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Meet up with our exhibitors and other delegates



Welcome back

Peter Simpson

Chief Executive

Anglian Water



Building understanding for resilience



How climate change will impact our networks:
Modelling the relationships between soil, weather and 
bursts

Richard Fielding

Smart Water Technical 

Lead
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Tim Farewell

Director

MapleSky



Modelling the impacts of 
climate change on infrastructure

Dr Timothy S. Farewell

tim.farewell@maplesky.co.uk

07442 238 947



PAST  ≠  PRESENT  ≠  FUTURE 

Changes:

• Frequency of (bad) events

• Areas affected 

• Assets at risk

• Deterioration of particular materials

• Regulation 

• Demand patterns

• Opportunities for improvement

Environmental Risks & Utilities…



Water is AWESOME!

Essential for life

Essential for economic growth

Essential for peace and security

Environmental Risks & Utilities…

Water Networks = 

true critical national 

infrastructure



Well, 2022 was fun…



1. Assemble data and identify environmental impacts

2. Build historic models of asset performance

3. Construct forward looking climate models

How we model climate impacts



1: Assemble data and find patterns



Weather
Soils

Infrastructure

Trees

!

How do these 

factors interact to 

cause asset failures?

Data and Environmental Impacts  

Then use this to better plan 

investments / interventions. 



Summer peak

(temperature and ground 

movement impacts)

Winter peak 

(Cold weather impacts)

Monthly trends



Iron bursts in the winter

Monthly Trends (by material)

AC and PVC burst more 

often in the summer / 

autumn

This trend is increasing in 

many areas across the 

country – both a mixture 

of deterioration and 

increasing climate risks. 



Temperature

cold hot cold hot



Soil shrinkability 

Video showing different soil responses 

to moisture – can be viewed in the 

video recording from the Conference



Can the soil shrink?

April

Augus

t

October



Soil impacts

How shrinkable are the soils?
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burst rates in 

different soils 

(2012-2021)

More bursts in 

shrinkable soils



Soil impacts

How shrinkable are the soils?

B
u

rs
ts

 p
e

r 
1

0
0

0
 k

m
 p

e
r 

ye
a

r

Average summer 

burst rates in 

different soils 

(2012-2021) 

compared with 

2022 (very hot!)

Even more bursts 

in hot summers!



cold weather

Temperature & soil moisture

hot 

weather

dry soils



Temperature & soil moisture AC fails most when 

soils are very dry… 

and especially where 

soils are shrinkable



Temperature & soil moisture

Even in Wales! 

hotter 

temperatures 

and drier soils 

lead to more 

bursts!



Average soil moisture by region



Soil moisture

When Welsh soils dry out 

a bit more than usual … 

more bursts occur!



Very shrinkable 

soils and 

geological units

These more northern units are 

not AS shrinkable, but they are 

showing movement already.

https://link.springer.com/article/10.1007/s10584-015-1486-z

& www.bgs.ac.uk

Shrinkable soils & geology

https://link.springer.com/article/10.1007/s10584-015-1486-z
http://www.bgs.ac.uk/


Iron pipes fail most in cold winters

Iron also fails a bit more when summers are hot and dry *

Asbestos Cement pipes fail most in hot, dry summers *

* (especially in shrinkable soils)

PVC pipes also see increased failures under very hot conditions

Patterns of bursts & weather



2: Build historic models of performance



Temperature, Soil 

Moisture Deficit, 

Rainfall…

Large peaks of bursts in 

cold weather conditions

Less obvious are some prolonged 

summer outbreaks (e.g. 2018)

Weather and bursts



Predict monthly bursts

We are able to predict the 

number of bursts that will 

occur based on soil, 

weather and 

infrastructure parameters

Pipes show different 

seasonal trends. 

AC bursts in the summer.

Iron in the winter.



3: Construct climate models



8 “decadal time-

slices”

4 Representative 

Concentration 

Pathways (RCP) / 

emissions scenarios

“high emissions”

Climate Modelling (UKCP18)



1. Our summers are 

already gradually 

warming…

2. Even RCP 2.6 (low 

emissions) still results in 

much hotter temperatures. 

3. RCP 8.5 (high 

emissions) is so 

much worse…

Observed conditions (decadal averages)

4 climate scenarios



1. Hotter, drier summers

2. Warmer, wetter winters

3. “Extreme” weather becomes common

4. Rising sea levels

https://www.metoffice.gov.uk/binaries

/content/assets/metofficegovuk/pdf/re

search/ukcp/ukcp18-fact-sheet-

derived-projections.pdf

Climate change in the UK



Event years (summers)

2011 2018 2022

2022 record – 

breaking temperatures 

(again) and SMD….

And record breaking 

burst levels for AC



Blue line – 2006-2020 average

Black lines are actual values – 

not the variations / extremes

Green line – RCP8.5 2080s average

2022 was 

even worse!!!

Black line = observed

Blue line = 2006-2020 average

Green line = 2080s average



1) Fewer winter bursts in 

an average year!

2) More summer bursts

3) More bursts at time 

when  water demand is 

the greatest, an under 

future climates, rainfall is 

much less.

Changing burst numbers

2018 

record

2022 

record



Performance now 

(Baseline)

2080s (low 

emissions)

2080s (high 

emissions)



Different climate 

scenarios will result in 

different numbers of 

bursts. 

Current baseline bursts 

over different time periods

Bursts under future climates



Key Findings



Assuming no further deterioration of the assets…

• Expect fewer iron bursts in winter, on average.

• Winter outbreaks still will occur, but will be less frequent. 

• When winters are cold, many bursts will occur. 

1. Fewer winter bursts



Assuming no further deterioration of the assets…

• Expect more bursts:
• AC

• Iron 

• PVC

• Especially in shrinkable soils

2. More summer bursts



Assuming no further deterioration of the assets…

• Bursts will occur more in summer months, when water 
demand is greatest.

• Extreme years like 2022 will become average years

• Hose pipe bans and visibly bursting pipes … PR issues

3. Increasing water scarcity



So, what can we do?



Identify vulnerable regions

High burst rates arise from a 

combination of aggressive soils, 

aging pipes and extreme weather

Areas with dense populations 

(and more pipes) will have more 

bursts… but may not have the 

highest burst rates



Identify ”at risk” assets under 

current and future weather 

conditions. 

Help guide prioritisation for 

interventions

Identify DMAs and pipe 

cohorts most at risk under 

different weather 

scenarios

Identify vulnerable regions and assets



Identify high risk assets

Prioritise asset 

replacements based on 

historic performance and 

coming climate risks



Soils
Weather

Trees

!

are there trees nearby?



treesno trees

are there trees nearby?



Landis.org.uk/npd

Data copyright  © Cranfield University, 2017; Anglian Water, 2017

sandy soils clay soils

trees & soil – critical



1. We are already seeing climate impacts & these will get worse

2. Industry-wide current investment levels are not enough to ensure 
resilience

3. Models can help ensure limited resources target the right areas

Raise awareness of climate impacts

Connect on LinkedIn



You are a key part of this process!

1. Pre-identify coming climate risks you face

2. Start by quantifying current weather impacts on your network

3. Engage in conversation with others about this!

A personal call to action

Connect on LinkedIn



If you have any follow on questions, 

would like to explore an aspect of this in more detail… 

or just want to touch base then do scan here to connect with me on LinkedIn.

Or reach out via:

tim.farewell@maplesky.co.uk

07442 238 947

maplesky.co.uk

Thanks! 

Contact details

https://www.linkedin.com/in

/timothy-farewell-

26557116/



How climate change will impact our networks:
Modelling the relationships between soil, weather and 

bursts

Annual Leakage Conference – Dec 5th 2023 
Rich Fielding



The Anglian Water Region
AC, 7,114, 

18%

Iron, 10,935, 

27%
PE, 13,629, 

34%

Other, 437, 

1%

PVC, 5,949, 

15%

SDI, 2,031, 

5%

Regionial Mains Material Breakdown 

(KM's)

AC Iron PE Other PVC SDI



Impacts of Pipe Failure



Pipe Criticality  - Project on a Page

Likelihood of 
Failure (LoF) 

Models

Consequence 
of Failure (CoF) 

Models

Root Cause 
Analysis (RCA)

Performance 
Reporting

Condition 
Assessment

Optimisation



Enhanced response;

• Optimised sensor deployment and analysis

• Accelerated repair

• Response planning

• Resource planning

• Democratised data and insight for daily decision 

making

Tactical Utilisation 



Prevention

• Alignment of capital investment to improve outcomes

• Plan to replace ~6,000km of our most climate vulnerable mains 

between 2025 and 2060

Strategic Utilisation 



Collaboration 
Opportunity?

Rich Fielding – rfielding@anglianwater.co.uk



Questions?



Smart resilience (an SES Water case study)

Daniel Woodworth

Director and Co-founder

Dayworth Consulting

Tanya Dady

Director and Co-founder

Dayworth Consulting



Smart Resilience 
- an SES Water case study -

Tanya Dady & Daniel Woodworth
DAYWORTH CONSULTING



Question…



The Answer…



The next 20 years



Perfect Weather

• Drizzle [driz-uhl]

• To rain gently and steadily in fine drops.

• A very light rain

• Meteorology. Precipitation consisting of numerous 
minute droplets of water less than 0.02 inch 
(0.5milimeters) in diameter. 

• Perfect all year-round weather for leakage 
managers



Summer

• The summer of 2022 was one of the hottest and driest on record. 

• 2022 was the fourth hottest summer since records began in 1884

• UK record breaking 40.3 °C temperature recorded

• 46 locations across the UK exceeded previous daily temperature records

• Melting runways at airports

• Soil Moisture Deficit (SMD) >130mm

• Extended dry spell in the pre-summer months

• National record high night-time temperatures recorded



Summer: SMD



Summer: The First Real Test



• Exceptionally harsh conditions
• Arctic air mass over the UK
• Unfavourable jet stream position
• Temperature fluctuations
• Freeze-thaw cycles
• Worst leakage outbreak on record

Winter:



Temperature & MNF



Temperature & MNF



2022/23 Ofwat Common Performance Commitments

Leakage

Water QualityBursts
HANDS 
UP IF…

Supply Interruptions









How iDMA Works

1. Measurement  1 minute data, every 15 minutes

2. Prediction  Learned profiles 

3. Limit  Historical data – predictions – sensitivity factors



Alarms During Summer Outbreak

Total Unique 
Alarms:

207

Total Unique 
Alarms:

294

Summer Outbreak 
Period

09 July 22 – 04 Sept 22

Previous 50 Day 
Period

20 May 22 – 08 Sept 22

40%



Alarms During Winter Outbreak

Total Unique 
Alarms:

139

Total Unique 
Alarms:

696

Winter Outbreak 
Period

10 Dec 22 – 21 Dec 22

Previous 12 Day 
Period

28 Nov 22 – 09 Dec 22

500%



Leak Awareness



Leak Awareness



Leak Prioritisation





Data is key!You still need 
people!

Avoid the urge 
to revert!

*Be better next time*



Trust the Process

iDMA alarmed to EVERY significant leak

Small proportion of false alarms (~10%)

Without iDMA we would not have known about many of the bursts until the following morning

Only 48 properties had a supply interruption over 3 hours (Avg. duration = 3.8hrs)

No supply issues or loss of major storage

No alternative water needed to be deployed





Near real time 
response to 

network events

Minimal customer 
impact

Effective targeting 
of asset renewal at 

all times

Best value and 
best-timed 

interventions

Maximise usable 
asset life

Flexible strategies 
depending on 

operating 
conditions

Our Challenge to the Industry…





Questions?



The potential of AI for supporting resilience & leakage 
management – update on learnings from the Safe Smart 
Systems project

Jenny Wright

Strategy & 

Transformation 

Consultant

Jacobs

Matthew Hughes

Smart Systems Strategy 

Manager

Anglian Water



Safe Smart Systems

Matt Hughes
Smart Systems Strategy 
Manager

Anglian Water

5th December 2023

Jenny Wright
Senior Associate Director & 
Transformation lead

Jacobs



What are we covering?

• Background and overview of the project

• Progress on the project to date

• Areas of development

• Challenging our operational environment



What’s the project about? 

Solving tomorrow’s problems and 
developing the capability to manage 
emerging change in our world

A safe, smart system embeds resilience 
from source to tap through optimising and 
automatically re-configuring based on 
predicted or detected faults and real-time 
risk profiles. It is secure by design and can 
respond to emerging needs as well as those 
of today. 



Who’s involved 



Our Vision and Mission

We have built and are operating an automated, connected system that delivers a clean, 
sustainable supply of water for future generations

To develop and evidence a scalable and adoptable safe smart system within Ely (Anglian 
Water Region); with the capability and culture to operate; that is validated by the 
industry and provides the path which can be followed by others to embed resilience and 
benefits for customers, society and the environment.

MISSION

VISION



Systems 
Based AI 
Decision 
Engine

Next-gen 
Infrastructure

Smart 
Water 

Industry 
Standards

Smart Water 
Systems Cyber 

Security 
Framework

Water 
Information 

Management 
Landscape 

Demonstrator

What’s involved 
Breaking it down the key components



System models simulate multiple responses to 
an anomaly or external change and selects / 
optimises recommended setting changes 
against customer service and environmental 
impact criterion.

A key enabler to our AI Decision Engine is deploying 
automated physical infrastructure and smart OT 
hardware like valves, pumps, edge processing & 
computing, in the right areas. This provides 
automated protection of service to customers and 
the environment.

Creation of the future cyber security standards required to 
support our cyber-physical infrastructure. This includes 
definition of robust, repeatable risk models, drawing alignment 
between the SWAN model and IEC62443 as well as overlaying 
the potential of attacks to the future model on MITRE 
frameworks.

Openly sharing key artefacts produced from our digital delivery for the 
reference and benefit of the whole water sector. It includes a minimum asset 
standard for AI data (including policies/standards for data quality), glossaries, 
catalogues and dictionaries and technology reference architecture.

Representations of our built solution 
and the entirety of the Water Industry 
Information Management Landscape. It 
includes a reference architecture that 
encompasses data and technology. Also, 
a deployment strategy for next-gen 
infrastructure which will have significant 
impact on costs and be valuable for the 
wider industry.

Systems 
Based AI 
Decision 
Engine

Next-gen 
Infrastructure

Smart 
Water 

Industry 
Standards

Smart Water 
Systems Cyber 

Security 
Framework

Water 
Information 

Management 
Landscape 

DemonstratorThe project partners collaborate and work in agile and new 
ways to deliver transformational outcomes that will benefit 
the wider water industry. New ways of working will be 
embedded within operational teams to create a ‘no-collar’ 
workforce - a hybrid human-machine environment that 
leverages the unique strengths of both.

New 
Ways of 
Working

What’s involved 
Breaking it down the key components



Outcomes and Benefits
Why develop a Safe Smart System



Project Timeline

Phase 0
MOBILISATION

Operational Initiation
Administrative Set Up
Detailed Planning
Kick Off Report

FEB 22 – JUN 22

Phase 1
INITIAL RESEARCH

Baseline physical infrastructure, 
system performance and data 
structure
User research
Operator use-case 
development
Data quality improvement
Reference architecture

JUL 22 – APR 23

Phase 2
CONCEPT & FEASIBILITY

Metrics, database and 
governance
Design decision engine simulator
Digital twin products
Critical asset identification
Design/install sensor and control 
infrastructure

FEB 23 – FEB 24

Phase 3
DEVELOPMENT & VERIFICATION

Live incubator testing, advising 
decisions
AI analytics test and learn sprints
Operator guidance developed
Additional infrastructure 
installation
National IMF how-to guides

DEC 23 – NOV 24

Phase 4
VALIDATION & 
OPTIMISATION

Live incubator testing
Agile test and learn sprints
Operator training guidance 
refined

SEP 24 – AUG 25

Phase 5
CLOSE OUT

Finalise project outcomes
Publish findings
Close project

SEP 25 – OCT 25



Our current development

What is the first system MVP?

• The normal state for the network should be 
the lowest pressure and lowest energy

• We aim to demonstrate that actionable 
decision making can take place at a system 
level

• Our first system level MVP will include these 
essential capabilities of a smart network

• Support both manual and autonomous 
prioritisation of events

• Leads to first autonomous deployment with a 
reconfigurable network

The ability to detect events (sensor 
or actual)

The ability to predict 
probable events

The ability to know the 
consequence of events

The ability to know how to 
resolve an event



High Level System Requirements



Next Generation 
Infrastructure

Decision 
Engine

Operational 
Environment

How is the project delivering?

Our model for success

For our Safe Smart System to be successful and sustainable  it needs 3 elements:



How is the project delivering?

Our model for success

Next Generation 
Infrastructure

Decision 
Engine

Operational 
Environment

Data

People

Asset

Digital



MVP 1  

Reduced 
Number 
of Failing 

Assets

A tool which alerts user of a 
potential I2S event based 
on outlier pressure and 

flow data

Process  
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t  

MVP 2  AquaAdvanced 
Energy

Sprin
t  

Sprin
t  

Sprin
t  

Sprin
t  

Sprin
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Sprin
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Solution 
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A solution that will 
reduce energy costs 

in Ely

A tool which alerts user 
of a potential I2S event 

based on criticality

Business process change / ways of working / operating model (for Ely, Cheveley, Newmarket) / stakeholder alignment / scalability

O
u

tc
o

m

e
 

Improve
d 

Respons
e 

Strategy 
to Event

Reduce
d 

Networ
k 

Leakage

Reduced 
Leakage

Increased 
proactive 

maintenance

Reduction in 
water quality 

contacts

Reduced 
Interruption to 

Supply

Reduced 
Number 
Contacts 

once 
issue 

occurs

Reduce
d 

number 
of 

Water 
Quality 
Incident

s

Enhanced 
inter-

connectivit
y & 

Resilience

Prediction 
of failure 
with an 

increased 
level of 

confidence

Predictive 
analysis 
using a 
suite of 
sensors

Agile Methodology / user research / identify ‘as is’ for each MVP  / creating future state 

ADKAR  / training / roll out  / user research / UX / UI / value drops / outlier and testing prototypes

Development of an MVS to 
demonstrate that an actionable 

decision-making process can take 
place at a system level

Azure 
environment that 

has machine 
learning capability

Detect, 
predict, 

consequence, 
resolve (failure 

in system)

Improved 
Business 

Capability 
Maturity

Agile Methodology / Use Case prioritisation /  creating future state / roadmapping

Monitor performance / training  / user research / stakeholder alignment / value drops / Business Capabilities

Ability to 
identify 

escalations 
quicker with 
more reliable 

data

Ability to 
understand scale 

of  escalations 
and deploy 

response quicker

Ability to 
know a more 

precise 
location of 
I2S event

Ability to 
understand the 

response to incident 
quicker and respond 

accordingly

Machine learning 
model developed – 
code that has been 

trained with data and 
is constantly updating

Scenario 
library

Ability to know how to 
resolve a failure based 
on pressure and flow

Detect 
failed 

sensors

Condition 
Based 

Maintenance

Know the 
impact of 

asset failure

Operational 
Technology 
that is fit for 
automation

Reduced need for 
reactive maintenance 

enabling routine 
/  pro-active 
maintenance

Dynamic 
Boundaries

Feedback/data 
from restoration 

team is submitted 
consistently into a 
common platform

Conditioning 
regimes 

introduced as 
part of control 
methodology

Reduced 
operational 

carbon 

Reduced 
travel by 
operators 

Assets are better 
maintained 

reducing need 
for reactive 

maintenance

Reduced 
interruption 
to routine 

maintenance 
by I2S 

response

Im
p

a
c
t 

Operational 
control 

management fit 
for automation

Modelling 
against 

Imperial’s 
design

Technologic
al installs - 

Clancy

???

A solution that will 
lower Average Zonal 

Pressure

Technological 
installs - 
Samotics

Understand 
asset risk

Gather operational 
and modelling 

information to capture  
appropriate response

interviews / 
future state 

mapping

The ability to 
know the energy 
optimal state of 

the network

Reduce
d 

energy 
usage

Next Gen 
Infrastructure 
manufacture
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mapping
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network 

Reduce
d 

energy 
usage

Next Gen 
Infrastructure 
manufacture

Process People Tech



In summary 

Safe Smart Systems is an 
opportunity to rethink water 
operations and make the most of 
emerging technologies

• A system level AI decision engine is at its 
heart

•  Creates the opportunity to collect and 
manage data in more effective ways

• Security is at the foundations
• We can rethink how we organise around 

technology
• Water companies have immediate access to 

all learning
• Path to value for customers and the 

environment can be seen



Want to know more
How to stay in touch or get involved

• Email the team at SafeSmartSystems@anglianwater.co.uk, you can ask about the 
project, an event or how to get involved 

• Visit our innovation site at https://awinnovationhub.co.uk/project/safe-smart-
systems/

• Look out for communication on our forums, workshops and partner events where we 
share learning

• Connect with us and the other team members on Linkedin where we share updates 
on progress and key events

mailto:SafeSmartSystems@anglianwater.co.uk
https://awinnovationhub.co.uk/project/safe-smart-systems/
https://awinnovationhub.co.uk/project/safe-smart-systems/
https://www.linkedin.com/feed/


Any questions



Thank you 
for listening



Closing remarks

Peter Simpson

Chief Executive

Anglian Water



Thank you to our exhibitors



Conference close

Peter Simpson

Chief Executive

Anglian Water
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