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Chapter 1 Introduction 

C1-1 Purpose 

This manual provides requirements, processes documentation and guidelines to be used when 
conducting surveys and collecting spatial data. 

C1-2 Context 

The manual is part of UGLRL CRN's engineering standards and procedures publications. More 
specifically, it is part of the Civil Engineering suite that compriseC1-3 s standards, installation and 
maintenance manuals and specifications. 

Manuals contain requirements, processes and guidelines for the management of track assets and 
for carrying out examination, construction, installation and maintenance activities. 

The manual is written for persons undertaking installation and maintenance activities. 

C1-3 How to read the manual 

The best way to find information in the manual is to look at the Table of Contents. Ask yourself 
what job you are doing? The Table of Contents is written to reflect work activities. 

When you read the information, you will not need to refer to CRN Engineering standards. Any 
requirements from standards have been included in the sections of the manual and shown like this: 

The following requirements are extracted from CRN Standard CRN CS 210 

The location of track infrastructure shall be established by Track Control. 

Reference is however made to other manuals and specifications. 

C1-4 References 

C1-4.1 Australian and International Standards 

Standards for the Australian Survey Control Network Special Publication 1 (SP1) 

Surveying and Spatial Information Regulation 2017. 

Surveyor General Directions 

AS7634:2017 – Railway Infrastructure – Survey 

T HR TR 13000 ST – Railway Surveying 

Unless otherwise specified, all references relate to the latest standard versions, including 
amendments and relevant superseding standards. 

C1-4.2 CRN Documents 

CRN CS 210 – Track Geometry and Stability 

CRN CP 211 – Survey Specification 
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Chapter 2 Types of control survey 

The following requirements are extracted from CRN Standard CRN CS 210 

The location of track infrastructure shall be established by Track Control. 

Track Control shall be established from UGLRL CRN Survey Control 

All surveys for CRN purposes shall be established using Map Grid of Australia (MGA) and Australian Height 
Datum (AHD). Alternative systems shall only be used with the approval of the Principal Track and Civil 
Engineer. 

C2-1 Rail Survey Control Network 

This section outlines the field procedure requirements to be followed when conducting a survey for 
Rail Survey Control purposes. 

The location of track infrastructure shall be established from the Track Control Mark (TCM) 
Network (see C2-2). The Track Control Mark Network shall be established from the Rail Survey 
Control Network. 

Surveys referred to in this section must be carried out in accordance with the requirements of the 
Standards for the Australian Survey Control Network Special Publication 1 (SP1) and require 
approval from the Principal Surveyor prior to use. 

All surveys shall be established using the Map Grid of Australia (MGA) and Australian Height 
Datum (AHD). Alternative systems shall only be used with the approval of the Principal Surveyor. 
The Principal Surveyor shall be consulted to ensure use of the appropriate geodetic datum. 

C2-1.1 Placement of Rail Survey Control Network marks 

A major control survey forms the framework for rail survey control. The major control is established 
more accurately to prevent the propagation of errors through the rail survey control. It is generally 
established for surveys greater than 2 kilometers in length or when a project requires high 
accuracy and no existing survey control is in the vicinity.  

Surveys referred to in this section must be carried out in accordance with the requirements of SP1.  

The interval between major control marks along the rail corridor is usually greater than 500m. 
These marks are usually in areas that are outside the railway corridor. The major control marks are 
either existing permanent marks sourced from the Survey Control Information Management 
System (SCIMS). However, if they are installed as new major controls the mark type shall be 
compliant with the Surveyor Generals Directions, including preparation of locality sketch plans.  

Examples of these marks are shown in Figure 1 to Figure 4. 

Minor rail survey control surveys infill the major control survey. They are used to increase the 
density of survey control marks in the railway corridor near the track. 

The interval between rail survey control marks is less than 200m, to keep radiation lengths less 
than 100m. Examples of these marks are shown in Figure 1 to Figure 4.  

All Rail Survey Control Marks (Rail SCM) shall be installed in stable structures clear of running 
lines. , As far as is practicable, the survey control mark must be suitable for Global Navigation 
Satellite Systems (GNSS) observations, in that it is to be clear of access roads and other locations 
that can pose a risk to survey staff and instrument safety when occupying the mark. The safety of 
survey personnel and equipment shall be of paramount importance when designing Rail Survey 
Control Networks and installing the Rail SCMs. 

When undertaking work on the Rail Survey Control Mark Network, record the location of any rail 
survey control mark that is not found or is known to have been removed, damaged, destroyed, 
displaced, obliterated or defaced, or is in a state of disrepair. Report the location to the UGLRL 
CRN maintenance superintendent for rectification and notify the Principal Surveyor. The Surveyor 
General ‘s Directions provides reporting requirements for SCIMS marks. 
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In order to allow authorised access to Permanent Marks and State Survey Marks (PMs and SSMs), 
these marks should only be placed: 

• in public access areas (e.g. on platforms), or 

• in 'off-track' areas as defined by safeworking requirements  

• where access to the mark does not require the public to enter 'on-track' areas 

 

Figure 1 - NSW Permanent Mark (PM) on Platform 

 

Figure 2 - Railway Survey Mark on 
Platform 

Figure 3 - NSW State Survey Mark 
(SSM) 

  

 

Figure 4 - Railway Survey Mark 

C2-1.2 Observations and adjustments for Rail Survey Control Network marks 

The Principal Surveyor is the custodian of the rail survey control network and shall be consulted 
prior to any work being undertaken. A search of the CRN Rail Survey Control Mark database is 
also to be conducted prior to the commencement of any work. The survey method and proposed 
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network design, shall be approved by the Principal Surveyor prior to commencing the survey work. 
The approval may be subject to a reconnaissance survey being conducted of the proposed survey 
area to identify any issues and constraints. 

Where GNSS observations are used, the network design, equipment and procedures are to 
comply with the guidelines for surveys by GNSS as shown in SP1. Real-time surveys for control 
purposes are not suitable unless approved by the Principal Surveyor. 

For conventional (terrestrial) survey observations, the network design, equipment and procedures 
are to comply with Guideline for Conventional Traverse Surveys – SP1 to achieve a survey 
uncertainty of < 10 mm and a relative uncertainty of < 10 mm, unless otherwise advised by the 
Principal Surveyor. 

Heights for rail survey control shall be determined using differential levelling techniques to enable a 
maximum allowable misclose. That is between forward and back of 12 mm * √ (km) (where 
k=distance in kilometers) as described in Guideline for Control Surveys by Differential Levelling – 
SP1. 

For both horizontal and vertical observations a network adjustment of the observations shall be 
carried out using an industry-recognised least squares survey adjustment package and as 
described in Guideline for the Adjustment and Evaluation of Survey Control – SP1. For smaller 
survey projects that include the installation of minor control only, the control adjustment method will 
be at the discretion of the experienced railway surveyor and as approved by the CRN Principal 
Surveyor. 

A survey report shall be provided, and contain the following information —  

1. job or project details 

2. surveyors’ details 

3. equipment details, observation techniques, rail survey control network details, 
photographs and field notes / sketches\ 

4. data processing methods and software used 

5. least squares adjustment details, accuracies and software used, constraints, options, 
 analysis and results  

6. A schedule of coordinates in the standard format shown in the CRN Rail Survey Control 
Mark database and any other relevant details as required by the Principal Surveyor. 

All surveys for engineering design shall have rail-survey control installed to enable construction. All 
rail survey control marks shall be shown on the Issued For Construction (IFC) drawings as per 
CRN CP 203 Track Design. It is the responsibility of the railway surveyor to forward all survey 
control details to the design head contractor for inclusion in the design drawings. 

C2-1.3 Identification of Rail Survey Control Network marks 

The Principal Surveyor shall be informed of the intention to install any rail survey control mark used 
on  the CRN. Before any survey work is undertaken a search of the CRN Rail Survey Control 
Mark database shall be conducted. 

A reconnaissance survey of the proposed survey area may be required to identify any potential 
issues with the survey. During the reconnaissance survey, all existing Survey Control and Track 
Control Marks (TCMs) shall be identified. 

All control marks shall be uniquely numbered. All marks are to be indicated by white paint marks 
on nearby structures and/or with three steel pickets. The paint mark on the rail should be a filled-in 
triangle with an offset to the mark. 

Note: Yellow paint is not permissible for survey use on the actual rail. 
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C2-2 Track Control Marks 

The framework of the Rail Survey Control Marks is used to establish Track Control Marks at 
defined intervals along the track (see Section C4-3). The design location (horizontal and vertical) of 
each track is determined as an off-set distance from each Track Control Mark. For TCMs placed on 
structures a survey plaque is placed at the mark and the vertical offset to the design reference rail 
shall be engraved. (See Figure 5 and Figure 14) Where there is no structure a tag must be 
securely fixed to a star picket placed a maximum of 200mm further from the rail and perpendicular 
to the track. See Figure 6. 

The TCM plaques and tags record the most accurate information of the design geometry of the 
track and is used by track staff to check and correct track alignment, level, superelevation and 
track centres. It is also used when determining the official kilometrage of the track. 

Each TCM placed shall have its three-dimensional coordinates and kilometrage measured. The 
coordinates are based on the MGA coordinate system and Australian Height Datum and all 
measurements are to be shown to the nearest millimetre (mm). The l TCM is recorded in the asset 
management system, the 3D coordinate value and kilometrage are recorded as attributes. 

When undertaking work on the TCM network, record the location of any rail survey control mark 
that is not found or is known to be removed, damaged, destroyed, displaced, obliterated or 
defaced, or is in a state of disrepair. Report the location to the UGLRL CRN maintenance 
superintendent for rectification and notify the Principal Surveyor. 

Surveyors with qualifications that satisfy CRN CM 001 Civil Technical Competencies & 
Engineering Authority, are the only personnel who can undertake the observation requirements 
and techniques for placing new track control marks. 

 

Figure 5 - Track Control Mark and Survey 
Plaque 

 

Figure 6 - Track Control Mark 
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Chapter 3 Equipment for railway Surveying and Spatial 
Data collection 

C3-1 Instruments and Equipment 

All survey instruments and equipment used on the CRN shall meet minimum standards to ensure 
the integrity and accuracy of the rail survey network. 

All instruments, equipment and calibration requirements used to undertake a survey of the CRN 
Survey Control Network shall be in accordance with T HR TR 13000 ST Railway Surveying. 

All instruments, equipment and calibration requirements used to undertake a survey of the Track 
Control Mark Network shall be in accordance with T HR TR 13000 ST Railway Surveying. 

For track surveys and surveys for construction and maintenance of railway infrastructure the 
equipment and methodology must be able to comply with CRN CS 210 Track Geometry and 
Stability. Up-to-date calibration records are required prior to use on the CRN. 

The following equipment shall only be used on the CRN with the approval of the Principal surveyor: 

1. Survey Trolley Systems 

2. Terrestrial Laser Scanners 

3. Airborne-mounted systems to capture LiDAR and digital orthophotography 

4. Mobile Laser Scanners and digital cameras 

5. Drones data collection equipment 

6. Other data collection for asset management and GIS 

C3-2 Types of Survey Mark 

The types of marks that may be placed for the purpose of the CRN Rail Survey Control Network 
are as described in Table 1. 

Type Description Reference Remark 

Rail Survey 
Control Mark 
(RSCM) 

Long brass pin and triangle. Short 
Brass pin and triangle 

Figure 7 Placed in bed rock, concrete, 
stone or masonry. RSCM to 
be recessed so that the top 
of the triangle is flush with 
the surrounding material. 

Long brass pin and triangle cast in 
concrete with cast iron box cover. 

Figure 8 Placed in stable soil or firm 
ground. 

Long brass pin and triangle cast in 
concrete with cast iron box cover. 
Galvanised iron or aluminium star 
picket set in concrete below ground 
level. 

Figure 9 Placed in locations where 
additional support is 
required. This type of mark is 
to be used only if above 
types are unsuitable.  

 Punch Mark in 800mm (min) 
galvanised iron or aluminium star 
picket set in concrete at ground 
level. 

 Placed in locations where 
additional support is 
required. This type of mark is 
to be used only if above 
types are unsuitable. 

Benchmark Rail Survey Mark  As above for RSCM. 

Table 1 – Survey Control Marks 
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C3-3 Placement of Survey Control Marks 

Rail Survey Control marks shall be placed at a maximum spacing of 200m. At intervals of 
approximately 500m the placement of the Rail Survey Control mark shall allow for connection to an 
established survey control mark that is listed in the Survey Control Information Management 
System (SCIMS) maintained by the Surveyor General. This connection is conducted by line-of-
sight techniques with a minimum distance of 200m. Where an established survey control mark 
cannot be connected by line-of-sight, GNSS and traversing techniques may be used in accordance 
with CRN CP 211, Control Surveys. 

Rail Survey Control Marks shall be placed in stable structures clear of running lines and as far as is 
practical, clear of access roads and other areas that may pose a risk to survey staff when 
occupying the mark. 

Where the above criteria cannot be met, approval to vary the criteria must be sought from the 
Principal Track and Civil Engineer. 

 

 

 

 

 

 

 

 

 

Figure 7 – Rail survey Mark – Triangle type 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 – Survey mark with 
Triangle  

Figure 9 – Survey mark with Star picket  

C3-4 Documentation 

Each Rail Survey Control Mark (RSCM) is documented in the UGLRL CRN Rail Survey Mark 
Master register maintained by UGLRL CRN Engineering Services. A sketch plan suitable for 
upload to SCIMS is required for major control marks. The sketch plan in Figure 10 is available for 
download from the Surveyor General’s Directions web site. 
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The Rail Survey Mark master register contains the following information: 

RPM No. Railway Permanent Mark No. 

Line  Railway line name 

Locality Nearest locality name 

Km Kilometrage of the mark from Sydney 

Location With your back to Sydney, Down Side is on your left, Up Side is on your right 

O/S to NR Offset of the mark from the running face of the nearest rail 

Type of Mark Type of mark e.g. Brass triangle (BT) in concrete, conc block 

Co-ordinates Easting, Northing and Reduced Level (RL) 

System Co-ordinate system e.g. MGA 

Zone Grid Zone 

Datum Datum for levels e.g. AHD 

Source Information source for co-ordinates of marks adopted 

Date of Survey Date of the field survey 

Placed by Name of the surveyor supervising the field survey 

The detail on the sketch for Major Survey Control must comply with the Surveyor General 
Directions and also include: 

• Distance to adjacent Rail Survey Control Marks 

• A minimum of three connections with bearing and/or distances to nearby identifiable features 

• Features such as tracks, fences, poles, etc. should be shown with measurements of 
appropriate accuracy 

• Each sketch should be oriented to the north with either grid or magnetic bearings shown 

• Rail Survey Mark Sketch Plans are documented in both hard copy and electronic TIFF formats 

  



 

 

 

9 

UGL Regional Linx 

Version: 3.0 

Version date: 24.01.2022 

CRN CM 212 

SURVEY 

CRN-MAN-CVL-713026361-670 

 

 

Figure 10 - Rail Survey Mark Sketch Plan 
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Chapter 4 CRN Track Control Network 

This chapter outlines the field procedures to be followed when conducting a survey of the CRN 
Track Control Network. 

C4-1 Instruments and Equipment 

All instruments and equipment used for surveying the CRN Track Control Network shall be in 
accordance with CRN CP 211. 

C4-2 Types of Track Control Mark 

The types of marks that may be placed for the purpose of the CRN Track Control Network are as 
described in Table 2. 

Type Description Reference Remark 

Track Control Mark (TCM) Brass pin (type 3). Figure 11 Placed in stable rock, concrete or 
masonry, see Figure 11. 

Pin requires 12mm drill for softer 
material such as brick or 13mm 
drill for hard materials such as 
concrete. When using 13mm drill 
adhesive such as Araldite must be 
used during installation. 

Track Control Mark (TCM) Pipes TCM 

21mm OD 
Medium GIP, 
400mm (min) 

 Placed in stable soil or firm 
ground. 

A picket is required beside all 
TCMs. A tag is required (as 
indicated in Table 4) attached to 
an adjacent picket with stainless 
steel tie wire. 

Track Control Mark (TCM) Punch Mark in 
800mm (min) 
galvanised iron or 
aluminium star 
picket set in 
concrete at 
ground level. 

 Placed at ground level in locations 
where additional support is 
required e.g. ballast or ash. 

This type of mark to be used only 
if above types are unsuitable. A 
picket is required beside all TCMs. 
A tag is required (as indicated in 
Table 4) attached to an adjacent 
picket with stainless steel tie wire 
or set in the concrete adjacent to 
the picket. 

Table 2 – Track Control Marks 

In special circumstances other types of marks may be proposed for approval of the Principal Track 
and Civil Engineer. 

 

 

 

 

 

Figure 11 – Brass Pin Type 3 (Brass Rod) 

 

 

90 - 100 

1
2
 –

 1
2
.7

 

2 X 1mm chamfer 

2 



 

 

 

11 

UGL Regional Linx 

Version: 3.0 

Version date: 24.01.2022 

CRN CM 212 

SURVEY 

CRN-MAN-CVL-713026361-670 

 

C4-3 Placement of Track Control Marks 

Track control marks shall be placed, as far as is practical, in a stable, permanent structure adjacent 
to the tracks. 

Track Control Marks shall be placed to allow rail maintenance activities to be undertaken without 
disturbing the track control mark. 

Record the location of any track control mark that is not found or is known to be removed, 
damaged, destroyed, displaced, obliterated or defaced, or is in a state of disrepair. Report the 
location to the UGLRL CRN maintenance superintendent for rectification. 

Location Spacing 

Straights ≤ 500m TPs and one mark placed evenly 
between TPs except where the 
spacing will be ≤ 20m.  

Straights > 500m TPs and maximum of 500m (at 
km and ½ km pegs). 

Curves >400m radius Every 20m. 

Circular curves ≤ 400m radius and transition curves Every 10m.  

Platforms Either end (100mm in) and every 
10m.  

Overbridge/underbridge Abutments and tunnels Either end (100mm in) and every 
10m.  

Underbridges >20m Every 20m 

Bends Single mark. 

Other locations where clearance is limited ie retaining walls Either end (100mm in) and every 
10m. 

Other critical clearance points Single mark 

Table 3 - Placement of Track Control Marks 

Indicative location of marks is shown in Figure 12. 

Track Control marks will be assigned a unique identifier by the Principal Surveyor after the Track 
Control Mark has been coordinated by the surveyor and the coordinates have been approved by 
the Principal Surveyor. 
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 Figure 12 – Location of Track Control Marks (TCM) 

C4-4 Standards of accuracy 

The following requirements are extracted from CRN Standard CRN CS 210 

Where standards of accuracy are not nominated in the design, all marks shall be placed to an accuracy, 
relative to adjacent marks, of at least twice the accuracy standards defined in “Accuracy to Survey” 
Acceptance limits of (of CRN CS 210) for track construction standards. 

C4-5 Documentation 

The Track Control Mark (TCM) shall be documented by recording the following information on the 
UGLRL CRN Track Control Mark spreadsheet Form TCM1: 

• Asset No: Infor - Track Asset Number 

• Line Name: - Infor Track Asset Description 

• Date: - Date the surveyor placed the TCMs 

• Surveyor: - Surveyor with engineering authority to undertake the work 

• Company: - Surveying Company Name 

• Define direction of negative pulls here: - Surveyor to specify the reference rail and direction of a 
negative pull 

The UGLRL CRN Track Control Mark spreadsheet is documented in both hard copy and electronic 
(*.xls) formats. 
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Figure 13 – Track Control Mark spreadsheet 

C4-6 Field identification of TCMs 

C4-6.1 Requirments 

Each TCM shall be identified as follows. 

The following requirements are extracted from CRN Standard CRN CS 210 

Each Track Control Mark shall be referenced by a label containing, at least, the following information: 

Track referenced. 

Kilometrage of TCM to 1mm (eg 49km 357.345m). 

Design Track Centres from referenced track to adjacent track (if applicable). 

Design superelevation of referenced track (mm). 

Horizontal offset from TCM to design-running face of nearest rail of referenced track (mm). 

Vertical offset from TCM to design low (datum) rail of referenced track (mm). 

The label shall be: 

• Track Control Mark Plaque – for use on structures only. To be placed at every TCM on a 
structure 

• Track Control Mark Tag – for attachment to star pickets located adjacent to TCMs. To be 
placed according to the requirement detailed in Table 4 

Other labelling systems are to be approved by the Principal Track and Civil Engineer. 
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Location Tag Requirement 

Frame points e.g. TP, TRS, CTP At each frame point 

Offset change Two tags on adjacent TCMs across offset change 

Straights All TCMs 

Curves and transitions Maximum spacing 100m between tags 

Bends All TCMs 

Table 4 – Tag requirements 

The label shall be placed adjacent to the Track Control Mark. If a Track Control Mark references 
more than one track, then an additional label is required for each track referenced. 

The information to be shown on the label is as described in Table 5. 

Item Description Example 

Track Control Mark: Track referenced (max. 10 characters) UP MN 
WEST 

km Kilometrage of TCM (Km metres and mm) 176 
425.325 

Centres Design track centres of referenced track to adjacent track (if 
applicable) (mm) 

3 810 

Super Design superelevation of referenced track (mm) 110 

Offset to near rail Horizontal offset from TCM to design running face of near rail 
of referenced track (mm) 

2422 

Offset to low rail Vertical offset from TCM to design low (datum) rail of 
referenced track (mm) 

-354 

Mark No. The Identifier is included to enable the plaque to be fixed to the 
correct structure, i.e. this information ties the plaque /plaques 
to a particular TCM. 

2503 

Table 5 – Label data requirements 

C4-6.2 TCM plaque 

The plaque shall meet the requirements specified in Table 5. Other types of marks may be 
proposed for approval of the Principal Track and Civil Engineer. 

The information is to be engraved on the plaque. 



 

 

 

15 

UGL Regional Linx 

Version: 3.0 

Version date: 24.01.2022 

CRN CM 212 

SURVEY 

CRN-MAN-CVL-713026361-670 

 

 

Figure 14 – Specification for plaques 

Lettering  Height Top and Bottom 
Headings 

4mm Depth 0.4mm 

Elsewhere 3mm 

Lowercase = 75% of uppercase 

Height : Thickness 5 : 1 

Style Gothic 

Lines Thickness 0.6mm 

Material Type Marine Grade Aluminium 5251 W34 Anodised 20 micron 

Thickness 1.5mm 

C4-6.3 TCM tag 

The tag shall be constructed of aluminium sheets of sufficient thickness and durability to the 
external environmental conditions experienced on UGLRL CRN infrastructure and shall be large 
enough to contain all the information required. 

The information shall be punched on the tag and shall remain legible for at least 10 years. 
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C4-7 Installation of labels 

TCM Labels shall be attached as follows: 

Plaques on structures: : Attach plaques to metal structures with 4mm diameter aluminium pop 
rivets (3.2mm to 4.8mm material thickness). Only two rivets are required in the centre holes at the 
top and bottom of the plaque. Use drill size No.20 as used for the stainless steel TCM for this 
purpose. Coat the internal surface of drill holes with a paint product (such as Galmet) prior to the 
placement of the rivet. 

Attach plaques to non-metallic structures using four (one in each corner) 5mm diameter, 25mm 
depth, nylon anchors. These anchors require the use of a 5mm masonry drill for installation. 

Tags: Attach tags to star pickets placed near TCMs. The tag shall be securely fastened to the star 
picket with stainless steel wire. 

Where other methods of identifying TCMs are approved, installation methods will be documented 
as part of the approval. 
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