twentieth Valiant and Victprious Legion completed (the work) over a distance of 3,000 feet.”


Distance slab no. 9 from Hutcheson Hill, Bearsden, Dunbartonshire:

Stone size: H: 0.72 m, W: 0.82 m, D: 0.13 m, Material: Yellowish buff sandstone.
Inscription: Imp(eratori) C(aesari)/ T(ito)/ Ael(io)/ Hadri/ ano/ Anto/ nino/ Aug(usto)/ Pio
p(atri) p(atriae)/ vex(illatio) Leg(ionis)/ XX V(aleriae) V(ictricis)/ fec(it)/ p(er) p(edum) III.
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“For the emperor Caesar Titus Aelius Hadrianus Antoninus Augustus Pius, Father of his
Country, the Twentieth Valiant and Victorious Legion built (this) over a distance of 3,000 feet.”


Distance slab no. 10, provenance unknown:

Stone size: H: 0.57 m, W: 0.77 m, D: 0.12 m, Material: Buff sandstone.
Inscription: Imp(eratori) C(aesari)/ T(ito) Ae(lio) Hadriano/ Antonino Aug(usto)/ Pio p(atri)
p(atriae) vex(illatio) Leg(ionis)/ XX V(aleriae) V(ictricis)/ fec(it)/ p(edum). “For the emperor
Caesar Titus Aelius Hadrianus Antoninus Augustus Pius, Father of his Country, the Twentieth
Valiant and Victorious Legion built (this) over a distance of…”


Distance slab no. 11 from Braidfield, Duntocher, Dunbartonshire:

Stone size: H: 0.765 m, W: 1.19 m, D: 0.17 m, Material: Whitish buff sandstone.
Inscription: Imp(eratori) C(aesari) T(ito) Aelio Hadr/ iano Antonino Aug(usto)/ p(atri)
p(atriae) vex(illation) Leg(ionis) VI/ Victric<i>s) p(iae) f(idelis)/ opus valli p(edum)/ MMM
CCXL f(ecit). “For the emperor Caesar Titus Aelius Hadrianus Antoninus Augustus Pius, Father
of his Country, a detachment of the Sixth Victorious Loyal and Faithful Legion built the work
of the wall (vallum by me) over a distance of 3,240 feet.”
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Distance slab no. 12 from Duntocher, Dunbartonshire:

Stone size: H: 0.5 m, W: 0.73 m, D: 0.19 m, Material: Buff sandstone.
Inscription: Leg(ionis)/ II/ Aug(usta) f(ecit)/ p(edum) IIII CXL. “The Second Augustan Legion
built 4,140 feet.”


Distance slab RIB 2139 from Bridgeness, West Lothian:

Approx. stone size: H: 0.84 m, W: 2.89 m, Material: Buff sandstone.
Inscription: Imp(eratori) Caes(ari) Tito Aelio/ Hadrian(o) Antonino/ Aug(usto) Pio p(atri)
p(atriae) Leg(ionis) II/ Aug(usta)/ per m(illia) p(assuum) IIIIDCLII f(ecit). “For the emperor
Caesar Titus Aelius Hadrianus Antoninus Augustus Pius, Father of his Country, The Second
Augustan Legion (built) this 4,652 paces” (translated by the author).
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Distance slab no. 16 from Old Kilpatrick, Dunbartonshire:

Stone size: H: 0.65 m, W: 0.73 m, D: 0.12 m, Material: Buff sandstone.
Inscription: Imp(eratori) C(aesari)/ T(ito) Ae(lio) Hadria/ no Antonino Aug(usto) Pio p(atri)
p(atriae)/ vexilla(tio)/ Leg(ionis) XX V(aleriae) V(ictricis) fec(it)/ p(er) p(edum) IIIICDXI. “For
emperor Caesar Titus Aelius Hadrianus Antoninus Augustus Pius, Father of his Country, a
detachment of the 20th Valiant & Victorious Legion built (this) over a distance of 4,411 feet.”
Note: All information relating to the details of the distance slabs is from the Hunterian Museum,
including location of find, stone size and type, combined with the interpreted full Latin text of
the inscriptions followed by their English translation, is taken from Keppie (1998).


Locality sketch of wall sections by legions (Robertson, 1968), further divided by the author:
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Mixed use of measurement units on the distance slabs:

The very astute will have observed that the distance slabs found have units in either Roman feet
or paces or in the case of slab 3 both are stated. In addition, there is also the denser occurrence
at the western end of the Antonine Wall where it is obvious that the three legions responsible
for its erection took charge of their assigned sections which were much shorter than the first
nine components of the project starting at Bridgeness at the eastern extremity (see Figure 6 for
an enlargement of the western end). Along these longer sections which were built first, the units
adopted to record the length of their contribution were the longer unit of a pace (passus) which
is 5 Roman feet with slab 3 utilising both paces and feet to list the distance of their piece of the
achieved structure. Although section 9 is one of the longer sections, slab 7 is recorded in feet
while slab 6 adjacent to where this stone inscription was discovered is in paces. It is not
surprising that slab 8 is in feet as it may be associated with the shorter lengths which
commenced at this point. Using the smaller distance unit is logical along those sections less
than 1,000 paces (5,000 Roman feet = one Roman mile) which is certainly the case along the
far western corridor of the Antonine Wall while along the lengthier portions paces were
employed with one slab bearing both units to list its total section work as before mentioned.
Why the sections were reduced so substantially is not fully understood but one theory espoused
by www.antoninewall.co.uk is worth mentioning here. A brief note says that the shorter
portions are a result of construction resuming after a significant delay, thus requiring the
building time needed being less for its completion resulting in reduced sections to construct.
RIB 2194 was found near the site of Balmuidy Fort in the centre of section 8 and thus being a
longer line the distance is stated in paces (3666½).
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ABSTRACT
The loss of cadastral integrity is not something that would be expected in today’s systems of
record keeping and enforced regulations that surveyors must adhere to in order to contribute
to the cadastre. But there are some areas of the cadastre that are not reliable, and indeed
wrong, despite all efforts to ensure that the records are correct. One area where the integrity
of the cadastre can degrade is around riparian boundaries. By virtue of their ambulatory nature
and the ways in which our cadastral system deals with that ambulatory nature, the end result
of not dealing correctly with riparian boundaries can create issue with the integrity of the
cadastre. Combine the impacts of ambulatory boundaries with the effects of poor and
inappropriate management practices in the record keeping of the cadastre, then the integrity of
the cadastre can be severely compromised. This paper shows that ignorance, or negation, of
the rules pertaining to riparian boundaries can have a destabilising effect on the integrity of
the cadastre.
KEYWORDS: Cadastral integrity loss, riparian boundaries.

1 INTRODUCTION
Everyone has a stake in the cadastre, from individual property owners, Government and its
agencies to information seekers data mining the wealth of attached attributes so they can make
critical decisions on investment, infrastructure and development. It is not an unreasonable
hypothesis that all these people would expect the cadastre to be of a reasonably high quality
and that it is maintained in such a condition. After all, everyone has a personal stake in these
expectations being upheld. Someone might only be interested in the small land holding they
own but others such as Government are making critical decisions that do affect everyone. None
of these people would be pleased if they learnt that the cadastre had little or no validity. They
might not own what they thought they did or they might not own anything at all or that critical
infrastructure development was positioned in the wrong place. Just as data mining through the
cadastre can yield misinformation if the base layer is incorrect, the mine head could be placed
on the wrong parcel that the operator did not have title to and drilling could miss the mother
lode with the whole operation only producing fool’s gold.
There is the expectation that this doomsday scenario of an unreliable cadastre is not true, thanks
to diligent survey practice in defining the land parcels that underpin the cadastre, rigorous
checking of information and input that builds the cadastre and comprehensive record keeping.
At least the State Government does not adhere to the doomsday scenario in that it also has a
significant stake in seeing that the integrity is maintained.
The Board of Surveying and Spatial Information (BOSSI – see www.bossi.nsw.gov.au) sets
and regulates competency standards for surveyors and surveying practices in NSW. These
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standards are designed to maintain the integrity of land boundaries across the State (i.e. the
State’s cadastre), which in turn maintains the integrity of the NSW property market and ensures
community interests are protected. Spatial Services, a unit of the Department of Finance,
Services and Innovation (DFSI), implements and monitors these standards on behalf of the
Board (DFSI Spatial Services, 2019).
But what if the doomsday scenario is true? Not all areas of the cadastre throughout the State are
reliable as each other. There are some areas where the integrity of the cadastre is questionable
despite all efforts to ensure its validity. But are there areas where the integrity has been lost or
never existed and what is on record does not actually represent what is there. There could be
land parcels that are potentially in another place, or do not exist in reality.
This paper shows that ignorance, or negation, of the rules pertaining to riparian boundaries (e.g.
Songberg, 2016) can have a destabilising effect on the integrity of the cadastre. However, before
we can ponder the dilemma into the validity of the cadastre, some groundwork must first be
undertaken such as establishing what the cadastre actually is.

2 MEANING OF THE CADASTRE
A few online dictionaries provide the following definitions of the cadastre:
 “A cadastre is a comprehensive land recording of the real estate or real property’s metes
and bounds of a country.” (Wikipedia)
 “An official register of the quantity, value, and ownership of real estate used in apportioning
taxes.” (Merriam_Webster)
 “An official register of the owners of land and of the amount and value they own, used for
calculating the amount of taxes owed.” (Cambridge English Dictionary)
 “An official register showing details of ownership, boundaries, and value of real property
in a district, made for taxation purposes.” (Collins English Dictionary)
 “A register showing the extent, value, and ownership of land for taxation.” (Oxford English
Dictionary)
 “An official register of property showing boundaries.” (NSW Cadastre Web Service)
Despite the small differences between the definitions shown, there is a commonality throughout
which goes on in a similar vein in other resources. Basically, a cadastre is a record of land
parcels throughout the State or country together with various attributes that are associated with
each parcel. The extent of the attributes depends upon what is required of the cadastre by the
maintainers of it. In NSW, the cadastre is recognised under the heading of Digital Cadastral
Database (DCDB). Prior to this electronic form of the cadastre, the record of the State’s land
parcels was maintained within analogue paper maps and plans.
The cadastre, be it the former maps and plans or the newer electronic version, was built over an
extended period of time. Over that time it is hoped that the quality of the information improves
but sometimes, despite all efforts to the contrary, it degrades.

3 CAUSES OF CADASTRAL INTEGRITY LOSS
For the most part the accuracy of modern surveying techniques, combined with the diligence
of today’s surveyors and modern cadastral records management systems, ensures the integrity
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of the cadastre is upheld. However, there are some instances where, despite best practice, there
are exceptions and the cadastre loses integrity:
 The integrity was not there in the first place. Cadastral management in early times was not
up to the standard of today, and there are places where the only record available is the old,
and unreliable.
 Poor surveying practice. This is very rare today but it sometimes does happen. If it does,
then generally the error is fixed quickly. But the standard of surveying throughout the State
was not always of a high standard. To be fair, some early surveys have been found to be of
a high standard of accuracy, even by today’s standard. But some of the less accurate surveys
did happen and the results still exist today.
 Survey errors. The survey may appear within itself to be of a high standard but simple
unnoticed errors do occur. These errors can have impacts on the validity of the cadastre,
ranging from minor right up to and including major. The errors can also radiate outward,
causing impacts not only to the immediate cadastre but also to surrounding areas.
 Loss of reference mark infrastructure. If the underpinning infrastructure of permanent
survey marks is removed, for whatever reason, there can be destabilising effect on the
positional validity of the surrounding cadastre. The more extensive the mark loss is, the
greater the impact.
 Poor record keeping. Today we have a digital record, which is quickly and easily verifiable
for misplacement and extent of errors that lead to shortfalls or overlaps. The earlier record,
however, was undertaken with pen and paper. As things changed, it was up to the record
keeper to erase the old and replace it with the new. The act of making the changes often
resulted in information becoming indistinct, unreadable or even lost. The changes
themselves may also not have been completely valid as sometimes the interpretations made
by the person drafting the change were not correct.
 Inappropriate record manipulation. As the record changed from one map version to the next
and even the change into the digital record, errors crept in. Vital pieces of information were
left off, and sometimes invalid pieces were added. What was left for the next user was a
record with some entities missing and other entities that appeared to exist in the database
but in reality did not.
 Derivation of incorrect cadastral elements from misinterpretation of written descriptions
and or vague sketches or scaled diagrams. The path from physical entity through
interpretations into text and/or diagram, then onto the cadastral record, often went through
a number of different people. Along the chain, translation errors easily crept in so that what
is represented in the cadastre is not necessarily a true representation of what is on the
ground.
 Changes wrought by riparian boundary ambulation. There are a set of rules that must be
followed to record changes in riparian boundaries. Sometimes those rules are not applied
correctly so that what is created as part the cadastre is not correct. Sometimes it may not be
the incorrect application of the rules but incorrect definition and/or depiction of the riparian
boundary that creates an apparent change that really does not exist. There is also sometimes
a fundamental difference between the cadastral entity and the physical entity. In a cadastral
sense the entity, such as a river, does not exit but physically it does, and vice versa.
 Any combination of the above.
This list is probably not completely comprehensive. There are likely other happenstances that
have an impact on the validity of the cadastre. The list, however, covers the basic elements.
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During the course of their career, most surveyors will get to see or experience the impact of one
or two of the first four elements. They may even have a passing acquaintance with the next two.
But it is the last few, particularly the impact of riparian boundary ambulation combined with
the preceding three elements, which a lot of surveyors never experience. Rather than be
correctly guided, surveyors can instead be misled by the invalid integrity of the cadastre into
making judgements and determinations that are themselves ultimately invalid.

4 NORTH HAVEN
The Camden Haven River enters the sea on the Mid North Coast of New South Wales between
North Haven and Camden Head. The river once ran wild to the sea, and from logging practices
in the late 1800s the banks of the river have seen many changes. The river has been an important
navigation route into the hinterland, with the construction of training walls during 1899-1902
about the entrance to improve navigation being the most significant change. In one reach of the
river what was once the navigation channel is now an almost closed lagoon (Gogleys Lagoon)
with only a narrow entrance remaining through which the tidal current races (Figure 1).

Figure 1: Camden Haven River entrance, North Haven on the left and Dunbogan Camden Haven on the right.

The cadastre has also seen changes over the same period. Some of those changes are a direct
result of the ambulation of the riparian boundaries which, for the most part, no longer ambulate
thanks to the constructed rock walls. Along the north side of the river, the North Haven side,
the cadastre appears to be in a neat and ordered state (Figure 2). It shows no hint of being
invalid. But if you scratch beneath the surface and look a little deeper, the state of the cadastre
is anything but in order. There are elements that are literally invalid and the attributes associated
with those elements give a picture that is far from the truth. The cadastre, particularly outside
the surveyed elements within North Haven, has little or no integrity. To be able to understand
what has occurred and to uncover how the cadastral integrity became lost, the use of time warp
surveying techniques (Songberg, 2007) is required for delving through history to uncover the
tangled web.
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Figure 2: Cadastre north of Camden Haven River entrance.

5 CADASTRAL ENTITIES
In Figure 2, the white band north of the river and south of the green is shown to be two entities.
Interrogation of the cadastre reveals the one next to the river is lot 7020 DP1001333 and it is
Crown Land. Further enquiry with Crown Lands provides information that the land, amongst
other attributes, is Reserve for Access 10324. The other is revealed as Public Road. Although
both entities exist in the real world, the record of them in the cadastre is invalid. Neither are
shown at their correct extent or location. In fact, what is shown as R10324 is not. The impact
of just this one error translates latterly into other parts of the cadastre, creating further errors.
Since the initial errors were made, other elements have been created when they should not have.
There would be great uncertainty in their validity as they were made based on information that
was incorrect.
5.1 Public Road

The road was gazetted in 1930 (Figure 3), extending from the road crossing of Stingray Creek
(“the continuation of the most northerly public road through R8210”), along the entrance to
Queens Lake, further up the estuary, down the estuary, then northerly to the southern boundary
of portion 91. The road was also stipulated to be 20.115 (1 chain) wide against the landward
boundary of R231 and R10324.
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Figure 3: Public road gazette, 7 March 1930.

The only thing that is shown correctly, or at least partially correct, in the cadastre is the road
being depicted against the landward boundary of the reserve. There have been no closures of
this road so it should still be in existence to the south boundary of portion 91. But where is
portion 91? It certainly is not at the end of the road as shown in the cadastre (Figure 2), where
it is depicted to end at the beach beside the north training wall of the river entrance. Closer
examination of Figure 2 reveals 91/DP754444 to the top right of centre of the image. This is
portion 91, and according to the gazette the road should extend to the south boundary. So why
does it not? What has gone wrong in the cadastre?
To determine what the error in the road is, the components that locate the position of the road
need to be firstly determined. Portion 91 is fine, we know where that is. The commencement of
the road is further up the river and does not have an impact on the area under examination (for
completeness, there were no errors found at this end). It is the area through reserve 10324 and
reserve 231, not identified by the cadastre, which must be examined in closer detail.
5.2 R10324

Reserve 10324 for Access was gazetted on 7 December 1889 (Figure 4). According to the
gazette, the reserve is 150 links wide, running beside the mean high water of the Pacific Ocean
southerly from the north boundary of the North Haven village reserve to the termination of
Reserve 231. The reserve is supposed to run south but what is depicted runs almost west. The
reserve also should be beside the ocean and not the Camden Haven River. Does it or does it not
extend up the river as is shown in the cadastre? It should go to the end of R231, wherever that
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is located. The northern village reserve boundary as it once was is located north further along
the coast so R10324, that is supposedly beside the ocean, should still exist, but it is not shown
so where did it go? There is also the issue of including the training walls that extend from the
shore into the river and the ocean within the reserve. They did not exist at the time the reserves
were gazetted so they should not be included. On the basis of these simple observations, it looks
like what is shown as R10324 cannot be, but what is it? The record of R10324 within the current
cadastre is basically invalid and needs to be completely reconstructed.

Figure 4: Reserve 10324 gazette, 7 December 1889.

6 THE CADASTRAL ERRORS
How the errors in the public road and R10324 came about is not easily found. Data mining the
current cadastral records will not reveal the sought after information. That mine of information
will only yield fool’s gold as the cadastre is invalid. It is only through engaging time warp
surveying techniques (Songberg, 2007) in data mining through historical records and events
that the source of the errors is brought to light. The errors causing the cadastral errors are not
from one issue but are from a combination of issues.
By far the most significant source of error stems from the treatment of riparian boundaries
defining the reserves along the foreshore. There are a number of rules that dictate how riparian
boundaries are defined and redefined as they ambulate. Two rules play a significant role in this
case:
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Rule 1: If the mean high water changes by means other than gradual and imperceptible
erosion or accretion, then the boundary does not change.
Rule 2: The landward boundary of a reserve is fixed at the time of creation (McGrath v.
Williams (1912) 12 SR NSW 447) and does not ambulate.

Neither of these rules were applied as both boundaries have been changed in the cadastre from
what was gazetted. The mean high water has physically changed but there has been no specific
administrative action taken to change the location of the reserve.
From a commencement in 1893, the Public Works Department of New South Wales undertook
to reconstruct the entrance to the Camden Haven River. In doing so, they straightened the course
of the river near the river mouth and aligned both banks with rock revetment walls, extending
the walls out into the ocean to train the entrance at a particular location (see Figure 1).
Undoubtedly, this work made for a more reliable and safer entrance to the river but it did not
make for a safer and more reliable cadastre. The river mouth reconstruction caused considerable
changes to both the river alignment and location of the mean high water mark. This work
constitutes a major man-made, non-gradual change in the riparian boundaries. By correct
application of the riparian boundary rules, the location of the reserve, and subsequently the
road, should be as they were before the change came about. But that is not what happened
throughout time within the cadastre.
Adding to the riparian boundary errors, poor record keeping also crept in, compounding the
problem. As changes were made to the parish map records, erasures and additions obliterated
some aspects so that they became lost. The sections of reserve and road north along the coast
disappeared, not in reality but only within the cadastre record. As the parish map editions
changed, so did the depictions in location of the reserve and road, as each version showed a
slightly different cadastre. The reserve and road were depicted in the wrong location, not where
the riparian boundary rules dictated, but where the reconstructed river forced a new alignment
to North Haven shoreline.
Another addition to the integrity loss was that interpolations onto the graphic cadastre record
of the parish map from the written gazette descriptions were not made correctly. Compiling the
data from gazettes of R10324 for access (Figure 4), R231 for access (Appendix B) and R27270
for harbour improvements (Appendix C), the only conclusion that can be reached is R10324
did not extend into the inlet and only faced the Pacific Ocean. That which is shown in the current
cadastre as R10324 is really R231. The graphic for R10324 did not make it to the electronic
cadastre.
Then to top off the problem, inappropriate record management added the training walls, where
they stuck out into the river and ocean, into the reserve area. There is no basis for the inclusion
of these features other than at the whim of the operator creating the graphics for the electronic
cadastre. They were not part of the cadastral elements in the previous analogue parish map
system.
It follows that there are at least four factors of cadastral integrity loss that have combined to
create a problem that is basically unknown. Users of the cadastre have used this invalid data to
undertake decision making and take actions which in the end were invalid despite spending
valuable time and resources.
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7 GAZETTED CADASTRE
The solution as to where the reserve and road boundaries should be located still lies in the early
cadastral records and gazettes, although the information may point in unusual directions. The
real task is to correctly interpret all the information so as to correctly locate all the entities as
they should be located prior to it all unravelling. To physically locate the entities in space, the
ideal piece of information would be a survey for the entities that complements the gazette. Such
was not done, otherwise the survey plan would have been identified in the gazette. The location
of the mean high water prior to the river entrance reconstruction, preferably close to the time
of the gazettes, is however necessary to solve the riparian boundary location problem.
The gazette for R10324 mentions a village reserve. A plan of this village reserve still exists
(Figure 5).

Figure 5: Village reserve, c. 1861.

The village reserve plan shows the shape of the Camden Haven Inlet significantly different to
that of the current cadastre depiction as it predates the entrance reconstruction. The plan is dated
1889 because it was used to identify what was to be revoked in a reserve restructure in 1889. It
does however show the extent of R231 going down the Camden Haven inlet to the entrance. It
does not show R10324 but gives the area along the coast as a proposed reserve. This plan is not
in agreement with the Queens Lake parish maps of the era. Editions 1 and 2 (Appendix A1 &
A2) show R231 only extending to the junction of the Queens Lake Inlet and the Camden Haven
River, although edition 1 does not depict the Camden Haven parish to the south or the Camden
Haven River. It simply labels the area as Camden Haven which may have caused some of the
190

Proceedings of the 24th Association of Public Authority Surveyors Conference (APAS2019)
Pokolbin, New South Wales, Australia, 1-3 April 2019

confusion. By contrast, Camden Haven is shown on the village plan as the bay within the ocean
beyond the mouth of the Camden Haven River. The gazette for R231 (Appendix B) describes
the reserve as going around Queens Lake, then down the inlet to Camden Haven and along the
shores of Camden Haven.
The gazette for R10324 (Figure 4) describes it as extending south down the coast from the
northern boundary of the village reserve and encompassing 10 acres 2 roods. Converting the
area to a linear dimension, the reserve is a little less than 1.4 km long. This locates the common
boundary between R10324 and R231 to be about the former Camden Haven River entrance, as
is shown in the village reserve plan. If it were located at the Camden Haven – Queens Lake
junction as per the parish maps, then the area of R10324 should have been about 22 acres. The
gazette description of R27270 (Appendix C) confirms the location by describing the part of
R27270 that abuts R231 as extending south-east then north-east along the river from the eastern
boundary of portion 26. Both parish map editions 1 and 2 show portions 25, 26 and R27270 yet
still label the reserve along the foreshore as R10324. Clearly the R231-R10324 common
boundary is not at the river junctions but rather at the river entrance to the ocean. The textural
descriptions were not translated correctly and all cadastre records starting from the first edition
of the parish Queens Lake have incorrectly identified the extent of both R231 and R10324. The
parish maps also could not have been used to derive the descriptions of the reserves, otherwise
the maps would have been correct. Extrapolating this to the current cadastre, unlikely though it
is, would mean that what is shown as R10324 is really R231. But where is the common
boundary physically located in today’s cadastre?
The problem with the village plan and parish maps is that they are only diagrammatic. Edition
1 of the parish map is confusing, edition 2 not much different to the village plan which does not
show any survey base of how it was derived. A graphical overlay tie to the present cadastre
would be very loose. What is needed is a plan that is based on surveyed data and which could
be linked to the present cadastre with a reasonable degree of accuracy.
Edition 2 of the parish map, in use from 1898 to 1914, despite its lack of quality graphics, does
provide further information that leads to a surveyed plan but not one of the land. The shoreline
is noted as being reduced from a plan within the works department. As it turns out that plan was
still being held in the Public Works plan room at the time of research. It was the hydro plan
(Figure 6) of the inlet and immediate coast conducted in 1897 prior to the commencement of
site works to realign the entrance.
The plan shows some of the cadastre within North Haven as well as part of a reserve notified
21 May 1884 (R231), extending eastward past the eastern boundary of portion 26 to about the
river entrance where it vaguely disappears as though the precise termination is unclear. This
plan agrees with the information on the village reserve and what can be deduced from the
gazetted descriptions. It again confirms the location of the R231 and R10324 common boundary
as being at the river entrance to the ocean. The hydro plan also shows the location of the pilot
station on the south side of the river. There is subsequently sufficient information on the plan
to orientate this survey in time and space reasonably accurately over the present cadastre. The
survey may not have been carried out over the land but it is detailed enough to reasonably locate
the mean high water mark in relation to the land parcels. Despite being conducted 8 years after
the gazette of R10324 (1889) and 13 years after the gazette of R231 (1884), the times are close
enough that this representation can be considered as sufficiently accurate to locate the reserves.
It is also the only surveyed information available.
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Figure 6: Part of hydro survey of Camden Haven Inlet, c. 1897.

So what did Public Works do that made things go so horribly wrong with the cadastre? They
straightened up the course of the river by dredging through the south-facing spit, leaving part
of it on the south side of the reconstructed river and blocking off the reach of the river to the
south with constructed rock walls (Figure 7). What was once a broad sweep of the river to the
south became Gogleys Lagoon which now has two narrow entrances, only one of which is
navigable by small craft. The entrance training walls have since been extended from what is
shown as the plan was an early edition during the full course of the works. Although the project
was commenced in 1893, planning and preliminary works such as the hydro survey (1897) were
conducted prior to construction. The preliminary construction on the entrance was not carried
out until 1899-1900 (Coltheart and James, 1987).
Strict adherence to the two rules for riparian boundaries previously mentioned (see section 6)
is required to determine the location of the reserves and road as is described by the gazettes.
Because of the purposeful reshaping of the river and foreshores after the gazette dates (1884
and 1889), the mean high water boundary of R10324 and R231 should not be changed. The
location of the landward boundary of the reserves and thus the road can also be found by
offsetting the mean high water mark determined by the hydro plan.
A simple graphic overlay of the hydro plan to the existing cadastre is sufficient to provide an
adequate picture and reveal some startling anomalies (Figure 8). Not only is the gazetted
location of the reserves, and thus the road, in complete contrast to what the cadastral record
portrays, there are overlapping entities, some of which would have adverse impacts upon
people’s personal holdings. Most impacts are fortunately upon what has been often referred to
as the Crown Estate. The impacts mostly affect other reserves and the course of the river itself.
The boundary between R231 and R10324 can also now be located though still only
approximately as there is a bit of latitude as to what position along the foreshore the entrance
of the river is found. As the boundary between the reserves was at the entrance to the river, by
extrapolation that boundary, if the riparian boundary rules were ignored, would still be at the
entrance which is now located out through the training walls. The reserve inside the entrance
should be R231 and that outside R10324. Thus it can be established that what is shown in the
current cadastre as R10324 should have been shown as R231, all be it in the wrong place.

192

Proceedings of the 24th Association of Public Authority Surveyors Conference (APAS2019)
Pokolbin, New South Wales, Australia, 1-3 April 2019

Figure 7: Extent of Camden Haven entrance construction 1899-1901 (Coltheart and James, 1987).

Figure 8: Hydro survey overlayed to cadastre. Landward boundary of R231-R10324 and side of road marked in
orange. Opposite side of public road marked in black, and mean high water marked in blue.

193

Proceedings of the 24th Association of Public Authority Surveyors Conference (APAS2019)
Pokolbin, New South Wales, Australia, 1-3 April 2019

The list of impacts, what they affect and how they can be managed is not part of this discourse.
It is more important to show how the errors came about. The non-application of rules about
riparian boundaries has been easy to understand and show. The interpretation of written gazette
descriptions to physical entities was a little harder. Even the charting officers of the time made
mistakes through poor interpretation and translation from gazettes to the maps. The impact of
poor management throughout the cadastral record history is not as easy to follow. However, if
the parish maps (Appendix A), both head office copy and local office copy, are examined in
sequence, the changing picture starts to show what could have gone wrong.
The shape of the foreshore is in accordance with the village reserve plan on editions 1 and 2 of
the parish map. Edition 3 is missing but edition 4 (Appendix A3) shows a difference of opinion
in how the foreshore should be shown between the head office version and the local office
version. The local office is the first to change the shape of the foreshore. It is not until edition
5 (Appendix A4) that the head office map follows suit. The old alignment is manually erased
and the new shown. Edition 5 brings a new alignment into the foreshore, both within the estuary
and north along the coast. As each edition of the map record evolves, the alignment of the
shoreline changes. The recorded location of the reserve is also changed to coincide with the
changed foreshore, in complete disregard to cadastral boundary rules for riparian boundaries.
Throughout all editions up to 8, the existence of R10324 is shown north of the river, though at
times indistinct due to erasures and missing notes. But on edition 9 (Appendix A8 & A9), the
line work is removed and only note 10 gives any indication that the reserve exists. The diagram
A of edition 9, however, negates to show the reserve north along the coast. In all maps that part
of the reserve along the Camden Haven River is mistakenly shown as R10324 where in reality
it should have been R231.
In the changeover to the electronic record, the developers took it upon themselves to also
include the training walls extending out into the water within the river and out into the ocean.
These could be considered as oversized solid filled jetties. They are not part of the land but
encumbrances upon the land and certainly not part of the reserve. None of this location change
in the foreshore or reserve has ever been gazetted. The changes have only come about at the
hands of the drafting people responsible for holding the record of the cadastre in good standing.
Unfortunately they failed. The reserve north along the coast failed to make it into the electronic
record.
The road suffers a similar treatment and fate. It appears on edition 6 (used from 1927 to 1938)
as would be expected, all be it in the wrong place, and continues to be shown up to edition 8
(1959 to 1978), ever changing in location with the reserve, but disappears off edition 9 on the
part up the coast. The coastal part never makes it to the electronic cadastre.

8 EPILOGUE
During the course of investigation into the riparian boundaries anomaly, other errors were also
uncovered. In the intervening time since, some of those errors have been corrected, others have
not.
Lot 7005 DP1026384 is another example of how descriptions and diagrams in gazettes that
establish the existence of a cadastral entity can get misinterpreted. Add to this inappropriate
record manipulation, and the result is another part of the cadastre is in error. Figure 9 shows the
various states of the cadastral record in comparison to the gazette diagram that created the
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entity. Only one version of the cadastral record depicts the entity with a reasonable degree of
reliability, and it is not the current cadastral record.

Figure 9: Boundary anomalies with lot 7005 DP1026384.
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Also of note in Figure 9 is the position of portion 91 in the electronic cadastre and how it relates
to other surrounding entities. The long parcel coming up the coast striking the south-east corner
is depicted differently in the local office version of the parish map. Portion 91 does not even
show up on the head office version. The question is what is out of position? Which is correct
and which is wrong? Is it likely to be portion 91?
Across the physically reshaped river, in the parish of Camden Haven, the cadastre depicts lot
7019 DP1024347 (Figure 10).

Figure 10: Lot 7019 DP1024347, an invalid parcel inappropriately created in the electronic cadastre.
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Prior to the creation of the electronic cadastre, this parcel did not exist. It was inappropriately
created solely from the imagination of the builders of the electronic cadastre and has no basis
for existing from any activities throughout the analogue era of the cadastre. By rights much of
the parcel should be the Camden Haven River.
As can be seen from the aerial photography, the fictitious parcel covers a number of different
landforms including the remains of the spit that should by rights be on the northern side of the
river and in the parish of Queens Lake. There may have been attributes assigned to the parcel
since the commencement of the electronic record, but as the parcel is invalid so too are these
attributes. The only attribute valid within the area at the close of the analogue cadastre was over
the small island located in the western corner of lot 7019. This was Reserve 88143 for future
public requirements and certainly did not extend beyond the mean high water mark of the island.
The remains of the spit from the north side of the river in the north-east should be another lot.
The instance of R10324 and the associated public road have already been established as being
recorded incorrectly. The correct location of these entities also impacts on this fictitious parcel.
These are but a few of the errors that still exist in this area.

9 CONCLUDING REMARKS
With very little work, but with the correct information, it has been relatively easy to show that
ignorance, or negation, of the rules pertaining to riparian boundaries can have a destabilising
effect on the integrity of the cadastre. In North Haven, the cadastre surrounding the immediate
foreshore is invalid and needs correcting. How the cadastre is to be corrected is another matter
but it cannot be left as is. The avenues for correcting the problems are likely to be quite varied
and complex, but while the cadastre remains invalid authorities and surveyors will make
decisions and conduct business based on an error. The outcome of their efforts is also likely to
be in error and equally as invalid as the cadastre. Data mining through the invalid cadastral
layers will produce attributes that are attributed to the wrong parcel.
The case presented in this paper is only one site where riparian boundaries have been reshaped
by either capital works or natural events. Many river entrances have been treated similarly to
North Haven. How has the cadastre fared in those cases? There are also likely to be instances
along all our rivers where cadastral errors have crept in through changes to riparian boundaries.
If it is anything like North Haven, then there are likely to be many instances, not only along the
busy coastal strip of New South Wales, but throughout the State, where the cadastre is invalid
because the rules pertaining to riparian boundary definition have not been followed. Add to this
poor management of the cadastre throughout the analogue history and through the change to
the present electronic cadastre, then issues like North Haven could extend right across the State.
What confidence then is there in the current cadastre and what mine of misinformation is being
extracted?
Anyone data mining through the electronic cadastre could turn up results similar to those about
North Haven that although are seemingly valid could instead be invalid. This also leads the user
to wonder what quality assurance, if any, exists in the current cadastre. In areas of accurate and
repeated survey of the land, the cadastre (barring recording errors) is likely to be very good. As
the assurance of good quality survey reduces, so too does the integrity of the cadastre. It is
where there are impacts from riparian boundaries that in even good surveyed areas the quality
of the cadastre can reduce. Combine the effects of riparian boundary uncertainty with the lack
of quality survey, then the cadastre is more likely to be invalid than be a true representation of
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what is. Only by comparing the results with the historical records can any level of validity be
established. Unfortunately, in many areas the future of data mining in the cadastre is for the
miner to first assume the cadastre is wrong. The second step is to either validate the data through
historical research or determine what the correct dataset is. Then, and only then, one can
proceed in a direction pending the outcome of step 2.
There are likely to be many areas where the cadastre is as uncertain as it is in the example
presented here. But the big question is, where are these areas? Data mining the current cadastre
will not tell you where!
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APPENDIX A
Sections of historical parish maps, County of Macquarie, Parish of Queens Lake. Only the
graphical part of the map relevant to the case is included. All other information can be obtained
from the Historical Land Records Viewer (http://hlrv.nswlrs.com.au/pixel.htm).
Edition 3 was either missing or not used. The cancellation date of edition 1 coincides with the
commencement date of edition 4. Edition 8 of the head office version was missing and so was
not included in the sequence of maps.
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Appendix A1
Edition 1, in use from 1881 to 1898. There was no indication as to why the double image should
occur.

Appendix A2
Edition 2, in use from 1898 to 1914.
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Appendix A3
Edition 4, head office version, in use from 1914 to 1922.

Edition 4, local office version, in use from 1914 to 1922.
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Appendix A4
Edition 5, head office version, in use from 1922 to 1927.

Edition 5, local office version, in use from 1922 to 1927.
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Appendix A5
Edition 6, head office version, in use from 1927 to 1938.

Edition 6, local office version, in use from 1927 to 1943.
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Appendix A6
Edition 7, head office version, in use from 1938 to1958.

Edition 7, local office version, in use from 1943 to 1959.
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Appendix A7
Edition 8, local office version, in use from 1959 to 1978.

Edition 8, diagram A, local office version, in use from 1959 to 1978.
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Appendix A8
Edition 9, head office version, in use from 1977 to 2002.

Edition 9, diagram A, head office version, in use from 1977 to 2002.
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Appendix A9
Edition 9, local office version, in use from 1978 to 2002.

Edition 9, diagram A, local office version, in use from 1977 to 2002.
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APPENDIX B
Gazette reserve 231 for access, 21 May 1884.
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APPENDIX C
Gazette reserve 27270 from sale (also R27271 from lease) for Harbour Improvements, 19
February 1898.
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Are Our Coastal Waterways Tidal?
Kevin Thompson
Meritorious Surveyor, Crown Lands & Water (Retired)
kev.t2301@gmail.com

ABSTRACT
Over the past few years I have presented examples of what I call erroneous prior determinations
that were a consequence of early survey instructions and regulations making no distinction
between tidal and non-tidal waters. I have become increasingly aware that some if not most
coastal waterways, including rivers, creeks and estuaries, have been erroneously classified as
tidal waterways. The reality is that they are only occasionally open to the influence of tides or
at best only open by human intervention, i.e. by works used to maintain shipping channels and
safe boating. From public information it is now known that some waterways are cut off from
the ocean and tidal influence by sand barriers, and may only be intermittently open by natural
processes. This paper discusses whether our coastal waterways are tidal or non-tidal. One
example concerns Ettymalong Creek near Umina, which has been surveyed from the time of the
grant of surrounding land to recent times for subdivision. The grant survey clearly revealed
that a sand barrier existed and that the creek was cut off from the ocean and tidal influence.
Subsequent surveys were mixed in the depiction of the creek as being tidal or non-tidal. Another
example shows that, based on physical observation and historical aerial imagery, the entrances
for Dalhousie, McGraths and Oyster Creeks just south of Urunga are and have been since at
least the 1940s barrier creeks that are not open to the ocean. Longshore or littoral drift is a
recognised natural movement of sands along the eastern coast of Australia. This sand is
deposited in the entrances of waterways when the pressure of water flowing to the coast is that
of the ocean building and holding the barrier. Dredging and, for significant entrances, training
walls have been required and effected since the early 1900s. Landowners may not enjoy the
ownership rights for the adjoining waterways deemed to be tidal. It may also be that
landowners’ properties have been wrongly burdened by reserves set back from the Mean High
Water Mark (MHWM) as at the time of the grant. Intermittently closed and open lakes and
lagoons (ICOLLs) are not new, and Section 13.3 of the Crown Lands Management Act 2016
continues to provide the restriction of ownership of land to the banks as at the time of the grant
of adjoining land.
KEYWORDS: Crown lands, land law, tidal waters, lakes, ICOLLs, artificial works.

1 INTRODUCTION
This paper includes a number of extracts from previously published material to indicate that
there exists an abundance of resource material to assist in understanding the nature of coastal
waterways without the need for undertaking costly and time consuming research. As surveyors
it is enough for us to understand and apply, as may be appropriate, the available information to
the problem of coastal water boundaries.
The ‘natural’ boundaries for lands abutting waterways are either tidal or non-tidal as a
consequence of the tidal nature of the waterway as at the time of the initial (grant) survey. The
209

Proceedings of the 24th Association of Public Authority Surveyors Conference (APAS2019)
Pokolbin, New South Wales, Australia, 1-3 April 2019

title boundary, either Mean High Water Mark (MHWM) for tidal waters or bank for non-tidal
waters, cannot change over time even though the actual physical tidality of the waterway may
change. By observation of survey plans on public record it is apparent that there are a number
of situations where this principle has not been maintained. The example in section 3.2 shows
that surveys for Ettymalong Creek have not been consistent over time.
The surveying regulations prior to 1882 did not distinguish between tidal and non-tidal waters,
and there was no rule to guide surveyors in how to determine the position of MHWM. In
Thompson (2016) these regulations were erroneously referred to as those issued in 1886.
Consequently, surveys prior to 1882 appeared to depict both tidal and non-tidal waterways with
the uni-directional arrow indicating water flow downstream. Land titles constructed from these
surveys were therefore flawed in referring to land as bound by the waterway or bank of such.
Thompson (2016) also included the example of the Macleay River and Spencers Creek where
issues concerning the ownership of the beds of the waterways were raised. The example in
section 3.2 again concerns the Macleay River system and doubt as to historical tidality and
consequently the location of property boundaries and ownership of the beds of this waterway.
The doubt about waterway tidality is not unique to New South Wales (NSW), however the
extent of the potential error in classifying waterways may be specific to the geographical
location of the NSW coastline and probably also the coast of Eastern Australia. In relation to
property boundary movement (accretion and erosion), there are a mix of causative forces
including natural processes and human interference (Flushman, 2002). By observation, it has
become apparent that the progression of sand, i.e. the process of littoral (longshore) drift, along
the Eastern Australian coast has and continues to build sand barriers at the entrances to many
coastal waterways. These barriers are recognised as being navigational hazards and artificial
works, including channel dredging and training walls, have been employed as deemed
necessary for maritime safety purposes. As stated on internet websites and publications jointly
by NSW & QLD Governments (2019) for the Tweed Sand Bypass Project, ocean swells from
the south-east push sand (in the ocean) to the north along Australia’s east coast – this is called
longshore drift. This drifting sand is needed to build up beaches, especially after storms, but the
drift can be interrupted by natural or man-made structures.
The investigation processes for the examples detailed in this paper differ according to the
purpose and available information. The case that precipitated the recognition of erroneous
classification of waterways used rigorous examination of an actual application with survey
plans and supporting evidence as well as additional reference materials sourced to gain a
historical perspective of the waterway and its tidality. The other cases have been more basic
investigations using title survey plans either alone or together with historic aerial imagery.
The investigations in the few locations detailed in this paper suggest that natural coastal
processes have most likely been affecting the entrances of many NSW coastal waterways since
before European settlement. As a result, from a property boundary perspective, these waterways
are not naturally tidal as a consequence of entrance barriers that prevent or restrict tidal
inundation. These waters are in actual fact intermittently open and closed lakes and lagoons
(ICOLLs), and titles to lands bordering these waters are not limited by MHWM but rather the
bank that is fixed in the position when initially surveyed for title purposes. This re-classification
of the waterways affects the titles in that there is no accretion or erosion, the ownership of the
beds is Crown land that is held in the name of the State of NSW and where Crown 30.48 m
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reservations were created upon granting of lands, these are likely invalid as a consequence of
the waters not having being tidal at the time of the grant.
Resource materials used in the investigations presented in this paper include publicly available
books, journal articles, conference proceedings, technical reports, survey plans and titles from
public record and historical aerial imagery. A glossary of relevant terms is included to ensure
that there is certainty about the meaning and consistency in the usage of all the terms used in
this paper.

2 BACKGROUND
Cadastral surveyors who undertake surveys for lands involving water boundaries have a
responsibility to thoroughly investigate the titles of the subject lands and the relevant property
rights for adjoining lands that may be affected in the survey. In addition, they need to be
cognisant of applicable legislation and other relevant reports and publications. These may
include:
 Surveying and Spatial Information (S&SI) Regulation for boundaries formed by tidal and
non-tidal waters and other natural features. By the definitions included in the regulations, a
lake includes any permanent or temporary lagoon or a similar collection of water not
contained in an artificial work, but does not include tidal waters. If, since the date of a
previous survey, there has been a change in the position of the bank of a lake forming a
boundary of land to be surveyed, then, in any subsequent survey, the position of the bank,
as it was before the change, must be adopted.
The definition in the S&SI Regulation may need legal clarification to understand the phrase
“but does not include tidal waters”. The following extract from Moore (1968) adds to the
potential for uncertainty: “The facts that the waters of a lake are salt, and that when the
channel is open there is a certain degree of communication with the ocean are not sufficient
to make the lake an inlet of the sea within the meaning of the law. That is called an arm of
the sea, says Sir Matthew Hale where the sea flows and reflows and so far only as the sea so
flows and reflows. In applying this test to the facts of any case it is essential to have regard
to the character of the waters in question. For instance, if a lagoon were subject to the ebb
and flow of the tide for three hundred and sixty-four days in the year, I apprehend that it
would be held to be an inlet of the sea, although it was closed to the sea by a sand-bar on
one day of the year. Taking the opposite extreme, if the lagoon was closed to the sea three
hundred and sixty-four days in the year and open one day only, I apprehend it would not be
an inlet of the sea. The Court, in my opinion, must look at all the facts in each case, and,
therefore, every case must stand on its own circumstances. In Merewether’s case, Simpson
C.J. (in Eq.) held that the lagoon in question was not an inlet of the sea within the meaning
of the grant, and that consequently a reservation of one hundred feet above high-water mark
did not apply.”
 Section 13.3 of the Crown Lands Management Act 2016 that refers to entitlements over land
with boundaries to lakes and rivers. This is a revision of Section 172 Crown Lands Act 1989
and Section 235A Crown Lands Consolidation Act 1913, both now repealed. The definition
of a lake in this section differs with the S&SI Regulation in that it does not include the phrase
“but does not include tidal waters” as can be seen in (3) below. In part, section 13.3 states
that:
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1) The boundary of any land that is transferred by the Crown and is described or transferred
in either of the following ways is taken to be the bank of the lake at the time of the
Crown survey for the purposes of the transfer:
a) as bounded by, by reference to or by the margin or bank of, a non-tidal lake,
b) by metes expressed or shown to run to a lake or to the margin or bank of a lake.
2) Title to land comprising the bed of a non-tidal lake does not pass, and has never passed,
by any transfer of land adjoining the lake:
a) as bounded by, by reference to or by the margin or bank of, the lake, or
b) by metes expressed or shown to run to the lake or to the margin or bank of the
lake.
Also, the owner of land transferred in that way is not entitled to any rights of access
over, or to the use of, any part of the bed.
3) The doctrine of accretion does not apply, and never has applied, to a non-tidal lake.
In this section, bank means the limit of the bed of a lake or river, and bed means the whole
of the soil of a lake or river including that portion:
a) which is alternately covered and left bare, with an increase or diminution in the supply
of water, and
b) which is adequate to contain the lake or river at its average or mean stage without
reference to extraordinary freshets in time of flood or to extreme droughts.
Lake includes a permanent or temporary lagoon or similar collection of water not contained
in an artificial work. River includes any stream of water, whether perennial or intermittent,
flowing in a natural channel, and any affluent, confluent, branch or other stream into or from
which the river flows.
 Section 28 of the Coastal Management Act 2016, which refers to the modification of doctrine
of erosion and accretion and is in lieu of Section 55N of the Coastal Protection Act 1979
(repealed). This section applies to land with a boundary which is defined or otherwise
determined by reference to a MHWM. As a consequence of Section 13.3 (3), this legislation
may not apply to all the waterways classified as tidal waters.
 Regulations for Guidance of Surveyors 1882, Clause 44. On creeks, estuaries, or waters
subject to tidal influence, land being the foreshore cannot be alienated beyond high-watermark, unless under special conditions as prescribed by law; but where high-water-mark is
doubtful the boundaries of the land measured shall be right lines following approximately
such high-water-mark. High-water-mark shall be defined as the mean high-tide mark
between high-water spring and high water neap tides. This appears to be the first of the
Regulations for surveyors in NSW that stipulates the definition of the MHWM boundary.
 Government orders relating to surveys, e.g. No. 26 Aug 21 1828 – “The government will
further reserve to itself all land within 100’ of the high water mark (HWM) on the seacoast,
creeks, harbours and inlets.” This order is of interest as a consequence of the time delay to
the regulation of the definition of the MHWM boundary.
 Surveyor General’s Direction No. 6 (Water as a Boundary) (DFSI Spatial Services, 2016).
Section 2 provides the definition of a lake the same as by the Crown Lands Management Act
2016. Section 4.1 concerns non-tidal waters, i.e. lakes and lagoons. Narrabeen Lagoon, Dee
Why Lagoon, Glenrock Lagoon and Lake Illawarra are water bodies that have been judged
to be non-tidal. The doctrine of accretion and erosion does not apply to land adjoining those
water bodies. There may be other non-tidal water bodies within NSW that by virtue of their

212

Proceedings of the 24th Association of Public Authority Surveyors Conference (APAS2019)
Pokolbin, New South Wales, Australia, 1-3 April 2019

character may be deemed non-tidal. Similar statements were also recorded in Willis (1982),
first published in 1945, Hamer (1967) and Moore (1968).
 Registrar General’s Guidelines (LRS, 2019).
1) Tidal lakes: It is doubtful whether there are any lakes in NSW, which have perceptible
tides, the so called tidal ‘lake’ (e.g. Lake Macquarie) actually being an inlet of the sea.
Most coastal lakes or lagoons have, at one time or another, been closed off from the sea
and accordingly are classified as non-tidal. The following coastal lakes or lagoons in
this State have been considered by the Courts to be non-tidal:
a) Narrabeen Lagoon (State Report Vol. 45, page 321)
b) Dee Why Lagoon (Commonwealth Law Report Vol. 10, page 341)
c) Lake Illawarra (State Report Vol. 21, page 408), the court ruling affects part of
the lake and a tributary
d) Glenrock Lagoon (State Report Vol .5, page 157)
2) Non-tidal lakes and lagoons: When a plan of survey includes a boundary fronting nontidal lake or lagoon waters, the line of the bank that constitutes that boundary should be
examined by the surveyor by comparing it by plot with the boundary as defined by the
Crown survey. If the comparison discloses no more than minor variations in position,
the definition will be accepted by NSW Land Registry Services (LRS). If variations of
any significance are evident, the surveyor must adopt the original line of the bank, as
pursuant to Section 172 Crown Lands Act 1989 (formerly Section 235A Crown Lands
Consolidation Act 1913, now repealed), the doctrine of accretion and the “ad medium
filum” rule does not apply and is deemed never to have applied to non-tidal lakes.
 Hallmann (2007):
Chapter 13.57 – Coastal lagoons that are only intermittently open to the sea or affected by
the tides are, by common law, non-tidal and thus do not attract the reservation (30.48 metre
(100 feet) reservations from high water mark):
1) A-G v. Merewether (1905): In Merewether’s case, a grant issued in 1840 reserving all
land within 30.48 m of high-water mark, the land was bounded in part by a small lagoon,
Glenrock Lagoon, and a creek which emptied into it. The Crown sought to establish that
the 30.48 m reservation was effective along the banks of the lagoon and the creek. It
was held that the lagoon was not a tidal inlet of the sea, consequently there was no
reservation operating in favour of the Crown. The finding was based on the following
facts:
a) the condition of the lagoon had continually changed;
b) the lagoon was more or less permanently separated from the sea by a sand bar;
c) a channel was often made when the lagoon filled up, whether artificially or
naturally;
d) this channel soon closed up when the water had run out;
e) the sea flowed into the lagoon when the channel was open;
f) before 1880 there was rarely any inflow from the sea except by waves lapping
over the bar at high tides in heavy weather;
g) the water in the lagoon was salt, at least at the end nearest the sea;
h) the lagoon was less exposed to the entrance of the sea in recent years;
i) the lagoon was not subject to the ordinary ebb and flow of the tides.
2) A-G v. Swan (1921): In Swan’s case, a Crown grant issued in 1840 for land fronting
Lake Illawarra and Mullet Creek which flowed into it, subject to a reservation of all land
within 30.48 m from high-water mark. The Crown sought to establish that this
reservation was effective along the boundary of both the lake and the creek. It was held,
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however, that Lake Illawarra and Mullet Creek were not tidal inlets of the sea within the
meaning of the grant, in as much as Lake Illawarra was only intermittently open to the
sea, including the period at the time of grant, and could not therefore be said to be subject
to the regular ebb and flow of the tides; and there was, in fact, no daily visible rise and
fall of the tide in the Lake or in Mullet Creek.
Chapter 13.58 – As the position of the bank or shore of a lake or lagoon or of streams
emptying into them in relation to the owner’s property is of considerable importance to the
owner, the surveyor has to be particularly careful to examine the history of the lake or lagoon
in relation to the sea and its tides before assuming the water to be tidal.
3) State Reports NSW: Attorney General (NSW) v. Wheeler (1944) 45 SR (NSW) 321 –
Narrabeen Lagoon. This case was primarily concerned with land situated between
Pittwater Road and the western side of the lagoon. It was accepted that the lagoon was
a waterbody disconnected from the sea as follows: “Narrabeen lagoon is non-tidal. It
was, as a rule, closed to the sea by a sand bar, but at times when the water of the lagoon
had risen to a height of 4.87 feet, the bar was opened by employees of the local Shire
Council before the establishment of the Council the bar had been on occasions opened
by fishermen, by employees of the Public Works Department, and others, or it had been
forced by the pressure of water and wind.”
4) Sloane (1989): Williams v. Booth (1910) 10 CLR 341 – Dee Why Lagoon. By Crown
Grants issued in 1819 and 1834, the Crown granted to the plaintiff’s predecessors in title
two adjoining parcels of land, which were separated by a salt water lagoon, situated near
the sea. The boundaries of the land granted, so far as material, were described as, in the
one case, “to a salt water lagoon and on all other sides by that lagoon and sea” and in
the other case “to Dewy Lagoon, on north by that lagoon to the sea”. The lagoon was
separated from the sea by a sand bar. At certain seasons and tides there was an open
channel between the lagoon and the sea, through which the tide ebbed and flowed, while
at other times the channel was closed by the sand bar, until the waters of the lagoon,
being swelled by rain, cut through the bar and restored communication with the sea.
Prior to 1860 the channel was more often open than closed, but in recent years it had
been more often closed than open.
Held that having regard to the subject matter of the grant and the description of the
boundaries, it was the intention of the parties that the land granted should not extend
beyond the margin of the lagoon, and that this intention being clearly expressed, the
then actual nature and condition of the lagoon was immaterial. Held also that the “ad
medium filum” rule is not applicable to marine lagoons, and that if it were so applicable,
the fact that such lagoons are substantially part of the sea and may be of public use for
purposes of fishing and navigation would exclude the application of the rule in the
present case. Held further, that even if the channel were now permanently closed to the
sea, no case of accretion had been made out, and any addition to the soil of the grantee
directly caused by each closure could not have been imperceptible.
 NSW Office of Environment and Heritage (NSW OEH): Correspondence from Estuaries
and Catchments Science officers to K. Thompson (received by email in April 2017). The
responses received were very useful in understanding the nature of changes associated with
these coastal waterways. The application of the classification ‘science’ to the property
boundary aspects is beyond that required for survey purposes. The following is a transcript
of some of the responses.
“The term ICOLL is very loosely applied and does not have a clear definition, leading to
confusion in its application. In NSW there are two primary estuary typologies, the
geographical/geological approach and the functional approach. The approach used by OEH
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considers tidal flushing time which is a function of estuary entrance condition (i.e.
open/closed) and propensity to store or discharge water from the catchment as the two
determinants of type.
NSW OEH uses the typology which recognises the following estuary types:
a) Drowned river valley: deep open entrance, large volume/surface area;
b) River estuary: linear estuary with wave dominated entrance but usually open, closes
rarely;
c) Lake: large non-linear estuary with wave dominated entrance, but usually open, closes
rarely;
d) Lagoon Type A (lagoon): small non-linear estuary with wave dominated entrance that
closes at times;
e) Back dune lagoon: small non-linear estuary with wave dominated entrance that closes
at times, groundwater fed, unique ecology (sub type of Lagoon);
f) Creek (Lagoon Type B): small linear estuary with wave dominated entrance that closes
at times.
NSW OEH has identified 184 estuaries and classified each one according to this typology
(Figure 1). Lagoons, creeks, back dune lagoons and some lakes and rivers could all be
classified as ICOLLs, but without a clear definition of ICOLL it is not a useful term for
classification or management.”
 Technical reports and journal articles: For example, Haines and Thom (2007) state that
within Australia, wave-dominated barrier estuaries and coastal lagoons that are
intermittently connected to the ocean have been termed Intermittently Closed and Open
Lakes and Lagoons (ICOLLs). ICOLLs are relatively abundant on the south-east coast of
Australia and NSW in particular. ICOLLs in NSW have evolved by marine sands forming a
barrier across natural coastal inlets and bedrock embayments when sea level stabilised some
6,000 years ago. For approximately 70% of the larger ICOLLs, the barrier has completely
enclosed these embayments, preventing regular tidal interaction with the ocean (i.e. they are
mostly closed). For ICOLLs that are mostly closed to the ocean, catchment rainfall and
associated runoff results in increasing water levels until levels reach the crest of the entrance
sand berm. Once the sand berm becomes overtopped, high velocity outflows cause scour and
rapid channelisation. Discharge from the ICOLL continues to enlarge the entrance channel
until the lagoon attains a comparable water level to the adjacent ocean. This can be further
exacerbated by storm wave erosion cutting into the entrance berm on the ocean side. The
resulting ‘open’ entrance allows tidal exchange between the ocean and the lagoon until
marine sands, reworked under the action of tides and waves, once again infill the channel.
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Figure 1: Part of the OEH NSW Estuary Characteristics spreadsheet (O – open, C – closed, I – intermittent, T –
trained).
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3 CASE STUDIES
3.1 Tuggerah Lakes

An application for approval of the position of the MHWM boundary of a property at Toukley
adjoining Budgewoi Lake was submitted consistent with the requirements of the Surveying and
Spatial Information Regulation 2012. Public records including parish maps, Crown surveys,
land titles and subdivision surveys usually depict the waters of the Tuggerah Lakes south of
Budgewoi as tidal. Some historical editions of the parish maps did not show the tidal status.
The application was to claim accretion and was supported by a comprehensive report and
additional information as necessary for the site. A report by the Manly Hydraulics Laboratory
(MHL) was included for the determination of the height of mean high water. This report was
different from the normal style of advice; it was in itself quite comprehensive and indicated that
the height of mean high water (MHW) was not able to be calculated in the normal manner.
As a result of the MHL report, it was necessary to investigate further the nature of the Tuggerah
Lakes system. An abundance of material has been found to substantiate the fact that the lakes
system is or has been separated from the ocean. Figure 2 is a tabular timeline outlining changes
in Tuggerah Lakes, showing repeated closures and dredging events since 1883 (Scott, 2002).

Figure 2: Time and tide changes in Tuggerah Lakes (Scott, 2002).

Other reference material used in the investigation that identifies the Tuggerah Lakes system as
being separated from the ocean included information on how Tuggerah Lakes work, the
Tuggerah Lakes Estuary as a unique environment, and an estuary management study summary
from 2005 (Central Coast Council, 2019), as well as estuary statistics (NSW OEH, 2019).
Scott (1998) states that the only connection between the lakes and the ocean is a small channel
at The Entrance. This results in a restricted interchange of water between the lakes and the
ocean, and very little tidal effect. The channel is in a continuous state of change due to the
deposition and subsequent erosion of various sandbars and spits. The channel is now kept
permanently open by continuous dredging of the sand bars that slowly build up across it. Under
natural conditions, the channel would slowly block up and could remain closed for up to a year
or more. Eventually a large flood would burst over the sandbars and scour out the channel.
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Scott also wrote reports for CSIRO, i.e. Ecological History of Tuggerah Lakes an Oral History
in 1998 and Ecological History of Tuggerah Lakes Final Report in 1999. These reports also
included significant findings about the continuous closure of the lakes entrance to the ocean.
Following the review of the information about the Tuggerah Lakes and relevant survey
legislation and directions, it was considered appropriate to treat the waters of the lakes system
as non-tidal for property title boundaries. It is not possible to undo the actions completed in
earlier times and made in good faith with the best of knowledge at the time. As such the
determination was made to maintain the title water boundaries in the same positions as last
approved with no variation into the future.
3.2 Ettymalong Creek

Ettalong Creek (formerly known as Ettymalong Creek) was included as an example in
Thompson (2016). The Tuggerah Lakes investigation outlined in section 3.1 was a trigger to
look for other barrier waterways. From personal experience with an application for approval of
the position of MHWM for a property abutting Ettalong Creek close to the ocean entrance, this
was an obvious first choice. Parish maps show the creek as flowing to the ocean from
Etymalong Swamp. The original grant and plans show the names of the swamp and creek as
Etymalong, subsequently survey plans showed the creek as Ettymalong.
Figure 3 shows Portion 52 in the Parish of Patonga, County of Northumberland and Gosford
Local Government Area (LGA). The portion is shown to be bound on part of the west, the north
and east by the creek. This portion so created, was alienated by way of sale on 7 February 1873,
the grant is recorded as Certificate of Title Volume 215 Folio 167.

Figure 3: Extract from Parish Map of Patonga, Edition 12, 1953.
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Etymalong Creek is depicted by CP N33~2111 that was completed in August 1872 (Figure 4).
This plan clearly shows sand as a probable bar to surface water flow to the ocean. Despite the
name indicating a creek, it was most likely closed from the sea and as such a lagoon. This is
also the same by CP 3434~2111 being the survey for the Crown reserve east of Portion 52. Old
investigation files report that the creek had been classified non-tidal and that the adjoining
landholders enjoy presumptive title to the middle thread of the creek.

Figure 4: Part of Crown plan N33.

An application was received for the approval of the water boundary as shown on a plan of
redefinition of land being a lot within a subdivision of part of Portion 52. The proposal was that
the title extends to the centreline of the creek. This was contrary to the notation on the current
title plan dated January 1991, which stated that the boundary was the MHWM.
An earlier subdivision (DP11184) dated August 1919 (Figure 5) has no such notation and shows
the creek as the boundary together with an arrow to indicate the direction of flow towards the
ocean, this being the convention for non-tidal streams.
The plan records for the lands near the ocean entrance of the creek are confused in regard to
tidal or non-tidal with recent surveys depicting a boundary to MHW. It is apparent that a sand
barrier at the ocean entrance has been depicted for many plans since the original grant survey.
Ettalong Creek was in fact a lagoon and as such the extent of all adjoining titles is the bank and
no part of the bed is attached to those lands. Unfortunately, mistakes have been made and title
redefinitions have been for some to the MHWM and others to the banks and all have included
parts of the bed as defined by the early surveys. Consistent with the concluding remarks for the
Tuggerah Lakes example (section 3.1), redefinition surveys should maintain the current title
water boundary positions with no change into the future.
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Figure 5: Part of DP11184.

3.3 Creeks near Urunga

An area of Crown land involving approximately 20 parcels along the coast south of Urunga was
subject to Native Title and Aboriginal Land Claims. Survey advice was requested to enable
negotiations between all relevant parties for the subdivision of the lands with boundaries set to
satisfy the needs as justified by the parties. Consideration of the claims for the land determined
that most of the land would be granted as Aboriginal Land Claims and the creeks within the
area would not be transferred but retained for the public. As such, the creeks would form the
boundaries for parcels abutting the creeks. Easements were also to be created along the
waterways and coastal beach area. The coastal limit (boundary) for title purposes is the MHWM
of the South Pacific Ocean.
During a site visit in 2017 together with representatives of the various parties, it was observed
that Dalhousie Creek at the northern end of the site was separated from the ocean by a sand
barrier of considerable size. In addition, at the southern end of the site, McGraths Creek that
‘flows’ south and Oyster Creek that ‘flows’ northward, join to form a single channel that would
connect to the ocean if there was no barrier at the entrance. Figures 6 & 7 show the barrier
entrances to the creeks.
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Figure 6: Part of Dalhousie Creek, showing barrier at entrance to ocean.

Figure 7: Barrier at ocean entrance for McGraths and Oyster Creeks.

While much of the land is unsurveyed Crown land, there are portions that were surveyed for
titling purposes in the mid-1900s. These surveys where parts of the above creeks formed
boundaries were mixed, some parts were considered tidal with the MHWM shown as the
boundary while other parts were considered non-tidal with the creek banks depicted as the
boundary. The Crown plans shown in Figures 8-10 are provided to show the variances.
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Figure 8: Crown Plan 1067~1714.
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Figure 9: CP 1068~1714.
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Figure 10: CP1373~1714.
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A search of historical aerial imagery revealed that the creeks have been separated from the
ocean by sand barriers since the 1940s (Figure 11).
(a)

(b)

Figure 11: Historical aerial imagery of Bowra - Nambucca: (a) Dalhousie Creek (SVY 587 #56813), and (b)
McGraths and Oyster Creeks (SVY 587 #56870).

While a rigorous investigation was not undertaken at the time, there is sufficient evidence
combined with the available geological and geomorphological information to support the
concept of these creeks being ICOLLs. During storm events or flooding, the beach berm may
wash away allowing tidal influence to resume within the waterway, but only until the berm
reforms and stops the tidal flow. For survey and title purposes these ICOLLs are considered to
be non-tidal. The tidal regime for waters can change over time mainly because of human
interference including siltation due to remote developments. The title ‘tidal’ status should
remain the same as when it was initially surveyed. Where the lands are yet to be alienated. the
initial survey should extend to the banks only.
3.4 Macleay River

Properties along the Macleay River have been subject to Crown Lands investigation with regard
to the positions of the MHWM boundary. A search of public information has revealed that the
mouth of this river was affected by a sand barrier. However, with the force of flood waters and
subsequent human actions, the position of the mouth was relocated some kilometres south
where it has remained with the construction of training walls.
Tourist information at South West Rocks states that typical of NSW coastal settlements,
shipping was the preferred mode of trade and transport in the early days of colonisation. The
economy of NSW was reliant on safe ocean transport of people, goods and supplies. Originally
the mouth of the Macleay River was at Grassy Head, but this entrance was closed by flood in
1893. The new entrance at South West Rocks is a man-made channel constructed between 1896
and 1906.
The character of the river, particularly the entrance and bar, is outlined in Munday (2011), based
on various sources including newspaper articles from the mid to late 1800s and the report by
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Sir John Coode to the NSW Legislative Assembly dated 25 May 1891 entitled The
Parliamentary Standing Committee on Public Works, Harbour Works at Macleay River, 1898.
Munday (2011) has shown the river and the Hastings and Manning to be affected by barriers at
their entrances to the ocean. Since 1864 the Macleay River had formed entrances in several
positions between Grassy Head and South West Rocks. The positions of the entrances varied
considerably, dependent on the forces and direction of the sea and the flow of the river.
Following the flood of 1864, a public meeting determined that steps were needed to dredge the
river, and also the Clarence and Richmond Rivers. At the time, dredging was considered to be
likened to maintaining country roads; without the dredging the river silted up. The then
Department of Public Works committed to the works even with the use of its own sea dredge.
A historical description of the Macleay River is also contained in Telfer (2005), which is part
of the information required for the preparation of the Estuary Management Plans.
The following excerpts from the Department of Public Works annual report for 1897 (Public
Works, 1898) demonstrate the involvement of the NSW Government in human interference for
maritime safety, of the natural boundaries of lands adjoining coastal waterways (see also Figure
12):
 “The various schemes for the improvement of the entrances to the seven principal northern
rivers, by means of the construction of guide-banks, training walls and breakwaters, have
made good progress during the year.”
 “Satisfactory progress was made in extending the various training walls at the entrances to
the Bellinger, Nambucca, Macleay, and Manning Rivers. The breakwater designed to form
a harbour of refuge at Trial Bay has been extended a further distance of 60 feet, making the
total length now constructed 600 feet, out of a proposed ultimate length of 2,000 feet. The
average number of prisoners employed on this work was 116, and the year’s expenditure
amounted to £4,331.”
 “It is scarcely necessary to point out here that the improvement of these rivers, by making
them serviceable and convenient for purposes of navigation, is a matter of vital importance
in the development of the Colony. They form the natural highways of some of the richest
and most fertile portions of the Colony and for many years to come must constitute almost
the sole outlets for the trade and commerce of the Northern districts. The moneys expended
on their improvement may fairly be considered as analogous to the largo amounts yearly
spent on the construction and maintenance of roads in the other parts of the Colony.”
 “In order to more expeditiously deal with the shallow bars existing at most of the Northern
River entrances, the Department has now in course of construction on the Clyde, Scotland,
a twin-screw dredge of 700 horse-power, designed to load herself when steaming slowly
over bars, and to draw when laden, not more than 5 feet, yet powerful enough to contend
with heavy seas. This vessel will carry on the work of deepening the river entrances by means
of a suction pump worked while she is slowly steaming in or out over the bar; the spoil will
then be deposited at sea or some other suitable place. Judging from American experience
with a similar kind of dredge, this new vessel should prove a valuable addition to our existing
dredge plant.”
 Macleay River, New Entrance: “The new channel was dredged to a depth of 10 feet at low
water, or an average of about 14 feet depth of excavation, over an area of 10.7 acres; length
of channel 2,000 feet by 250 feet wide. South Wall – 447 feet of this wall was made with
15,587 tons of stone. North Wall – 457 feet was constructed and 1,980 feet of facing was
completed on north bank. This, with the stone deposited on north side for future use, took
41,025 tons of stone. The expenditure to date was £9,452, or 3s. 0.75d. per ton on the 57,212
tons deposited. Twenty-five tip trucks were built, locomotive got ready for work, and a shed
erected for it. The bar has not improved much yet but all the steamers use this entrance,
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portion of their cargo being however transhipped into droghers under the shelter of the Trial
Bay Breakwater. The average depth on the bar at low water has been 3 feet 9 inches. A wharf
is in course of construction at the end of South Training-wall, and is nearly completed, its
dimensions are 50 feet by 15 feet. A new wharf was erected at Summer Island on the Macleay
River at a cost of £216.”

Figure 12: New Entrance Macleay River PWD 1898.

There is considerable information available to show that the Macleay River is not stable without
human intervention, including the construction of training walls and dredging of sands at the
entrance to the ocean. Without these actions the river in its natural state would be subject to
frequent shoaling with tidal inhibiting entrance barriers. The actions are regarded as essential
from a maritime safety point of view. The Macleay River may no longer be needed for
commercial marine transport purposes, however safe access to the ocean is still required for
fishing, tourism and environmental aesthetics including flood mitigation. Consequently, the
title boundary positions should again be maintained fixed in the same positions into the future
with no variation.
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4 CONCLUDING REMARKS
Are our coastal waterways tidal? Many estuaries, bays, rivers and creeks that flow into the
ocean are affected by bars and barriers formed by the build-up of sands that travel along the
coast by the process of longshore or littoral drift. Prior to the development of road transport,
coastal marine transport was essential to transport goods and services to and from towns up and
down the NSW coast. Historical records of shipping delays and tragedies abound with these
bars and barriers presenting significant safety hazards that required artificial works to train the
entrances and dredge the sands in order to maintain safe navigation and the continued transport
of people and goods. Even now after road transport has become the major carrier of people,
goods and services, the waterways are maintained for many purposes including commercial and
recreational fishing, tourism and aesthetics.
The waterways are physically tidal with either normal or limited tidal exchange. However,
without human interference in the natural processes of sand transport, they may not be tidal due
to the entrances only being intermittently opened or closed. All of the barrier affected
waterways, including those where works have been undertaken, are therefore classed as
ICOLLs.
Legislative rulings apply to ICOLLs:
 The boundaries for lands along lakes including ICOLLs are the banks as initially surveyed
for titling purposes – Crown Land Management Act 2016.
 The definition in the S&SI Regulation may need legal clarification to understand the phrase
“but does not include tidal waters”.
 Ownership of the beds of ICOLLs is held by the Crown.
 Section 28 of the Coastal Management Act 2016 – Modification of doctrine of erosion and
accretion does not apply to ICOLLs.
Plan and title records can reveal information relevant to the nature of waterways, such as has
been shown for Ettymalong Creek. Aerial imagery, and historical runs in particular, can reveal
present and past conditions of waterways. Technical reports, including those associated with
coast and estuary management, historical reports and published material (both hardcopy and
online), provide evidence of the natural state of the coastal waterways and the human actions
that have taken place since settlement.
The use of available resource material is essential for understanding the lands (and waters) that
we survey for titling purposes:
 Classification of many coastal waterways for the purposes of survey and titling is that they
are ICOLLs.
 Surveyors need to be aware of the tidal nature, now and in the past, of coastal waterways
that abut land being surveyed.
 Human interference for the purposes of safety and economics is an significant aspect for our
coastal waterways.
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GLOSSARY
The Coastal Management Glossary (NSW OEH, 2018) states:
 Coastal lake or lagoon: A coastal water body that is generally closed off from the sea by a
sandy barrier. Water levels and water quality may be quite different to the nearby ocean.
 Estuary: According to the Coastal Management Act 2016, any part of a river, lake, lagoon
or coastal creek whose level is periodically or intermittently affected by coastal tides, up to
the highest astronomical tide.
 Intermittently closed and open lakes and lagoons (ICOLLs): Coastal lakes and lagoons
where the entrance may be closed to the sea from time to time and for varying periods, by
accretion of a berm. ICOLLs have sensitive water quality because they accumulate loads of
sediment and nutrients from the catchment and may have poor water circulation and
flushing. The most sensitive waterways listed in the State Environmental Planning Policy
(Coastal Management) 2018 are all ICOLLs. The catchments of these lakes and lagoons are
included in the coastal environment area.
 Lagoon: A shallow body of open water, partly or completely separated from the sea by a
coastal barrier or reef, sometimes connected to the sea via an inlet.
 Littoral of or pertaining to a shore, especially of the sea: Often used as a general term for
the coastal zone influenced by wave action, or, more specifically, the shore zone between
the high and low water marks.
 Longshore transport (littoral drift): Refers to the sediment moved along a coastline under
the action of wave-induced longshore currents. The net drift is the sum of the positive
(conventionally northwards direction in NSW) and negative (southwards in NSW)
direction. The gross drift is the sum of the drift magnitudes (absolute values). The
differential drift is the difference between the net drift into and out of a coastal compartment.
Both gross and net drift are typically averaged over a year and expressed in m3/yr.
 Maintenance dredging: The recurrent dredging of sediment from a waterway, including
existing navigation channels, approaches and berths, to allow safe navigation by
commercial or recreational boating traffic.
 Natural coastal processes: The coastal processes over which people have no control, such
as wind, waves and tides.
 Riparian: Pertaining to the banks of a body of water, such as an estuary.
 Sand drift: The movement of sand by wind. On the coast, this generally describes sand
movement resulting from natural or human-induced degradation of dune vegetation,
resulting in either nuisance or major sand drift (dune transgression).
 Sediment transport: The process whereby sediment is moved offshore, onshore or along
shore by wave, current or wind action.
 Tidal channel: A major channel followed by tidal currents, extending from offshore into a
tidal marsh or a tidal flat; tidal inlet.
 Tidal delta: Where an inlet of a barrier estuary or open coastal lake is dominated by tidal
processes, a flood tide delta develops inside the entrance, as tidal currents transport marine
sand into the estuary. Ebb tide deltas may also occur, outside the mouth of an estuary.
 Tidal inundation: The inundation of land by tidal action under average meteorological
conditions and the incursion of sea water onto low lying land that is not normally inundated,
during a high sea level event such as a king tide or due to longer-term sea level rise.
 Tidal limit: The maximum upstream location on a watercourse at which a tidal variation in
water level is observed.
 Training walls: Walls constructed at the entrances of estuaries and rivers to improve
navigability.
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Status of a Stream: Who Owns the Creek?
Fred de Belin
City of Ryde
fdebelin@ryde.nsw.gov.au

ABSTRACT
Shrimpton’s Creek, which flows through and from the major drainage catchment in the Local
Government Area of Ryde, is approximately five kilometres long. For such a short watercourse
it is startling to encounter such diversity and divergence when dealing with the question of who
owns the bed of the creek. In determining the status of the bed of any creek, one must begin with
the original Crown Grants of the subject lands. First Crown Grants in 1798, 1799 and 1803
covered the first four kilometres of Shrimpton’s Creek, and were Old System Title. The Second
Crown Grants in 1887 covered the final kilometre of Shrimpton’s Creek, and were Torrens
Title. In the First Crown Grants no mention was even made of Shrimpton’s Creek, so the whole
of the bed of the creek was alienated from the Crown as Old System Land. In the Second Crown
Grants two different events occurred: Some Portions were granted having a natural boundary
of either bank of Shrimpton’s Creek with the bed remaining as un-alienated Crown Land, and
some Portions were granted with Shrimpton’s Creek being fully contained within the Portion
as alienated Torrens Titled Land. Problems began when Primary Application surveys and
Subdivision surveys adopted, as a natural boundary, either bank or centreline of Shrimpton’s
Creek. Some surveys adopted a right line boundary beside the creek and retained the whole of
the bed of the creek within one land parcel. At various stages along Shrimpton’s Creek the flow
is contained in concrete drainage pipe, concrete culvert, not-so-natural watercourse, open
channel, concrete channel in Drainage Easement (built adjacent to the site of the original
natural watercourse) and natural watercourse, to its destination at the Lane Cove River. This
paper describes how City of Ryde can right these uncertainties now that the situation of tenure
has been made clear.
KEYWORDS: Crown Grant, Primary Application, natural boundary, subdivision.

1 INTRODUCTION
Shrimpton’s Creek flows through and from the largest stormwater catchment area within the
Local Government Area (LGA) of the City of Ryde (Figure 1). It is about 5 km in length,
running roughly from south to north and falling about 50 m (i.e. a grade of 1%). It is non-tidal
and named after one of Ryde’s original Grantees, Richard Shrimpton.
In 2018, Roads and Maritime Services (RMS) approached City of Ryde, with the intention of
acquiring part of the bed of Shrimpton’s Creek, to enable road widening. Before proceeding
with the widening of Waterloo Road, where it crosses Shrimpton’s Creek, it is necessary to
resolve the status of the land which contains the bed of Shrimpton’s Creek. Does the bed even
belong to Council?
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Figure 1: Up Shrimpt’ Creek.

Originally, the land containing the bed of this part of Shrimpton’s Creek was granted by the
Crown, in Old System Title, to William Kent Junior in 1803 (Figure 2). This grant was situated
adjoining the Field of Mars Common and comprised 570 acres.

Figure 2: Extract of William Kent Junior’s 570 acre grant in 1803.

The first 4 km of Shrimpton’s Creek pass through land which was similarly alienated from the
Crown in Old System Title, between the years 1798 and 1803. In these First Grants (Figure 3),
no mention was made of the watercourse which was to become known as Shrimpton’s Creek.
In 1887, the Crown subdivided the Field of Mars Common (some background information on
this area can be found, e.g., in de Belin, 2017), creating several new portions which were duly
granted and alienated from the Crown in Torrens Title (Figure 4). Some of these new portions
had Shrimpton’s Creek forming a natural boundary between portions, and some showed
Shrimpton’s Creek being fully contained within each portion. About 1 km of creek was
involved, extending from William Kent Junior’s grant, to where the creek flows finally into the
Lane Cove River. Waterloo Road and Herring Road were created during 1887 as part of this
Crown subdivision and abutted William Kent Junior’s grant: Waterloo Road on the north and
Herring Road on the west.
In order to determine the status of the bed of any creek, one must begin with the original Crown
Grants of the subject lands. In this case there are three scenarios:
 Alienated Crown Land in Old System Title.
 Alienated Crown Land in Torrens Title.
 Un-alienated Crown Land, which may carry a presumption of title ad medium filum aqua.
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In enquiring about obtaining the small strip of land (about 20 m2 for widening purposes), on the
southern side of Waterloo Road, RMS has opened a virtual Pandora’s Box, when it comes to
the question of who owns the bed of the creek.

Figure 3: Thomas Winston’s 30 acre grant (1798), George Needham’s 30 acre grant (1798), Richard Shrimpton’s
50 acre grant (1799) and William Kent Junior’s 570 acre grant (1803).

Figure 4: The 1887 Crown Grants as alienated Torrens Title Crown portions.

2 PANDORA’S BOX
The first significant event to occur after Kent’s grant was an Old System subdivision of part of
this land, into generally 10 acre lots (known as Wentworth’s Subdivision: Roll Plan 504), with
frontage to Herring Road and running east, down to Shrimpton’s Creek, which there formed a
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natural boundary (Figure 5 & 6). Old System Deed No. 127 Book 1 was a conveyance from
Wentworth, and described Lot 3 being bounded “on a third side by Shrimpton’s Creek”.
Subsequent conveyances of this lot carried a description which stated “to Shrimpton’s Creek”
and then bounded “by Shrimpton’s Creek”.

Figure 5: Roll Plan 504 (DP111206), circa 1836.

Figure 6: Shrimpton’s Creek in full flow.

Similar subdivision occurred on the opposite side of Shrimpton’s Creek, and the first Primary
Application occurred on this opposite side. In 1864, Real Property Application (RPA) 195
(DP21) was initiated (Figure 7), followed in 1896 by RPA 9553 (DP59553). Note that DP21
shows both banks of Shrimpton’s Creek together with a red line drawn up to the creek centreline
(survey boundary?) and a green edging along the creek bank (limit of RPA).
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Figure 7: Detail from DP21 (1864) showing, by green edging, the limit of the RPA 195.

As a result of RPA 9553, Certificate of Title Volume 1193 Folio 91 was created with Joseph
Cox shown as the proprietor of the land. This Certificate of Title contained a metes and bounds
description together with a title diagram. The metes and bounds description described the side
boundary as running “to Shrimpton’s Creek” and the next boundary as being “bounded by that
creek”. The title diagram shows the land edged in red and a single line depicting Shrimpton’s
Creek (Figure 8). “To the creek” has exactly the same meaning as “to the bank” when it comes
to a bound or abuttal. Clearly, “to the centre of a creek” means to the centreline of the bed of
the creek, which is the centreline between banks.

Figure 8: Detail of title diagram on Volume 1193 Folio 91, showing red edging abutting Shrimpton’s Creek.

Back on the Herring Road side of Shrimpton’s Creek, RPA 8143 (DP58143) was initiated in
1891. As a result of this RPA, which covers Lots 1 and 2 in Roll Plan 504, Certificate of Title
Volume 996 Folio 53 was created with Charles Krust shown as the registered proprietor of the
land.
This Certificate of Title contained a metes and bounds description together with a title diagram.
The metes and bounds description described one side boundary as running “to Shrimpton’s
Creek” and the next boundary as being “bounded by that creek”. The title diagram showed the
land edged in red and a single line depicting Shrimpton’s Creek (Figure 9).
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Figure 9: Detail of title diagram on Volume 996 Folio 53, showing red edging abutting Shrimpton’s Creek.

Both RPA 8143 and RPA 9553 faced each other across Shrimpton’s Creek, with the creek being
shown as an abutting natural feature between the two parcels of land. However, the Deed of
Conveyance to Wentworth, and the succession of conveyances from Wentworth (where
Shrimpton’s Creek was shown as a natural boundary) carried a presumption that title extended
to the creek centreline. This presumption was not applied at the time of Primary Application,
so the RPA terminated at the bank of the creek. The presumption still rests with the Old System
Title, which was not fully exhausted by the RPA. Any lot created by subdivision of the RPA
carries no presumption! Associated with this is the concept that consolidated parcels and new
created lots, which straddle Shrimpton’s Creek, eliminate the natural boundary and effectively
annul any future claim ad medium filum aqua.
Using dimensions shown on the plans associated with the RPAs, and subsequent Deposited
Plans (DPs) throughout the next 150 years, it is possible to accurately plot the location of the
banks of Shrimpton’s Creek. After plotting, there is a space of about 6 metres between banks.
DP378926 (1951) states “bank” as being a natural boundary for its Lot B, and DP406801 (1955)
(Figure 10) states “bank and boundary” as being a natural boundary for the subdivision of Lot
B, and proceeds to show the western bank of “Shrimpton’s Creek”.

Figure 10: Detail of DP406801 (1955), showing the bank of Shrimpton’s Creek as boundary.
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DP577398 in 1974 (Figure 11), which is a subdivision of Torrens Titled land, states “creek” as
natural lot boundary and proceeds to show both banks, with “Shrimpton’s Creek” written
between.

Figure 11: Detail of DP577398 (1974) showing Lot 1 abutting Shrimpton’s Creek.

It is quite clear that each of the Torrens Titles created in the above DPs has ownership to its
respective bank of Shrimpton’s Creek, and therefore no ownership of any part of the bed.
DP1046092 in 2002 (Figure 12) is a subdivision in stratum and forms the basis of the current
Certificates of Title. A title enquiry for Lot 10, which covers the bed of Shrimpton’s Creek,
elicits a confusing message: “Computer Folio not created. Unconvertable Old System land” –
unconvertable because there is no discernible prior whole parcel of land.
What is clear though, is that City of Ryde is not the owner of the bed next to Waterloo Road.
However, it could be: by making successful “adverse possession” claims against each of the
two Old System titles which have remnants left after their respective Primary Applications –
BK 433 No. 612 which was the subject of RPA 9553 (1896) and BK 6 No. 736 which was the
subject of RPA 8143 (1888). With this problem of tenure and status identified and resolved at
Waterloo Road, the question then becomes: What happens elsewhere along Shrimpton’s Creek?
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Figure 12: Detail from DP1046092 (2002) showing lots abutting Shrimpton’s Creek.

3 SHRIMPTON’S CREEK IN SECTIONS
A look at the whole of Shrimpton’s Creek with regard to ownership of the bed of the creek
uncovers a veritable hotchpotch of situations and outcomes. Conveniently, the creek is crossed
by several suburban and main roads, which effectively break the 5 km length of Shrimpton’s
Creek into eight readily identifiable sections. A general overview of each section of
Shrimpton’s Creek will identify most of the riparian issues with regard to ownership of the bed
of a creek, and which issues need to be resolved by Council with respect to current and future
works along the creek, such as pathways, cycleways, lighting, creek crossings, clearing, gross
pollution traps, stormwater management and site regrading or watercourse diversion.
3.1 Section 1 (Headwater): Blaxland Road to North Road

Section 1 of Shrimpton’s Creek (Figure 13) is within part of Thomas Winston’s and George
Needham’s Old System Grants (1798), which made no mention of any watercourse. RPA
13451, in 1904, converted the whole of this land to Torrens Title.
Residential subdivisions, in 1913 and 1918, were influenced by a small natural watercourse so
created a general “Right to Drain Water”, which ran adjacent to right line lot rear boundaries,
effectively acting as inter-allotment drainage. The creek in section 1 has been fully contained
in stormwater pipes from that time.
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Figure 13: Schematic diagram of section 1 of Shrimpton’s Creek.

The green shading indicates land owned by the City of Ryde, while the grey shading indicates
land owned privately or by the State of NSW. Pipe upgrades to 900 mm diameter occurred in
the 1970s and new “Easements to Drain Water” were created over each lot for the benefit of
the City of Ryde. The bed of the creek no longer exists in this section and was not used as a
natural boundary for any of the lots.
3.2 Section 2 (Natural Boundary): North Road to Quarry Road

Section 2 of Shrimpton’s Creek (Figure 14) is within George Needham’s Old System Grant
(1798). RPA 22056 (in 1919) converted the whole of this land to Torrens Title. Residential
subdivisions occurred in 1954 and 1956 on either side of Shrimpton’s Creek, with centreline of
the “small watercourse” being designated as a natural boundary between lots. As in section 1,
the whole of the creek in section 2 is contained in an underground stormwater drainage system
consisting of a single pipe, followed by twin pipes, followed by a concrete culvert.
All evidence of the original watercourse has been obliterated by drainage works and site
regrading (Figure 15). The bed of the creek no longer exists. However, the creek was used as a
bound to lots in the first subdivisions, so any re-instatement of these lot boundaries has to rely
upon the dimensions denoted in the subdivisions.
City of Ryde does have the benefit of a “Drainage Easement” within DP7017380 (1982),
created at the time of construction of the concrete culvert. Note that near this Drainage
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Easement the original natural boundary no longer exists but has been replaced by a right line
boundary a short distance away. Apart from the fact that Drainage Easements, for the benefit
of Council, have never been created over any of the other lots along the pipeline, the question
of ownership of the bed of the creek is in no doubt. City of Ryde owns no land within section 2
of the creek.

Figure 14: Schematic diagram of section 2 of Shrimpton’s Creek.

Figure 15: Rear fenced line, indicating where Shrimpton’s Creek originally flowed.

3.3 Section 3 (Santa Rosa Park): Quarry Road to Bridge Road

Section 3 of Shrimpton’s Creek (Figure 16) is within Richard Shrimpton’s Old System Grant
(1799), which made no mention of any watercourse. A series of RPAs, from 1922 through to
1961, duly converted the land (including the bed of the creek) to Torrens Title.
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Figure 16: Schematic diagram of section 3 of Shrimpton’s Creek.

Each subsequent residential subdivision of these RPAs created a different scenario:
1) DP12918 (1924) showed a proposed Drainage Easement through Lot 4.
2) DP29029 (1958) included four lots with a natural rear boundary delineated by the east bank
of Shrimpton’s Creek. The culvert system through Santa Rosa Park was constructed at some
distance from the original watercourse. Therefore, the original bed and east bank of the
creek (up to the ending of the culvert) have been obliterated. Any of these lots with a natural
boundary must be re-instated using the dimensions as denoted in the first subdivision.
3) DP30420 (1959) included 3 lots having right line rear boundaries near the creek with no
mention of any creek bank or creek. At this point Shrimpton’s Creek emerges from its
underground system and continues downstream as an open channel (Figure 17).

Figure 17: Shrimpton’s Creek emerging from its underground system.

241

Proceedings of the 24th Association of Public Authority Surveyors Conference (APAS2019)
Pokolbin, New South Wales, Australia, 1-3 April 2019

4) DP36579 (1957) included one lot which contained the whole of the bed of the creek together
with the land adjacent to each bank.
5) DP219517 (1963) included one lot, as above, albeit with a site adjustment to Shrimpton’s
Creek, making a straight deviation of the open channel to enable the creation of three
additional residential lots in the subdivision (Figure 18).
In section 3 of Shrimpton’s Creek, all of the bed is owned by City of Ryde.

Figure 18: A short section of Shrimpton’s Creek, re-directed and straightened during land subdivision.

3.4 Section 4 (Flinders Park): Bridge Road to Kent Road

Section 4 of Shrimpton’s Creek (Figure 19) is within Kent’s Old System Grant (1803), which
made no mention of any watercourse. A series of RPAs from 1908 through to 1961 duly
converted part of the land to Torrens Title.
The other part remained as Old System land, to be subdivided, in 1957, into multiple Old
System residential lots, with those abutting Shrimpton’s Creek showing ownership to a natural
boundary being the “centreline of creek”. From the mid 1970s, these Old System residential
lots became the subject of Part IVA action which ultimately converted them all to Torrens Title,
with ownership to the centreline of the creek. Directly opposite these titles, on the other side of
Shrimpton’s Creek, the RPAs in 1908 and 1956 likewise extended to a natural boundary being
the “centreline of creek”. The remaining RPAs abutted the east or west bank of the creek,
leaving the bed of Shrimpton’s Creek (shown unshaded in Figure 19) still in Old System Title
from the preceding deeds.
Subdivision of these RPAs created lots which therefore had a natural boundary: being the east
or west bank (Figure 20). In section 4, City of Ryde owns half the bed of Shrimpton’s Creek in
one part, owns the whole of the bed in another part, and owns land to the bank of the creek in
all other parts. Likewise, half of the bed of Shrimpton’s Creek in one part, and land to the bank
of the creek in other parts, are in private ownership.
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Figure 19: Schematic diagram of section 4 of Shrimpton’s Creek.

Figure 20: Shrimpton’s Creek running full.

3.5 Section 5 (Els Hall Park): Kent Road to Epping Road

Section 5 of Shrimpton’s Creek (Figure 21) is within Kent’s Old System Grant (1803). A series
of RPAs, from 1864 through to 1961, duly converted most of the land to Torrens Title with lots
having a natural boundary being the bank of creek. One part remained as Old System land, to
be subdivided in 1960 into several Old System lots, with the lot abutting Shrimpton’s Creek
having a natural boundary being the bank.
From the mid 1970s, these Old System lots became the subject of Part IVA action to ultimately
convert them to Torrens Title. One Lot in this 1960 subdivision, which is owned by City of
Ryde, has a Certificate of Title which still carries a notice of Qualification. The bed of
Shrimpton’s Creek remains in the remnant Old System Title deeds current at the time of
Primary Application.
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Four parcels of land are owned by City of Ryde and three owned by RMS with one other parcel
being owned by the State of NSW, yet under control and management by City of Ryde. Section
5 of the creek ends at the major highway, Epping Road, which bridges Shrimpton’s Creek by
way of a huge culvert (Figure 22).

Figure 21: Schematic diagram of section 5 of Shrimpton’s Creek.

Figure 22: Shrimpton’s Creek, with adjacent pedestrian way, running under Epping Road.

3.6 Section 6 (Macquarie Park): Epping Road to Waterloo Road

Section 6 of Shrimpton’s Creek (Figure 23) is within Kent’s Old System Grant (1803) and
includes the initial investigation site for the RMS request. A series of RPAs, from 1864 through
to 1963, duly converted most of the land to Torrens Title with lots having a natural boundary
being the bank of creek. The land containing the bed of Shrimpton’s Creek remains in Old
System Title. City of Ryde owns three lots, each with a natural boundary being bank of creek,
and has the benefit of two Drainage Easements (15.24 m wide and variable width, respectively)
which lie adjacent to the east bank.
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Figure 23: Schematic diagram of section 6 of Shrimpton’s Creek.

3.7 Section 7 (Macquarie Centre): Waterloo Road to Talavera Road

Section 7 of Shrimpton’s Creek (Figure 24) is covered by six Torrens Title grants (1887) which
nominated Shrimpton’s Creek as a watercourse and indicated separate and distinct banks. The
bed of Shrimpton’s Creek, which separated these portions, was not included in the Crown
Grants. However, its status eventually changed when one owner acquired all the land on either
side of Shrimpton’s Creek. Because the Crown Grants occurred prior to 1918, there is a
presumption that title ad medium filum aqua may apply. Although no direct evidence can be
found, it seems that ownership of the bed was acquired by this method. At this point, all of the
land was consolidated into one parcel and all reference to a bank as natural boundary ceased.
The huge Macquarie Centre shopping mall was constructed upon this section and Shrimpton’s
Creek, as an open channel, disappeared. It was replaced by a concrete stormwater culvert, which
was constructed within a Drainage Easement sited beside the original watercourse. An overland
flow path has been maintained at ground level, underneath the shopping mall. The former bed
and banks of Shrimpton’s Creek have been obliterated and the land is owned by Macquarie
Centre. City of Ryde owns no land in this section, but has the benefit of a Drainage Easement,
9 m wide and variable.
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Figure 24: Schematic diagram of section 7 of Shrimpton’s Creek.

3.8 Section 8 (M2 Motorway): Talavera Road to Lane Cove River

Section 8 of Shrimpton’s Creek (Figure 25) is also covered by six Torrens Title grants (1887)
which nominated Shrimpton’s Creek as a watercourse. The land containing the bed of
Shrimpton’s Creek was included within these Crown Grants and thus alienated from the Crown.
A subdivision in stratum (DP1190961) occurred in 2002, with the subsequent residential
apartment buildings being constructed right up to the natural creek bank (Figure 26 & 27).
The M2 Motorway was constructed with a crossover of Shrimpton’s Creek (Figure 28). Beyond
the M2, Shrimpton’s Creek flows through Lane Cove National Park until reaching the Lane
Cove River. The bed of Shrimpton’s Creek section 8 is wholly owned either privately or by the
State of NSW. City of Ryde has no ownership of the bed, and no Drainage Easements have been
created for its benefit.
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Figure 25: Schematic diagram of section 8 of Shrimpton’s Creek.

Figure 26: Recent residential strata development abuts Shrimpton’s Creek.

Figure 27: Shrimpton’s Creek in full flow to the M2 Motorway.
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Figure 28: The M2 Motorway as it crosses Shrimpton’s Creek.

4 WHO OWNS THE CREEK?
The question of tenure has now been determined along the entire length of Shrimpton’s Creek
(Figure 29). As of November 2018, there are 101 titles encompassing or abutting the bed of
Shrimpton’s Creek.
The land containing the bed of Shrimpton’s Creek is comprised in 70 of these titles:
 10 Torrens Titles owned by City of Ryde.
 42 Torrens Titles in either private ownership or owned by the State of NSW.
 18 Old System Titles in private ownership, which form the remnant parts of deeds current
at the time of each Primary Application. Research to date strongly suggests that all the Old
System Land is remnant from Wentworth’s Subdivision (Roll Plan 504), which produced
lots that abutted Shrimpton’s Creek. The ensuing deeds described each lot as being bounded
by the creek.
Where Shrimpton’s Creek is traversed by the road system, the land containing the bed of the
creek is Public Road and administered by the City of Ryde or, as is the case with the M2
Motorway, the land is owned by RMS.
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Figure 29: Ownership by City of Ryde (green) along the whole length of Shrimpton’s Creek, with section 1 at
the bottom end.
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5 CONCLUDING REMARKS
What course of action can City of Ryde take with respect to gaining ownership of or gaining
rights to the bed of Shrimpton’s Creek? In the case where government agencies, such as
National Parks, Department of Housing and RMS, own the whole bed in Torrens Title, the
course of action City of Ryde can take is to seek transfer of title at nil compensation, in
consideration of a convincing case to Government that the bed of Shrimpton’s Creek has a use
which is of great benefit to the public.
In the case where others own part of the bed in Old System Title, the course of action City of
Ryde can take may include making a claim by Adverse Possession upon the Old System land
which was remnant after the first Primary Applications. After all, City of Ryde has been
discharging stormwater from the catchment area into Shrimpton’s Creek ever since roads and
houses have been built. City of Ryde has also undertaken periodic cleaning, clearing and
maintenance work.
The question of an owner of Torrens Title land having a claim ad medium filum aqua is resolved
at the time of Primary Application, so the Torrens Title continues forward with a natural
boundary being bank or middle thread, whichever was decided. At this point, any underlying
presumption of ownership ad medium filum aqua rests only with the Old System Deed.
In the case where others own part of the bed in Torrens Title, the course of action City of Ryde
can take includes resumption or compulsory acquisition, either of which would require
considerable compensation. In any eventuality, City of Ryde can seek to gain rights by way of
an Easement to Drain Water. This would also be at cost to City of Ryde and would include
compensation to the owner for the effect of such an encumbrance on their property. However,
the costs would be considerably less than is the case with acquisition.
Does Shrimpton’s Creek still follow its original watercourse? Mostly yes. However,
investigating the 1943 aerial images, modern aerial images and 150 years of DPs does reveal
several places where substantial deviations have occurred.
There are many fascinating anomalies and side issues associated with the points mentioned in
this paper, but they will have to wait for another occasion when the story of Shrimpton’s Creek
can be continued.

REFERENCES
de Belin F. (2017) A cadastre set in stone, Proceedings of Association of Public Authority
Surveyors Conference (APAS2017), Shoal Bay, Australia, 20-22 March, 227-245.

250

