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Preface 
The Asset Standards Authority (ASA) is an independent unit within Transport for NSW (TfNSW) 

and is the network design and standards authority for defined NSW transport assets.  

The ASA is responsible for developing engineering governance frameworks to support industry 

delivery in the assurance of design, safety, integrity, construction, and commissioning of 

transport assets for the whole asset life cycle. To achieve this, the ASA effectively discharges 

obligations as the authority for various technical, process, and planning matters across the 

asset life cycle. 

The ASA collaborates with industry using stakeholder engagement activities to assist in 

achieving its mission. These activities help align the ASA to broader government expectations of 

making it clearer, simpler, and more attractive to do business within the NSW transport industry, 

allowing the supply chain to deliver safe, efficient, and competent transport services. 

The ASA develops, maintains, controls, and publishes a suite of standards and other 

documentation for transport assets of TfNSW. Further, the ASA ensures that these standards 

are performance based to create opportunities for innovation and improve access to a broader 

competitive supply chain. 

The aim of this standard is to outline the requirements for the design, installation and 

maintenance of systems for the automated monitoring of rainfall to provide alert signals for 

railway safety purposes in the rail corridor. 

The content of this standard is derived from the two pre-existing RailCorp engineering 

documents, ESC 430 Rainfall Monitors and TMC 431 Rainfall Monitors, and the requirements of 

the ASA publishing framework. This document supersedes ESC 430 and TMC 431 in whole. 

The main text of this document is based on TMC 431 with amendments made to update legacy 

RailCorp organisational roles and reporting structures to the current ASA organisational context. 

Other changes have also been made to clarify and improve content. 
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1. Introduction 
Automated rainfall monitoring gives an indication of a change in environmental conditions that 

could alter the level of risk to train operation. A well-designed automated rainfall monitoring 

system provides real time rainfall measurements that can an alert of changed risk levels for 

appropriate engineering and operating responses. 

2. Purpose 
The main objective of this document is to describe and specify the requirements for the design, 

installation and maintenance of systems for the automated monitoring of rainfall to provide alert 

signals for railway safety purposes. 

2.1. Scope 
This standard provides a basis for determining the need for an automated rainfall monitoring 

(ARM) system and its design including geotechnical and hydrological considerations, system 

characteristics, alarm setting, commissioning and response regime. It includes a specification 

for the maintenance of an installed automated rainfall monitoring system.   

This document does not cover the following: 

• design aspects or maintenance requirements of signalling interfaces, power supplies  or 

communication from remote devices 

• data management and storage 

2.2. Application 
This standard applies to TfNSW rail corridors in the metropolitan rail area. 

3. Reference documents 
TS 10503 AEO Guide to Engineering Competence Management  

SPG 0705 Construction of Cable Routes and Signalling Civil works 

SPG 0706 Installation of Trackside Equipment 

SPG 0708 Small Buildings and Location Cases 

TfNSW Safe Notice No. 96 – 2014 
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4. Terms and definitions 
The following terms and definitions apply in this document: 

AEO Authorised Engineering Organisation 

civil maintenance representative an appropriately qualified and experienced representative of 

the Authorised Engineering Organisation responsible for the civil maintenance of a rail line or 

network 

geotechnical representative an appropriately qualified and experienced geotechnical engineer 

with relevant competencies for geotechnical risk assessment, geotechnical design, construction 

and maintenance activities relating to geotechnical assets. 

ARM automated rainfall monitoring  

ASA Asset Standards Authority 

competence the possession of defined skills and knowledge, and the application of them to the 

standards required to safely and efficiently perform work 

critical rainfall a rainfall event that has exceeded or will exceed the specified value 

critical location a place where there is risk of landslip, rockfall, debris flow or flooding due to 

heavy rainfall that can affect service level of rail infrastructure 

debris flow a variety of rapid mass movement involving the downslope movement of high 

density coarse clast-bearing mudflows, usually on alluvial fans 

drainage capacity discharge capacity of a waterway, culvert and similar structures 

drainage structures structures that are designed and constructed to drain the surface runoff 

along or across the railway track 

landslip a slide of a mass of earth and rock down a mountain or cliff 

NLA Network Local Appendices 

rainfall the quantity of water, usually expressed in millimetres or inches, that is precipitated in 

liquid form in a specified area and time interval. Rainfall also includes solid precipitation such as 

snow, hail, and sleet. 

return period a statistical measure of the average interval between occurrences of a particular 

phenomenon, such as a flood, rainfall or earthquake 

washout erosion of a relatively soft surface, such as a road or railway bed, by a sudden gush of 

water, as from a downpour or floods 
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5. Management requirements 
The civil maintenance representative of the Authorised Engineering Organisation (AEO) 

responsible for the maintenance of each line shall determine the location of automated rainfall 

monitoring (ARM) system installations. The civil maintenance representative shall consult with 

engineering experts of relevant disciplines such as geotechnical, civil, track and signals to 

design and manage ARM systems. 

The civil maintenance representative shall ensure that systems are in place for the following: 

• regular examination, validation and maintenance of ARM equipment 

• immediate introduction of prearranged modified operating conditions according to an 

established response regime 

• prompt notification of the appropriate engineering staff and other nominated persons 

including other agencies 

• on-going assessments of the adequacy of existing systems 

• on-going assessments of the need for ARM at other locations 

6. Competencies 
The AEO shall ensure that design, installation, maintenance and response for ARM systems are 

done by competent persons. 

Transport standard TS 10503 AEO Guide to Engineering Competence Management contains 

guidance on AEO responsibilities for competence management. 

6.1. Design competency 
Designs of ARM systems shall be prepared by a qualified engineer and approved by 

engineering experts of relevant disciplines involved. In general, input is required from civil 

maintenance, geotechnical, hydrological, signals, electrical, communications and computer 

technology disciplines. 

6.2. Installation competency 
Persons trained and competent in using the manufacturers’ instructions for installation of the 

systems and equipment shall install ARM systems. 

6.3. Maintenance competency 
Persons trained and competent in using the manufacturers’ instructions for maintaining the 

equipment shall maintain ARM equipment. 
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6.4. Response competency 
Competent persons trained for the tasks shall do wet weather patrol and front of train 

examinations. For example, trained personnel for 'visually inspect and monitor track' tasks. 

7. System design 
An ARM device is an instrument that measures changes in environmental conditions that may 

alter the level of risk to train operations. 

When the level of risk exceeds predetermined limits, train operations shall be restricted and 

engineering staff notified for immediate action. Refer Section 7.3.5 for alarm response 

procedures. 

The civil maintenance representative of the AEO responsible for the maintenance of each line 

shall determine the location of ARM system installations. When determining the need for the 

installation of an ARM, the location, the acceptable level of risk, and the system configuration 

shall be considered. Due consideration shall also be given to the following: 

• local geography 

• local geology 

• climatic conditions 

• local rainfall history 

• characteristics of catchment area 

• drainage capacity of the waterways and existing drainage structures 

• earthworks stability that includes stability of track formation, embankments and surrounding 

cut slopes 

• train operating factors such as speed, load, tonnage and response time 

• risk characteristics  

• engineering measures and actions 

Figure 1 shows the process for assessment and implementation of an ARM system. 
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Figure 1 - Automatic rainfall monitors process - assessment to implementation 

The design process has four principal stages:  

• initial assessment: needs analysis for an ARM system 

• investigation: where the needs analysis concludes that an ARM system may be warranted, 

the problem sites and locations are defined and the nature of the problems determined, 

forming a framework for the detailed design 

• detailed design: the design of the complete system, which requires the coordination and 

integration of a number of disciplines. Figure 2 shows the elements that comprise the 

detailed design and Figure 3 shows a schematic of the detailed design inputs. 

• installation and commissioning: the procurement, installation and commissioning of the 

ARM facility, training of staff and the operation of the new ARM management systems and 

documentation 

7.1. Initial assessment 
The civil maintenance representative of the AEO is required to assess whether ARM is required.  

If ARM is required, the design, installation and maintenance of appropriate equipment shall be 

done in accordance with this standard. 

In making such an assessment, the civil maintenance representative shall consider the 

following: 
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• particular sites or generalised areas where the railway line is at serious risk because of 

rainfall alone or in combination with other conditions  

• the rainfall event poses a threat where an appropriate response cannot be achieved via the 

existing provisions for patrol of track in periods of heavy rain  

• the problem is of a sufficient threat to warrant an ARM system 

• severity of the problems caused by heavy rainfalls in relation to human life, economy or 

environment 

• existence of appropriate or economical alternatives, such as people monitors for short term 

or localised problems, the use of speed restrictions to protect nominated risk sites; or slip 

detectors for isolated slip problems 

The civil maintenance representative shall document the assessment and shall consider any 

historical, geographical, engineering, hydrological, geological, geotechnical or other information 

that could affect the likely risks. 

7.2. Investigation 
An investigation shall be done at all locations nominated by a civil maintenance representative 

of the AEO responsible for the maintenance of each line.  

Investigations shall include the following tasks: 

• identify the locations and types of problems; for example, slips, unstable slopes, potential 

mud slides, rock slides and the critical rainfall conditions at each nominated location  

• collect and analyse relevant historical evidence of events for each location  

• identify risk characteristics and protection levels for the nominated sites or areas  

The initial analysis shall identify if more detailed geotechnical or hydrological investigations are 

required.  

Results of the investigations shall determine the system characteristics of the monitoring and 

alert system. 

7.2.1. Geotechnical investigations 
The geotechnical representative of the AEO shall provide advice regarding the following issues: 

• the rainfall conditions that are critical for geotechnical features concerned within the section 

of track or nominated area; an example could be sustained heavy rainfall over many hours 

such as an 8 hour rainfall event or very high intensity, short duration rainfall such as a 20 

minute rainfall event  

• allowable height of water behind embankments during culvert surcharge 
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• geotechnical risk at each site 

• the preferred geotechnical options or monitoring, such as: 

o slip detectors rather than rainfall monitors 

o piezometers rather than rainfall monitors 

o rockfall detectors rather than rainfall monitors 

o rainfall monitor on site 

o a rainfall monitor in the general area in conjunction with some other monitoring system  

o generalised monitoring in the nominated area 

A degree of uncertainty should be expected in this sort of analysis and later refinement should 

be done when more observational data is available after the system is in operation. 

7.2.2. Hydrological investigations 
Specialist hydrological advice is essential for both the investigation and detailed design phases.  

Determinations should include: 

• the waterway capacities at nominated critical locations 

• critical storm events (duration and intensity), time to peak flow (concentration time), and 

return periods for critical waterways 

• critical storm events (duration and intensity), and return periods for critical geotechnical 

features 

• catchment details such as boundaries, area, slope, length of waterways and return period 

of various storm events, determination of which catchments are likely to be critical; that is, 

to be first to generate major storm events 

• assessment of past rainfall events where the impact was known; for example, the return 

period, intensities and durations of storms 

• assessment of significant climatic factors in the study area such as the expected variability 

of rainfall distribution, the propensity for unexpected high intensity storms and the impact of 

tides on coastal waterways 

• assessment of the probable maximum flood for different return periods at critical locations 

• assessment of the impacts of detention structures and vegetative cover on retarding of the 

probable floods 

• assessment of the impacts of human activities such as roadway cuttings, mining, urban 

development, landscaping, and so forth, on retarding or intensifying of the probable flood 
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7.2.3. Risk characteristics and protection levels 
The risk characteristics of the nominated sites shall be assessed to determine the level of 

protection required. 

Factors to be considered in a risk assessment for an ARM system shall include: 

• traffic density 

• type of traffic 

• whether long freight trains are running, which require long stopping distances 

• whether there is a life-threatening risk to adjoining landholders 

• the level of risk involved in the rainfall generated problems 

7.2.4. System characteristics 
Each ARM system shall have a two level alarm system: 

• yellow; warning 

• red; alarm 

The system design shall detail the required responses of the train control and civil maintenance 

organisations and include parameters for the following: 

• the length of time for trains to be warned or stopped 

• the length of time for civil staff to inspect the track if it is closed 

• the effect of holding up traffic; for example, a peak hour red alert - particularly if 

unnecessary due to a false alarm or low importance of the event 

Instructions to rail operators shall be published in the relevant operator procedures such as  

network local appendices (NLAs). 

Because of the difficulty of establishing a direct correlation between rainfall and rainfall-related 

problems when setting alarm levels, a balance needs to be made between unnecessarily 

stopping trains and missing what could be an actual red alert. 

7.3. Detailed design 
ARM will normally comprise remote rainfall monitoring installations that consist of a 

rainfall-measuring device and a data logger or similar intelligent device. 

The data logger records the rainfall at pre-set intervals and triggers yellow or red alerts when 

critical rainfall levels occur.  
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The alarms are communicated back to a signaller's control desk or other approved system at 

the control centre, which immediately notifies the control officers of the change of condition. 

The functionality of the alarms is given in Section 7.3.4. 

When a warning or an alarm is received, the control officers are to warn or stop trains and notify 

engineering staff as required for remedial action. Appendix A provides an example of alarm 

response operating instructions. 

The design could require backup and supplementary systems such as communications 

systems. 

The detailed design shall include details of the following for each location: 

• remote sensors 

• reliable source of power 

• communications systems 

• system software and hardware 

• alarms and settings 

• output alarms 

• alarm response procedures 

• maintenance procedures 

Figure 2 illustrates the components of an automatic rainfall monitor system detailed design. 

Remote sensors

Full system design

Communications 
sytems

Computer 
software and 

hardware

Alarms and 
settings

Alarm response 
procedures

Maintenance 
procedures

Figure 2 – Detailed design elements 
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Figure 3 shows a schematic of the system design analysis process. 
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Figure 3 - Detailed design inputs 

7.3.1. Remote sensors 

For the installation of remote sensors, the following items shall be determined: 

• locations  - sites that  are to have devices installed 

• position - the exact physical placement 

• type of sensors - type and characteristics of devices 

• connectivity to the monitoring system 

• security details  - housing, disguise, placement considerations  

• backup system - secondary devices, need for multiple gauges 

7.3.2. Communications 

The following communication options shall be considered: 

• from a remote site via public telephone network or railway line radio link 

• connection to telephone network if applicable 
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• connection to rail network control centre 

• communications protocol to be used in the system 

7.3.3. System software and hardware 

In relation to the required software and hardware, the information stated below shall be 

provided: 

• capacity of data collection devices to be used on site 

• capacity and location of computers or other devices for control of the system 

• particular software and hardware devices that will be used for rainfall monitors and data 

logging 

A web interface may be used for real time data presentation customised to end user 

requirements. 

7.3.4. Alarms and settings 
The ARM system shall be capable of generating two alarms; a yellow rainfall monitor warning 

and red rainfall monitor alarm. 

Alarm indicators shall be positioned on the signallers panel as dedicated alarms. They shall not 

be grouped with other alarms such as the power supply indicators. 

Alarms shall be indicated by the following: 

• an alert sound, for each change of state, that will require the signaller to acknowledge by 

way of a dedicated alarm acknowledge button 

• an indicator light for change of state shall flash until acknowledged by the signaller 

Table 1 indicates the ARM Status and Panel indications at signallers panel. 

Table 1 – ARM Status and Panel indications 

ARM status Panel Indication Panel engraving 

ARM in normal 
condition 

Steady Green light, flashing if returning 
from a warning or fail condition 

Normal 

ARM in warning 
condition 

Steady yellow light, flashing if system 
transitioned into warning  condition 

Warning 

ARM in alarm condition Steady red light, flashing if system 
transitioned into alarm condition 

Alarm 

Settings of the alarms shall detect the critical rainfall events for flooding or debris flow, landslip, 

rockfall and washout. The settings of the alarm system at each site shall be based on the 

information collected during the initial assessment and investigation stages of the design 

development.  
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The following are example single value criteria alarm settings of cumulative roll-up rainfall 

magnitude: 

• for flooding and debris flow an alarm setting could be: 

o yellow; 20 mm in 15 min 

o red; 25 mm in 15 min 

• for landslip, rockfall and washout an alarm setting could be: 

o yellow; 50 mm in 8 hrs  

o red; 100 mm in 8 hrs  

The alarm settings are based on the critical conditions determined in the design phase, modified 

by consideration of risk and the uncertainty in the system. Initial settings will be modified as the 

operation of the system generates more reliable information. 

Single value cumulative rainfall magnitude criteria are not always appropriate for warning of 

geotechnical problems. This is due to the significant number of factors that influence 

geotechnical failures other than the rainfall magnitude. The designer may consider multiple 

value criteria. For example, satisfying two points on the rainfall intensity-duration curve for an 

alarm setting. Extensive rainfall data and local geotechnical event data are required in 

establishing such an alarm setting. 

7.3.5. Alarm response procedures 

The adopted schedule of responses by operating staff for alarms at each site or section shall 

include: 

• yellow alarm; what speed or other restrictions to apply and where and how trains shall be 

warned 

• red alarm; where to stop trains 

• faulty device; procedures for dealing with faulty devices 

Additional responses such as notifying emergency services groups and notifying adjoining 

landholders in some locations may be required. 

A schedule of engineering staff responses to alarm conditions, including equipment failure 

alarms, shall include: 

• who shall conduct the inspections, for what areas and how the inspection shall be 

coordinated  

• who shall have the responsibility and authority for instructing control on applying and 

removing restrictions 
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Alarm response procedures shall cover both minor and major events including situations where 

alert conditions continue for several days. Procedures shall provide for moderating the effects of 

unnecessarily stopping trains. For instance, the response may vary depending on the preceding 

rainfall that has occurred. 

The schedule of responses and related instructions and guidelines shall be clearly written and 

documented for all staff involved in the response procedure including engineering staff and 

operations staff. 

An example of ARM alarm response procedure can be found in Appendix A. 

7.3.6. Maintenance procedures 
The maintenance and testing schedule for the equipment shall detail the equipment testing and 

calibration procedures required, and the testing and calibration frequency. 

Data collection and storage arrangements shall nominate the responsible party for data collation 

and evaluation, and determine how and when alarm settings are adjusted. This shall include 

data cleansing requirements from data loggers. 

Maintenance procedures shall identify the responsibilities for each engineering and operational 

discipline for each equipment and system component. 

8. Installation 
Rainfall monitoring systems shall be installed in accordance with manufacturer’s equipment 

specifications, relevant Australian Standards and TfNSW requirements, which shall be specified 

during the design process. 

The following TfNSW specifications shall be used for installation where applicable: 

• SPG 0705 Construction of Cable Routes and Signalling Civil works 

• SPG 0706 Installation of Trackside Equipment 

• SPG 0708 Small Buildings and Location Cases 

The system shall be installed by persons who are accredited for the job and approved by the 

civil maintenance representative of the AEO. 

9. Commissioning 
Commissioning of ARM systems shall only be done when the following have been completed: 

• equipment is in place, functioning, and fully tested and calibrated 

• an adequate burn-in period of at least 48 hours has been allowed for computer and 

communications equipment 
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• operational and testing and calibration schedules are in place  

• relevant handbooks and manuals are available 

• response regime and instructions and guidelines are documented and available for the use 

by the staff involved in the response procedure 

• staff are trained in the new systems and issued with the appropriate instructions and 

handbooks and manuals 

• operating staff have been notified and the appropriate operating circulars issued  

• staff duty statements have been amended  

• staff clearly have been instructed in any revised duties, definitions of roles and 

responsibilities  

• at least one trial exercise has been held for alert conditions 

10. Response regime 
An ARM reports and response regime shall have a two-level alarm system: 

• warning indication ;yellow  

o trains shall be warned of yellow alarm conditions 

o civil engineering staff shall be called to inspect the track or site and report to the civil 

maintenance representative of the AEO 

• alarm indication ; red: 

o all trains entering the critical area shall be stopped immediately 

o civil engineering staff shall attend and report the track or site conditions to the civil 

maintenance representative and others as per response procedure 

o modified operating conditions to apply, when authorised by the civil maintenance 

representative 

o normal conditions shall not apply until the track is certified fit for operations by the civil 

maintenance representative 

An example of an ARM alarm response procedure is given in Appendix A. 

Primary alarms shall be situated in the network operations control centre for each line. 

Secondary systems for monitoring the system or its data may be installed in civil maintenance 

centres. 

Each monitoring system shall have a continuous self-check mechanism that provides assurance 

to the operations control staff of its accurate, continued operation. 
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11. Design documentation 
The design process shall generate the following documentation: 

• design and selection specifications 

• installation and commissioning procedures 

• maintenance and testing procedures 

• instructions for establishment of and alterations to alarm limits 

• instructions for calibration and control of false alarms 

• description of the management system 

• operating and response requirements 

• interface to signalling 

12. Ongoing assessment 
The civil maintenance representative of the AEO shall be alert for the need for automatic 

monitoring systems at new locations and the adequacy of the existing systems. 

Regular assessment is necessary to check the accuracy of the system based on previous 

performances. 

Each ARM system shall be reassessed every two years, or more frequently if specified by the 

civil maintenance representative. 

 
 
© State of NSW through Transport for NSW Page 19 of 21 
 



T HR CI 12135 ST 
Rainfall Monitors 

Version 1.0 
Issued Date: 11 December 2014 

 

Appendix A – Example alarm response procedure 

The following example alarm response procedure is an extract from TfNSW Safe Notice 

No. 96 – 2014, used with permission. The extract comprises instructions from the Network Local 

Appendices for Sutherland-Wollongong. 

A.1 Extract from TfNSW Safe Notice No. 96 – 2014 
Responding to a rainfall monitor WARNING indication 

When a rainfall monitor WARNING light is displayed, the Signaller at Wollongong signal box, or 

the relevant local control panel when switched in, must: 

• tell the Train Controller that a warning condition exists at the rainfall monitor site 

• treat the warning as a Condition Affecting the Network (CAN) in accordance with the 

Network Rules and Network Procedures 

• warn rail traffic that will travel in either direction between Waterfall and Otford when the 

Helensburgh detector activates, or in either direction between Otford and Austinmer when 

the Coalcliff detector activates, that a rainfall warning has occurred 

The CAN warning must tell Drivers to proceed, paying particular attention to water levels near 

the line or any adverse effects on the infrastructure, and report their observations to the 

Signaller. 

The Signaller must: 

• record details of the warning in the Train Register Book or other recording system provided 

• establish which signals protect the affected area in case the alarm warning is indicated. 

When told of a WARNING indication by the Signaller at Wollongong signal box, or the relevant 

local control panel if switched in, the Train Controller must tell the Infrastructure Operations 

Centre about the situation 

When told of a WARNING indication, the Infrastructure Operations Centre representative must 

arrange for appropriate on-call Civil staff to assess the area concerned. 

The on-call Civil staff must: 

• tell the Infrastructure Operations Centre whether or not the line is safe for trains. 

Responding to a rainfall monitor ALARM indication 

When an ALARM warning light is shown, the Signaller at Wollongong signal box, or the relevant 

local control panel if switched in, must: 

• stop all trains in the affected area 
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• stop any trains from entering the affected area 

• not allow trains in the affected area to proceed until authorised to do so 

• place and keep blocking facilities on all applicable signal controls 

• tell the Train Controller that an alarm condition exists and that all trains in the area have 

been stopped 

• record the occurrence in the Train Register Book or other recording system provided. 

In addition, when the Helensburgh detector alarm activates: 

• treat an alarm from the Helensburgh detector as a Condition Affecting the Network (CAN) 

in accordance with the Network Rules and Network Procedures for rail traffic travelling in 

either direction between Waterfall and Helensburgh 

• warn rail traffic that will travel in either direction between Waterfall and Helensburgh that a 

rainfall alarm has occurred 

The CAN warning must tell Drivers to proceed, paying particular attention to the water levels 

near the line or any adverse effects on the infrastructure and report their observations. 

When told of an ALARM indication by the Signaller at Wollongong signal Box, or the relevant 

local control panel when switched in, the Train Controller must tell the Infrastructure Operations 

Centre and the on-call Operations representative for the area about the situation. 

When told of the ALARM indication, the Infrastructure Operations Centre representative must 

notify the appropriate on-call Civil staff to assess the area concerned. 

When told of the ALARM indication, the on-call Civil staff must: 

• liaise with Operations staff to prioritise the release of captured trains to the nearest platform 

or other suitable location to facilitate customer service, where possible 

• assess the affected area 

Following an assessment of the affected area, the on-call Civil staff must: 

• tell the Infrastructure Operations Centre representative whether or not the line is safe for 

trains and any conditions that must be observed 

• remain on duty while the rainfall alarm condition exists 

When told by the on-call Civil staff, the Infrastructure Operations Centre officer must advise the 

Train Controller that the line is safe for trains and any conditions that apply. 

When told by the Infrastructure Operations Centre officer, the Train Controller must tell the 

relevant Signaller that the line is safe for trains and any conditions that apply. 

The Train Controller may then authorise trains to proceed. 
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