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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. In order 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 and guidelines to manage geotechnical 

problems in the rail corridor for the safety of rail operations and infrastructure. 

The content of this standard is derived from RailCorp engineering manuals TMC 402 

Geotechnical Problem Management Procedure and TMC 404 Recognising Geotechnical 

Problems and the requirements of the ASA's publishing framework. This document supersedes 

TMC 402 and TMC 404 in whole. 

The main text of this document is based on TMC 402 with amendments made to update legacy 

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

Other changes have also been made in order to clarify and improve content. 
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1. Introduction

This standard contains requirements for the management of geotechnical problems and

guidelines for recognising geotechnical problems within the rail corridor.

The guidelines for recognising geotechnical problems are provided in Appendix D.

2. Purpose

The main objective of this document is to describe and provide requirements of the geotechnical

problem management process and to provide guidelines to assist in recognising potential

geotechnical problems.

2.1 Scope

This standard sets out the geotechnical problem management procedure and describes the

typical features and warning signs for recognising geotechnical problems associated with

railway embankments, cuttings and track formation.

The content from TMC 404 has been included as Appendix D. This content has been updated

and is to be used as guidance.

2.2 Application

This standard applies to TfNSW rail assets and relates to railway cuttings, embankments, the

track bed and external party earthworks that may affect rail track and vice versa.

The content covers the geotechnical problem management requirements and guidelines for

recognising geotechnical problems within the rail corridor.

In this standard all clauses containing the term 'shall' are considered mandatory requirements

and 'should' are considered recommendations. All other clauses are explanatory statements.

3. Reference documents

Transport for NSW standards

ESC 100 Civil Technical Maintenance Plan

ESC 430 Rainfall Monitors

TMC 203 Track Inspection

TMC 431 Rainfall Monitors

T HR CI 12100 ST Geotechnical Risk Assessment and Hazard Management
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Legislation 

Environmental Planning and Assessment Act 1979 (NSW) 

Heritage Act 1977(New South Wales) 

National Parks and Wildlife Act 1974 

Other references 

State Agency Heritage Guide 

4. Terms and definitions

AEO is the Authorised Engineering Organisation responsible for maintenance of the network's

civil assets.

AEO geotechnical representative is an appropriately qualified and experienced geotechnical

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

construction and maintenance activities relating to geotechnical assets.

AEO maintenance representative is an appropriately qualified and experienced representative

of the AEO's civil maintenance organisation.

ASA Asset Standards Authority

EWS Early warning system

GPMP Geotechnical problem management procedure

MSR Maintenance schedule record

RMS Rainfall monitoring system

SIR Site inspection report

SSSG Site specific surveillance guidelines

TES Track examination system

TMP Technical maintenance plan

'T' and 'S' surveillance levels are the minimum surveillance levels as defined in

T HR CI 12100 ST Geotechnical Risk Assessment and Hazard Management.
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5. General requirements

5.1 Safety

Geotechnical problem management procedures shall take into account safety considerations

during activities for operation and maintenance of railway geotechnical assets.

All activities and procedures in this standard shall be compliant with the requirements of the

TfNSW safety management system.

5.2 Environment and sustainability

The design of remedial works for geotechnical problem sites shall consider environmental

impacts and sustainability opportunities during investigation, design, construction, operational

and decommissioning activities. The design shall conform to contemporary good practice in

environmental and sustainability considerations and implementation.

The design shall consider sustainability over the life cycle of the asset. Considerations include

the following:

• embodied energy in construction materials

• protection or enhancement of biodiversity

• stormwater management

• noise and vibration

• traffic impacts

• visual impact and amenity

• resilience to climate change

• ability and ease to maintain and 'retro-fit' improvements over time

• disposal and reuse at life cycle end

• air quality, especially dust

5.3 Heritage 

The design, planning and construction of works, including excavation works, at geotechnical 

problem sites shall take into account any heritage issues that may be applicable. Where 

features like, embankments, cuttings and culverts need to be modified or wherever new works 

are proposed within the vicinity of identified heritage items, heritage issues may arise and these 

shall be appropriately addressed. 
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TfNSW is responsible for maintaining and appropriately managing items of heritage significance 

under its stewardship and control. The significance of heritage items may be historical, 

aesthetic, scientific, social or spiritual, and is often a combination of several of these values. 

Heritage items may also be valued for their rarity or as being particularly representative of their 

type. 

Heritage management is governed by legislation in New South Wales. The Environmental 

Planning and Assessment Act 1979 (NSW) requires that environmental impacts including 

impacts on heritage items, resulting from development shall be appropriately assessed.  

The Heritage Act 1977 (NSW) is designed to protect, maintain and manage environmental 

heritage in New South Wales, including items of archaeological significance. The Heritage Act 

contains provisions for the physical protection of all known and undiscovered archaeological 

relics, which are not the subject of a heritage listing. Relics may relate to past industrial, 

agricultural or domestic activities, examples of which can include building materials, machinery, 

pottery, or general refuse. Historic utilities and infrastructure are not considered to be relics, but 

may be regarded as ‘works’, and these are to be managed with appropriate recognition of their 

heritage significance. 

Approvals shall be obtained under the Heritage Act, if it is anticipated that relics may be 

discovered, exposed, moved, damaged or destroyed. The relevant transport agency 

environmental staff shall be immediately notified if the presence of archaeological material is 

suspected.  

The Heritage Act contains minimum standards for repair and maintenance pertaining to items 

listed on the State Heritage Register. The State Agency Heritage Guide contains guidelines for 

the management of heritage items listed on a state agency's Section 170 Heritage and 

Conservation Register. 

The National Parks and Wildlife Act 1974 is the principal legislation for the protection of 

Aboriginal cultural heritage in New South Wales. If there is an indication of the presence of 

Aboriginal cultural heritage items of significance, further investigation is required and notification 

shall be made to the relevant transport agency environmental staff and to the Heritage Division 

of the Office of Environment and Heritage.  

6. Management responsibilities

The AEO maintenance representative shall develop and implement management requirements

for geotechnical problem sites as described in this document, ensuring safety of rail operations

and infrastructure and is responsible for the following:

• allocating and implementing prescribed surveillance, survey monitoring and geotechnical

monitoring where required
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• implementing relevant technical maintenance plans and service schedules relating to

geotechnical assets

• reviewing surveillance and survey monitoring reports as required

• conferring with the AEO geotechnical representative regarding changes in conditions

between surveillance intervals and survey monitoring intervals

• designating geotechnical assets to be managed by staff to carry out surveillance as per

prescribed surveillance levels and site specific surveillance guidelines (SSSG) and

requesting site inspections for newly identified geotechnical problems sites

• auditing geotechnical problem management procedure (GPMP) and reviews with the

responsibility holders

• maintaining geotechnical asset and defect management database with related

documents and records

• arranging detailed geotechnical investigations, remedial work design and remedial works

• arranging geotechnical inspections, reviews, assessing the geotechnical risk and issuing

instructions for safety measures when needed including urgent remedial works, additional

geotechnical monitoring and conferring with the AEO geotechnical representative

• managing competency levels of the staff to carry out various tasks in the geotechnical

problem management process

• installing early warning systems (EWS) where required and implementing a response

procedure for EWS activations

7. Problem management procedures

The activities involved in the geotechnical problem management process for managing

geotechnical problem sites after geotechnical problems have been identified are described

below.

The flow chart in Appendix A depicts the typical activities in the process.

7.1 Identification of new geotechnical problems

A new geotechnical problem may be discovered by:

• maintenance staff of the AEO, as part of normal track patrol under track examination

during engine patrol, foot patrol or mechanised track patrol

• maintenance staff of the AEO, as part of the geotechnical risk site examinations as

specified by TMPs or during other activity

• reporting by train drivers
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Refer to Appendix D for guidelines on recognising geotechnical problems. 

7.2 Response to a new geotechnical problem 

Once a geotechnical problem is identified, information including exact location and type of 

problem shall be communicated immediately to the AEO maintenance representative. The AEO 

maintenance representative shall arrange to carry out an inspection within 24 hours or sooner 

depending on the reported urgency. If required, a site inspection by the AEO geotechnical 

representative shall be requested. 

If the AEO geotechnical representative assesses the risk to be Rank B+ or worse, this 

information shall be immediately reported to the AEO maintenance representative with 

appropriate risk management recommendations.  

Refer to T HR CI 12100 ST Geotechnical Risk Assessment and Hazard Management for 

guidance. 

The AEO maintenance representative shall implement appropriate safety measures as 

described in Section 7.11 in order to reduce the risk to track safety. 

7.3 Site inspection report 

A site inspection report (SIR) shall be created by the AEO geotechnical representative following: 

• a site inspection

• any inspection or review resulting in discovery of a previously unidentified geotechnical

problem, a change to the assessed risk or a change to prescribed surveillance

requirements. The AEO geotechnical representative shall immediately recommend safety

measures when it is determined that conditions are unsafe for normal traffic

The SIR should indicate the following: 

• the location of the problem site

• date of the inspection/review

• reason for carrying out the inspection

• description of the problem

• assessed risk

• recommended prescribed level of surveillance required as outlined in T HR CI 12100 ST

• recommended urgent remedial works including designs and specifications (if considered

necessary)
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• recommendations for detailed geotechnical investigation (if considered necessary)

• recommendations for survey or geotechnical monitoring (if considered necessary)

• detailed remedial recommendations, designs and specification for construction if a more

detailed investigation is not considered necessary. The SIR shall provide sufficient

information to resource and organise the remedial works.

For assessed risks of B-, P1 or higher, the AEO geotechnical representative shall submit the 

SIR and any attached site specific surveillance guidelines within seven days of inspection or 

review to the AEO maintenance representative. Refer to Section 7.4.  

7.4 Site specific surveillance guidelines 

Site specific surveillance guidelines (SSSG) shall be created by the AEO geotechnical 

representative when a site is assessed to require the recommended prescribed surveillance 

level of S2, S3 or S4 as defined in T HR CI 12100 ST. The SSSG shall be attached to the site 

inspection report. 

SSSGs inform the AEO maintenance representative of surveillance requirements during 

inspection of a specific geotechnical problem. The SSSG should indicate the location of the 

problem site, description of the problem and principal failure mechanism, assessed risk, 

recommended prescribed level of surveillance required, colour photograph(s) with problem 

highlighted and what specific features to look for during surveillance inspection. Photographs in 

the SSSG shall be used by maintenance surveillance staff of the AEO to check for any 

changes. 

A surveillance geotechnical site inspection form/checklist should also be attached to the SSSG 

with provision for surveillance staff to record date of inspections, name of inspector, changes 

since last inspection, comments and action taken if any changes since last inspection. 

Refer to Appendix B for an example of site specific surveillance guidelines.  

7.5 Survey monitoring 

Survey monitoring shall be carried out as prescribed. This may include vector pegs at specified 

locations, cross sections and nominated structures. The survey report shall consider changes in 

condition between survey monitoring and note these changes in the report. The survey 

monitoring report should be submitted to the AEO maintenance and geotechnical 

representatives within seven days of the survey monitoring or sooner if warranted. In the case 

where displacements have reached threshold limits at sites where thresholds have been 

previously determined, this shall be communicated to AEO maintenance representative 

immediately for further action. 
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7.6 Survey monitoring review 

All survey monitoring reports shall be reviewed by the AEO maintenance representative, who 

shall confer with the AEO geotechnical representative regarding changes in condition between 

surveys. The geotechnical representative shall consider changes in condition and confer with 

the AEO maintenance and recommend safety measures when it is determined that conditions 

are unsafe for normal traffic. A site inspection may be necessary for confirmation.  

7.7 Surveillance 

A maintenance schedule record (MSR) for surveillance shall be created in a geotechnical defect 

management database and implemented by the AEO maintenance representative within seven 

days or sooner, if warranted, of receiving a SIR with attached SSSG. All surveillance shall be 

carried out as a walking inspection by trained staff and safety measures implemented when it is 

determined that conditions are unsafe for normal traffic. The surveillance levels detailed in 

T HR CI 12100 ST are reproduced in Table 1 below. 

Table 1 – Surveillance level definitions 

Surveillance level Definition 

T Surveillance under Track Examination System (TES) by trained track 
staff, and annual review by AEO geotechnical representative. 

S1 Monthly walkover inspections of the problem site during routine track 
patrol by trained track staff or more frequently as dictated by site 
conditions and weather, and six monthly review by AEO geotechnical 
representative. 

S2 Twice per week surveillance of the problem site by trained track staff 
with site specific surveillance guidelines, and six monthly review by AEO 
geotechnical representative. 

S3 Daily surveillance of the problem site by trained track staff with site 
specific surveillance guidelines, and monthly review by AEO 
geotechnical representative. 

S4 Presence by trained track staff with site specific surveillance guidelines 
prior to and during train passage, and weekly review by AEO 
geotechnical representative. 

Note: 'Trained track staff' refers to the track staff trained in Recognising Geotechnical Problems 

and the GPMP. All geotechnical risk site surveillance inspections shall be recorded and 

accessible for future reference. 

Refer to Appendix C for examples of geotechnical risk site inspection forms. 
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7.8 Surveillance review 

The AEO maintenance representative shall review completed surveillance reports, consider 

changes in condition between surveillance reports and notify the AEO geotechnical 

representative of changes in condition by way of a request for SI. Safety measures shall be 

implemented as described in Section 7.11 when it is determined that conditions are unsafe for 

normal traffic. Safety measures could include speed restrictions, immediate remedial works, 

additional surveillance and EWS.  

7.9 Early warning systems and rainfall monitoring systems 

EWS may be installed in some areas to provide warning of situations that could impact on safe 

operating conditions. The intention is to give sufficient warning to prevent the running of trains 

over unsafe track. A number of systems may exist, some of which can be connected to the 

signalling system to stop trains, while others could provide a warning to train drivers, 

maintenance staff and train control staff. In addition, EWS influence minimum surveillance 

levels. EWS may include slip detectors, pore water pressure gauges, rockfall detectors, and 

movement detectors.  

Rainfall monitoring systems (RMS) may be installed in some areas to monitor rainfall and 

indicate a warning when a preset rainfall rate is exceeded. Rainfall monitoring systems may be 

required in isolated areas where the occurrence of heavy rainfall may not be obvious elsewhere. 

The intention is to give sufficient warning to surveillance staff that there is currently or has been 

a period of heavy rain or prolonged wet weather such that increased surveillance may be 

instigated and or to warn train control staff of extreme weather conditions affecting the track. 

Refer to ESC 430 and TMC 431 for details of rainfall monitors.  

All EWS and RMS influence surveillance levels. In case of an EWS or RMS failure, alternative 

surveillance arrangements should be made for all problem sites within the system coverage 

area. Refer to T HR CI 12100 ST. 

7.9.1 Setting warning and alarm levels 

The AEO maintenance representative shall establish warning and alarm levels applicable to 

each EWS and rainfall monitors in consultation with the AEO geotechnical representative and 

other responsibility holders. 

The following factors should be considered in determining warning and alarm levels: 

• infrastructure to be protected using the EWS

• extent of the protection zone

• expected behaviour of structures



T HR CI 12101 ST 
Geotechnical Problem Management 

Version 1.0 
Issued Date: 07 August 2014 

© State of NSW through Transport for NSW Page 14 of 59 

• local geology and history of events (rainfall and movements)

• drainage characteristics of locality

• operating factors

7.9.2 Response to alarm and warning activation 

AEO maintenance representative shall develop and implement a response procedure in the 

event of alarm and warning activations of EWS and RMS. 

The response procedure should clearly indicate communication hierarchy, definition of roles and 

responsibilities, target actions and instructions. 

The following should be considered when establishing a response procedure: 

• track sections covered by the EWS

• geotechnical risk sites within the sections

• other vulnerable infrastructure within the section including outside party properties

• local geology and terrain

• past event history

• level of surveillance inspections required

• response times

• operating factors

• other agencies within locality needing alert

7.10 Geotechnical instrumentation and monitoring 

Geotechnical instrumentation and monitoring shall be carried out for risk sites when 

recommended by the AEO geotechnical representative.  

The purpose of instrumentation and monitoring is to: 

• provide an EWS until such a time to implement and complete remedial action

• analyse and monitor ground movements and pore pressures of problem sites

• assess and control effects of construction on existing earthworks

• assess movement of structures such as tunnels and retaining walls

Instrumentation may include inclinometers, piezometers, tiltmeters, extensometers, soil 

moisture probes, tensiometers and 3D crackmeters.  These may be used in conjunction with 

survey monitoring. 

The AEO geotechnical representative shall assess the geotechnical monitoring results together 

with survey results where applicable. 
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If unacceptable movement or magnitudes of other measured parameters are detected by this 

monitoring, such information shall be conveyed to the AEO maintenance representative along 

with any required changes to the SSSG, monitoring regime or further hazard management 

measures. 

7.11 Safety measures 

Instructions to implement safety measures shall be issued by the AEO maintenance 

representative when it is determined that conditions are unsafe for normal traffic. The decision 

to implement safety measures may be determined at any time including: 

• following identification of a new geotechnical problem

• following surveillance

• following any identified safety risk

• at the times of surveillance report review by the AEO maintenance representative

• at the request of the AEO maintenance representative

• at the recommendation of the AEO geotechnical representative

The safety measures and appropriate mitigation may be whatever is considered necessary to 

immediately reduce the risk to track safety. Some of the safety measures specified in 

T HR CI 12100 ST are outlined in the Table 2 below. 

Table 2 – Safety measures 

Risk level Safety measure 

Unacceptable / Extreme Risk 
(Rank A) 

Track closed. 

Undesirable / High Risk   
(Rank B+) 

Speed restriction imposed during wet or dry weather / 
emergency remedial works / continued surveillance. 

Undesirable / High Risk   
(Rank B-, P1) 

If considered necessary, speed restriction imposed during wet 
and/or dry weather / emergency remedial works at next 
planned possession / continued surveillance. 

Maintenance regions may have additional instructions or guidelines to staff on how to 

immediately respond to an identified problem. 

7.12 Imposing speed restrictions during wet weather 

Speed restrictions shall be imposed as determined by either the AEO maintenance or 

geotechnical representative when it is recognised that conditions are unsafe for normal speeds 

to reduce consequences. This is only a temporary measure as speed restrictions have a direct 

influence on operational reliability.  

When imposing speed restrictions during wet weather, the restrictions should remain for the 

duration of wet weather and for approximately two days afterwards or for a period as 

determined by either the AEO maintenance or geotechnical representative. 
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7.13 Remedial works 

The AEO maintenance representative shall allocate and program all remedial works based on 

the recommendations of the AEO geotechnical representative provided in SIRs or geotechnical 

reports following detailed geotechnical investigation and design of remedial works.  

The critical geotechnical risk sites shall be remediated as per the guidelines given in 

T HR CI 12100 ST or as per the SIR issued by the AEO geotechnical representative. 

The AEO maintenance representative shall make certain that the remedial works have been 

satisfactorily completed in accordance with the design and specifications. If the remedial works 

cannot be completed within the allocated time, the geotechnical risk shall be reassessed and 

appropriate surveillance be implemented until remedial works are completed. 

All construction records including designs, investigation reports, conditions encountered, work 

as executed drawings, testing records and any alterations, deviations from standards, 

specifications or drawings shall be stored and made accessible for future reference. 

7.14 Documents and records 

The AEO maintenance representative shall ensure that: 

• all surveillance inspection records of geotechnical problem sites are stored and made

available for review and audits

• the geotechnical asset register and defect database is up to date

• the geotechnical asset register contains all relevant documents including SIRs, SSSGs,

design and investigation reports, construction records, work as executed drawings, test

records and monitoring reports

• all geotechnical incidents are recorded and made available for review by the AEO

geotechnical representative

• the geotechnical remedial works program is up to date

The AEO geotechnical representative shall issue an annual report 'Geotechnical Risk to Rail 

Operations in the operational region' to all concerned stakeholders. This report shall include 

tables defining details of all active geotechnical problem sites.  

The AEO geotechnical representative should supply updated tables defining details of relevant 

active geotechnical problem sites on a three monthly basis to the AEO maintenance 

representative for review and planning of remedial works program. 
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7.15 Audits 

The AEO maintenance representative shall organise regular audits of the implementation of the 

GPMP including: 

• scheduling and planning audits

• performance audits

• reporting of audits carried out including compliance and recommendations

7.16 Management meeting and audit review 

The AEO maintenance representative shall organise regular management meetings and audit 

reviews with the responsibility holders for periodic review of geotechnical problem management 

process and the geotechnical remedial works program.  

7.17 Training 

Training for surveillance staff in geotechnical problem management shall be organised by the 

AEO maintenance representative. The curriculum shall be directed by the AEO maintenance 

representative in consultation with the AEO geotechnical representative and shall include 

recognising geotechnical problems and GPMPs.  
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Appendix A – Activity flow chart 

Figure 1 – Activity flow chart 
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Appendix B - Site specific surveillance guidelines 

B.1 Site specific surveillance guidelines 
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•check relevant features on geotechnical risk
site inspection form (attached)
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below)
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site inspection form (attached)

What to look for 
(at 913.123 km, 12 m height – see Photo 
below)

S1 (Monthly walkover inspection by trained 
staff with site specific surveillance 
guidelines).

Surveillance level dry weather

S2 (Twice per week inspection by trained 
staff with site specific surveillance guidelines

Surveillance level wet weather

B-P1Risk Rank

Main NorthLine

Cutting. Isolated undercut sandstone boulder 
(see site inspection report dated 
(14/05/2017).

Description

913.123 km, downside, 12 m heightKilometrage / side

Sometown, Cutting # 12Location 

9999Geotechnical project number

123SSSG Number

Geotechnical Services – 14/05/2017
Site Specific Surveillance Guidelines – for inspection of geotechnical problem

Figure 2 – Example of site specific surveillance guidelines 
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B.2 Site specific surveillance inspection form 
 North Maintenance District

Site Specific Surveillance Inspection Form
Location SOMETOWN Cutting # 12

Kilometrage/ Side 913.123 km downside

Geotech. Proj. No. 9999

Risk Rank B-P1

Surveilence Level wet/dry S2/S1

Site Specific Surveillance Guidelines No. 123
Change Since Last Inspection Comments & action taken if there has been a 

Items to Check (where applicable) / = no change. X = has changed change since last inspection (date)

d
 

s s s s s se g g g gt g g

c g go oe og og og ogl l l l l l

p
s J B J B J B J B J B J B

In b
y

7 7 7 7 7 7

1 01

1 1
0

2 2
0

1

5
/2

0 0
2 2 2

0
1

E 6/ 7/ 7/

/

0 0 0 0
7/T 0 0
7

D
A / / / /

16 1
8/ /

61 15 14 2
0

EMBANKMENT
Any track movement (loss of top/line) NA NA NA NA NA NA NA NA NA

Development of new tension cracks/sink holes NA NA NA NA NA NA NA NA NA

Changes in width and/or length of tension cracks NA NA NA NA NA NA NA NA NA

Dips in shoulder/access road NA NA NA NA NA NA NA NA NA

Leaning structures (signal poles/fences/trees) NA NA NA NA NA NA NA NA NA

Seepage from slope or toe NA NA NA NA NA NA NA NA NA

Bulges/slumps in slope or at toe NA NA NA NA NA NA NA NA NA

Vegetation - areas of unusual lush green vegetation NA NA NA NA NA NA NA NA NA

Cess drainage clear or ponding water NA NA NA NA NA NA NA NA NA

Culvert condition / blocked or clear NA NA NA NA NA NA NA NA NA

Subsoil drains: - is water running - are outlets clear of obstruction NA NA NA NA NA NA NA NA NA

Erosion of embankment NA NA NA NA NA NA NA NA NA

CUTTING rockfalls

20/07/17 noticed fall of small rocks below boulders at
Condition of any nominated area of known 
instability. See SSSG No. 123 attached. / / / / / X

Any recent rockfalls or spoil onto track/cess drain / / / / / X 913.123 km with increased undercutting. No obvious 
Partially supported blocks of rock isolated by cracks / / / / / X movement of boulders.
Apparent movement of prominent rock 
wedges/blocks / / / / / / 0930 hrs informed H Smith by phone.

Excessive seepage/water flows / / / / / / H Smith and R Jones inspected site 1215 hrs.
Ponding water in cess drains
Slumping and/or leaning trees, fences etc above 
cutting / / / / / /

Excessive erosion of cutting face / / / / / /

Damage to repairs eg. damaged shotcrete
Condition of top drains (leave box blank if not 
inspected) / /

Other problems (note)

Reviewed responsible AEO. 
Date / Comments

Reviewed responsible AEO: 
Date / Comments

Figure 3 – Example of site specific surveillance inspection form 
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Appendix C - Geotechnical risk site inspection forms 
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Name___John Smith___________________________________Signature________JS_______________     Date ___15/11/2012______
My signature above confirms that I have examined the sites relevant to my track section to the best of my ability in accordance with TfNSW requirements during (Cross
out which is not relevant):- Hi Rail - Foot Patrol - Detailed walk

2. Wet weather surveilance when required to be determined by the AEO maintenance representative.
3. Track patrol required to inspect cuttings for large rocks in cess, fragments of rocks on track, and water flowing over cuttings.

These sites to be inspected - during Rainfall Monitor Warning and Alarm events, - during dry 
weather and declared wet weather periods. (Cross out which is not relevant)
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These sites to be inspected - during dry weather and declared wet weather 
periods. (Cross out which is not relevant)
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4. Track patrol to inspect embankments for noticeable deterioration of track geometry since last Hi Rail inspection, significant amounts of water ponding on, or flowing
across embankment.
5. Track Patroller to notify AEO maintenance representative immediatley of any issues found relating to notes 3 and 4 above

1. S2, S1 Walkover inspections by trained track staff to be signed off.
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Figure 4 – Example of geotechnical risk site inspection form for sites requiring S1 and S2 

surveillance 
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1. S2, S1 Walkover inspections by trained track staff to be signed off.

Name_____John Smith_________________________Signature________JS_______ Date __14/11/2012_______
My signature above confirms that I have examined the sites relevant to my track section to the best of my ability in accordance with
TfNSW requirements during (Cross out which is not relevant):- Hi Rail - Foot Patrol - Detailed walk

2. Wet weather surveilance when required to be determined by AEO maintenance representative.

These sites to be inspected under Track Examination System (TES) during dry weather and declared wet weather periods.
(Cross out which is not relevant)
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3. Track patrol required to inspect cuttings for large rocks in cess, fragments of rocks on track, and water flowing over cuttings.

4. Track patrol to inspect embankments for noticeable deterioration of track geometry since last Hi Rail inspection, significant amounts
of water ponding on, or flowing across embankment.

5. Track Patroller to notify AEO maintenance representative immediatley of any issues found relating to notes 3 and 4 above
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Figure 5 – Example of geotechnical risk site inspection form for sites requiring T surveillance 
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Appendix D - Guidelines for recognising geotechnical 
problems 

D.1 General 

The management of geotechnical risk to rail operations relies on the identification of 

geotechnical problems before failure. The identification of potential geotechnical hazard is 

therefore the first step in the management process. 

This appendix provides guidance for identification of geotechnical problems commonly 

encountered in the rail environment. Identification of a potential geotechnical problem requires 

recognition of the contributing factors or the warning signs to a problem that may collectively 

produce the failure mechanism. 

The warning signs commonly observed in the rail environment are typically found in: 

• embankments

• cuttings

• track bed

• structures near the track

D.2 Warning signs in embankments 

Geotechnical problems that involve embankments are not always visible. This is often due to 

the amount of vegetation growing on the batter slopes which conceals the condition of the batter 

slope. Change in the track condition is therefore often the first indicator of problems in the 

embankment.  

The following list contains some of the features that are associated with embankment instability 

and may act as indicators of potential problems to track support. These indicators are explained 

in the following text and photographs.  

• loss of shoulder width

• dip in track

• high ballast shoulder

• tension cracks

• sinkholes

• leaning trees, poles or fences

• bulges in slope or toe

• seepage, or water ponding
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• blocked, inadequate, cracked or subsided culvert

• erosion of toe or slope

• slumps in slopes

• animal burrows

• embankment/cut slope toe disturbance and trenching

Figure 6, Figure 7 and Figure 8 provide examples of some instability features in embankments. 

Figure 6 – Section of an embankment showing features of an embankment slip 

Figure 7 – Plan view of an embankment showing features of an embankment slip 



T HR CI 12101 ST 
Geotechnical Problem Management 

Version 1.0 
Issued Date: 07 August 2014 

© State of NSW through Transport for NSW Page 25 of 59 

Water entering top 
of bankRock 

Cutting

Sinkhole

Shallow 
mudflow

Tilted and bent 
trees

Toe bulge

Sinkhole

Seepage

Fence moved and 
tilted out

Leaning/settled troughing

Figure 8 – Section of sidefill embankment show features of instability 

D.2.1 Loss of shoulder width 

Figure 9 and Figure 10 show how the shoulder of an embankment appears to have narrowed - 

a sign that the embankment may be moving. 

Figure 9 – Example of narrowed embankment shoulder over a local slump 
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Figure 10 - Batter slope failure due to ballast spilling down batter slope 

D.2.2 Dip in track 

Figure 11 and Figure 12 show examples of visible depression. A depression in the track over an 

embankment may indicate a deeper problem than the track formation. Track alignment may be 

affected. 

Figure 11 – Dip in the track over a low embankment 
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Figure 12 – loss of track support due to embankment subsidence 

D.2.3 High ballast shoulder 

This can be a localised area where extra ballast has been placed as shown by Figure 13. This 

may indicate that the track has subsided in the past and may suggest a slip failure or continuing 

settlements. 

Figure 13 – Local high ballast shoulder 
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D.2.4 Tension cracks 

Figure 14, Figure 15 and Figure 16 show signs of an active movement of a slip in an 

embankment. 

Cracks can be in different forms, in a straight line or circular and the location and shape of the 

cracks with respect to the track will indicate the potential for danger to the track. When tension 

cracks are observed, it constitutes an emergency situation until the impact can be determined. 

Cracks are easily visible in soil material but are very hard to recognise in ballast until they reach 

large dimensions.  It is also important to observe the relative movement of the ground each side 

of the crack to provide an indication of the type of movement and the potential of the slump to 

undermine the track. 

Figure 14 – Fine tension crack in soil with only horizontal movement 
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Figure 15 – Large tension crack in a widened embankment showing both horizontal and 

vertical movement 

Figure 16 - Circular tension crack with little vertical movement 
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D.2.5 Sinkholes 

Sinkholes indicate that material has been washed out of the fill below the surface and the 

overlying material is collapsing into the space. Sinkholes can be small at the surface but may 

indicate a large cavern below. Sinkholes are also indications that surface water is not controlled 

and is getting into the embankment fill and may soften the fill. Sinkholes may also indicate that 

there could have been timber below the surface that has begun to rot or old sub-surface rubble 

drains. Refer to Figure 17 through to Figure 20. 

Sinkhole

Water flowing 
to sinkhole

Figure 17 – Dyed water flowing towards sinkhole 

Sinkhole

Figure 18 – Dyed water disappearing down a sinkhole 
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Sinkhole

Figure 19 – Sinkhole adjacent to the track 

Sinkhole

Figure 20 – Small sinkhole adjacent to the track 

D.2.6 Leaning trees, poles or fences 

Leaning trees indicate that the ground has been moving. A tree or pole that is straight and 

leaning may indicate recent movement. A tree that has a bend may indicate that slower ground 

movement had occurred during the growth of the tree, as shown in Figure 22.  
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Poles can be related to adjacent poles or vertical structures to get a measure of the relative 

ground movement. Refer to Figure 23. 

Fence lines or horizontal structures such as signal troughing can indicate ground movement 

when they deviate from the uniform condition as shown in Figure 21 and Figure 24. 

Fence out of line

Figure 21 – Fence out of line, toe bulge, tilting of telephone pole due to embankment slip 

Figure 22 – Trees bent due to land movement 
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Figure 23 – Tilting of OHWS due to ground movement 

Figure 24 – Subsidence/tilting in signal troughing 
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D.2.7 Bulges in slope or toe 

A bulge in a slope or at the toe of an embankment may indicate a slump failure of the slope. A 

bulge is material pushed out by the failing material above. Sometimes the bulge is not obvious 

and may look like the batter slope is just uneven. In some unstable slopes there are many small 

failures and the ground surface develops into a series of hummocks. Refer to Figure 25. 

Figure 25 – Toe bulge below embankment 

D.2.8 Seepage or water ponding 

Seepage along the toe or slope of an embankment indicates that the material in the 

embankment is holding water and may therefore be weaker than required. Seepage also may 

indicate that the track drainage is inadequate and that water has been building up beneath the 

track in the formation and seeping through the fill. Refer to Figure 26. 

Water ponding at the toe of an embankment may soften the soil / fill and cause instability. Refer 

to Figure 27. 
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Figure 26 – Seepage from base of embankment 

Figure 27 – Water ponding at toe of embankment 

D.2.9 Blocked, inadequate, cracked or subsided culverts 

Inadequate waterway through an embankment may cause ponding of water on the upstream 

side and endanger the stability of the whole embankment. Cracked culverts may cause water to 

infiltrate and soften the fill, wash the fill away (refer to Figure 28) or undermine the culvert. 

Cracks may indicate embankment movement. 
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Debris is another potential problem, consisting of sediment and or vegetation, which can 

obstruct or totally block the waterway as shown in Figure 29 and Figure 30. The potential here 

is that water will begin to saturate the fill, leading to embankment failure.  

A broken culvert is shown in Figure 31. 

Figure 28 – Crack in culvert causing a sinkhole 

Figure 29 – Blocked culvert causing ponding 
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Figure 30 – Obstructed culvert 

Figure 31 – Broken culvert 

D.2.10 Erosion of toe or slope 

Erosion may eventually reach the ballast or cause a major slip if large enough. Figure 32 shows 

a river eroding the toe. 
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Figure 32 – Stream bank erosion 

D.2.11 Small slumps in slope 

Small slumps in a slope may be a warning of a larger failure. Refer to Figure 33 and Figure 34. 

Figure 33 – Small slump in embankment slope 
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Figure 34 – Small slump in embankment slope 

D.2.12 Rabbit or wombat burrows 

Rabbit or wombat burrows can have an effect if numerous or at a critical location. 

D.2.13 Embankment/cut slope toe disturbance and trenching 

Excavations into the toe of embankments and leaving trenches open can lead to progressive 

slip failures. Figure 35 shows a typical slip failure as a result of vertical toe cut of an 

embankment. 

Figure 35 – Vertical toe cut leading to slip failure 
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Figure 36 and Figure 37 show an example of slope failure as a result of leaving the trench open. 

The water within the trench saturates the slope leading to a failure. 

Figure 36 – Cable trench left open at top of soil/soft rock cutting allowed ponding water 

to enter slope leading to failure 

Figure 37 – Failure due to cable trench left open at top of soil/soft rock cutting 
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D.3 Warning signs in cuttings 

The stability of cuttings is never static and changes with time due to action of weathering, 

vegetation, erosion by rain and wind, poor drainage and impact of wetting and drying. 

In contrast to embankments, the condition of cuttings is much more visible from the track level. 

It is important to be able to identify those early signs of instability in order to assess, manage 

and possibly eliminate the risk to rail operations. 

The following list provides examples of some of the features that are associated with cutting 

instability. 

• small rocks in the cess

• cracks in the rocks that isolate blocks of rock

• inclined joints producing a slide plane

• trees growing on a cutting face

• rock overhangs, and under cut by weathered soft rock

• inadequate top drains

• erosion of colluvium or talus cutting

• cliff lines

• burnt off areas or cleared steep slopes

• soil cuttings exhibiting embankment warning signs

D.3.1 Small rocks in the cess 

Small rocks falling to the track indicate that the rock condition is deteriorating and starting to 

fragment as shown in Figure 39. They may also indicate that larger rocks may be undermined 

or about to fall. 

In some cuttings these small rocks may have travelled from high in the cutting and would have 

reached the track with considerable momentum.  The photograph in Figure 38 is of rocks that 

have travelled through the air and have struck the opposite side of the cutting.  
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Figure 38 – Rocks falling from cutting striking the opposite side of the cutting 

Figure 39 – Small rock fall onto the track from weathered sandstone cutting 

Each situation requires a close examination to assess the causes and mechanism in order to 

assess the risk to rail traffic. 
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D.3.2 Cracks in the rocks that isolate blocks of rock 

If the block is isolated from the rock mass, it has the potential to fall if, for example, it is 

undercut. Open cracks indicate that there is a reduction in the friction between rock blocks. 

Depending on the support these are at risk of falling especially if water continues to get behind 

the rock. It also may mean that tree roots are levering the rocks apart. Refer to Figure 40. 

Cracks

Figure 40 – Isolated block of rock on a slide plane 

Figure 41 is an example of a relatively small boulder that has become detached from the rock 

mass due to the opening up of a pre-existing joint or fracture. 

Figure 41 – Joints opening to cause block separation 

Cracks can form in rocks due to adjacent instability or due to loss of support.  An example of a 

new crack independent of an existing joint or fracture is shown in Figure 42. 
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Figure 42 – Crack in a rock due to movement towards a previous fall 

Figure 43 shows an example of a wide open vertical crack in a weak zone of cutting fence. 

Figure 43 – Cracks in rock face 

D.3.3 Inclined joints producing a slide plane 

The natural rock joints can provide sliding mechanisms if they dip out of the cutting face. Any 

such joint that is open or clay filled can produce a rock fall. Refer to Figure 44. 
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Figure 44 – Dipping planes producing a slide plane 

D.3.4 Trees growing on rock cutting face 

In hard jointed rock, trees are a major cause of instability. The roots penetrate the cracks and 

can move the blocks over time. This is known as root jacking (refer to Figure 45). In addition 

tree growth accelerates the weathering process. However, in very soft rock or clay cuttings, 

trees may provide added stability against sliding and erosion. 

Figure 45 – Tree roots growing into joints and fragmenting the rock 
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Trees themselves can represent a significant hazard where they can fall onto the track or 

essential equipment. As the surrounding material erodes there is a possibility of the tree falling 

onto the track. Trees on the top of cuttings can represent a significant hazard to the track.  If a 

tree is blown over in high winds, it may also cause a rockfall due to the rocks caught in its roots. 

Figure 46 is an example of a tree in a relatively soft rock cutting that may fall onto the track and 

or equipment. Trees with large root ball, if fallen, can cause significant disruption due to the 

accompanying large mass. 

Figure 46 – Tree being undermined due to erosion of soft rock in a cutting 

Figure 47 – Thick vegetation cover on a cutting face concealing geotechnical hazards 
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Vegetation on cutting faces can conceal the geotechnical hazards as shown in Figure 47. This 

will impede the routine cutting inspections and instability identification. 

D.3.5 Rock overhangs, and undercutting by weathered soft rock 

Harder rock overlying weaker shale may be undermined as the weaker rock weathers and is 

eroded away. Refer to Figure 48. 

Sandstone 

Shale 

Sandstone 

Cracks (Joints) 

Figure 48 – Rock overhangs 

The potential for large falls is high and can be caused by an overhang of as little as 300 mm 

where the jointing is close.  

Where the rock in a cutting consists of horizontal or nearly horizontal beds sedimentary rock 

with layers of different material there is a possibility of the less resistant material eroding leaving 

the harder rock unsupported.  The potential for instability is increased where other vertical or 

inclined joints and fractures exist.   

Figure 49 shows an example of a large slab of sandstone undermined by a shale layer. 
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Figure 49 – Hard sandstone undercut by weathered shale 

D.3.6 Inadequate top drains 

Poor top drains may direct water over the face of the cutting and accelerate weathering, building 

up of seepage force, erosion, and rock falls. 

An ineffective top drain may cause water to wash over cutting. Refer to Figure 50. 
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Figure 50 – Top drain ineffective allowing water to wash over cutting 

Blockage of drains by sediments and plant residue are common causes for poor top drainage. 

Refer to Figure 50 and Figure 51. 

Figure 51 – Blocked and cracked drain by plant residue 

D.3.7 Erosion of colluvium in cuttings 

Colluvium often consists of boulders surrounded by soil.  If the boulders are exposed and the 

soil supporting them is being eroded there is a danger of the boulders becoming unstable. 

These situations need to be closely monitored especially when the erosion occurs rapidly in 

heavy rain. Prolonged rainfall may soften the colluvium triggering debris flow/rock fall.  



T HR CI 12101 ST 
Geotechnical Problem Management 

Version 1.0 
Issued Date: 07 August 2014 

© State of NSW through Transport for NSW Page 50 of 59 

The photograph in Figure 52 indicates the potential hazard to the track. 

Figure 52 – Boulders in colluvium or talus losing support due to erosion 

D.3.8 Cliff lines 

Some of the previous warning signs may indicate that cliff lines are becoming unstable. Large 

blocks of rock can roll onto the track due to undermining of support. Refer to Figure 53 and 

Figure 54. 

Figure 53 – Large boulders, remnants of a cliff line above the track 

Blocks of rocks in far cliff lines may affect the track. Identification and assessment shall be 

carried out by an experienced geotechnical professional. An example of a far cliff line that may 

have an effect on tracks is shown in Figure 54. 
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Figure 54 – Far cliff line 

D.3.9 Burnt off areas or cleared of steep slopes 

Burnt off areas or clearing of steep slopes may create the conditions that may cause future slip, 

scour, slump or settlement and likely to impact the stability as shown in Figure 55. During a 

heavy rain fall debris and burnt tree branches may fall down and would be a potential hazard to 

the track. 

Figure 55 – Burnt off slope 
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D.3.10 Soil cuttings 

Look for the embankment warning signs of tension cracks, bulges, leaning trees/poles/fences, 

seepage and erosion. Typical slip failure in a soil cutting is depicted in Figure 56. 

Figure 56 – Slip failure in a soil cutting 

Excavation into toe of cuttings and leaving trenches open can lead to progressive slip failures 

similar to embankment situations. 

Refer to Figure 36 and Figure 37 for examples showing typical slip failures of cut slopes as a 

result of leaving trenches open. 

D.4 Warning signs in track bed  

Track geometry defects are normally regarded as part of the track maintenance process and 

are not necessarily seen as geotechnical problems. However, it is important to recognise the 

geotechnical component to the stability of the track and to identify the factors contributing to a 

problem. 

The first indications of formation problems are often changes to track geometry in uniformity of 

line and level. These changes or symptoms however can take various forms and can also be 

caused by other factors. 
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The following are some of the typical problems seen in the track that indicate geotechnical 

problems: 

• track depressions

• mud pumping

• ballast attrition

• heaves in the track shoulder / bulge in cess

• water in cess

• sinkholes

D.4.1 Track depressions 

A track depression may indicate track formation failure, slope instability or settlement over a 

structure such as a culvert. Change to the alignment of the track can indicate slope stability 

problems. Refer to Figure 57. 

Where the normal track maintenance processes do not correct and eliminate the problem, the 

cause may relate to inadequacies deeper than the track superstructure and ballast. Continued 

loss of track geometry can lead to derailment situations representing a high risk and need to be 

identified as such. Where the problem involves foundation inadequacies or other causes related 

to embankments, the problem represents a geotechnical risk. 

Figure 57 – Track depression 
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D.4.2 Mud pumping 

Mud being pumped through the ballast is often due to water trapped in the ballast. The ballast 

loses its frictional properties and moves away from under the sleeper and cause track 

depressions. This may lead to deeper failures where the formation fails and heaves are evident. 

Refer to Figure 58 and Figure 59. 

Figure 58 – Bog hole or mud pumping due to water trapped in formation 

Figure 59 – Track bog hole in a cutting caused by poor cess drainage 
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D.4.3 Ballast attrition 

Attrition is the polishing of the ballast due to track movement/vibration and is evident by the light 

grey powder and rounded ballast as shown in Figure 60. This will reduce the friction properties 

of the ballast and reduce the track stability. 

Figure 60 – Ballast attrition 

D.4.4 Heaves in the track shoulder 

Where a heave is evident in the ballast toe or beyond the edge of the ballast it is an indication 

that the track formation or ballast is failing.  The heave will cause further deterioration as it will 

block cross drainage and additional water will be trapped in the track. Smaller heaves can also 

come up between sleepers and are caused by saturation and poor drainage. Refer to Figure 61 

and Figure 62.  

Figure 61 – Heave in ballast shoulder due to loss of ballast friction 
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Figure 62 – Bulge in cess indicating foundation failure 

D.4.5 Water in cess 

This indicates poor drainage and an inadequate slope of the drain. This will lead to a failure of 

the foundation in clay areas and mud pumping. Refer to Figure 63, Figure 64 and Figure 65.  

Figure 63 – Water ponding in the cess drain 



T HR CI 12101 ST 
Geotechnical Problem Management 

Version 1.0 
Issued Date: 07 August 2014 

© State of NSW through Transport for NSW Page 57 of 59 

Figure 64 – Water ponding in the cess drain 

Figure 65 – Water ponding in the cess drain 

D.5 Warning signs in structures 

D.5.1 Track over a culvert 

Track problems such as depressions can occur over a culvert or in the vicinity of a culvert. 

These depressions may be under one or both rails and can be caused by a number of reasons: 

• piping erosion under or around the culvert producing sinkholes and local settlement

• failure of the culvert or consolidation of the culvert foundation

• loss of lateral support for the ballast due to inadequate or failing head walls
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• or the track problems may be related to the stability of the embankment through which

the culvert passes, or due to erosion at the inlet or outlet. Refer to Figure 66.

Figure 66 – Earth pressure on wing walls 

D.5.2 Cracks in culverts 

Cracks in culverts may indicate that the ground is subsiding or the embankment above is 

moving. Refer to Section D.2.9 and Figure 28. 

D.5.3 Cracks in any structure 

Cracks in any structure may indicate foundation movement / failure or ground movement behind 

retaining walls / wing walls. 
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Figure 67 – Crack in wing wall of underbridge indicating outward movement at top 
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