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Presenter
Presentation Notes
Hello and welcome to the 


NetworkRail
———

Ground Specialists as Risk Managers

4 steps to effective risk management:

1. Know what’s important to you
HOW does your system create value?

2. Understand possible failure modes
HOW could an event occur?

3. Assess risk at population level

HOW SIGNIFICANT? Likelihood of
event & potential consequences

4. Determine & implement controls
WHAT can we do?
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1. Know what’s
Important to you
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Presentation Notes
What’s important to you? The railway’s place in our national life and literature, as exemplified by the Harry Potter trolley at King’s Cross? Efficient operations getting millions of passengers to their destinations every day? Clever engineering, like the New Measurement Train which measures everything from track geometry to overhead line degradation while travelling at 125mph? Or happy workers, because I’m sure you’ve all felt like that as the sun comes up at the end of a night shift…?
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A growing railway
1.6 billion passengers per year (2014/15) & 'J”:-l %;Fi
> 40% more passengers than 2004 ' oo M

» 60% more freight than 2004

Fastest growing & safest railway in
Europe

A better railway for a better Britain

PPN RVEEE bore e
TR T O

.--""'r’f:- e = - o P -
20,000 miles of track
(& drainage)

29,000 bridges and tunnels
2,500 stations

2nd largest electricity network
One of the largest engineering
employers
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What's important to the railway?
Key business-level risks:
» Public Safety

» Workforce Safety

» Performance
(punctuality & reliability)

> Reputation E :2 W Adhesion
£ £16 mCold
» Value for Money e s
£10 HESnow
£8 mWind
£H Earthslip
ca W Heat
EFog
Ei .

LNE &EM
Figure 1 LNE&EM Route weather attributed Schedule 8 costs 2006/07-2013/14

Source: LNE&EM Weather Resilience and Climate Change Adaptation Plan
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Presentation Notes
Point out the weather performance impacts: flooding, wind (like Storm Angus last weekend), earthslips and adhesion (which you’ll understand if you’ve slipped on the leaves this autumn – now imagine trying to stop a train at 100mph! 


Simplified Organisational Structure

Infrastructure Chief Engineer
Projects

Delivery of Chief Civil Engineer
enhancements &

complex renewals

Head of Structures
Head of Geotechnics
Head of Drainage
Head of Tunnels & Mining

Head of Buildings

Practice Office

- Principal Engineers
- Senior Engineers

- Engineers

Safety, Technical & Engineering

Technical authority and assurance body. Set the overall
direction and corporate strategies for safety, environment,
asset management and engineering. Owner of asset policies,
risk control frameworks and the innovation / R&D pipelines.

NetworkRail
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Route Managing Director(s)

Director(s) of Route Asset
Management

ROUTES

B ANGLIA

" [1] LNE AND EAST MIDLANDS
' B

|| SCOTLAND

[l SOUTH EAST

B WALES

Il WESSEX

WESTERN

Route Asset Manager(s)
(Geotechnics)

- Senior Asset Engineers
- Asset Engineers
- Assistant Asset Engineers

Network Operations

Owner of route assets with day to day accountability for the
safe management of the infrastructure. Plan and deliver
inspections, maintenance and renewals of assets in line with
corporate policies to achieve agreed objectives.
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Important to note the Head of Drainage – greater focus within the organisation than ever before
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https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjiu6mS9_zOAhUDMBoKHdRJDEgQjRwIBw&url=https://www.networkrail.co.uk/structure-and-governance/our-routes/&psig=AFQjCNFNDUKDhyHixIlqNcj7y-_EJx9IGg&ust=1473326521721743
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River flooding

2. Understand possible
fallure modes: floodlng

NP TN, B

”’-'"x ..'- ’,hfg_

Coastal flooding &
wave damage
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Presentation Notes
This slide summarises some of the possible failure modes associated with flooding. There are the big, dramatic events like Preston le Skerne & Kirkstall (river flooding) or Dawlish (coastal flooding) or Lamington Viaduct (scour). But there are also many smaller events with a collectively high impact, such as this event at Luddenfoot (Calderdale) cause by a blocked drain on private land.


Water, Risk and the Railway

NetworkRail
-II

2. Understand possible
faillure modes: flows

under the railway
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Presentation Notes
Clay Cross, Rotherham RCM examples


Water, Risk and the Railway
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Water Impacts on Track
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Explain how wet beds occur: It might just look like a uniform large gravel to you, but ballast is actually a load transfer system to distribute the load from the train to a competent subgrade. Water causes softening of clayey subgrades, which then contaminates the ballast with fine particles (not helped by silty deposits from flowing water as well). This leads to track problems – for which we need a tamper like this!
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How were railway earthworks built?

Typical age: >150 years

A steep historical cutting shown side by side with the modern design standards used on HS1
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Presentation Notes
Historical photos – how were the railways built? Age, height etc
Embankment (end-tipped), then soil cutting
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Possible modes of failure: embankments

Settlement of underlying natural ground
Settlement of embankment fill over time
Shrink / Swell of clay embankments
Settlement due to burrowing animals
Translational failure

Rotational failure

Earthflow
Washout
Scour
NetworkRail
-/‘
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Possible modes of failure: soil & rock cuttings

Translational failure
Rotational failure
Washout

Earthflow

Rock fall

Burrowing

- i~
i

NetworkRail
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Which failure types are \water-related?

Embankment Failure

Settlement of underlying natural ground
Settlement of embankment fill over time

Shrink / Swell of clay embankments

Settlement due to burrowmg animals

' Translational failure :

I Rotatlonal failure /'
Earthflow
Washout Water Sources
éCOUF ) Surface water
Groundwater

Pipes & drains

A better railway for a better Britain

Cutting Failure

4 . .

| Translational failure :

| Rotational failure |
/J

Washout )~~~
[Earthﬂow]

Rock fall

Burrowing

Key

Failure triggered by water




failure |
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____________________ 3. Assess risk at population level
:Threat: Assess probability of : Event: : : Consequence: Assess 1
earthworks failure 'y Probability of I severity & probability of

Control: Earthworks/ :derailment given: :
[ I
I I

drainage interventions

I
I
I
consequence !
Control (Recovery): Limit |

I

_______________

oo e I Consequence - An
Threats — | Hazard - Something with 1 event that results
a possible cause | the potential o cause harm from the release of a
that may release a I hazard

Controls- Prevents threats
from releasing a hazard

Control (Recovery Measure)
- Limits the impact of a

1
1
1 1
1 . |
: 1 1 1 :
| 1 1 1 1
1 I ! ! 1 |
| hazard and I I ! e ! ]
1 prOduce the Top I 1 : consequence arising froma 1 1
' o | Top Event ' !
I Event I ! | P : ! :
l ™ ! ! - m e |
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: :i | | p l
: 1 I: H H 1 I H H 1 : — :
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: 1 | | | R ]
1
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Presentation Notes
Explain the bow-tie model approach – precursors, event, consequence. We start by understanding the population condition using earthworks examinations. 


Improving our understanding of consequence

NetworkRail
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Developed for Network Rail by Arthur D. Little

No Derailment No Train collision

Maintains
Clearance

Falls to adjacent
line

Derailment

Train Collision

Primary Event

Offline

Derailment F No trackside

Falls to cess Object Collision
side

Trackside Object
Collision

Earthworks-specific input:
p(Derailment | Failure)

Features associated with consequence:

FWI risk

Probability

® Strong influencing factors:
P(derailment | failure) / asset type
Line speed

® Moderately influencing factors
High passenger/freight ratios
Route classification (Primary vs Freight)
Presence of tunnel or viaduct

® Less significant factors

Qty tracks, trains/hr, OLE, bridges, lineside obj (buildings), stations, w/body, signals

FURTHER INFO SEE: Power, C., Mian, J., Spink, T., Abbott, S., Edwards, M. (2016). Development of an Evidence-based Geotechnical Asset management Policy
for Network Rail, Great Britain. The 3 International Conference on Transportation Geotechnics. Procedia Engineering. Volume 143, p.726-733.
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How do we assess earthworks condition?

Earthworks examinations (NR/L3/CIV/065)

A better railway for a better Britain

Visual inspection

Consistent template
Movement indicators

NetworkRail
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| Bl Rock Cuttings 0.12% 0.22% 0.24% 0.42% 0.36%

Earthworks Hazard Category (EHC)

Annual failure probability by earthwork condition



Recent Improvements & Emerging Work

NetworkRail
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Earthwork Condition (SSHI/ RSHI)

FURTHER INFO SEE: Power, C., Mian, J., Spink, T., Abbott, S., Edwards, M. (2016). Development of an Evidence-based Geotechnical Asset management Policy
for Network Rail, Great Britain. The 3 International Conference on Transportation Geotechnics. Procedia Engineering. Volume 143, p.726-733.

Number of earthworks by EHC and EACB
Emerging work: the development of morphology curves (All earthworks. May 2015 data)

* Better geometry
data from LiDAR

Y4

* New DST for
preliminary analysis
of slope stability at
portfolio level

Slope height H (

Number of earthworks

* London Clay ° Based On _
, geotechnical _ -
5 4 3 2 1 L groupings and - 4 5
3
EACB

Mopeacalejcor) variable plasticity &
under drainage
A better railway for a better Britain 11-Jan-17 / 17
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Presentation Notes
Recalibration of examination algorithm; based on failed asset attributes. Improving and stretching the annual probability of failure range across 5 categories.
Undertaken for 190,000 assets which can be visualised in the bottom right.. 
There is a whole load of other stuff going in: new asset management system for civils in NR and also bow tie risk framework to replace management standards….
Do want to focus briefly on consequence as this is a key component in understanding risk at portfolio level.


Water, Risk and the Railway

NetworkRail
————

Using Consequence & Condition iIn
Earthworks Asset Policy

Maintain: earthwork managed at steady state
carrying f:Juz' regular or targeted clearing of
drainage, management of vermin and minor
repairs. No improvement in resilience, capability
or likelihood of assef failure.

Refurbish: the likelihood ’:}f he earthwork failing
Is reduced by carrying out localised repairs,
installation of additional ‘J[!'Ef.r'ﬂrf?g*é‘ works or local
support

Renew: the likelihood of the earthwork failing is
significantly reduced by carrying out major works
that result in permanent changes to the asset.
Significant improvement to the resilience and
capability of the asset.

A better railway for a better Britain 11-Jan-17 / 18
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Soil cutting intervention matrix


Water, Risk and the Railway

NetworkRail
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What can we do?

Precursor controls

» Better understand the root cause and potential triggers (Gl/desk study)
» Surveillance: Examination regime, inclinometers, track geometry

» Improve the earthwork condition

» Maintain or improve drainage system capacity

Consequence controls
» Weather forecasting & rainfall trigger levels
» Adverse weather procedure

» Remote monitoring (identify when failure/blockage has occurred)
» Reactive repair

A better railway for a better Britain I 11-Jan-17 / 19
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From Data to Optimised Decisions

Information Knowledge  PRIORITISE Wisdom
* INPUTS s TRENDS s CAUSE (why isthis  « PRIORITISE/RISK
« Earthworks « Trends in movement happening?) RANKING
examination indicator * TRIGGERS (what * “No significant risk at
« Track geometry « Track geometry could make it falil Site 1. Maintain only.”
trace “signature” suddenly?) « “Site 2 is likely to fail if
« Photo of fenceline « Fenceline seems to * CONSEQUENCE the crest drain blocks.
move over time (what happens if it Therefore it will be
fails?) inspected every 6

months and monitored
for blockages”

A better railway for a better Britain 11-Jan-17 / 20
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Presentation Notes
Decision support tools can help to understand what’s happening and highlight trends or issues requiring further assessment. This helps prioritise action.
Big data is not enough!


NetworkRail

stworkRail
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Presentation Notes
I promised I’d come back to the “flying banana”. 
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How do we use LADS?

2 PR N . e
I' :' d Site extent I
- < | ———
r’_.g;:m = | M gttt
. A " J Il',n heiof ey ,:.ql _'r'}
" ‘"."" * ------------------- Nk i AL l'-\...n-u e
(I " o W Ly TIPS
N [ e o . ol MNT Code & De'ic
— MNTO36 - Manyal Correction PLTrack Geometry (CWR)
.| Shaded areas of frequent MNT020 - Maglial Reprofiing of Ballast
] MNTO07 - SYC Tamping
forsond traCk faU|tS thought tO be iy MNT004-¢ain Line Tamping
oo : . MNTO05 -/Stoneblowing Plain Line
- d ue to un d e rlyl ng g roun d ------ MNTO echanical Reprofiling of Ballast
| conditions. Renewal type |- ([MNTO73 - Drainage
_ . L VINTOO6=Mtanual Wet Bed Removal
~{ work is required MNT026 - Replenishment of Ballast Train
—— T, T e MNTO37 - Manual Correction PLTrackGeometryJointed
MNTO019 - Manual Correction of Plain Line Track Geometry
MNTO025 - Replenishment of Ballast Manual
MNTO012 - Mechanical Wet Bed Removal

AT T - Ehrer oy I
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How do we monitor earthworks?

Geotechnical monitoring instruments |

Slip indicators
Inclinometers
Piezometers

Topographic surveying
(Pegs)

A better railway for a better Britain /
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Operational monitoring instruments

Cant sensors

Landslip detectors with CCTV
(RCM pilot study)

Acoustic systems

A better railway for a better Britain /
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Understanding the Bigger Picture —
Trend Analysis & Changes in Risk over
Time

A better railway for a better Britain /



Water, Risk and the Railway

NetworkRail
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Understanding Rainfall Trends

11-Jan-17 / 26
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Presentation Notes
Intense rainfall is the most common trigger for earthworks & flooding problems. So what are the trends in UK rainfall due to climate change, and how does that affect the risk of an event (eg a landslide) occurring?


Water, Risk and the Railway

NetworkRail
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Correlation between rainfall and UK landslips

N.B. Data collection incorporate Twitter from August 2012 onwards

UK Rainfall and Landslides: September 2016
- B8O

aBh
e Rainfall (mm) [Source Met Office]
== == Accumulating average monthly rainfall 2006-date (mm)
e Mo of Landslides [Source: BGS]
3 I | . Accumulating average monthly landslides 70
\ BO
250
=
E 200 =
E =
= £
5
e 5
150 - &
E
3
=
100

50

Source: BGS (Landslide data); Met Office (rainfall data)
http://bgs.ac.uk/research/engineeringGeology/shallowGeohazardsAndRisks/landslides/landslidesAndRainfall.html
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Past / Present / Future?
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««++++ 5yr Moving Average
FY Annual Rainfall (% against last 100yr average)
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(Outside Party Slopes)
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== Winter Rainfall Dec-Jan (% against last 100yr average)
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Presentation Notes
Put this up recently at the Network Rail geotechnical conference and asked whether people thought this was a lucky coincidence? I’ll leave you to come to your own conclusions after the next 10 minutes. 
Have been fortuitous in the past; where number of derailment events could have been higher; AND we do continue to see events where the outcome could potentially have been more significant than the actual event that unfolded. 
Notable that 13/14 remains the wettest winter on record and 15/16 is the second wettest winter on record.
If we look at FY rainfall – 2012/13 is the wettest; with 2000 still holding the record for the wettest year.
(Slides 19 to 21 – may cut this slightly. Slides/Notes provided by Simon Abbott)
Rainfall trend increasing – failure rate appears to be increasing (we are better at reporting smaller events now partly a reason)
Gillingham – Nov 2009 (wettest November on record) – however, drainage mismanagement was a key factor in the derailment
Falls of Cruachan – non-rainfall triggered rock-fall
Then we get into the wettest FY on record
Clarborough – April 2012 (wettest April on record)
Loch Treig – June 2012 (wettest June on record)….define anyone to predict these types of failures
Rosyth – July 2012 (ground not recovered; above LTA%)
St Bees – August 2012 (convectional thunderstorm event; 50mm in 5hrs)
Since Bargoed; we have experienced the two wettest winters on record (including the wettest month ever in Dec 2015 & several Storms; inc. Barney, Jude & Desmond) but not had a single derailment..
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Presenter
Presentation Notes
Whilst failure rate is increasing (partly rainfall, partly better reporting); the frequency of potentially significant safety events is reducing
Increase in specialist route and HQ staff. Grown early 2000 where there were 10-20 staff involved in Geo & drainage to now 60-70
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Still having events – still a drive for improvement. Still seeing potentially high consequence events on the network – and we still will….not resilient to modern 


Water, Risk and the Railway

The Wider Context in 3 Charts

Safe boundary limit

assume
crossed

Planetary Boundaries

A better railway for a better Britain I

NetworkRail
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Water, Risk and the Railway

NetworkRail
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Geotechnical Skills & Risk
Communication

UK-wide shortage of geotechnical expertise

Geotechnical skills training & recognition:
» ROGEP (CEng/Cgeol)

» EngTech

» Short courses for contractors/supply chain

Risk communication

» Always test your message!

» Understand the research (www.climateoutreach.org.uk/)
» Framing the issue wisely

A better railway for a better Britain 11-Jan-17 / 33
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Presentation Notes
Given that there is a shortage of geotechnical expertise in the UK, we need to get better at communicating. 

http://www.climateoutreach.org.uk/

NetworkRail
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Concluding Remarks

| 488 Department for Transport ~ East Coast: more seats, more services and new trains

WITH:
» Historic earthwork assets
» More trains
» Higher speeds
» More passengers & freight

AND
» Worsening weather (more intense rainfall, more dry periods)

The UK railway needs ground engineering specialists
more than ever!

A better railway for a better Britain /
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Questions?
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