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1 Purpose 

Purpose of this document is to provide guidance on the requesting and capture of surveying data. 
This document ensures consistency and accuracy, aligning methods of capture and efficiency in 
surveying activities while adhering to industry standards and regulatory requirements. It outlines 
the methodologies, tools, and best practices necessary to capture and manage spatial data 
effectively.  
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2 Scope 
This document applies to all Water Corporation (the Corporation) staff and contractors who are 
involved in the surveying and geomatics activities. It also applies across all project phases and 
locations where survey and geomatics services are required. 

3 Background  
This guideline is created to cater the Corporation’s need for clear, standardised guidelines on 
surveying and geomatics as technology and methodologies in this field have evolved. It addresses 
this need by providing a unified set of guidelines for all staff involved in survey activities. 

4  Definitions 
 

Term Definition 

1D One dimensional spatial data  

2D Two-dimensional spatial data, referring to X and Y measurements 

3D Three-dimensional spatial data referring to X Y and Z values 

AHD Australian Height Datum. 

AutoCAD Autodesk Product called AutoCAD 

BYDA 
Before You Dig Australia – Previously known as Dial Before you Dig 
(1100.com.au) 

Contractor The party named in the contract to perform the Services 

CSV Comma Separated Value file format 

DGS Digital Ground Survey (Detail Survey) 

DTM Digital Terrain Model – Digital 3D model of the terrain surface 

DWG Autodesk file format 

DXF Digital exchange format, CAD file type 

GDA Geocentric Datum of Australia 

Geotag Geographic information embedded within a file type 

GIS Geographic Information System 

GNSS Global Navigation Satellite Systems 
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GPS Global Positioning System 

ICSM Intergovernmental Advisory Committee on Surveying & Mapping 

Landgate WA Land Information Authority (formerly DOLA) 

LHS Left Hand Side 

LiDAR Light Detection and Ranging 

Local Project 
Zone 

A local transverse Mercator projected coordinate system created to meet 
tolerances for building roads and bridges on the earths curved surface. 

LSLB Land Surveyors Licencing Board of WA 

MGA Map Grid Australia 

MLS 
Mobile Laser Scan. A point cloud generated from a laser scanner attached 
to a moving vehicle. 

Mosaic 
A combination of two or more photographic images into one composite 
image. 

Natural 
Surface 

Any surface formed by natural or geological events 

NULCA National Utility Locating Contractors Association of Australia 

Ortho 
photograph 

An ortho photograph is a photograph that has been corrected for sensor, 
platform-induced, geometric, and topographic distortions.  It possesses the 
geometric characteristics of a map. 

PCN Primary Control Network 

Point Cloud Discrete set of data points in 3D space 

Project 
Manager 

The Water Corporation officer responsible for the overall project. 

Rectified 
Image 

An image that has been altered from its original state to achieve a desired 
spatial outcome. Including mosaics. 

ReOC Remote Operators Certificate 

RePL Remote Pilot Licence 

RHS Right Hand Side 

RL Reduced Level 

RM Reference Mark 

RTK Real Time Kinematic GNSS observation methods 

SCN Secondary Control Network 

Seamless 
Mosaic 

A mosaic with no discernible joins or seams 

SLAM Simultaneous localization and mapping 

SSM Standard Survey Mark 

Survey Control Survey control points that can consist of SSMs, RRMs, BMs and MCPs 

TIN Triangulated Irregular Network 

TLS 
Terrestrial Laser Scan. A point cloud generated from a fixed-point laser 
scanner 

UAV Unmanned Aerial Vehicle 

Untargeted 
MLS Point 
Cloud 

A mobile scan point cloud capture and model that is positioned only based 
on GNSS position, post-processed from base stations – no MLS Ground 
Targets used/processed. MLS verification survey is not required. 

VCM Vertical Control Mark 

Verified 
Control 

Located and checked for physical stability and quality Verified vertical/level 
to its reference marks where applicable or levelled to at least one adjacent 
control point of suitable quality in a closed/2-way loop Static GNSS 
baseline, RTK GNSS, or total station connection (from RTK temporary 
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points is acceptable) for horizontal verification to adjacent/nearby control 
point(s). 

Verified Utility 
Model 

Utilities that have been surveyed in the field by a method to define its 
position and level. For example, a verified utilities model of a water pipe 
would result from the water pipe being located via ground penetrating radar 
or if the pipe had been uncovered and measured by survey 
instrumentation. 

VRS Virtual Reference Station 

WC Water Corporation 

XLSX Microsoft Excel file format 

5 References 
 

External 
 
ICSM – Guideline Control Surveys – Differential Levelling 
  
ICSM – Standard Australian Survey Control Network 
  
Landgate – Surveying Standards and Guidelines 
  
AS 5488:.1:2022 Classification of Subsurface Utility Information (SUI) Subsurface Utility 
Information  

 
Nulca 

 
Before you Dig – Best Practice Guides 

 
Internal 
 
DS 80 – WCX CAD Standard 
  
DS 63 - Water Reticulation Standard 
  
DS 50 - Design and Construction Requirements for Gravity Sewers 
  
WC Developers Manual  

S551 Spatial Data Standard 

GL282 Remote Sensing Guideline 
 

6 Survey Control Guideline 
 

Survey control is the critical information needed to locate spatial data accurately and precisely to a 
known coordinate system. These coordinate systems could be geographical or localised (see 
section 6.10 Coordinate Systems of S551 Spatial Data Standard for coordinate system 
requirements).  
 
Survey control is typically broken up into three main groups; primary, secondary, and tertiary. 
Primary control is the highest level of control and is the framework for all other controls to be 
derived from. Survey control can be created using a variety of different survey hardware types, 
and digital data processing workflows. 

https://www.icsm.gov.au/publications/guideline-control-surveys-differential-levelling-v22
https://www.icsm.gov.au/publications/standard-australian-survey-control-network-v22
https://www.landgate.wa.gov.au/location-data-and-services/surveying/standards-and-guidelines/
https://infostore.saiglobal.com/en-au/standards/as-5488-1-2022-1148524_saig_as_as_3156258/
https://infostore.saiglobal.com/en-au/standards/as-5488-1-2022-1148524_saig_as_as_3156258/
https://www.nulca.com.au/
https://www.byda.com.au/before-you-dig/best-practice-guides/#:~:text=At%20your%20dig%20site%2C%20use,of%20employees%20and%20the%20community
https://pw-cdn.watercorporation.com.au/-/media/WaterCorp/Documents/About-us/Suppliers-and-contractors/Resources/Design-standards/DS80-WCX-CAD.pdf?la=en&rev=becfb8033b234bd3a9eb74e50d4b9c7b&hash=EEF603F1487166DEC9957AF9D9C1CC62
https://pw-cdn.watercorporation.com.au/-/media/WaterCorp/Documents/About-us/Suppliers-and-contractors/Resources/Design-standards/DS63-Water-Reticulation-Pipelines-DN250-and-Smaller.pdf?la=en&rev=fae19a82f6834cff9ba6a5b7fedc1c00&hash=68936ABF801F36596F06B84F5E73B80A
https://www.watercorporation.com.au/-/media/WaterCorp/Documents/About-us/Suppliers-and-contractors/Resources/Design-standards/DS50-Design-and-Construction-Requirements-for-Gravity-Sewers-DN150-to-DN600.pdf?la=en&hash=CCBE61B2E0A6BF9F57D4827825AC6D86
https://www.watercorporation.com.au/-/media/WaterCorp/Documents/Developing-and-Building/Subdividing/Developers-manual.pdf
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/184721235
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/184721295
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6.1 State Survey Markers 
Standard Survey Marks (SSMs) are the ground marks of the geodetic framework within Western 
Australia and are the responsibility of Landgate. The Corporation adopts the State Geodetic 
Network and Landgate Standards as the primary reference control for network projects. Generally, 
SSMs are the primary local control used by Surveyors on the Corporation projects. 
 
All survey work that requires the installation of new or the relocation of existing SSMs must be 
completed to Landgate Standards and are submitted to Landgate by an approved Surveyor.  
 
SSMs are registered legal survey marks and are protected by the Standard Survey Marks Act 
1924. It is an offence to move or destroy SSMs without permission of an authorised Land Officer 
at Landgate. 
 
In urban areas, where generally the existing geodetic control network is dense, there is usually 
sufficient SSMs existing to meet project requirements. However, on rural projects where existing 
SSMs may be more sparsely located, the typical spacing for the placement of new project SSMs 
is between 2 and 5 km depending on topographic constraints. In addition, where SSMs form the 
basis for the road reserve, boundary definitions must be placed according to the Land Surveyors 
Licencing Board (LSLB) Guidelines. 
 
To maintain the integrity of the SSM geodetic network, all SSMs that will be disturbed by works 
must be relocated prior to the disturbance of the mark. It is the responsibility of the Corporation 
Project Manager to identify all SSMs located within the project area and notify Landgate of those 
likely to be affected by the works. 
 

The Corporation’s construction contracts generally stipulate the relocation of SSMs as the 
Principal Contractor’s responsibility. Prior to destruction, they must contact Landgate to confirm 
the process. 
 
Not all SSMs have the desired accuracy for the intended spatial works that are planned to occur. 
Prior to works commencing, SSMs in the area should be validated that they are fit for purpose. All 
relevant information of that SSM should be made available to the infield staff, such as SSM field 
sketches showing the Reference Marks (RM) for dimensional validation of the SSM. 

 

6.2 State Survey Markers Placement 
All SSMs and RMs installed must comply with Landgate requirements for placement of SSMs. 
Landgate requirements are available at www.landgate.wa.gov.au. 

 
In addition to Landgate placement requirements (see section 1 of Landgate requirements), other 
considerations when placing new SSMs are: 

 
• The mark should be close to the anticipated work area, and ideally no more than 100m 

from the proposed project boundary. 
• Ease of access and occupation. 

 
The Corporation advises that the Landgate Geodetic Team at Landgate should be contacted for 
advice on the suitability of the proposed SSM locations once their intended location is determined. 

 

6.3 Primary Control 
All major capital works projects that involve either the construction of new facilities or the 
remediation of existing facilities require the use of primary control. Prior to any new major project 
commencing, it is required that primary control is established for the project.  

 

http://www.landgate.wa.gov.au/
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Primary control within the Corporation consists of two main requirements for it to be deemed 
primary control: 

• Be physically sound and able to endure outside influences without moving or being 
disturbed easily.  

• Be observed from multiple other primary control points with X and Y values that are 
determined through a post processing calculation, and a Z value determined through 
differential levelling. 

 
Primary control must be established with the following key factors considered: 

 

• Location – Location of primary control must not interfere with or be compromised by the 
construction project. 

• Durability - Primary control is to be a durable nature that will endure the length of the 
project, see section 6.10 Control Point Constructions Standard. 

• Intervisibility – Primary control must be intervisible from as many other primary control 
points as possible and has a clear sky view for GPS and Aerial capture. 

• Redundancy - It is recommended that a minimum of 50% additional (based off 
observations required for a closed traverse) spatial network redundancy exists. 

• Naming convention - All tertiary control points are to following the Corporation’s naming 
convention and standard. See Section 6.6 Control Naming Convention.   

• Understanding of the ground composition - Prior to placing a primary control point, the 
surrounding topography should be evaluated and if possible, the history of the area is 
understood to determine any factors that may cause a shift in the primary control point.  

 
All Water Corporation contractors and users of this guideline must follow the Intergovernmental 
Advisory Committee on Surveying & Mapping (ICSM) Guidelines for the establishment of non 
SSM primary control.  

 

6.4 Secondary Control 
Within the Corporation, secondary control is defined as control that is derived from a single 
primary control point with, at minimum, an observed link to another secondary control point and 
has been post processed through an adjustment software.  

 
Secondary control must be established with the following key factors considered: 

 

• Location - Location must be considered to ensure its location does not interfere with the 
construction project. 

• Durability - Secondary control is to be a durable nature that will endure the length of the 
asset life, see section 6.10 Control Point Constructions Standard. 

• Intervisibility - Secondary control must be intervisible from as many other primary or 
secondary control points as possible and has a clear sky view for GPS and Aerial 
capture. 

• Redundancy - It is recommended that a minimum of 20% network redundancy exists. 

• Naming convention - all tertiary control points are to following Water Corporation’s 
naming convention and standard. See Section 6.6 Control Naming Convention.   

• Understanding of the ground composition - Prior to placing a primary control point, the 
surrounding topography should be evaluated and if possible, the history of the area 
understood to determine any factors that may cause a shift in the secondary control 
point.  
 

6.5 Tertiary Control 
Tertiary Control is defined as any point that is observed through a radiation-based observation 
with multiple observations taken from either a single primary/secondary control point, or from 
multiple control points where an average position is calculated. A tertiary control point does not 
need to be traversed through like a primary or secondary control point. 

https://www.icsm.gov.au/standard-australian-survey-control-network-special-publication-1-sp1
https://www.icsm.gov.au/standard-australian-survey-control-network-special-publication-1-sp1
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Tertiary control must be established with the following key factors considered: 

 

• Location - Location must be considered to ensure its location does not interfere with the 
construction project. 

• Durability - Secondary control can be temporary in nature, see section 6.10 Control 
Point Constructions Standard. 

• Visibility – Tertiary control must be visible from as many primary or secondary control 
points as possible and has a clear sky view for GPS and aerial capture. 

• VRS or RTK GPS is permitted providing a checked observation has been taken and for 
RTK GPS, the base operating GPS is placed over an existing primary control point or 
suitable SSM. 

• Naming convention - All tertiary control points are to follow the Corporation’s naming 
convention and standard. See Section 6.6 Control Naming Convention. 

• Understanding of the ground composition - Prior to placing a primary control point, the 
surrounding topography should be evaluated and if possible, the history of the area 
understood to determine any factors that may cause a shift in the tertiary control point.  
 

6.6 Control Naming Convention 
To ensure Corporation projects do not have duplicate control point naming, all control point 
numbers are issued from Spatial Intelligence Team via 
spatialintelligence@watercorporation.com.au in lots as required. 

 

6.7 Differential Spirit Leveling 
Differential spirit leveling is a technique used to determine differences in elevation between points 
that are remote from each other. Differential leveling requires the use of an optical or digital level 
together with graduated measuring rods or staves. 

6.7.1 Equipment 

Levels used must meet the specifications set out in the ICSM SP1 Version 2.2 Differential Levelling 
Guideline, section 3.1.1. A test for collimation error must be made before and during the project, by 
the “Two Peg Test" method and recorded in the appropriate place.  

Staves used for differential levelling must be of fibreglass, wood or Invar construction. The use of 
aluminium staves is not allowed (this does not apply to “builders levels” as used in construction). 

Temperatures at the site during surveys must be recorded and supplied in the level documentation. 
Level instrument internal temperature measurements are acceptable so long as the data is in the 
supplied raw files. Generic local temperature from weather sites or apps are not acceptable. 

Bar code staves must be calibrated over the Landgate defined test range using their purpose 
designed range. Currently, Landgate does not offer a self-service calibration certificate due to the 
prevalence of out-of-date range calibrations being used and therefore, these self-service certificates 
will not be accepted. As per SP1 V 2.2 the calibration of a staff must be ‘in date’. A current 
certificate of calibration for each staff must be supplied with the level data. 

All sectional and telescopic staves must be kept in good condition and checked regularly across 
their joins for wear or error. 

6.7.2 Recommended Methodology 

Refer to ICSM SP1 Version .2.2 Differential levelling Guideline, section 3.1.2, for observation 
parameters to achieve 12rootK standard levelling or better where practicable.  

6.7.3 Data Requirements 

All field observations must be recorded in a suitable level book or instrument derived digital format 
and these records must be supplied to the Corporation Spatial Intelligence Team via 
spatialintelligence@watercorporation.com.au. 

mailto:spatialintelligence@watercorporation.com.au
mailto:spatialintelligence@watercorporation.com.au
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The following data is required to be delivered with control submission: 

• Raw digital levelling file with station IDs corrected. 

• Abstracts of Reductions on Landgate Differential Levelling Abstract or consultants level 
reduction output. Ensure that the misclose, adjustment and adopted control are documented. 

• Adjusted AHD values of permanent stations existing and established-in same spreadsheet 
form. 

• Access diagrams to newly established permanent stations. 

• Ensure temperature is shown within the documents. 

• Validation of existing control marks. 
 

6.8 Equipment Accuracy Validation 

All survey and remote sensing equipment used for the collection of data or for the physical 
locating of defined positions in either 3D, 2D or 1D must be verified that its accuracy meets the 
manufacturer’s specifications and that it has not degraded. The Corporation does not define 
periods of time that equipment is to be calibrated, this is determined via industry standard bodies 
such as ICSM and Landgate or by the equipment manufacturer. 

The equipment user must verify that a suitable equipment accuracy validation has been 
completed prior and post any work. An infield verification could be a ‘2 Peg test’ for differential 
leveling and a dual face observation for total stations where the two observations are compared 
for a difference. Where practicable, it is recommended that a ‘Check Shot’ is taken on to a known 
and validated Survey Control point. For example, a total station should observe the HA, VA, SD 
between two known control points, where as a RTK GPS can check onto a single known control 
point. Currently there is no requirement for this check and validation information to be delivered to 
the Corporation. However, in the event of a quality audit, this information needs to be available to 
the Corporation’s representative. 

For all equipment accuracy validation and verification of recorded observations, the Corporation 
requires all operators and contractors to maintain quality through industry best practises as 
defined by ICSM and Landgate. 

 

6.9 Control Network Management 
The Corporation’s requirement for primary and secondary control defines the need for a ‘least 
squares’ adjust to be completed. These adjustments are critical in the establishment of survey 
control networks around the Corporation’s assets. To ensure future projects align with previous 
and current projects, all survey control networks must be submitted to the Spatial Intelligence 
Team via spatialintelligence@watercorporation.com.au with all associated metadata, field notes, 
field files, SSM summary sheets, survey report, published values in CSV, XLSX and DWG of 
observed baselines with layering as per this guideline’s survey coding and layering requirements. 
It is the responsibility of any survey vendor to create and manage a survey control network that is 
fit for purpose and aligns with the Corporation’s requirements as per this guideline.  

 
 

6.10 Control Point Construction Standards 
When establishing new survey control marks for either Datum Control Surveys or General Purpose 
Control Surveys, the following information should be recorded: 

 

• Water Corporation unique ID 

• Date of installation 

• Type of construction 

• Location notes 

• Coordinates as per the required quality standard 
 

mailto:spatialintelligence@watercorporation.com.au
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Any excavation is to be done in accordance with site requirements as well as Before You Dig 
Australia (BYDA) requirements and best practice.  

6.10.1 State Survey Markers 

All SSMs must be installed as per Landgate Requirements. 
https://www.landgate.wa.gov.au/location-data-and-services/surveying/geodesy/survey-mark-
information/ 

6.10.2 Primary Control 

The following is a list of approved Water Corporation standards for the installation of primary control 
marks. See Appendix A(or Appendix E of S551) for construction requirements of primary control 
(Primary Control Construction Drawing GJ74-005-003-01). 

 
Primary Control Type A 

A galvanised star picket that is set in ground with a concrete collar installed around the top of the 
picket that is flush with ground level. 
For sand soil, the picket must be at minimum 1200mm in length. For harder packed areas, the 
picket is to be installed as deep as practicable with a 675mm minimum and then cut. 
The picket must be 5-10mm higher than concrete surround to allow for level staff. 

 
Primary Control Type B 

Type B are Survey Pillars. Pillars must be constructed from a steel post with a diameter of 
200mm. Pillars can either have a permanent 5/8 male thread on the plate surface or access to 
the underneath of the top plate. Alternatively, pillars can also be bolted down where a suitable 
concrete footing already exists. 
 

Primary Control Type C 

In areas where either a large concrete footing or natural occuring rock exists, a brass plaque can 
be installed directly into the material.  

 

6.10.3 Secondary Control 

The following is a list of approved Water Corporation standards for the installation of secondary 
control marks. 

 
Secondary Control Type A 

A picket installed directly into the ground with a minimum install length of 675mm. No concrete 
required providing the surface provides a rigid foundation for the picket. 

 
Secondary Control Type B 

A fastener installed into a concrete footing (Not slabs. Concrete slabs expand and contract 
through temperature changes). the footing is to be equal to or greater than 500x500x300mm. 

 
Secondary Control Type C 

A spike-based nail or deck spike that is at minimum 200mm in length installed directly into a 
bitumen/asphalt surface.  
Spike should be installed greater than 300mm from the edge of bitumen if no kerbing exists. If a 
kerb exists, then it should be installed 100mm from kerb edge.  

6.10.4 Tertiary Control 

The Corporation does not define what should be installed as a tertiary control point. Instead, it 
defines the features of the control point. 

 
Any tertiary control points installed must be: 

 

https://www.landgate.wa.gov.au/location-data-and-services/surveying/geodesy/survey-mark-information/
https://www.landgate.wa.gov.au/location-data-and-services/surveying/geodesy/survey-mark-information/
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• a fixed point that cannot move or be on a structure or element that cannot move without 
mechanical aid. 

• able to last in the elements of the surrounding environment for a minimum of 3 years. 

• clearly visible when in close proximity. 
 

6.10.5 Monitoring Control 

Control points installed for the monitoring of the Corporation’s structures and assets must be made 
up of following types: 

 
Monitoring Pillar 

See Appendix B and Appendix C(or Appendix F and G in S551) for construction requirements 
dependent on ground conditions. (Monitoring Survey Pillar on Rock GJ74-05-01 – Appendix C 
and Monitoring Survey Pillar on Soil GJ74-05-02 – Appendix B). 

 
Monitoring prisms  
They can be placed via any method that achieves the following outcomes: 

 

• Prism is rigid and non-moveable without mechanical aid. 

• Prism mounting is able to last a minimum 10 years. 

• Prism mounting system allows for prism to be exchanged in case of damage from 
elements. 

 
Monitoring Points 

Secondary Control Point Types A-C, see section 6.10.3 Secondary Control. 
 

6.10.6 Terrestrial Laser Scan Control 

Terrestrial Laser Scan (TLS) control must be placed throughout TLS scopes providing that they can 
be aligned to the required coordinate systems. The Corporation requires that a minimum of 4 TLS 
control points are installed on a scope area in addition to any temporary TLS control used on the 
project. 

 
TLS Control Points must be a durable chequer board style sticker. These must be placed on flat 
surfaces only and to have a unique survey control point name written on them as per section 6.6. 
HDS Sticker to be at minimum 150mm x150mm. 
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6.10.7 Remotely Piloted Aircraft Control 

The Corporation requires that permeant UAV control is placed on all UAV Photogrammetry scopes. 
This control must be permanent to allow for repeatable results. However, a mix of permanent and 
non-permanent is permitted providing a minimum of 5 permanent marks are installed. UAV control 
can be either primary, secondary, or tertiary in the instillation method, excluding primary type B. 

 
To aid in the detection of the control point from the imagery, an aerial maker that is either a chequer 
board or QR/April tag can be placed over the control point providing that the control points marked 
centre aligns with the aerial target centre. These targets are required to be at minimum 
300mmx300mm in physical size. 

6.10.8 Manned Aerial Control 

The Corporation requires that permanent control is placed on all aerial scopes. This control must be 
permanent to allow for repeatable results. However, a mix of permanent and non-permanent is 
permitted providing a minimum of 5 permanent marks are installed. 

   
Aerial control can be either primary, secondary or tertiary in the instillation method, excluding 
primary type B. 

 
An aerial maker is required to be placed over control point providing that the point centres align. 
The aerial marker is to be greater than 500mm x 500mm or as required by the vendor completing 
the acquisition.  

7 Digital Ground Surveys 

A Digital Ground Survey (DGS), also referred to as a feature survey or detail survey, is a survey of 
all natural and artificial features occurring within the survey project area. A DGS must be captured 
and represented as coded points or strings in the model delivered as a DWG.  

 
Measurement accuracies of points and string features must be in accordance with the 
corresponding accuracy class from the feature code list in reference to the nominated measurement 
accuracies. See section 6 Spatial Accuracy of S551 Spatial Data Standard.  
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7.1 Detail Definition and Feature Coding 

Features surveyed through a DGS or extracted from another source must use the layering as 
covered in Appendix B. The appendix includes survey codes and associated layer names, line 
details and point details, required accuracies and function in digital surfaces. This will enable the 
creation of a standard layering and deliverable for point and vector-based data that is delivered as 
DWG, as per the Corporation’s DS80 AutoCAD DWG requirements.  
 
Features required to be captured through a DGS are listed under the Appendix B. However, 
additional items may be requested as per any submitted scope or through correspondence with the 
vendor completing the works. If a vendor is unsure of the features and detail required, they should 
contact the Corporation Project Manager to confirm all required elements to be captured under the 
DGS. 

7.2 Data Modelled from Remote Sensing Equipment 

When point and string-based vector information is derived from remote sensing data, it must be 
noted in the survey report. The report should indicate the equipment used and the method of 
feature extraction. As an example, the report would contain the following text: “Contours extracted 
from aerial LiDAR through automatic processes using Software Brand X”.  
 
The report must also be accompanied with a description of the expected accuracies and how they 
have been confirmed and verified.  
 
Any data extracted from remote sensing data must still align with the Appendix B of S551 Spatial 
Data Standard for points and line coding as well as required break lines for accurate triangulation as 
per section 7.3 Elevation Data.  

7.3 Elevation Data 

Elevation data can be presented in a variety of different formats based on the required use and 
outcome needed from the data. The list below explains what each elevation type represents: 

 

• Digital Elevation Model (DEM) represents the bare-earth surface, removing all natural and 
built features such as trees and buildings. 

• Digital Surface Model (DSM) captures both the natural and built/artificial features of the 
environment. 

• Digital Terrain Model (DTM) typically augments a DEM, by including vector features of the 
natural terrain, such as rivers and ridges. A DTM may be interpolated to generate a DEM, 
but not vice versa. A DTM is built from a TIN. 

• Triangular Irregular Network (TIN) is created from singular points with triangle orientation 
forced where break lines exist. A TIN can also be referred to as DTM. 

 

 

Each of the different elevation data types is required to be delivered in different formats. The list 
below links the data type with the standard required format for delivery and its resolution (The 
resolution is a standard. However, project specifics may require a different resolution).  
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Type File Format Resolution Use 

DEM .Tif (GeoTif) 1.0m Spatial Analysis 

DSM .Tif (GeoTif) 1.0m Spatial Analysis 

DTM .Tif (GeoTif) 1.0m Spatial Analysis 

DTM .DWG .DXF 0.25m Design and CAD 

TIN .DWG .DXF 0.25m Design and CAD 

 

7.3.1 Contours  

Contours are required in two formats depending on the use case, either in  

• DWG as per the DS80 requirements or as 

• SHP, Geodatabase or Geo package for use in spatial applications.  
Contours must be an accurate representation of the ground surface. Any editing of contours, such 
as smoothing, must be done in a manner that does not reduce the accuracy or reliability of the 
contours. 

 

7.4 Features Excluded from Triangulation 

Refer to the coding and layering list (in Appendix B of S551 for a list of features to be excluded from 
any triangulation. 

Additionally, surveyors undertaking field survey capture should consider and may deem it 
necessary to include/exclude other specific points/strings to define true ground surface in the 
generation of a triangulation, which is to be lodged as 3D DWG (Refer to section 7.3). 

 

7.5 Photos With Location Geotag 

The Corporation encourages the use of photo location geotags where it may be beneficial and 
practical to do so. If an external GPS is used, then a CSV must be supplied with the image locations 
to be in WGS84 with altitude and where practicable with image headings/orientations. These can 
also be submitted as a consolidated KMZ format. 

 

7.6 Feature Linework 

Linework generated from individual survey points needs to create a digital representation of the 
real-world environment. The linework should provide a clear indication to anyone assessing the 
data of what is being represented. When survey features are captured that involve a curve, enough 
survey points should be captured providing that straight lines can be used in segments along the 
curve. 

 
The images below show a typical survey capture with the Corporation survey codes. 
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As some linework is used as a break line within the TIN/contour process, the point spacing on these 
lines need to represent the true ground and aid in the accurate creation of the TIN.  

8 Setout Surveys 

Construction projects and any other works where a digital position is located in a physical location, 
the Corporation requires the following considerations: 

 

• Equipment type used. Is the equipment suitable (i.e. fit for purpose)? 

• Accuracy verification. What quality methods will be used to verify accuracy? 

• Coordinate system  used. Is the coordinate system appropriate and aligned to the 
Corporation’s requirements? 

• Physical mark type used. Is it appropriate and aligned to the Corporation’s requirements? 

• Colour coding of services. Is it appropriate and aligned to the Corporation’s requirements? 

• Colour coding of Features (Toe, crest etc). Is it appropriate and aligned to the Corporation’s 
requirements? 

 

8.1 Bulk Earth Works and Final Trim 

To create consistency across the Corporation construction projects, the following requirements 
must be followed for the colour coding of flagging on set-out survey pegs: 

 

• Earthworks – Cut = Red 

• Earthworks – Fill = Blue 

• Earthworks – Drain = Green 
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• Earthworks – Sub-Grade = Yellow 

• Earthworks – Sub-Base = Orange 

• Earthworks – Base Course = Pink 

• Construction pegs will be located at fixed offsets from their design positions to avoid 
disturbance from machinery and to ensure compaction to the formation. The offset 
distance must be set by the project requirements and can vary from 0.3m to 1.0m from 
project to project. 

• The pegging interval will vary according to the type of work and the construction 
environment (i.e. thickness of the vegetation). 

• Pegging interval is the same as the cross-section drawings. However, additional cross 
sections may need to be created from the digital model as required. Projects within the 
metro area usually peg at 10m intervals due to the increase in complexity of designs and 
drainage. 

• Lighter traffic volumes and less refined tolerances result in most rural projects being 
pegged at 20m intervals. 

• Use self-adhesive tape (e.g. insulation tape) to define levels. The tape is attached to 
each peg so that the bottom of the tape is at the construction level for that peg position. 

• Due allowance must be made for the offset distance when determining construction 
levels so that the level is placed with cross fall considered. 

• In areas of cut, the level placed on the peg must be an even increment of 0.5m from the 
final level and the amount of cut to come down from the tape clearly marked on the peg. 

• Pegs should be clearly annotated with a reference chainage relative to the master 
alignment, an offset relative to a reference design string and the reference design string 
label. 

• Pegs can be timber, aluminium, steel or plastic depending on environmental constraints 
and local needs. 

• The pegs are driven firmly into the ground, positioned vertically, and annotated with the 
respective chainage, offset from the centre line and design elevation. 

• All pegs must be placed within DGS-3 of their true horizontal position. Vertical accuracy 
is to be determined by project and asset requirements and is to be confirmed prior to 
setout of the survey. 

• Modern construction techniques are now utilising machine control technologies to enable 
them to construct with minimal pegging. See section 8.2 Unmanned Setout (Machine 
Control)for requirements. 

8.2 Unmanned Setout (Machine Control) 

The use of machine guidance/control on the Corporation projects requires the logging of data 
through the process for the auditing of constructed surfaces as well as on going checks to validate 
equipment accuracy. 
 
Machine mounted survey equipment requires the following key points are completed during the use: 

 

• Daily vertical checks for elevation (Machine Elevation check). 

• Surface as-built, where a formation is being constructed in multiple lifts, each lift requires a 
3D spatial log taken (as-built survey). This data is for audit purposes only. 

• Machine survey coordinate systems to operate as per section 9.1 Coordinate Systems of 
S551. 

• As-built data to be stored as CSV with headers (ID, X, Y, Z all in the units and coordinate 
system of the project) with the machine details in the file name. 

8.3 Civil Concrete and Fixtures 

Setout of Civil works covering concrete, bolts, hold downs and embedded fixtures requires higher 
accuracy of survey setout. These setouts typically sit at DGS-1 and DGS-2 accuracy requirements. 
The Surveyor is to verify the spatial accuracy requirements for the project and each set out element 
within the project, as certain elements require a different relative and absolute accuracy. As an 
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example, a bolt pattern for a fixed structure may have an absolute accuracy requirement of DGS-1, 
whereas an adjacent element may have an accuracy requirement of DGS-2. 

 

• For the documentation of all set out surveys, each set out position must be recorded with 
any advised offset to the elements design position. 

• Offsets must be noted physically by marking on the survey set out point. 

• Offset points must be placed at ideally whole decimetre values, i.e. Offset 1.200m not Offset 
1.212m. 

8.4 Structural Mechanical Piping 

 
All Structural, Mechanical and Piping (SMP) surveys must align with accuracy requirements of 
vendors (who manufacture equipment for the Corporation) first. As default, all SMP works must be 
conducted according to DGS-1 Standard unless a vendor’s equipment requirements are higher. 
However, where SMP requirements are sub-millimetre, the Corporation Spatial Intelligence Team 
should be contacted prior to validate the proposed methodology 
(spatialintelligence@watercorporation.com.au).  
 
The example below shows a typical piping survey where flanges are surveyed for the creation of a 
fabrication drawings for replacement pipe spools. Where practicable it is recommended that TLS 
methods are used for this style of works under TLS-1 standard. However, conventional survey is 
permittable providing sufficient details is captured. 
 

 

8.5 Utility Setout Survey 

Setout surveys for utilities cover two main areas:  
• setout of existing underground utilities 

• setout of new utilities to be installed, either above or below ground. 
 

mailto:spatialintelligence@watercorporation.com.au
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With the setout of underground existing utilities, it must be done in accordance with AS5488.1:2019. 
Where the service is identified by its service type and colour coded, the survey marker should 
include the accuracy level and depth to service. Underground services are only to be marked if they 
are Level A, B or C as per AS5488. Level D information is not to be marked.  

8.6 Data and Record Keeping 

To ensure data can be reviewed in the event of a discrepancy between either setout and design or 
as-built and design, it is required that all setout observations, where survey markers are physically 
placed, are recorded with suitable notations and metadata. This is to ensure that all required 
information is available should there be a need to determine the source of the discrepancy. 
Minimum metadata includes notation of any offsets and cut or fill values to design elevation. 

9 Monitoring Surveys 

Monitoring Surveys of the Corporation’s assets require a high level of consistency. This ensures an 
accurate baseline is achieved by detecting any anomalies to that baseline. 

9.1 Monitoring Control 

Control used to monitor the Corporation’s assets have a unique requirement, where its global 
accuracy is not required to achieve the same level as its local accuracy. 

 

• All monitoring control must achieve an equivalent to DGS-1 locally. 

• Its global positioning must align to the defined coordinate system (as per section 9.1 
Coordinate Systems of S551).  

• Global accuracy can be equal to DGS-2 or DGS-3.  
 
All monitoring is completed in a localised coordinate system where a ground scale factor of 1:1 
is achieved and with a zer  point of origin (0,0) located on the South West extent of the facility of 
the assets to be monitored.  

9.2 Monitoring Class 

All Monitoring Controls must align to the Corporation’s primary control and DGS-1 standards. 
However, the monitored points themselves can see a varying level of accuracy requirements as 
certain assets are monitored for varying levels of change over time. 
 
It is the Project Manager/Engineer’s responsibility to determine the type of monitoring needed 
based on the required outcomes. Monitoring points can be one of the following accuracy classes: 

 

CLASS HORIZONTAL ACCURACY VERTICAL ACCURACY 

MSC-1  2 mm  2 mm 

MSC-2  5 mm  2 mm 

MSC-3  10 mm  10 mm 

 
The survey monitoring point type is dependent on the required accuracy class and duration of the 
monitoring. It is recommended that the Project Manager/Engineer liaises with the survey vendor to 
confirm monitoring type. The table below provides a reference guide to use and applicability 
accuracy: 

 
MSC-1 

• For monitoring concrete and steel structures. 
• Fixed survey prism method is recommended. 

• Reflective survey sticker target is allowed. 
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• Embedded survey monuments. 
 

MSC-2 

• For monitoring concrete and steel structures. 

• Embedded survey monuments.  

• Reflective survey stickers. 
 

MSC-3 

• For monitoring Civil Earthworks.  

• Embedded survey monuments.  

• Reflective survey stickers. 
 

TLS data can be delivered as a thematic change between epochs that is calibrated to the required 
upper and lower variance to be detected. However, key points are required to be extracted and 
reported on in a tabular format. 

9.3 Monitoring Reporting 

All monitoring reporting is required to deliver a methodology report that includes personnel, 
equipment used, and a CSV comprising: Point ID, X, Y, Z, description of the monitored points in the 
Local Dam monitoring coordinate system if applicable as well as in the Corporation’s required 
coordinate system as per section 6.10 Coordinate Systems of S551.  

 
Contact Spatial Intelligence Team via spatialintelligence@watercorporation.com.au for all local 
coordinate system information.  
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7 Appendix A 
 
Primary Control Construction Drawing GJ74-005-003-01 
 
Standard drawing to ensure installed survey points are durable and fit for purpose. 
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8 Appendix B 
 
Monitoring Survey Pillar on Soil GJ74-05-02 
 
Standard drawing to ensure installed survey points are durable and fit for purpose. 
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9 Appendix C 
 
Monitoring Survey Pillar on Rock GJ74-05-01 
 
Standard drawing to ensure installed survey points are durable and fit for purpose. 
 

 
 


