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What are our catchments?

Flood risk and resilience

River basin district: The main area for coordinated water management.

River catchment: The river basin districts are then split into river
catchments. A river catchment is an area of land where water collects when
it rains, often bounded by hills.

Surface water catchment: A surface water catchment is an area of land
where all precipitation (like rain or snowmelt) drains into a specific body of
water (doesn’t necessarily need to be a river). It's essentially the area
"drained" by that outfall.

Network Rail sub-catchment: These are surface water runoff catchments
that flow towards the railway, see Network Rail’s Geo-RINM viewer,
Catchment Layer.

Coastal Area and Policy Development Zones: Each Shoreline
Management Plan is divided into a number of Coastal Areas, for discussion
and policy development. Coastal Areas are further subdivided into Policy
Development Zones, lengths of the coastline defined for assessing issues
and interactions and developing management options.
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Understanding England’s future
water needs at 2050

What are our catchments? I

+ increasing resilience to 2 1 in 500-year dreught
« high population growth

. e
‘absiraction reductions identified in current company plans.
« individual water company analysis of climate change impacts'.
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Water resource groups: Regional groups bring together the water
companies that operate in each of England’s regions with key water users :
and other stakeholders. TRET TR

ly needs between

Water/water and sewerage companies: Organizations responsible for
supplying water to homes and businesses for domestic and industrial

use. They are also responsible for the maintenance and operation of the
public water supply and sewerage systems within their designated area.

Water Framework Directive (WFD) Catchment: These catchments are
used for managing water resources and implementing the WFD's objectives
of achieving "good" ecological status for all water bodies.



What are our catchments?

Network Rail

North Sea

* >150,000 pluvial catchments (<5ha)
> 8000 fluvial catchments

« Nearly 31% of the railway is located
within 1km of (11% within 100m of) a
Site of Special Scientific Interest, Special
Area of Conservation, Area of
Outstanding Natural Beauty or World
Heritage Site

Pluvial catchments

150000

100000

Frequency

English
Channel

50000
1

T T T T T 1
0 10 20 30 40 50

Catchment area (ha)

All catchments coloured by NR Region.



Mapping NR catchments

The national catchment
management dataset has been
developed to provide a
comprehensive, national and
regional overview of the surface
water catchments discharging
towards Network Rail’s (NR)
asset infrastructure.

It is intended to provide
information to the railways system
asset groups on the possible
threats that may be posed to the
asset infrastructure by surface
water runoft.
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Mapping NR catchments

Small catchment hydrology
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* Several methods that vary in age and complexity, and it 1s
difficult to tell what is right and wrong

* Focus on modified catchments, not ones like that flowing
towards NR

* Ongoing area of research

* Lacking data to make decisions

Antecedent conditions

» State of a system before an event or hazard, which can
significantly influence the outcome of that event

* E.g. the same rainfall event at three different times of year
can lead to very different outcomes
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Complex catchment
stakeholders

There are a range of
organisations who have
responsibility for, and
interest in, drainage asset
management and flood
risk.

Office of water services Waater industry Commission far
{Ofwat) Seotland [WICS)

Enviran.
Regulator

$y B

Local
Government

Primary existing interfaces for Network Rail

!

Natural Resaurces Wales Senttish Environmental Pratection
Enwiranment Agen
o (NRW) Agency (SEPA}
Internal Drainage Baard [IDE] Internal Drainage District (10D} “'F“?ﬂ:’:ﬁm Drainage
Water Authorities
Water and Sewerage Campany -
Mime primary with numerous
dary Dwer Cymru Walsh Water, Hafren P

Dipfrlny, Albion Water, SSE Witer
Lead Lacal Flood Autharity {Unitary Autharity]

Sustainable Drainage Approval Body

Lacal Autharity (LA} {District Councils)

Parish Councils

Highways Autharity | Road Autharity / Dept. for Infrastructure Roads
Developers
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Image showing surface water management stakeholder map within the UK




Understanding the
root cause of 1ssues

Incidents included in root cause analysis

Derailment near Moy, Inverness-shire
(26 Nov 2005)

Derailment near Gillingham tunnel
(28 Nov 2009)

Derailment of freight train near Gloucester
(16 Oct 2013)

Network Rail ORR improvement notice
(18 Feb 2015)

Derailment and subsequent collision at Watford
(16 Sep 2016)

Landslip and derailment at loch Eilt
(22 Jan 2018)

Train collision with material washed out from cutting
slope at Corby, Northamptonshire (13 Jun 2019)

Derailment at Qubeck Morth
(4 Nov 2005)

Class investigation into landslips affected Network Rail
infrastructure between June 2012 and February 2013

Derailment of a freight train at Barrow upon Soar,
Leicestershire (27 Dec 2012)

Derailment of a passenger train near Kemble
(15 Jan 2007)

Heworth; Derailment of 10" wagon on 6526
(23 Oct 2014)

Linslade
(lan 2016)

Wrecclesham
(Apr 2016)
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Complex asset interactions

Track: Inadequate drainage leads to poor performance of the track

formation. The resulting track geometry defects cause delays and
require increased track maintenance and renewals to rectify.

Earthworks: Inadequate drainage or water management leads to
earthworks failures which present a significant safety risk to the
network.

Signals / Telecoms: A significant proportion of signalling faults
are due to waterlogged cable runs or track circuit failures, impacting
on train performance. Damage to lineside electrical equipment as a
result of flooding or heavy rainfall has increased renewal costs and in
some cases risk exposure to electrocution or fire.

Structures: Inadequate drainage also has an impact on structures and
can hasten structural deterioration. In some cases, blocked drainage can
impact adversely on structural safety (such as tunnel linings).

‘BTragk circuit
failures

Image showing impact on track geometry from poor drainage

Earthwork Insi

Image showing impact on earthwork from poor drainage
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Image showing impact on earthwork from poor drainage



System complexity
and risk

(1%
.

Due to the complex interactions that drainage
has with other asset groups, we have seen that
the poor management of drainage results in . '
various risks to Network Rail. These include
safety and performance but also financial,
environmental and reputational risks.
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Unplanned
Emergency
Response
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Image summarising the interactions and effects that Reputation

drainage has on other assets, the negative impact of poor
drainage and the resulting risks which can result as a
combination of those impacts.



Burning
platform

We are facing several
significant challenges
which are due to the way
in which we manage
water. This is costing us
money, risking lives, and
affecting our reputation.
These challenges will
intensify, driven by the
trends and challenges
identified. We must
respond now before the
impacts we face become
unmanageable

Poor water management causes
failures, impacting the safety and
performance of the network.

Water is a common cause of failure at
a system level across multiple asset
types. From scour, washout, erosion,
landslips, and saturation, water-related
failures cause significant consequences
for the network. More extreme and
frequent weather events, combined
with poor water management, can
accelerate asset deterioration and
exceed critical coping thresholds
leading to increased intervention'.

Past derailments have demonstrated
the impact on safety and performance.
For example, the Glanrhyd Bridge
collapse' resulted in four fatalities

and the Watford Tunnel landslip and

its subsequent collision™. These sadly
remind us that good water management
sits at the heart of the safety and
performance of our network.

Funding is constrained but
partnership money is available for
water management.

Funding across the infrastructure sector
is constrained, requiring more creativity
and consideration around how we fund
solutions. We are not accessing all
available funds.

Our catchment stakeholders and
communities all face similar challenges
from too much, too little, or poor quality
water. Challenges of misaligned funding
cycles and governance can result in
siloed working and interventions that do
not address root causes of failure.

Without collaboration, we cannot unlock
partnership funding opportunities to
address these similar challenge that
could create cost beneficial solutions.

We are also missing out on unlocking
wider, additional benefits that can be
harnessed through pooling funding and
resources.

Desired outcomes are unrealised
unless we work with catchment
communities adjacent to railway.

Qur 22,000 miles of railway
infrastructure® cuts through
administrative boundaries,
geographies, and over 100,000
catchments’. It is becoming
increasingly difficult to manage shock
and stress events alone.

We know that activities in one
catchment can affect the flood risk
or water quality in another. Without
a full understanding of our role and
interactions with the water cycle, we
will fail to understand the full impact
of the water we use and return to the
environment.

If we fail to fully engage with our
catchment stakeholders and
communities, we cannot solve
challenges across boundaries. We will
not be able to efficiently manage water
without a system approach.



Flooding incidents cost us £20
million a year on average in
Schedule 8 payments?®'.

Poor water management manifests in
train delay costs, and inefficient and
costly repairs. Flooding comprises 25%
of the total cost of all weather-related
incident compensation payments®

and is responsible for approximately
414,000 delay minutes network-wide
per year®,

We experience flash floods due to
intense rainfall and river flooding from
heavy rain and snow melt. Increased
rainfall also impacts soil health, from
erosion and compaction to loss of
organic matter and organisms?.
Intense rainfall events will increase
with climate change and 1-in-2 yearly
rainfall events are set to get nearly
30% worse®. This poses a significant
risk to our infrastructure, with 40% of
the network at high to medium risk of
flooding®. Rising global temperatures
and increasing precipitation are
resulting in more extreme flood events.

Water shortages could mean we do
not have sufficient water available
for safe operations.

A significant proportion of the UK is
already classified as being under
serious water stress® and demand
for water continues to rise. Water
shortages are predicted in the next 25
years?.

The Environmental Improvement

Plan® highlights the importance of
leaving more water in the environment,
particularly as the 2018 UK Climate
Projections® show a trend towards drier
summers with stronger drying in the
Southern parts of the UK.

The railway could face challenges with
more water intensive activities such

as leaf mulch clearance, jet washing
carriages, and dust suppression.

We are likely to experience restrictions
and increasing conditions on the water
we use as a result of water shortages
and increasing drought risk.

Tidal processes threaten the long-
term viability and safety of the
railway.

Long sections of our network are
located along the coastline. Coastal
erosion, flooding, and sea level rise
threaten our ability to run a safe,
reliable railway. Impacts include scour,
destabilised track formation, and
overtopping of defences which can
result in speed restrictions, closure of
lines, and derailments.

By 2050, sea levels around the UK
could be between 10-30cm higher than
the 1981-2000 period®. Rising sea level
and subsequent flooding costs the UK
Government £540 million every year®™
and we expect more coastal incidents
like Dawlish®” sea wall collapse.
Railway assets must be thoroughly
considered in Shoreline Management
Plans®. Coastal Change Adaptation
Plans®* in Scotland broaden the
‘shoreline’ planning scope to include
coastal hinterland for wider coastal
land-use decision making.

Increasing scrutiny of environmental
performance and compliance.

The rail industry is responsible for, or
linked to, approximately 20 serious
pollution incidents every year®.

The water sector is facing public
scrutiny for its environmental
performance with UK Government
taking action. Southern Water was fined
£90 million in 2021 after sewage
discharges polluted rivers and coastal
waters®”. Environmental regulators
adopt a Polluter Pays Principle and the
scale of fines is increasing.

Alongside financial penalties,
environmental protection is of utmost
importance for our passengers and
communities. 20% of our network runs
through surface water catchments

with a ‘bad’ or ‘poor’ overall status¥!
and we need to take responsibility to
identify risks and deliver better pollution
prevention.



Poor water management causes failures impacting the safety and

S Ome performance of the network.

We must learn from the past to protect our network and our passengers

facts SR

? incidents

1 fatalities

£733,000

In the last 10 years (2013-2023) 7 incidents! have occurred that
have caused derailment where drainage was cited as one of the
underlying causes of failure.

There have been 7 fatalities® due to water related incidents, 4
occurring in 1986 due to the collapse of Glanrhyd bridge and 3 in
2020 as a result of the derailment at Carmont.

We were fined £733,000 for failing to undertake adequate
maintenance to prevent a derailment in 2013

Flooding is a common cause of poor performance
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£225m

30%

Delay costs associated with flooding have totalled over £225m
between 2008 and 2022°. Regional breakdown is shown below:

Southem Eastern NWEC WaEW Scotiand

£41m £42m £51m £57m £33m
Fleoding comprises 25% of the total cost of all weather-related
indident compensation payments:.

Flood events have gquadrupled since 1980 and doubled since 2004 in
the UKE.

1 in 2 yearly rainfall events are set to get nearly 30% worse”.

Tidal processes threaten the long-term viability and safety of the railway
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£540m

£58m

10-30cm

Rising sea level and subsequent floeding costs the UK Government
£540m per year®.

Reinstatement of the line at Dawlish following the sea defence
collapse cost £35 million, and a further £28 million in disruption
Costs®.

By 2050, sea levels around the UK could be between 10-30cm
higher than the 1981-2000 period®.

We frequently treat the Q
symptoms of failure and
defect, not the cause.

Nationally....

It is estimated that the cost of wet-

£zuom+ bed removal alone is in excess of
£200million between 2005/6 and
2018/20F.

70+ The most frequently maintained wet
bed site has had 70+ work orders in the
last 15 years®.

In 2022, the cost of wet bed removal is
£8.4M  cimatedat £8 Amillion. Regional
breakdown is shown below®.

Southern Easterm NW&C WEW Scotland
£2 5m £E18m E£15m E£E1.7m £0.9m




There is increasing scrutiny on
environmental performance

Water scarcity and increasing

Working in partnership with ("\

our catchment communities

and compliance. will help achieve our desired

drought risk threaten the safe{
operation of the network, but

Some

facts

provide opportunities for reuse.

outcomes.

30 o.i":: Ower 30% of the Network Rail network is The gap ?E'l"ﬂ'E_El‘l global water supply and
within 1km of a 5551/SACADNB/ WHS. 40 of( demand is projected to reach 40% by 2030 1 005000
@ i current practices comtinue. A significant . _ :
Approximately 50% of the 63 reported proportion of the UK is already under ;ﬂ;izﬂ;ﬁ:ﬂﬂ;ﬁ;m;g;??uum cpult'nises it
category 1 and category 2 incidents from SErious wWater stress’s. E H . BE0ETE
snofa April 2019-Cctober 2022 were water- over 100,000 catchments™.
related, with almost 90% dir impacti In 2022, we experienced the driest July ; ; :
biodiversity™2. Sty mpscng since 1935 nationally, resulting in the Partnership funding is available. For
4 .50¢ highestlevel of Soil Moisture deficit across example, Ofwat has launched a £4m
The Government are taking action against o the network since we started monitoring in £4m open access competition for
sewerage discharges from storm overflows, 2009 By 2050, the UK's average summer 'ﬂﬂfi"ﬁm“ dE!WEFI ng customer,
£90m fior example Southern Water were fined could be around 1.5°C warmer than it was sodiety or environmental benefits®®.
ES0million in 2021 for sewage discharges on average over 1981-2000 and around
into riverst. 10% drierl? We formed a partnership with the
lead parties of the Leeds Flood
20% of the Network Rail network network is Alleviation 5cheme and contributed
within ‘poor’ or ‘bad’ quality surface water ? ? ’nuu ma".d £1 i 5 m £1 Smillion to the scheme. This has
20 of‘;j catchments [defined by WFD) and around There are opportunities to re-use water. As an example, resulted in a much higher level of
8% is within areas designated to protect re-using water pumped out of the Mersey and Severn resilience than if we had acted alone
drinking water sources from tunnels ftotaling 77,000m3/d) could hypothetically be 1o address only the risk to our
contamination®. reused to wash 57 G-carriage trains per day'®. network®l.




Common challenges

Too much and too little water

The UK is facing serious water stress.

Increasing challenges around population growth and the
impact of climate change on water availability have resulted in
stretching targets for water companies around consumption
and efficiency.

It is predicted that demand is expected to exceed

available supply by 40% in 2030 without intervention.

As the fourth largest landowner in the UK, NR have an
important role and need to find ways to minimise usage.

Licensed to abstract a maximum of 43,560 m? per day, for dust
suppression, with other abstraction licences for rail-related
activities totalling nearly 1.3 million m?3 per day.

Some requirements already for some assets that promote
minimising water use such as new buildings requirements for
all new construction, refurbishment, renewal, repair and
managed schemes.

2030

===— Low stress

Severe stress

*Regions defined by water resource
company areas across England:
Affinity Water

Anglian Water

Bristol Water

Cambridge Water

Essex & Suffolk Water
Northumbrian Water
Portsmouth Water

SES Water

Severn Trent Water

South East Water

South Staffordshire Water
South West Water

Southern Water

Thames Water

United Utilities

Veolia Water Projects

Wessex Water

Yorkshire Water

Source: Environment Agency, Cebr analysis



Common challenges

Unlocking wider benefits

Water is intrinsically linked with
environmental, economic, community
and wellbeing benefits.

Wider benefits can be defined as outcomes
over and above the primary objective, for
example water quality improvement or flood
risk reduction.

The focus on wider benefits has been advanced
by the UN SDGs and is fundamental to
achieving business targets. These include

achieving Biodiversity Net Gain (BNG)
on each route by 2035, achieving net zero
carbon emissions by 2045, and furthering

the priorities set out in our Social Value
Framework.

NETWORK RAIL
Environmental
Sustainability
Strategy

& 2020-2050

Social Value
Framework

NetworkRail
i v

HM Government

A Green Future: Our 25 Year Plan to

Improve the Environment

NetworkRail



Celebrating current successes

* Guidance to engage with existing
communities: CaBA Guidance

©® Network

Working with the likes of CaBA
groups, Rivers Trusts, County
Councils and others, delivering
collaborative off railway solutions

Minimise use of fresh and potable

water
We have ongoing desktop studies to
identify alternative options for cleaning
leaf mulch off tracks including the use

rb
5 F\t of dry ice, plasma and laser technology.
NetworkRai, for the L?:;on, d Jironme Although these techniques are being
v/l Easte® oy C ouncil ane i\to provide explored fc_::r more effective _cleaning
Network Rail catchment partnerships Leeds EA). Itis dest nea hange and reducing loss of capacity, they
guidance note Agef‘o‘ém year (40% t:\\ﬂ‘t\_‘on 1o the city- ave a water management benefit
\‘I\f‘\‘} standard © ro\?\f\:p 4 {ne \ea\d‘h hrough redu;::ﬁed reliance on the public West ¢
How to get involved with \:\\;33 formed 2 gr?t‘;"'\ ted £1.5 m\\::?;‘ © ater supply™.
CaBA (Catchment Based arties and © with '\ncf'-’i‘az though at varying levels of Additi
Approach) hT‘;‘:;:t d ?Swa\es velopment, these techniques have W,_‘::"t_"’”a”y, Eastern Region is work
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Take a holistic view



© Network Rail

© Network Rail - gl |

Resist, absorh, and recover

We have examples of solutions implemented to resist water threats
or absorb the impacts of them. These include:

* * Investing £4.4 million to protect the » While putting signalling equipment ug
v v Orklng acro S S future of the Cambrian Line, Wales & on stilts® in areas at risk of flooding Adopt
Western Region® which will protect may solve immediate risks, standard a SYStems'based appr
h : d this at-risk section of the railway from of protection will change with climate The 'ndustry Weath . Proach
CatC ments prOVI eS future extreme events. This includes change, including carbon footprint aSkforce43 is in ; er Res;henca
.. installation of rock armour to improve reductions. Strateg,'eS and fr. Place to develop
endless O Ortunltles tO drainage and protect against future to Provide 2 beﬁameworks in order
pp washouts. the effects o er understanding of

f weather op §

R oo * Removing selected vegetation to a he rai
mmoprove reSIIIGHCG tO the manage the risk posed to track ras'l? System. It exjsts to 4F.'r'|ablranwa
p geometry from desiccation in Il indust “oen vy € ?he
Southern Region®2. Typically this is and deliverjy = e “2loping

re

network, unlock wider
benefits and more

: . worked With 1092 e to he WATER INNDVATION STRATEGY..
efficient solutions that mpleme tpractelly spaces: ALY

© Spring Innovation 3 o © Wikimedia commons

arc

Smart investment and partnership opportunities

Various stakeholders within the water environment have funding
opportunities available to us:

- Ofwat has established The Water and is an ideal opportunity for us to
Breakthrough Challenge*, calling collaborate and innovate.
on water companies to join with - Defra’s landscape recovery scheme*
partners to co-create and deliver is an opportunity to take a radical and
transformative innovative solutions large-scale approach to producing
in the water sector. We anticipate environmental and climate goods.
more cross-sector funding becoming - The 2050 Water Innovation Strategy*’
available through these channels. seeks to encourage partnerships
+ Ofwat's Innovation Fund*, a beyond water companies, through are py,
pioneering £200 million programme, initiatives like catchment partnerships ty ¢,
was set up in 2019 to grow water + Ofwat has launched a £4 million pro,
sector innovation to meet the evolving open access competition ‘The Water e
needs of customers, society and the Discovery Challenge*’ for early-stac W
environment. Initial rounds required innovation with the potential to deliv Vul"efab/ est Oast e il d
water company sponsorship but benefits for water customers, socie Ce”tra/e f floog; nij re age
going forwards it is ‘open access’ and the environment. meRe ion This N Vlghly
nt .
n



What does i1t
mean to me?
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Water Management Strategy

NetworkRail

Buildings
and Givils

/ﬂ\ FUNCTION

ASSET

Control .

Command Mﬁ::gm Systems Track and GLOSSARY
~and Electrical Engineering S&C

Signalling

@ Track geometry is affected
by thirsty trees, dewatering

of mines under the track,

land slips, heave, ground
water levels and desiccation.

® There is a risk of

® Flooding can wash
away ballast, the bed of

stones supporting
railway sleepers. Such
‘washouts’ can make

material being washed
onto the track if crest
drains are inadequate.

® There is a risk of

corrosion in tunnels as a
result of leaking tunnel
linings.

® Groundwater levels
can rise onto the railway,
affecting an extended @
length of track for an
extended period of time.

the line unsafe until
repairs can be
undertaken.

® We use freshwater water for track

maintenance. 30 - 40,000 litres of water per
shift across approximately 750-1000 shifts
per year, is used to reduce the risk of rail
grinding sparks igniting sleepers.

Coastal inundations can wash
the track away, put the track at
risk of erosion or long-term non-
recoverable movements.

&

During flooding events, local

communities may rely upon

the integrity of our railway as
evacuation routes.

® Wet beds develop where
ballast or sleepers become

——® saturated, resulting in dynamic

irregularities in the track profile.

E ® Lubricants and grease applied to the
track, alongside other pollutants can lead to
ground contamination. Appropriate
environmental impact assessments help
mitigate potential risks.

® Ground water levels and poor drainage
can affect track geometry

® Sink holes, caused by water-related
activiies such as declining water levels,
point-source water, concentration of water
flow etc, can result in considerable
disruption. There have been 50 reported
incidents over the previous 12 years. .
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