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Interdependency of Infrastructure

e Many studies on existing and obvious interdependencies
(e.g. electricity power supplies to other infrastructure (rail))

e Limited knowledge on
— How one system is affected by another through unexpected means
— How users embrace challenges and change behaviours, which leads
to transformation of society
e Research needs

— Numerical tools to empower practitioners



e Evaluation of dependency between urban water supply and
railway: The scenario of track flooding caused by water main
burst

Samane Faramehr

e Interdependencies between power supply industry and
Railways

Taku Fujiyama



EVALUATION OF DEPENDENCY BETWEEN URBAN WATER

SUPPLY AND RAILWAY:
THE SCENARIO OF TRACK FLOODING CAUSED BY WATER

MAIN BURST



Infrastructure systems and interdependency
Normal state of operation vs disrupted state
Risk management strategies

Scenario of track flooding (high consequence)
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Past incident: Thameslink track flooding (Jan 2015)
Thameslink: between Farringdon and Kentish Town
Railway track through cuts and tunnel

Immature drainage asset inventory (Network Rail)
Railway gradient (Network Rail)

Adjacent trunk water mains (Thames Water GIS data)
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Sub-scenario development
Numerical simulation
Hydraulic calculation

Input (parameters)

Ballast and local drainage
Railway flooding criteria

Railway asset and operation

Sub-scenarios
/ Input
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Sub-scenarios

/ Input | —
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Water main network

Quantified
=P results



Time for track flooding (mminute)
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Flood caused by trunk main burst
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Rail Height=0.159 m
Flat bottom standard rail (UIC54)

Above the top of the rail head
Movements only permitted by
instructions from Operations
Control

Up to the top of the rail head

Maximum speed § mph At any depth

If flood water is moving and likely
to dislodge the ballast or has
dislodged ballast, stop trains and
wait for further instructions from
Operations Control.

Up to the bottom of the rail head
Normal working

Rule Book provisions for running through flood water

Criteria of track flooding



Distance between
the burst and the
lowest point

Time for track flooding (minute)- water depth

at the top of the railhead
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Age of track ballast
(new vs fouled
ballast)

Time for track flooding (minute)- water
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Railway asset and operation Railway industry

Sub-scenarios
/ Input

Quantified
results - Interdependency .-’

Boundary

Sub-scenarios

/ Input o [ City level GIS

—

Water companies

Water main network 11



* Infrastructure systems and
interdependency

« Risk management strategies
« Scenario of track flooding

Cut-and-cover underground 5-6m

Thames Tunnel

Crossrall 25m)

London Power Tunnels 35m

Deepest station
Hampstead 58.5m{




Past incident: Thameslink track flooding (Jan 2015)
Thameslink: between Farringdon and Kentish Town
Railway track through cuts and tunnel

Immature drainage asset inventory (Network Rail)
Railway gradient (Network Rail)

Adjacent major water mains (Thames Water GIS data)
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Sub-scenario development
Numerical simulation
Hydraulic calculation

Input (parameters)

Ballast and local drainage
Railway flooding criteria

Railway asset and operation

Sub-scenarios
/ Input

e Boundary | _-

Sub-scenarios

/ Input | —

ﬁ

Water main network

Quantified
=P results
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Railway asset and operation Railway industry

Sub-scenarios
/ Input

Quantified
results - Interdependency .-’

Boundary

Sub-scenarios

/ Input o [ City level GIS
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Water companies

Water main network 15



Time for track flooding (for H=0.1m)} [s]
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Above the top of the rail head
Movements only permitted by
instructions from Operations
Control

Up to the top of the rail head
Maximum speed § mph At any depth

If flood water is moving and likely
to dislodge the ballast or has
dislodged ballast, stop trains and
wait for further instructions from
Operations Control.

Up to the bottom of the rail head
Normal working

Rule Book provisions for running through flood water
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INTERDEPENDENCIES BETWEEN POWER
SUPPLY INDUSTRY AND RAILWAYS



« Coal/biomass power stations
concentrated in North
Lincolnshire with Immingham
being the major import port

* Critical rail section
around Immingham

* Quantification of risk iIs
required
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2 cege-tirig.ad ud ac uk

* Develop a Data system to
capture and store of Network

Rail Freight Search

Rail's Data feeds (and power
station outputs)

Train Running Records by a Station/Junction

This page shows the trains passing through 2 station for a chosen date range. The origin and destination statistics along with any delays is aiso shown.

[

Statistics by Port

This page shows the trains departing/arriving into ports for 2 chosen date range. This alsc shows detailed journey and dwell time statistics along with predicted commodity for specific
routes.

Network Statistics

This page allows to download origin/destination statistics of all rail freight routes for a chosen date range.

« Data includes
» Origin (time, day)
» Destination (time, day)

2 coge-tirig aduclac.uk

Train 1D From To Arrival Time Departure Time v
° TO nn ag e © sz relbsowe soh i concasar g7 (Pl O A
©  ssssancezr Felixstowe South F. Beistol Freightiiner Trmi 27/02/2017 23:28:00
o 43483RCE27 Falixstowa South F, Garston F.L.T. 27/02/2017 22:01:00
o 49482RCT727 Felixstowe South F. Ditton (O'Connor) FLiner 27/02/2017 21:46:00
=) ©  ssssmoizr Falixstows South F.L.T. Bitton (Q'Connor) FLiner 27/02/2017 21:28:00
« Data Analysis to understand O s remons e
. [+] 49496QCW27 Felixstowe South F.LT, Lawley Street F.L.T. 27/02/2017 18:12:00
CO al / b iomass ﬂ ow to p ower e ——— e —— T
[+] 45495QCV2T Fellxstowe South F.L.T. Leeds F.LT. 27/02/2017 17:18:00
= © oy Felixstows South F.L.T, Felixstows North F.L.T. 27/02/2017 16:25:00
Statl O n S ° 43467QC527 Falixstowa South F. h

Coatbridge F.L.T. 27/02/2017 16:07:00 O
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« UCL attempts to create numerical tools/discussions on
Infrastructure interdependencies

« Scenario development is key. Comprehensive evidence- or
data-based development of scenario development

« Scenarios that consider (or focus on) transformation
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