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F O R E W O R D 

Welcome to our latest 
Global Water Annual 
Review capturing the 
breadth of work with our 

clients across key projects, developments 
and achievements for the period April 
2019-March 2020. 

The period was very challenging in many 
ways. With social unrest in the East Asia 
region, trade difficulties encountered 
around the world, Brexit affecting the UK 
and Europe and closing with the global 
outbreak of Covid-19, it is important also 
to remember the many achievements we 
can celebrate. 

The growing awareness of the impact 
of climate change has continued to fuel 
opportunities for us to influence across 
the mitigation and adaptation agendas. 
Working with communities facing the 
increasing challenges of too much or too 
little water has helped us appreciate the 
importance of this essential resource and 
the need to manage it in a more sustainable 
way. Our work in Rajasthan with Rajendra 
Singh, The Stockholm Water Prize 
Laureate, epitomises the way in which we 
can support rural communities to benefit 
from more sustainable interventions 
across the water cycle. M A R K  F L E T C H E R

Arup Global Water Leader

Our City Water Resilience Approach 
continued to gain traction, proving its 
value to city planners and funders. Its 
simple five-stage approach provides clear 
guidance on the areas of focus. We were 
delighted to publish the first two complete 
City Resilience Profiles - for Cape Town, 
South Africa and Greater Miami, United 
States - in January 2020, together with the 
open-source methodology documentation. 

Our Young Water Professionals continue 
to thrive at the heart of our growing 
business. Their activities with numerous 
organisations, including the International 
Water Association, are helping to connect 
us into a global network fit for the future.

We were also delighted to win the global 
competition to design an innovative and 
world-leading urban drainage masterplan 
for the city of Shanghai, partnering with 
the Shanghai Urban Construction Design 
& Research Institute. Applying a holistic 
blue-green-grey approach will support 
an integrated water cycle within the city, 
allowing it to thrive with its increasing 
population, and maximise utilisation of 
existing assets and landscapes, to achieve 
the best possible result. 

Our work to design the Central Interceptor, 
the single largest wastewater project in 
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New Zealand’s history, is another major 
highlight. This landmark project will 
provide water security for the people of 
Auckland over the next 30 years, and the 
work of our wastewater specialists will be 
critical to its success. 

Through a global calendar of events 
including Stockholm World Water Week 
and COP25 in Madrid, we have continued 
to reinforce the importance of key global 
water issues including climate change, 
circular economy and blue-green cities. 

I hope you enjoy reading this year’s 
Review. If you have any questions or 
comments, please do get in touch. 
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T H E  O N LY  W AY  T O  K E E P  T H E  W AT E R  F L O W I N G ?

By Kate Jackson & Siraj Tahir

A Circular 
Economy
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Business planners looking at 
the next decade could be 
forgiven for drawing one very 
obvious conclusion. In a world 

beset by climate change and dwindling 
natural resources, what is beneficial, 
what’s acceptable and what is profitable 
are changing. There is a growing sense of 
urgency about the need for new models of 
production, less profligate consumption, 
and ultimately a switch to more sustainable 
models of production. In all of these, water 
is central.

For some years groups like the Ellen 
MacArthur Foundation (EMF) have been 
exploring how a more ‘circular’ economy 
might be achieved, moving to a system 
of practices that are less wasteful of 
materials, energy, and water. At Arup, as a 
knowledge partner to EMF, we have been 
wondering how water, our most precious 
natural resource, might join this circular 
economy. Pivoting away from habits 
and practices that have endured for over 
a century will not be easy. But there’s 
clearly value in examining how change 
might be achieved. 

The word ‘circular’ is appropriate for a 
natural resource that moves through the 
natural world and our lives in the way 
water does. A circular water economy 
would eliminate the waste, pollution and 
unsustainable usage practices that too 
often result from today’s system. But to 
achieve a situation where people, industry, 
farming and environment work in harmony, 
requires that we integrate responsibilities 

and actions in new ways. Fortunately 
the logic of a circular water economy is 
becoming increasingly persuasive.

F R O M  I D E A L S  T O  R E A L I T I E S
Before major change happens, incentives 
will be needed and opportunities must 
be recognised. In our Water and Circular 
Economy Whitepaper, EMF and Arup 
have revealed what we think these might 
be. An important conclusion of our work 
is that, as ever with the circular economy, 
one can realise valuable business benefits 
even before true circularity is achieved. 
We believe that there are three highly 
commercial reasons why a circular 
economy for water is probably inevitable:

1. A circular business is a more  
efficient one

2. A circular business is prepared  
for a tougher regulatory era

3. A circular business will be more 
innovative and find new ways  
to generate value

W AT E R  S T E W A R D S H I P  I S 
L E A D E R S H I P
At whatever point in the natural water 
cycle an organisation is placed, from 
supply to downstream use, to treatment or 
distribution, doing a better job of preserving 
usable water represents valuable efficiency 
gains and a healthier bottom line. This is 
basic, but an important first step.

With climate change inevitably comes water 
shortages or increased risk of flooding. In 
this context, businesses that can demonstrate 
great stewardship practices will also in 
time become more influential.

R E G U L AT I O N  I S  I N N O V AT I O N
Media coverage of climate change is 
now continuous, the protests larger and 
longer. And when major cities experience 
unexpected droughts as in Cape Town in 
2018, we should expect public demand 
for action on climate change is likely to 
intensify. That means deeper and more 
stringent regulation. A circular business, 
particular ones whose practices harness 
resources once considered waste or 

pollution and transform them into new 
productive uses, will benefit from reduced 
costs of compliance. 

Beyond being a good corporate citizen, 
as a circular economy for water develops, 
it will likely lead to a recognition of the 
systemic benefits. For example, in India 
alone, over 580 million cubic metres of 
water is used by the textile industry each 
year. Freeing up this resource by using 
waterless dyeing will help meet the daily 
water needs of 32 million people while 
also reducing the risk of pollution of rivers 
and lakes, a major issue in India and other 
developing countries. 

T H E  S Y S T E M I C  C H A N G E  
W E  N E E D
As the 21st century reshapes our thinking 
about sustainable development in general, 
the urgency and scale of the issues we face 
logically leads to demands for system-
level change. We already know that 
individual actions will not be enough to 
arrest carbon emissions or ensure countries 
retain their access to drinking water. Ideas 
like the circular economy, which at one 
point seemed almost utopian in their level 
of ambition, are increasingly being seen as 
a viable roadmap out of a crisis. 

Water was high on the agenda for the 
decision makers at 2019’s COP25 
gathering in Madrid and will continue 
to be focus of such future international 
forums. It is time to recognise that a 

K AT E  J A C K S O N
Associate
Arup Leeds office, UK

circular economy approach to the use of 
vital natural resources like water, really 
only means adopting what we already 
know are the best ideas and the highest 
standards.
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S I R A J  TA H I R
Senior Engineer
Arup London office, UK

Click here to read more

https://www.arup.com/perspectives/circular-economy-the-only-way-to-keep-the-water-flowing
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Over the past four years, Arup 
has worked alongside Bristol-
based charity FRANK Water 
on a broad range of local and 

international projects, enabling thousands 
of people to access safe and clean water.

The projects have benefitted both from 
Arup’s world-leading engineering and 

D E V E L O P I N G  A  D I G I TA L  T O O L K I T  A N D  A P P  T O  H E L P  T H E  W O R L D ’ S 
W AT E R - P O O R  C O M M U N I T I E S  M O N I T O R  A N D  M A N A G E  C L E A N  A N D 

S A F E  S U P P L I E S

By Philip Songa (Arup), Vera Ngosi (Arup) & Claire Allen (FRANK Water)

consultancy expertise as well as FRANK 
Water’s established relationships and 
strong track-record of making a positive 
impact in the areas in which they operate, 
using their extensive knowledge of the 
international development sector. 

Our international projects are deeply 
rooted in supporting the needs of local 

WASH  
Basins Toolkit

communities, ensuring they have long-
term sustainability at their core. They are 
designed to help struggling communities 
better support themselves in the future, 
crucially developing models which can 
then be replicated in places elsewhere 
which are experiencing similar problems.

This has been the case, over the past two 

years, on the WASH Basins Project, funded 
by the Arup Community Engagement 
Global Challenge. The project has 
developed a new, digital toolkit to help 
communities across India, which has the 
highest population of any country in the 
world without access to safe water and 
adequate sanitation. The toolkit sought 
to address the long-term sustainability 
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P H I L I P  S O N G A
Senior Engineer
Arup Leeds office, UK

of water, sanitation and hygiene (WASH) 
service delivery by utilising Integrated 
Water Resource Management (IWRM) 
methodologies.

Our work with FRANK Water and two 
India-based partner non-government 
organisations (NGOs) resulted in 
45 remote, rural and marginalised 
communities in India benefitting from 
sustainable water, sanitation and hygiene 
services. Perhaps even more significantly, 
the WASH Basins digital toolkit and 
‘WASH Connect IWRM’ app we created 
now enable other NGOs and communities 
to follow a standardised six-stage water 
security process to benefit from the 
same results. The toolkit has attracted 
significant interest in India and will be 
rolled out over the course of 2020.

T H E  C H A L L E N G E S  O F  
W AT E R  M A N A G E M E N T
Responsible use of water, through IWRM, 
has been problematic in India. Indeed, 
recent projections indicate that India’s 
water demand may be twice the available 
supply by 2030 without major reform and 
investment. 

It is with this in mind that Arup and 
FRANK Water set out to develop a best 
practice methodology for managing water 
resources in a catchment area by applying 
our expertise in catchment science, 
water resource planning, monitoring and 
management.

However, the fragmentation of water 
management in India presented many 
challenges. At the time the project began, 
there were five ministries involved in the 
management of water at five different 
governance levels. This presented a 
challenge in terms of achieving integration 
between the various governance 
stakeholders; in addition, there was little 
or no clarity over how water was being 
extracted, managed and used.

Our work in five communities included 
supporting the hydrological and 
hydrogeological assessments of catchments, 
and providing technical guidance for the 

design and implementation of sustainable 
and resilient groundwater recharge systems 
to boost groundwater levels throughout the 
dry season.

The outcomes of the project were then 
used to develop a watershed-scale IWRM 
approach that meets the aims of United 
Nations’ Sustainable Development Goal 
6, Target 6.5 on implementing integrated 
water resources management at all levels. 
We aimed to empower communities and 
local governments to jointly manage water 
resources in a way that meets the real 
needs of the local areas, whilst responding 
to the national and international context 
and aligning with the UN SDG 6. 

Key to ensuring this approach could 
be widely adopted and successfully 
implemented was simplifying it to an 
appropriate level and language and 
presenting the information and toolkit 
in an easily-digestible format for WASH 
practitioners.

This was done to ensure that there is 
enough detail to inform and educate 
those starting from a position of little 
knowledge, whilst also making it easy for 
those that are better informed to quickly 
access the tools and processes provided, 
from digital field survey forms and 
templates to training resources. The core 
of the toolkit is the consistent approach 
provided by the Six-Stage Process which 
broadly consists of:

 - Site Visit - to scope and understand the 
water issues and parameters required

 - An Interim Report - to provide an 
overview of the hydrogeological 
and hydrological parameters and 
watershed or catchment and aquifers

 - Field Visits - To carry out extensive 
quantitative and qualitative data 
collection

 - Hydrological and Hydrogeological 
Analysis - To synthesise the field data 
and provide baseline information for 
planning appropriate interventions

 - A Water Balance Assessment -  
A full water balance assessment for 
the local watershed, covering resource 
availability, all appropriate water uses 
(demand), recharge potential and a 
baseline supply-demand position for 
long-term monitoring.

 - A Detailed Project Report - A full water 
security plan including WASH service 
delivery and long-term water resource 
monitoring plan.

The six stages above were consolidated from 
the existing approaches used by our Indian 
partner NGOs The Peoples Science Institute 
(PSI) and Samerth Charitable Trust.

We settled on an interactive pdf format for 
the toolkit, for ease of use and navigation, 
and an Android-based app, which we and 
our partners feel make the best use of digital 
technology and provide quick and easy 
access to the materials in the toolkit. This 
has resulted in a more consistent approach 
to water resource exploitation and use, and 
the collection of data to ensure a bottom up 
picture of the health of water resources in 
any given community.

T H E  R E S U LT S  -  T H O U S A N D S 
B E N E F I T T I N G  F R O M 
I M P R O V E D  W AT E R 
M A N A G E M E N T
The initial Project Impact Plan anticipated 
that there would be 1,100 direct 
beneficiaries in India by completion of 
the project, with many more benefitting 
from indirect effects. However, by March 
2020 the actual number of beneficiaries 
directly impacted was over 10,000. This 
was achieved through significant up-
scaling by leveraging funds from local 
government agencies and other NGOs. 

In a clear acknowledgment of the capacity 
building that has occurred through the 
project, UNICEF in India has selected 
Samerth to support the delivery of 
water and sanitation projects in five 
Gram Panchayats (village clusters); this 
followed UNICEF’s attendance at an 
IWRM knowledge-sharing workshop 
that the project organised and hosted in 
Chhattisgarh, India in November 2019. 
Furthermore, PSI has also signed an 
agreement with the Dhar District Public 
Health and Engineering Department 
(PHED) for collaborative work in 15 
villages. 

The initial cost provided by the Arup 
Global Challenge to deliver the project was 
£250,000. Throughout the project, and as a 
result of the work carried out, the WASH 
Basins team succeeded in leveraging 
over £300,000 from local governments 
and other organisations to support further 
implementation and up-scaling of the 
project work. This represents a real success 
for the project and re-affirms the aims of 
the Arup Global Challenge.

“The WASH Basins toolkit and 
the state-level workshop on 
IWRM helped us to improve our 
relationship with government 
officials. Through this, the teams 
are continuously growing their 
knowledge and making them 
skilled for IWRM planning. It is 
the main triggering phase for 
developing relationships with 
the government.” 
Palash Agrawal, SAMERTH,  
WASH Basins Team

“Our team struggled when it came to data collection as it was 
done manually. The digital tools introduced by Arup drastically 
minimised the time, standardised the process and made analysis 
more accurate.” 
Dr Manjeet Kaur Bal, SAMERTH, WASH Basins Team

©
 FRANK W

ater

V E R A  N G O S I
Engineer
Arup Cardiff office, Wales 

Click here to read more

https://www.arup.com/news-and-events/arup-joins-forces-with-leading-water-charity-frank-water-to-launch-digital-tools
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D E S I G N I N G  T H E  C E N T R A L  I N T E R C E P T O R

By Daniel Lambert & Andreas Raedle

New Zealand’s Largest 
Ever Wastewater Project

in 2025, the Central Interceptor will 
connect the suburb of Western Springs, 
four kilometers west of Auckland CBD, 
with the Mangere Wastewater Treatment 
Plant in the south by crossing the 
Manukau harbour at depths of about 15m 
below the seabed, with peaks of depths of 
110m below the surface along its route. 

Project challenges include the design 
of a one-pass tunnel lining system to 
ensure 100 years of design life, design of 
tunnel lining considering seismic loading 
condition, tunnelling under Manukau 
Harbour, as well as designing an effective 
inspection and quality control proposal 
to minimise the time humans must spend 
in the wastewater environment. Cascade 
drop shafts will be constructed, and, to 
improve overall construction safety, the 
GAJV and Arup team have proposed the 
use of precast shelves and dividing walls. 
In addition, the team has recommended 
the use of a sunken Caisson Method 
to combine temporary and permanent 
works within one shaft lining to improve 
productivity and reduce risk profile. 

As Auckland grows, additional strain will 
be placed on the city’s aging infrastructure. 
Projects like the Central Interceptor 
will be essential in allowing the city to 
thrive while its population continues to 
have access to the reliable waste water 
services they needed to live healthy lives. 
Moreover, the 200,000m3 capacity of the 
Central Interceptor tunnel will provide the 
ability to store and redirect wastewater 
large flows, eliminating overflows that 
currently contaminate and close down 
Auckland’s beaches during the wetter 
parts of the year. 

Arup is taking on a key role in the 
largest wastewater project in 
New Zealand’s history, which 
is designed to safeguard the 

environment and the people of Auckland. 

The population of Auckland, the largest 
city in New Zealand, is expected to grow 
by nearly 40% by 2050. Therefore the city 
needs to plan for the water needs of another 
million people over the next 30 years. The 
new Central Interceptor, a wastewater 
tunnel, is being built by the local water 
authority Watercare to provide resilience 
to the current wastewater pipeline under 
the Manukau Harbour, as well as help 
Auckland manage the needs of a growing 
city and improve environmental outcomes 
at the same time. 

Ghella Abergeldie Joint Venture (GAJV) 
was appointed in early 2019 as Main 
Contractor by Watercare. Arup has been 
commissioned by GAJV to provide tender 
design support, detailed design services 
and construction phase support of shafts 
structural design and the tunnel lining 
design.

The new underground tunnel is the largest 
wastewater tunnel in the country at 13km 
long and 4.5m wide. Due for completion 

D A N I E L  L A M B E R T
Australasia Water Leader
Arup Sydney office, Australia

By considering both the needs of the 
people of Auckland as well as the 
health of the waterways on which they 
live, work and play, projects like the 
Central Interceptor prove that considered 
infrastructure can enable a population to 
grow in harmony with the environment. 
It provides a template for a prosperous 
Auckland into 2050 and beyond.

©
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A N D R E A S  R A E D L E
Principal, Infrastructure Group
Arup Singapore Office, South East Asia

Click here to read more

https://www.arup.com/projects/central-interceptor
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6 years
The project build is scheduled 
to run from 2019-2025

200,000m3
capacity, equal to 80 Olympic 
sized swimming pools

Manukau 
Harbour

Main construction site

Construction site

Māngere Wastewater
Treatment Plant

Onehunga

MT Roskill

MT Eden

Western Springs

New Lynn

Greenlane

Auckland 
Airport

Sky tower

Ambury 
Park

Auckland Zoo

Central Interceptor

4.5m
diameter wide enough to fit 
four rhinos side by side and 
tall enough to fit a giraffe

13 km
longest wastewater tunnel  
in New Zealand

P R O J E C T  S C O P E : 

 - A 13km long tunnel with a 4.5m 
internal diameter, excavated with  
a tunnel boring machine 

 - Two 3.2km long pipe-jacked sewers,  
at depths ranging from 12m to 70m 

 - 16 drop shafts and access shafts, 
between 3m to 12m internal 
diameter at depths of 12m to 80m

 - Numerous connecting sewers, 
chambers, control facilities and air 
treatment facilities, and a wastewater 
pumping station including dual 
cell D-wall (12m and 26m internal 
diameter, up to 38m deep).

D E S I G N  D E TA I L S :

 - Design Management 

 - General Geotechnical Design 

 - Shaft Temporary Works and 
permanent lining design (Structural  
and Geotechnical) 

 - Main Tunnel Lining Design 

 - Link Sewer Jacking Pipe Selection  
and Design 

 - Temporary Works Design for  
Tunnel Boring Machine operations  
for Main Tunnel 

 - Digital Engineering 

 - Construction Phase Support. 
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Planning and preparing for the 
worst possible consequences 
are essential for effective 
management of water supplies 

across the Americas. 

It is a must approach if we are to 
really effectively protect our towns 
and communities from the potential 
devastating loss of lives, water services, 
and money. 

Under US Environmental Protection 
Agency federal regulations (Section 
2013 of Title II of the American Water 
Infrastructure Act (AWIA) (S.3021, 
Law 115-270), hazards and threats must 
be planned and prepared for by those 
managing and operating our city water 
systems. We must be truly resilient. 
But these same principles can apply 
everywhere. 

This includes having plans in place 
for natural hazards such as floods and 
earthquakes to manmade threats such as 
terror attacks and cyber sabotage, which of 
course are an increasing threat to our water 
systems in the modern world. 

To be able to have effective plans, it is 
imperative that a clear understanding is 
gained of the dependency upon each asset 
and its role within a water system, and how 
the loss of such utilities would impact on 
supplies to the communities they serve. 

But should we be looking deeper than 
simply assessing how to respond if one 
asset was compromised? 

W H Y  A M E R I C A  N E E D S  T O  C O N S I D E R  M U LT I P L E  
T H R E AT S  T O  I T S  W AT E R  S Y S T E M S  T O  B E C O M E  

T R U LY  R E S I L I E N T  I N  T H E  M O D E R N  W O R L D 

By Janine Witko and Mark Nelson

Multi Threat  
Risk and Resilience

©
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What would be the impact should two 
hurricanes or extreme weather events hit 
simultaneously, or should an earthquake 
strike at a time when resources were 
stretched by another unpredictable 
circumstance, such as the terrible Covid-19 
outbreak we have experienced in 2020? 

Are our water systems and operators able to 
cope in such a situation and is it something 
they have planned and prepared for? 

We think the events of recent years make it 
essential that they do. 

P R E PA R I N G  W AT E R 
R I S K  A N D  R E S I L I E N C Y 
A S S E S S M E N T S 
Our teams at Arup have already led the 
way in this specialist area of work and 
have been commissioned to conduct Water 
Risk and Resiliency Assessments for both 
several water utilities. Our approach builds 
upon that outlined in the Risk Analysis 
and Management for Critical Asset 
Protection (RAMCAP) Standard for Risk 
and Resilience Management of Water and 
Wastewater Systems (AWWA J100). 

We not only consider the likelihoods of 
threats and hazards to system operations, 
but also assess the vulnerabilities of all 
assets in a system, from sources of supply 
to storage tanks to pipes and pumps. The 
consequences of the failure of each and 
every asset, and the cost to put things 
right should they be left out of action for 
any period of time, has to be calculated. 

Key to the work is firstly reviewing and 
understanding the critical functions of 
individual city water systems. 

It is essential to understand all the assets 
and system components before assessing 
the vulnerability of each to properly 
identify all possible threats, both from 
natural hazards such as earthquakes, 
hurricanes, tornadoes, flooding and ice 
storms to malevolent threats like terrorism 
and cyber-attacks. 

Dependency and proximity to an incident, 
such as an earthquake for example, is of 
course a big consideration on each asset. It 
is also vital to understand the role it plays 
in the system, and the size of population it 

helps to serve with water supplies. 

The process then involves identifying the 
top ‘threat-asset pairs’ - essentially the 
assets identified at being of the greatest 
importance in terms of the future resilience 
and protection of the water system. 

These are calculated by considering the 
criticality of the asset (how important 
the role it plays is) against the threat 
likelihood. These factors are then 
balanced against the cost of re-instigating 
that facility to get it up and running to full 
capacity once again, should events mean 
it be unable to perform its role at some 
stage. 

Best estimates are then made for the 
worst reasonable consequences, including 
estimates for casualties, financial loss to 
the facility, potential loss of water services 
from the system, and economic loss to the 
community, at a minimum. 

These identified risks can then be plotted 
on a Risk Map, using a traffic light colour 
code system, showing the threats which 
would cause slight to severe damage, and 
those which are possible, probable and, in 
the worst case, imminent. 

Ultimately, resilience is calculated by 
understanding the duration of possible 
service disruption, the severity of that 
disruption and the vulnerability to threats 
or hazards. 

The final stages of Water Risk and 
Resiliency assessments are to prepare risk 
management plans and review them with 
our clients. These typically including a 
high-level risk management plan based 
on the prioritised findings of the analysis, 
all aimed at decreasing risk, enhancing 
resiliency and protecting water supplies 
to all. 

P L A N N I N G  R E S I L I E N C E  F O R 
M U LT I - R I S K  S I T U AT I O N S 
C A N  H A R N E S S  M O R E 
C O M M U N I T Y  S U P P O R T 
Without doubt, all of the threats to water 
supplies mentioned previously in this 
piece are very real. In fact, they are 
increasingly common. 

So, as federal regulations demand even 
greater resilience planning, our team 
at Arup certainly believe it is the time 
to consider how to manage multiple 
incidents and threats happening at once. 
We won’t always be fortunate enough 
only to face just one threat or incident at a 
time. We are currently researching multi-
threat analysis and also incorporating 
broad economic risk to the serviced 
communities. 

Our team has the experience, skills 
and knowledge to be able to carry out 
such research and assessments, based 

on individual water systems and their 
own bespoke assets, their locations, 
populations and their exposure to risk. 

By setting out these risks clearly, and the 
need for investment, we can bring greater 
understanding to communities for the need 
to carry out potential new construction 
works and improve our water assets. 

We can also harness support from 
shareholders and private investors, 
and how acting now could save a lot of 
expense in the future. 

And, finally and most importantly, we can 
truly develop resilient water systems that 
our cities need if we are to protect our 
supplies, our people and our economic 
base. 
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M A R K  N E L S O N
Associate
Arup New York office, USA

J A N I N E  W I T K O
Principal
Arup New York office, USA
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Shanghai Urban 
Drainage Masterplan

D E S I G N I N G  W I T H  W AT E R

By Thomas Sagris & Michael Zhao

Over the past decades, 
Shanghai has seen rapid 
urbanisation and population 
growth. The massive scale 

of urban development has increased the 
impermeable area for the catchment while 
reducing green space leading to increased 
stormwater runoff across the city. This has 
caused serious urban flooding and river 
pollution in recent years. Shanghai needs 
an upgrade to its existing drainage system 
to support its future vision to develop into 
an excellent global city in 2035.

The deficiency of the existing drainage 
system in both old and newly developed 
areas - coupled with imminent threats 
of climate change changing rainfall 
patterns - in December 2018 the city 
authority launched an international design 
competition to explore advanced yet 
implementable strategies for the highly 
populated city centre.

Drawing upon our global expertise, 
Arup partnered with Shanghai Urban 
Construction Design & Research Institute 
to tailor a plan that covers 640km² with a 
population of 15 million.

G L O B A L  P E R S P E C T I V E  
F O R  L O C A L  C H A L L E N G E S 
After reviewing the previous drainage 
masterplan and studying relevant cases 
across the globe, we challenged the 
traditional approach of focusing solely on 
the provision of below ground drainage 
infrastructure. Instead we proposed a 
visionary ‘blue, green and grey’ approach 
coupled with governance interventions to 
support an integrated water cycle solution 
within the city.

This approach will also deliver wider 
benefits across the City of Shanghai 
including improved ecology, economy 
and public health and wellbeing. 

As part of our global best practice review, 
we studied global cities such as New York, 

Singapore, Philadelphia, New Orleans 
and Rotterdam to identify those that align 
closer with the specific challenges faced 
by Shanghai and relevant implementable 
solutions.

Our proposed strategy builds on the 

experience of these global cities, which 
are increasingly looking at climate 
change adaptation, water sensitive urban 
design, integrated flood control planning 
and decentralised infrastructure as key 
components of future water strategies.

I N T R O D U C I N G  G R E E N  
A N D  B L U E  I N F R A S T R U C T U R E 
Based on the Arup-developed ‘design 
with water’ framework, our approach 
seeks to maximise the potential of current 
facilities and existing infrastructure before 
proposing anything new, with an initial 
focus on improving the management of 
the existing network. 

Green infrastructure is an approach to 
water management that protects, restores, 
or mimics the natural water cycle. We first 
conducted a detailed analysis of the land 
uses of the Shanghai urban area using 
our understanding of the city’s history 
to establish a total of 12 different types. 
By acquiring remote sensing imagery and 
applying machine learning technologies, 
we were able to characterise the study 
area and map existing and future land 
uses to appropriate strategic and localised 
green infrastructure interventions. 

Shanghai has over 300 rivers and water 
courses that play a very important role 
in urban drainage. An advanced flooding 
model was built to identify challenges 
and opportunities arising from the city’s 
blue infrastructure. This was the first-ever 
model to integrate the river and drainage 
network in Shanghai. 

Finally, where there was no other option, 
we explored options to implement grey 
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infrastructure such as tunneling or 
localised storage solutions. 

A N  I N T E G R AT E D  A P P R O A C H
Our integrated strategy brings additional 
urban above ground elements into storm 
water management functions, including 
roads, green spaces, river corridors and 
other open public spaces.

Arup’s strategy will be adopted into 
all future urban planning, design and 
redevelopment drainage projects in 
Shanghai - from existing urban network 
systems to individual buildings in new 
developments. The strategy will also 
be integrated into critical infrastructure 
masterplanning in other areas such as 
transportation, energy, digital and waste. 

C O N T R I B U T I N G  T O  A 
S U S TA I N A B L E  F U T U R E 
The success and appeal of this drainage 
masterplan demonstrates the value of 
Arup’s ‘Design with Water’ framework. 
In particular, it shows how a water-
orientated urban planning approach could 
influence and shape the next generation of 
ecological development in our cities. 

Effective management of the water 
environment is also critical to achieving 
the United Nations’ Sustainable 
Development Goals (UN SDGs). Rightly, 
the UN describes water as “a common 
currency” which “links nearly every SDG 
and which will be a critical determinant of 

success in achieving most other SDGs”. 

Next, we will work closely with the 
Shanghai local authorities and the Water 
Bureau to implement the plan for this city 
shaped by water. We will help the city not 
only meet its stormwater improvement 
targets, but also build climate change 
resilience and provide wider benefits to 
its citizens.

“The master plan is internationally advanced, technically 
feasible, and economically sound; it will lead the direction 
of national drainage planning in China.”
Zhang Jie, academician of the Chinese Academy of Engineering,  
Shanghai Urban Drainage Masterplan Expert Panel Leader

M I C H A E L  Z H A O
Associate
Arup Shanghai office, China

Click here to read more

https://www.arup.com/projects/shanghai-drainage-masterplan
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Towns and cities across the 
globe rely on their built assets 
and infrastructure to manage 
the many challenges faced by 

our communities due to our ever-changing 
natural environment.

Yet when we are suddenly hit by 
‘unexpected’ events, such as floods caused 
either by excessive rainfall, rising water 
levels or the failure of ageing assets to 
cope with increased pressures, we largely 
react entirely in the now. 

Significantly we react during a sewer 
flooding event, but need to move to a 
place where we are able to act at the right 
time to prevent the event from occurring. 
Customers find internal sewer flooding 
incidents upsetting, with the majority 
afraid to leave their homes for long 
periods of time, in case a flooding event 
occurs. Last year (2019/20) there were 
over 3,250 internal sewer flooding events 
in England and Wales and almost 23,5002 
external flooding events of private land 
and gardens (Source: Discover Water).

The reality is that most such events are 
not truly unexpected. In many cases 
they are largely expected, we just fail to 
predict them, and as a result, fail to plan 
and prepare.

At Arup, we are proud to focus on 
developing methods and plans to help 
prevent flooding, seeking to future-proof 
the generations to come and work in much 
more effective and efficient ways.

We aim to help communities better 
understand how the environment and 

how infrastructure and assets work around 
them.

Rather than simply expanding and building 
more of the same, we work to identify 
ways to better adapt and manage the 
environmental issues we collectively face, 
adapting both the physical and natural assets 
we already have in place.

Our approach to digital twins is one 
such example. We recognise that it is a 
methodology and way of working - not a 
product or technology. 

Adopting a Digital 
Twin Approach

M A N A G I N G  F L O O D I N G  I N C I D E N T S  T H R O U G H 
I N F O R M E D  D E C I S I O N - M A K I N G

By Vikki Williams & Joe Shuttleworth

It is a process through which we create 
digital representations of assets, processes or 
systems in the built or natural environment, 
and use these replicas to secure a much 
better understanding of the physical asset’s 
performance, weaknesses, and where 
investment needs to be prioritised. 

A digital twin does much more than other 
digital models or replicas, due to the 
connection or relationship between the 
physical and digital. It is much more than 
just Building Information Modelling (BIM) 
or a 3D model. Twins are a data resource 

that can use machine learning and ever-
improving sensors and smart networks 
to better monitor and understand asset 
conditions and improve the design of 
new ones.

They allow us to get more data from our 
physical assets, providing valuable insights 
to help make strategic decisions and 
interventions, improve operations and help 
devise future plans and projects.

Importantly, digital twins can offer both short 
and long-term efficiency and productivity 
gains. They have the potential to vastly 
reduce errors and discontinuities present 
in more traditional methods of information 
management, providing a platform to run 
‘what if’ simulations and scenarios and see 
how different performance characteristics 
affect components. This can all be done 
without having to either physically test or 
produce potentially dangerous conditions, 
ensuring we are collectively better prepared.

W O R K I N G  W I T H  D W R  C Y M R U 
W E L S H  W AT E R  ( D C W W )  T O 
B E T T E R  U N D E R S TA N D  A N D 
P R E D I C T  S E W A G E  F L O O D 
R I S K S
A digital twin approach can be applied 
across the water cycle to create better 
management practices in the water sector.

At Arup we are presently working with 
DCWW to create a digital twin of their 
wastewater network, aimed at helping 
solve the hugely expensive problem of 
sewer flooding.

Water companies spend millions of pounds 
on reacting to sewer flooding events which 

P H Y S I C A L  A S S E T
Outcomes

D I G I TA L  T W I N
Insights 

Decisions

I N T E R V E N T I O N S

D ATA



GLOBAL WATER ANNUAL REVIEW: 2019-20

14

damage the environment and impact 
negatively on their customers. Gaining a 
better insight into their systems will help 
them make informed long term, sustainable 
decisions around spending and operations. 
Getting this better understanding is 
therefore a major priority.

Currently they act as and when events 
occur and manage their network using 
large, complex hydraulic models. These 
are often constrained by computing 
resources and cannot run in real time to 
provide usable forecast predictions on the 
location and frequency of flooding events. 

We are creating a data driven predictive 
platform, allowing operators to make 
evidence-based decisions on mitigation. 

This platform uses machine learning 
algorithms to learn the behaviour of a 
system and predict the location and causes 
of flooding - for example a blockage or 
pipe collapse - and pollution events before 
they occur, allowing network operators to 
act in advance to mitigate against events 
effectively. The platform is designed around 
the operator and reducing operational 
costs, managing ageing infrastructure and 
helping to set the direction of travel in the 
management of wastewater networks. 

The short-term forecasts of our digital 
twin will provide the opportunity for 
network operators to act in advance of 
events occurring, mitigating the impacts 
and helping to not only achieve targets, 
but deliver wider environmental benefit 
including preventing pollution incidents in 
water courses.

Ever-improving technologies such as 
machine learning, the Internet of Things 
(IoT) and 5G are enabling the deployment 
of cheaper, accurate sensors, to give near 
time insight of operational reality. 

PA R T N E R S H I P S  C A N  B R I N G 
M O R E  B E N E F I T S
Alignment around a common information 
management framework will enable the 
development of an ecosystem of connected 
digital twins.

Arup supports the Centre for Digital 
Built Britain (CDBB) National Digital 
Twin programme, and adopt their Gemini 
Principles when developing digital twins.
These principles enable alignment on the 
approach to information management 
across the built environment, establishing 
agreed definitions and principles from the 
outset, making it easier to share data in 
the future.

Digital twins hold a promise to improve 
decision making and investment for a 
broad spectrum of stakeholders, from 
city-scale transport planners to individual 
building owners. 

In each case we follow a five-step process, 
that focuses on the use-cases and the 
incremental value of implementing a 
digital twin approach. These are;

 - Discovery - helping to define the 
problem and gaining an understanding 
whether the development of a digital 
twin is the right thing to do. Part of this 
includes quantifying the value of solving 
that problem, determining who the users 
are, understanding about what they are 

trying to achieve and how they go 
about doing it

 - The road map - establishing a 
partnership approach which includes 
system architecture, data and security 
model

 - Establishing the ‘baseline twin’ - 
connect to the relevant persistent 
information and data and hand over 
to client 

 - Manage and maintain - an ongoing 
service to analyse and assess, 
providing engineering insights  
and services 

 - Develop maturity - develop the 
maturity of the twin, assessing future 
value from further development, and 
embed the twin into policies and 
procedures

With the digital and social landscapes 
converging in terms of modelling, sensing 
and inclusivity, digital twins may be 
the technology to help deliver on these 
challenges.

Collaborative relationships are vital to 
enable the successful development as the 
skills, capability and knowledge is at the 
cutting edge of engineering practice. 

Moving forward more partnerships will 
be integral to move digital twins through 
the water cycle with clients, data owners, 
IoT sensing companies and technology 
providers. J O E  S H U T T L E W O R T H

Engineer
Arup Cardiff office, UK

V I K K I  W I L L I A M S
Digital Water Leader
Arup London office, UK

Click here to read more

https://www.arup.com/perspectives/publications/research/section/digital-twin-towards-a-meaningful-framework
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The record-breaking heatwave 
experienced in 2018 was a 
wake-up call with regards to 
the scarcity of water available 

across large areas of the UK. We have 
also seen similar dry conditions in early 
summer in 2020 with the added pressure 
on resources from water demand in the 
Covid pandemic exceeding more than 
20% of average levels. 

The 2018 experience highlighted why it is 
essential that management of water in the 
future needs to go well beyond ensuring 
there is simply enough to ensure general 
public use. 

The agricultural sector in particular 
suffered greatly as a result of the long, 
hot, dry summer two years ago. Crops 
were decimated, livestock was lost and 
livelihoods severely damaged. 

Given we have had nine of the 10 warmest 
years on record since 2002, it is clear our 
climate is changing beyond recognition. 

The evidence exists that the south east 
of the UK faces a significant shortage of 
water over the next 20 to 30 years. 

We cannot continue as we are, and changes 
need to be made now to ensure our water 
needs can be managed going forward in a 
much wider context - thinking not locally, 
but regionally and even nationally when 
considering our management of this vital 
natural resource. 

It is with this in mind that the Environment 
Agency launched its Water Resources 
National Framework for Regional Planning. 

Integrated Water 
Demand Planning

D E V E L O P I N G  M U LT I  S E C T O R  W AT E R 
S E C U R I T Y  A W A R E N E S S  A N D  R E S I L I E N C E 

I N  T H E  U K

By Chris Hughes & Marie Whaley

This initiative seeks to integrate water 
management across England and parts 
of Wales, moving from what is currently 
a very localised and public supply driven 
approach - led mainly by individual water 
companies - to cross-regional management 
involving many organisations and bodies 
from all sectors. 

It is a move to ensure a wider view is taken 
as to how we capture, manage, store and 
distribute water not just for homeowners, 
but for business, industry and agriculture 
too.

This is an area of work and concept our 
teams at Arup have been at the forefront of 
for some time.

N E W LY  F O R M E D  R E G I O N A L 
W AT E R  R E S O U R C E S  G R O U P S 
A R E  K E Y  T O  C H A N G E
Five ‘Water Resources’ regional groups 
have been established in the North, West, 
East, South East and West Country with 
the task of creating resilient water supplies 
for all users. 

They are also charged with protecting and 
enhancing the environment and creating 
wider social benefits for the next 25 years 
or more. 

These groups are being developed 
collaboratively by water companies, 
other large water-using sectors and local 
organisations with an interest in the water 
environment, who collectively make up the 
new bodies. 

It is a step change in approach - asking 
all sectors to engage with one another as 
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to their water requirements, and identify 
how they can benefit from better collective 
water management going forward. 

Currently in the UK, compared to water 
companies, there are many sectors which 
rely on large amounts of water supply that 
are not as engaged in the water resilience 
debate as could be and there is a need 
to increase the engagement with these 
sectors (industry, private water supplies, 
agriculture) to understand their specific 
needs and challenges. The regional approach 
provides an opportunity to identify water 
demand hotspots and understand potential 
future demand scenarios, helping develop 
plans to prevent our rivers and other water 
sources running dry. 

Agriculture, for example, is an area where 
perhaps farm reservoirs and new farmed 
environment schemes could be encouraged 
to improve water efficiency and develop 
much more resilient water supplies. 

Each of these ‘regions’ faces its own 
individual challenges with regards to water 
capture, storage, distribution and usage in 
the years to come. 

Some face environmental challenges 
relating to their water quality, some have 
fast growing populations and competition 
for water resource to address. 

Others have crucial roles to play in 
supporting livestock and agriculture - a 
huge demand on water resource - whilst 
some areas could actually have the extra 
capacity to serve the national need, with 
ways of moving that water to other areas 
of the country to be considered. 

Cross-border collaboration will be key, and 
this is a clear move to end the days of water 
management being handled on a localised 
basis. 

Water is a limited, natural resource that we 
share nationally - so developing a wider 
regional understanding of its capture and 
use can only lead to an eventual improved 
national approach.

H O W  O U R  W O R K  I N  W A L E S 
D E M O N S T R AT E S  B E N E F I T S
Our specialists at Arup were recently 
commissioned by the Welsh Government in 
conjunction with Natural Resources Wales 
to undertake a research project aimed at 
providing further understanding of future 
water demands from sectors outside of the 
water industry. 

In a three stage process we conducted a 
review of the current understanding of 
future water demand in Wales, engaged 
with stakeholders to understand their views 
on trends and pressures on water demand 
in specific sectors, and finally used this 
information to identify high priority river 
catchments and where there were possible 

ways forward for assessing future water 
demand across sectors. 

Electricity generation was shown to by far 
the greatest user of water within Wales, 
accounting for 95% of the licensed volume. 

Other industry-based usage was shown 

to be the second largest demand on water 
resources, with significant use from the 
metal industry and paper, minerals and the 
food and drink sectors. 

Agriculture, including spray irrigation, 
is also a large and important sector in 
Wales, demonstrated through the number 
of abstraction licenses, however, this 
accounts for less than two per cent of the 
consumptive licences. However, volume 
in Wales, with many uses such as spray 
irrigation often seasonal, sometimes 
resulting in these abstractions being the 

largest use of water in a catchment. Some 
localised catchments also have high levels 
of demand from Livestock farming and 
Private Water Supplies which are also key 
water security challenges. 

As a result of the project we were able to 
provide a number of expected scenario 

predictions as to the resource demands and 
availability of water across the country.

A P P R O A C H  B U I L D S  O N 
S U C C E S S  S E E N  T H R O U G H 
A R U P ’ S  W O R K  I N  M A J O R 
C I T I E S
Multi Sector Water Security Awareness 
and Resilience is very similar to the City 
Water Resilience Approach (CWRA), in 
which our teams at Arup have helped a 
number of cities across the world to better 
understand the water-related risks they will 
face in the years to come. 

Our work has helped develop a new global, 
standardised process to better help cities 
understand how water impacts on their 
success and threatens their future. It is done 
by understanding the underlying water 
basin, who the stakeholders are and who is 
making decisions over water, assessing the 
overall resilience of an area to understand 
strengths and weaknesses, developing and 
implementing action plans and evaluating 
their success and adapting where needs be. 

The Water Resources National Framework 
for Regional Planning will follow a very 
similar approach. 

Ensuring all understand the impact and 
risk associated with not changing our 
approach to water management, and the 
potential benefits of working in a new way, 
is essential. 

This is something our teams at Arup have 
a track of doing: driving positive change 
across the world. 

We have already helped many cities better 
plan their water management and make 
future investment decisions through a 
collaborative approach - looking at the 
wider impact than simply dealing with 
localised issues. 

This very approach is now being widened 
across UK regions, and it is something 
our team at Arup certainly welcomes and 
is excited about potentially increasing our 
involvement in.
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C H R I S  H U G H E S
Associate Director
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S U P P O R T I N G  W AT E R  M A N A G E M E N T  
F O R  C O M M U N I T I E S  I N  I N D I A

By David Hetherington & Louise Bingham

Creating a Universal 
Language Toolkit

©
 Arup and The Flow

 Partnership
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Every day, approximately 2.4 
billion people live with water 
shortages owing to the arid 
climates in which they live. 

With more extreme weather events 
predicted as a result of climate change, 
the number of people affected globally is 
expected to increase - disproportionately 
affecting communities living in rural and 
remote areas.

WaterUp aims to address this by producing 
language-neutral, digital educational 
materials for communities, providing 
them with techniques to catalyse landscape 
restoration and livelihood improvement.

In collaboration with The Flow Partnership, 
the WaterUp project actively engages with 
rural communities in drought-stricken 
areas to understand their needs, unique 
challenges, and opportunities for change in 
support of the United Nations’ Sustainable 
Development Goal (SDG) #6: Clean water 
and sanitation for all.

By sharing understanding of hydrological 
processes and management techniques, 
local people can be upskilled to play a 
crucial role in catalysing widespread 
change in local water management.

U N D E R S TA N D I N G  I N D I A’ S 
W AT E R  S O L U T I O N S
We first conducted field surveys of 
existing rainwater harvesting features, 
known locally as johads, in the Sarsa 
catchment in Alwar, a remote and arid 
region of Rajasthan, India. Johads are 
earthen check-dams that capture and store 
monsoon rainfall when strategically placed 
along flowpaths within a catchment; water 
can then infiltrate the earth and recharge 
groundwater aquifers to ensure the 
sustainable, clean and reliable supply of 
water to nearby wells all year round.

In the Sarsa catchment over the past 
30 years, around 500 johads have been 
constructed using traditional wisdom 
led by Rajendra Singh. Rajendra Singh, 
widely known as the “Waterman of 
India”, and his team of water engineers 
have worked with their communities to 
restore and create thousands of traditional 
rainwater harvesting structures and wells 
in the wider area through their charitable 
organisation Tarun Bharat Sangh (TBS).

T H E  B E N E F I T S
Johads provide local communities with 
access to reliable, clean water for drinking, 
washing and irrigating.

Improved water access greatly improves 
the health and wellbeing of local people 
from a nutritional perspective, and also 
leads to socioeconomic benefits. Harvests 
are more successful with greater yields 
and where some farmers were previously 
only getting one or no harvests a year, they 
can now reap as many as three harvests 
annually. Communities being vable to 
sustainably keep and graze livestock 
and stock fish has further contributed to 
enhanced livelihoods.

S U P P O R T I N G  L O C A L 
S O L U T I O N S
Learning from the success story of the 
Sarsa, The WaterUp project constructed a 
new johad feature and repaired an existing 
one in a neighbouring catchment. These 
two new johads now directly supply 1,100 
people with clean and reliable drinking 
water, year round.

Using a combination of machinery and 
local equipment, members of the local 
community were directly involved in the 
construction process, instilling a sense 
of ownership and communal pride in the 
project. It also enables the local people to 
replicate it again elsewhere and carry out 
any necessary maintenance as required. 
Each stage of the construction process 
was fully documented and recorded by the 
WaterUp team.

M I L E S T O N E  R E C O G N I T I O N
The completion of the new and restored 
johad in Rajasthan was a significant 
milestone for the WaterUp project and 
culminated in a site celebration on 27th 
November 2019 in India with attendance 
from our UKIMEA Chair, Dervilla 
Mitchell, and Global Water Leader, Mark 
Fletcher.

The 27th November inauguration ceremony 
was held on site to celebrate the local 
community and project team’s hard work, 
attended by Arup team members David 
Hetherington, project manager, and 
Louise Bingham, lead researcher. The 
ceremony offered a cultural celebration of 
all the benefits provided by the provision 
of water, from health and wellbeing to 
agricultural produce, and concluded with 
the planting of trees on the waterfront. 
Following the celebration, the Arup team 
were hosted by Rajendra Singh - “the 
Waterman of India” - at his ashram which 
teaches people across India how to better 
manage their water resources.

D I G I TA L  E D U C AT I O N  T O O L S
Footage of the construction and restoration 
of both johads, from site selection through 
to the completed johads filling up with 
captured monsoon rain, has been used 

alongside animation and graphic design 
to produce the language-neutral, digitally-
enabled educational film.

By appraising the natural environment, 
topography and vegetation, the character 
of the water landscape and underground 
aquifer can be deduced to inform the best, 
most effective location to install a johad. 
The film then demonstrates the principles 
of design and physical process of building 
a johad along with guidance on the use of 
the rainwater harvesting features.

Our educational tools have been tested 
both in a neighbouring community in 
India, and in an entirely new community 
in La Guajira, Colombia, ensuring 
compatibility with contrasting cultures, 
geographies, and people. The educational 
tools are enabling a new johad (known 
locally as a jaguey) to be constructed in 
Colombia, directly providing a further 800 
people with access to safe, reliable water. 

G L O B A L  W AT E R  L I T E R A C Y
The final stage of the project will be to 
disseminate the educational film globally 
by making it freely accessible via the Flow 
Partnership’s flagship global Water School.

Improving global water literacy is a crucial 
part of tackling existing and emerging 
water management issues. By re-educating 
communities on the water cycle, catchment 

D A V I D  H E T H E R I N G T O N
Associate
Arup Newcastle office, UK

“Looking at the water being 
collected by the structures 
and the prosperity that it’s 
bringing, I am humbled 
seeing the transformation 
of the landscape made 
possible by people working 
in partnership.”
Philip Franses, Director of Strategy, 
The Flow Partnership

processes, and simple yet effective water 
management techniques, this project can 
boost communities’ water resilience. The 
language-neutral, interactive, engaging, 
and globally accessible nature of the 
educational materials, regardless of the 
audience’s level of education, cultural 
background, or degree of wealth, is how 
WaterUp is making meaningful progress 
towards the global achievement of SDG 
#6, and with it, many other SDGs as well.

L O U I S E  B I N G H A M
Consultant
Arup Newcastle office, UK

“WaterUp and WaterSchool are visionary projects and I am really 
glad this work, needed now more than ever because of Covid 19, 
has made such a spectacular start with us in Rajasthan!" 
Rajendra Singh, Tarun Bharat Sangh

Click here to read more

https://www.arup.com/projects/waterup
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W O R K I N G  W I T H  E N G L I S H  A N D  W E L S H  W AT E R  C O M PA N I E S 
T O  D E V E L O P  T H E I R  P R 1 9  B U S I N E S S  P L A N S

By Ann Cousins & Ian Gray

A Challenging  
Price Review

The 2019 Price Review (PR19) 
for the 17 water companies in 
England and Wales - a process 
led by Ofwat, the industry 

regulator, by which water companies set 
out their business plans for 2020 to 2025, 
and a price structure for customers is 
set - has undoubtedly been the toughest 
on record. Ofwat approved a £51 billion 
spend yet, for the first time ever, four 
water companies have taken their plans 
to the Competition and Markets Authority 
(CMA) for appeal. So why was that? 

The tide has certainly turned when it 
comes to the level of expectation placed 
upon the UK water companies around 
their performance, and the impact of 
a multitude of other factors for them 
to deliver demonstrable value beyond 
reliable services to customers’ homes and 
businesses.

K E Y  C H A L L E N G E S  I N  T H E 
L O N G E R  T E R M 
The critical issues faced by the water 
industry at the start of PR19 were many 
and varied, in the face of changing 
customer views. Some of the key asks 
from our clients included: 

 - Delivery of major projects 

 - Long-term resilience 

 - More pressure on performance 

 - Increased focus on innovation 

 - Representative econometrics 

Companies reached out more than 

ever before for support to develop 
their PR19 business plans. Ultimately, 
water companies are now needing to 
demonstrate clear thinking around these 
key challenges. The focus needs to be 
not just around serving communities 
today, but how we can do so in the future, 
preparing for any shocks and stresses 
that may come our way be they floods, 
droughts, freeze/thaw or even pandemics.

W O R K I N G  W I T H  C O M PA N I E S 
T H R O U G H  T H E  P R 1 9 
P R O C E S S
Ten of the UK water companies and 
Ofwat asked for our support in reviewing 
both their current and future performance 
plans and how they were to be measured. 
This covered a full spectrum of areas, 
across business plan development and 
assurance, cost analysis, investment 
plans and performance commitment 
assessments. We also helped ensure that 
they had key issues such as resilience and 
innovation at the core of their business 
strategies, for example, assisting them to 
facilitate the take up of innovation and the 
use of smart technology. Responding to 
the water companies’ challenges, we were 
able to bring together multi-disciplinary 
teams, to support them in addressing their 
issues and articulating them clearly to the 
regulator. 

D E L I V E R Y  O F  M A J O R 
P R O J E C T S  -  D I R E C T 
P R O C U R E M E N T  F O R 
C U S T O M E R S  ( D P C ) 
DPC is a direct tendering process for large 
water and wastewater projects with a total 
value exceeding £100m. It presents an 
innovative paradigm shift in the funding 

and delivery of large water infrastructure 
in England and Wales, with the potential to 
create a step change in customer benefits. 
DPC introduces a third party to design, 
build, finance, operate and maintain 
water infrastructure. The initiative has the 
potential to deliver significant benefits for 
customers through providing an option for 
delivering the largest and most expensive 
new schemes at lower cost. This promotes 
greater innovation, allowing new 
providers to bring new ideas, enabling 
capital and operating cost savings as 
well as a reduction in financing costs. 
The DPC initiative has parallels with 
similar initiatives for the energy sector, 
so we were able to draw on extensive 
experience of delivering expert advice 
to clients and our lessons learned. In the 
final determination, Ofwat shortlisted the 
first 8 schemes with an estimated value of 
£2bn.

Our clients started to request support 
in several areas that required a breadth 
of multidisciplinary capability. Our 
engineering, programme management, 
planning, procurement and financing 
capability against the lifecycle of DPC 
projects was key to this. Our experience 
on the Thames Tideway project, the 
forerunner to DPC, put us in a great 
position to help our clients with projects 
of such magnitude. 

L O N G - T E R M  R E S I L I E N C E 
In the face of challenges such as climate 
change, population growth and economic 
uncertainty, in September 2017, Ofwat 
published the report, Resilience in the 
Round: Building Resilience for the 
Future. This was a call to encourage 

water companies to think long-term 
about potentially disruptive challenges: 
short-term shocks such as cyber-attacks, 
flooding or data fraud; and long-term 
stresses such as climate change, population 
growth and lifestyle changes. It defined 
resilience in the context of the water 
industry as ‘the ability to cope with, and 
recover from, disruption and anticipate 
trends and variability in order to maintain 
services for people and protect the natural 
environment now and in the future.’ 

Following Arup’s work in developing 
a City Resilience Index (CRI) with the 
Rockefeller Foundation, we were able to 
support several companies by taking this 
learning to develop bespoke frameworks 
to enable them to think about their 
organisations as systems and carry out 
maturity assessments. For example, we 
worked with Welsh Water to develop a 
resilience wheel, with Yorkshire Water 
to develop their systems-based approach 
to resilience and with Anglian Water to 
develop a framework to assess corporate, 
operational and financial resilience. 
We then supported several other water 
companies to assess the maturity using 
the framework and our comprehensive 
technical capabilities in all three areas. 

To help increase capability across 
the sector, Arup developed an MBA 
resilience module with the Massachusetts 
Institute of Technology (MIT), and have 
had many senior leaders from across 
Arup, the water industry and beyond. 
undertake the course. 

We worked extensively with Welsh 
Water in particular, one of the first UK 
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Arup Bristol office, UK

I A N  G R AY
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water company to really push ahead 
with placing resilience planning at their 
heart of their work. Alongside Arup, 
they undertook a detailed assessment 
of resilience across their business. Our 
team then worked with Welsh Water 
to develop an award-winning (MCA 
Awards 2018) business strategy, Welsh 
Water 2050. 

We also worked with companies to review 
or develop investment cases relating 
to resilience. With Welsh Water, these 
were explicitly linked back to Welsh 
Water 2050. This included the reservoirs 
investment case and supporting IAP 
response on reservoir safety, which was 
successful in securing £76million out of 
the £86million requested; and developing 
additional resilience investment cases 
between draft and final determination 
to secure an additional £22million. 

M O R E  P R E S S U R E  O N 
P E R F O R M A N C E 
An outcomes-based approach 
was a new dimension 
introduced at the 2014 
price review. It went 
some way to sharpening 
companies’ focus on 
delivering in key areas 
of performance whilst 
having flexibility 
in terms of how to 
deliver them. But 
the outcomes that 
matter to customers, 
the environment 
and investors vary 
considerably from 
company to company. 
The challenge at PR19 was 
to understand what matters 
to them now and in the 
future, and define the package 
of outcomes which reflect 
that. We did so by working with 
companies to identify their specific 
challenges using, amongst other tools, 
our resilience assessment framework. 

Resilience was one of the key themes 
of PR19, so focusing our approach to 
performance commitments around resilience 
paid off. What we found led us to define the 
level of stretch and incentives appropriate 
for each company’s circumstances across 
the set of fixed (or common) performance 
commitments. Equally importantly, we 
built on that work to offer companies a 
set of bespoke performance commitments, 
unique to PR19, which addressed their own 
unique challenges. 

I N C R E A S E D  F O C U S  O N 
I N N O V AT I O N 
Water companies have long strived to 
exploit innovation to continuously improve 
the services they provide and remain 
competitive. In their paper in 2017, “Driving 
Innovation in water”, Ofwat highlighted 

that new ways of doing things are not a 
‘nice-to-have’, recognising that ‘change-
as-usual won’t be enough’. And, with the 
announcement of a £200m innovation 
fund from Ofwat to encourage industry 
collaboration, it became a key theme in the 
run up to PR19. 

We found that there was an increasing 
appetite to understand how effective 
innovation approaches were within 
individual businesses to ensure that 
innovation is exploited 
e f f e c t i v e l y . 
W o r k i n g 
w i t h 

We l s h 
W a t e r , 
we developed a 
maturity assessment that 
really helped understand their approach 
and effectiveness across the lifecycle of 
innovation, taking into account people and 
culture, collaboration, and processes and 
systems. We worked with teams across 
the business to develop their innovation 
strategy and route maps; setting out what 
the innovation should focus on to meet 
business needs as described in Welsh 
Water 2050. 

We are now working with the 19 water 
companies in the UK to develop a sector-
wide innovation strategy. 

R E P R E S E N TAT I V E 
E C O N O M I C S 
It was clear soon after PR14 that the 
econometric models needed to be updated 
to better represent the characteristics 
of each of the water companies.This 
was imperative to be able to equitably 
distribute the £51bn of the final 
determination from Ofwat. 

We were commissioned by United 
Utilities, on behalf of the whole industry, 

to analyse the external 
factors of its 

w h o l e s a l e 
w a t e r 

and 

wastewater 
businesses and 

understand the full impact 
on the overall cost of delivering services 
to customers. This took into account 
any variables including political, 
environmental, economic, social and 
legislative aspects. It got down to the 
levels of how far sludge volumes have 
to be transported for disposal, as well 
as a number of other key factors, whilst 
also analysing the current strengths and 
weaknesses of the current assets. We ended 
up working with the Cost Assessment 
Working Group (CAWG), which was 
formed of representatives of all the water 
companies and the regulator to test the 

evaluations that we had developed. The 
outcome was that we identified some 
more appropriate econometric levers that 
were more representative of the industry 
and the model type that could be used. 

This work helped to gain a complete 
understanding of the external factors 
impacting on the delivery of water 
services and the cost of providing them. 
It recognises that water companies do not 
all operate from a ‘level playing field’ 
in terms of the distance between source 
and customers, the level of treatment 
needed to water supplies, the number 
of customers they supply and the many 
social, geographical and environmental 
factors out of their control.

L O O K I N G  T O  T H E  F U T U R E 
We know that the industry landscape 

will continue to evolve, and 
we’re pleased to have started 

conversations with clients 
about PR24 at this early stage, 
especially in the context of 
such an uncertain future. 
Without doubt, resilience 
will remain at the heart 
of UK water sector 
thinking in the future, 
and importantly at the 
heart of future Price 
Reviews. 

Our teams across 
Arup are delighted 
to be playing a part 
in ensuring more 
efficient and effective 
management of our 

biggest natural resource 
in the long term, both with 

individual companies, and 
the water sector as a whole.

Click here to read more

https://www.arup.com/projects/welsh-water-resilience
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T he impact of climate change 
coupled with rapid urbanisation 
has resulted in an water stressed 
only refers to drought! Instead: 

increasing number of cities across the 
world, where the risk of droughts, floods 
and poor water quality is on the rise. The 
Covid-19 pandemic has underscored the 
importance of secure, clean water globally 
for handwashing and cleaning to prevent 
the spread of the virus. 

The management of water - which 

underpins a city’s resilience - is an issue 
which they can no longer afford to ignore, 
but, are largely unable to effectively 
manage alone. The risks water poses 
to an individual city is influenced by 
many factors across their catchments, 
both up and downstream, by the natural 
environment and by large numbers of 
stakeholders and organisations. 

Bringing them together, to fully 
understand the water-related risks they 
all face in the longer term, and improve 

Vital City  
Water Resilience

C I T Y  W AT E R  R E S I L I E N C E  A C T I O N  P L A N S  A R E  N O W 
B E I N G  A D O P T E D  A N D  E M B R A C E D  A C R O S S  T H E  W O R L D 

T H A N K S  T O  A R U P ’ S  G R O U N D B R E A K I N G  W O R K

By Louise Ellis, Martin Shouler & Sophie Fisher

the way they plan, manage and maintain 
their water systems together, is far from 
simple. However, thanks to the continued 
work of our specialist team over the past 
few years, supported by Arup’s flagship 
infrastructure resilience project, The 
Resilience Shift, we have created a proven 
approach for cities across the world to 
follow. 

Working alongside partners including 
the Global Resilient Cities Network 
(GRCN) (formerly 100 Resilient Cities) 

and the Stockholm International Water 
Institute (SIWI), we developed the City 
Water Resilience Approach (CWRA) 
to help cities understand how they can 
understand the risks they face, and plan to 
better manage their water in the decades 
to come. The programme was also 
supported by a steering group including 
the Rockefeller Foundation, the World 
Bank and the University of Massachusetts 
Amherst. 

It is a genuine ‘end to end’ approach 
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City authorities are now working hard to 
ensure that Cape Town is water sensitive 
by 2040. 

With that in mind, more than 50 
water stakeholders from civil society, 
business, academia and government in 
Cape Town came together to produce a 
comprehensive understanding of the city’s 
water system, the factors contributing to 
its vulnerabilities, establishing the first 
ever water resilience profile to highlight 
strengths and weaknesses, and develop a 
comprehensive and collaborative action 
plan. 

Others are learning from Cape Town’s 
response to the threat of Day Zero too. 
As part of its work to learn from crisis, 
The Resilience Shift supported the 
development of film-based learning 
modules by the Cape Town Drought 
Response Learning Initiative. These 
consolidate reflections from key 
individuals involved in the response to 
the 2017-18 water crisis, and have been 
shared globally to help other cities to 
be better prepared and more resilient to 
water shocks and stresses. 

Similar was achieved in Greater Miami 
& the Beaches where the process 
included 60 water stakeholders and the 
development of an action plan. Using 
the CWRA, the stakeholders shared their 
expert opinions on a range of factors that 
contribute to resilience in their cities and 
collaboratively developed an action plan 
to ensure they are better prepared for 
future shocks and pressures on the water 
system. The plans developed to date will 
result in more resilient water systems for 
a total of 7.2 million citizens. 

P R O C E S S  N O W  TA R G E T E D 
T O  I M P R O V E  W AT E R 
R E S I L I E N C E  O F  1 0 0  C I T I E S 
B Y  2 0 3 0 
For true, positive long-term change to 
happen, a process of policy, practice and 
learning needs to be followed, and that 
has happened with the development of the 
CWRA. 

The development of characterisation 
reports for the eight cities around the 
world that we have worked with helped 
stakeholders understand their water 
systems and analyse the risks they face 
- so the practice has been completed and 
informed the framework for other cities 
to begin addressing their own resilience 
challenges. 

Crucially, our learning is also being 
widely shared at major conferences and 
summits, and has been adopted by the 
Global Commission on Adaptation Water 
Action Track - which has ambition of 
working with 100 cities by 2030 - the 
Global Resilient Cities Network and the 
World Resources Institute. 

for managing water resilience across a 
catchment area, detailing five steps to guide 
cities and utilities to bring stakeholders 
together to share their perspectives, and 
of course strengthen their relationships. 
It ensures they understand what helps 
and hinders the water system they rely 
upon daily to function when it is faced 
with shocks and stresses, and how they 
can work collaboratively to develop and 
implement an action plan for the benefit 
of all. 

M E T H O D O L O G Y  D E V E L O P E D 
W I T H  E I G H T  C I T I E S  -  A N D 
T R I E D  A N D  T E S T E D  I N 
T W O  FA C I N G  T H E  B I G G E S T 
C H A L L E N G E S 
The CWRA has been developed with 
eight cities around the world - Cape 
Town, Mexico City, Miami, Amman, 
Thessaloniki, Manchester, Hull 
and Rotterdam - engaging over 700 
stakeholders to develop 1577 factors of 
resilience. 

Six of those cities have completed the 
first step to analyse their water system, 
governance and the shocks and stresses 
they face. Two of the cities, Cape Town, 
which is emerging from its worst drought 
in its recorded history, and Greater Miami 

and the Beaches (GM&B), which faces 
hurricane storm surges and unprecedented 
sea level rise, have completed steps one 
to three to develop resilience action plans. 

The work of our teams in Cape Town was 
particularly significant. The city itself 
effectively became a real-life example 
of the worst-case scenario when it faced 
the prospect of a potential ‘day zero’ - 
when dam levels would be so low that 
household supplies would be turned off 
and people would have to collect water 
from communal water points in 2017 and 
2018. 

It thankfully managed to turn the tide with 
reduced water consumption across the 
city, pressure management and leakage 
reduction and by September 2018 dam 
levels were back close to 70 per cent, 
allowing water restrictions to be eased. 

Learning from this experience, Cape 
Town committed to developing secure, 
safe and sustainable water supplies for its 
four million residents. In 2019, it became 
the first city in the world to deploy 
Arup and SIWI’s City Water Resilience 
Framework (CWRF) and carry out a 
City Water Resilience Assessment. Using 
lessons learned from the drought shock, 

Looking further forward, it is scalable from 
towns through to mega cities - establishing 
a process for us all to shape a better world 
where we are improving public health, 
enhancing communities’ resilience to 
climate change and other water related 
risks, and creating natural and social 
value through water that results in a more 
inclusive and sustainable society. 

M A R T I N  S H O U L E R
Associate Director
Arup London office, UK

L O U I S E  E L L I S
Associate
Arup Bristol office, UK

S O P H I E  F I S H E R
Project Manager
Arup London office, UK

Click here to read more

https://www.arup.com/perspectives/how-can-we-build-more-water-resilient-cities
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This past year, Arup in the 
Americas continued to support 
a diverse and growing client 
base in water related services 

including not only planning and design 
for our water utility clients, but also 
addressing (stormwater) resiliency 
needs for multiple business sectors and 
across municipalities. At the forefront 
of our efforts are the focus on providing 
sustainable solutions while addressing the 
United Nations Sustainable Development 
Goals. It is not only in the growth of the 
Arup team through addressing a diversity 
of challenges that we consider a success. 
We relish those opportunities that allow us 
to utilize our skills to address a technical 
challenge, while providing broader 
enhanced social and economic benefits to 
the community. 

A recent example is the Bradley Plaza 
Green Alley in Los Angeles. As the first 
project to be unveiled, Bradley Plaza 
Green Alley has changed an underused 
alleyway between a major street and a 
low-income housing community into a 
shared community space that provides 
Americans with Disabilities Act 
accessible amenities, introduces 
nature into the city, reduces the 
heat island effect, and manages 
stormwater. 

This year was also unique in that it 
provided an opportunity to work closely 
with our Arup risk team, assessing water 
utilities relative to a broad spectrum of 
risks and vulnerabilities, both natural 
and manmade. The US Environmental 
Protection Agency mandated that 
(potable) water utilities conduct risk and 
resiliency assessments (RRAs) in a tiered 
approach; Arup provided these RRAs 
to several New Jersey American Water 
systems, assessing threat and quantifying 
both risk and economic impact. 

Americas
R E G I O N A L  R O U N D U P

By Janine Witko & Sheba Hafiz 

Stormwater management and 
implementation of blue-green infrastructure 
continues to provide challenges to our 
clients in all sectors. We have applied 
our extensive experience in stormwater 
management and hydrological assessments 
in assessing hydrology and designing 
stormwater management systems for our 
technology clients, transit and rail clients, 
municipalities and utilities throughout the 
region, and in fact, around the world. 

We participate in global projects and 
also reach out to our global colleagues 
to ensure quality deliverables to our 

client base and broad based solutions 
in an integrated manner. Examples 
include the ongoing work for the City of 
Toronto, the Massachusetts Bay Transit 
Authority, the New York City Department 
of Environmental Protection and Silicon 
Valley Clean Water. 

J A N I N E  W I T K O
Principal
Arup New York office, USA

S H E B A  H A F I Z
Associate Principal
Arup San Francisco office, USA
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L O S  A N G E L E S ,  U S A
City of Los Angeles Sanitation & Environment

Pacoima, which is a rendition of Pacoinga 
Village by the Fernandeño Tataviam tribe, 
is one of the oldest neighborhoods in 
Los Angeles. Previously surrounded by 
factories and paved over with concrete, 
the community is now embarking on an 
urban revival project led by the City of 
Los Angeles Sanitation & Environment, 
Pacoima Beautiful, and The Trust for 
Public Land.

As the first project to be unveiled for 
Pacoima Beautiful’s Urban Greening 
Plan, Bradley Plaza and Green Alley 
has transformed an underused alleyway 
between a major street and a low-income 
housing community into a shared space 
that provides ADA-accessible amenities, 
introduces nature into the city, reduces 
the heat island effect, and manages 
stormwater. As the project’s Engineer and 
Lead Consultant, Arup provided design 
services for stormwater management, 
conceptual lighting design, sustainability 
consulting, Geographic Information 
System (GIS) consulting, and community 
outreach support.

Throughout the entirety of the project, 
Arup and the project team engaged with 
local residents to understand their needs 
and tailor solutions to best serve the 
community. At the start of the project, Arup 

introduced three concept schemes at a 
local workshop, and community members 
were encouraged to choose the elements 
and overall design they liked best. The 
feedback from the event was consolidated 
and a design to meet their needs 
and priorities was produced, which 
included shaded areas, artwork that 
showcases the local culture, and more.

The project team also conducted five 
focus group outreach events, including 
one with a youth environmental group 
and one with a coalition of mothers 
who live in public housing adjacent 
to the project site. By engaging with 
the Fernandeño Tataviam tribe, Arup 
and the project team were also able 
to incorporate Fernandeño Tataviam 
language and indigenous art throughout 
the space.

As the alley had traditionally carried 
dirty stormwater into the street, which 
caused flooding in the area as the soil was 
not able to absorb water, Arup worked 
with landscape architects Rios Clementi 
Hale Studios (RCHS) to redefine the 
geometry of the alley. The design directs 
stormwater into a series of planters that 
capture, hold, and release water to a 
subsurface infiltration trench running the 
length of the alley. The water is filtered 
as it passes through vegetation and media 
in the planters, which ultimately enables 
the groundwater aquifer under the alley 
to be replenished with treated stormwater. 
As a result of the design, the project 
exceeds Los Angeles’ stormwater capture 
requirements, with a capacity to capture 
2M gallons of rainwater.

To help visualize the project and any water-
related risks, Arup used GIS technology. 
The team used watershed maps to lay out 
the site’s stormwater features and provided 
the required clearances to adjacent 
buildings for the stormwater infiltration 
facilities.

The design team also introduced trees and 
shading to reduce the urban heat island 
effect, further improving public health. 
Staying true to the spirit of Pacoima, the 
project incorporates a ground painted in a 
wavelike pattern mimicking rushing water. 
The project uses a pavement street bond, 
or asphalt colouring that increases the 
albedo effect, to enable the painted ground 
to reflect heat instead of absorbing it. To 
reduce costs while staying true to residents’ 
preferences and the architectural vision, 
the team proposed using two colours 
instead of four.

Bradley Plaza and Green Alley aims to 
achieve Envision Platinum certification, 
which recognizes sustainability in 
infrastructure projects. The project sits 
well within its surroundings, exceeds 
Los Angeles’ low impact guidelines for 
stormwater management, uses recycled 
materials, incorporates landscaping that 

Bradley  
Plaza and  
Green Alley

improves public health, and serves the 
needs of the community - making it an 
excellent fit for the certification.

The alley was open to the public in mid-
May 2020 and the plaza, a vacated street 
at the center of the alley, is anticipated to 
open in August 2020 after the installation 
of a shade structure is complete.

Case Study:

Community design workshop (on site)
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Australasia

This past year Arup in Australasia 
has undergone unprecedented 
growth, with a significant 
number of staff brought on board 

to support the delivery of major projects 
and frameworks including the Sydney 
Water Planning Partnership, Queanbeyan 
Treatment Plant in Canberra and Central 
Interceptor Tunnel in Auckland. 

In order to effectively deliver on such a 
broad range of projects we have worked 
globally to draw on specialist resources to 
deliver bespoke outcomes for our clients. 

Importantly it is not primarily growth 
by which we measure our impact but 
through the United Nations Sustainable 
Development Goals. We are passionate 
about collaborating with clients to have 
a positive social, environmental and 
economic impact on communities that we 
work in. Examples of the social value we 
are creating include in the Torres Strait 
Islands and in Singapore. 

Indigenous communities in the Torres 
Strait Islands have struggled with 
poor water and wastewater services. 
Arup has worked closely with 
them to complete the twenty-year 
Sustainable Water and Wastewater 
Management Plan, drawing together 
the elements of infrastructure 
planning, economic modelling and 
demand management strategies. As 
well, we have delivered detailed design 
work for critical water and wastewater 
infrastructure in the Torres Strait Islands. 

In Singapore, Arup is advising Sentosa 
Development Corporation (SDC) on 
options for long term coastal resilience 
as part of a growing trusted relationship. 
The value of Sentosa’s unique tourism and 
leisure land uses, including beaches and 
public spaces, has been assessed as part 
of the resilience work. The methodology 
provides a valuable precedent for other 

D A N I E L  L A M B E R T
Australasia Water Leader
Arup Sydney office, Australia

R E G I O N A L  R O U N D U P

By Daniel Lambert & Rhys Anderson

urbanised coastlines, including the 
mainland of Singapore, where climate 
adaptation studies are due to be undertaken 
in the near future. has been assessed as part 
of the resilience work. The methodology 
provides a valuable precedent for other 
urbanised coastlines, including the 
mainland of Singapore, where climate 
adaptation studies are due to be undertaken 
in the near future. 

We are also helping PUB, Singapore’s 
National Water Agency, develop their 
approach to planning utility corridors for 

water infrastructure to make better use of 
available space without compromising 
maintainability. Through detailed 
review from Singapore and international 
specialists, complemented by extensive 
consultation with PUB, we’ve developed 
alternative approaches into engineering 
proposals. Ultimately, plans will be rolled 
out in neighbourhood case studies. 

R H Y S  A N D E R S O N 
Associate
Arup Melbourne office, Australia
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Case Study:

M E L B O U R N E ,  V I C T O R I A
Yarra Valley Water

Yarra Valley Water has been experiencing 
significant population growth in recent 
years in new housing estates and, 
increasingly, in established suburbs as 
infill development. This trend is expected 
to continue in the coming years. The 
Doncaster Hill Recycled Water Project will 
provide recycled water to over 5,000 new 
properties in the Doncaster Hill precinct, 
and to the nearby Tullamore development. 

The Doncaster Hill precinct is a mixed 
use sustainable urban village covering 
58 hectares centred on the intersection of 
Doncaster and Williamsons/Tram roads, 
surrounding the Westfield Doncaster 
shopping centre. 

The recycled water that will be supplied to 
the area will be able to be used for flushing 
toilets, washing clothes, watering gardens 
and car washing. 

Yarra Valley Water engaged Arup in 2019 
to provide multidisciplinary engineering, 
design and consultancy services to support 
the delivery of the Recycled Water Project. 
A new Water Recycling Facility will be 
constructed to provide Class A recycled 
water from wastewater diverted from 
the Koonung Creek Sewer. The Water 
Recycling Facility will be located in Tram 
Road Reserve in Doncaster, a public park 

Doncaster Hill  
Recycled Water 
Project

network, preparing for planning permits 
and environmental approvals, and further 
engagement with the local community and 
stakeholders. 

situated on the Koonung Creek. 

Arup was engaged by Yarra Valley Water 
because of previous experience in the 
delivery of the Yarra Park Water Recycling 
Facility, a high profile and award-
winning treatment plant built in 
the parklands surrounding the world 
famous Melbourne Cricket Ground. 

Our initial scope of work focussed on 
development of the project concept for 
Tram Road Reseve, the basis of design 
and planning requirements for the 
construction of the Water Recycling 
Facility. 

To minimise the impact on residents 
and park users, the Doncaster Hill 
Water Recycling Facility will be built 
underground, leaving the open space 
available for park users and significantly 
reducing the potential impacts of an 
operating treatment plant. 

Arup has supported Yarra Valley Water 
with the community engagement process 
including development of engagement 
strategies, content and materials for 
community updates, development of 
collateral, generation of concept images 
and attendance to community events. A 
community information session was held 
in February 2020 to announce Yarra Valley 
Water’s plans and receive the community’s 
feedback and thoughts on the Project. 

In early 2020, Arup began site feasibility 
studies undertaking geotechnical and 
contaminated land investigations, noise 
and odour assessments, and a number of 
environmental studies. The outcome of 
the feasibility studies has not yet been 
finalised but will form part of the future 
engagement with the community.

The next phases of the project will include 
further development of the design of the 
Facility and Recycled Water reticulation 

Underground facility at Tram Road Reserve  
(artist’s impression) (YVW, 2020) 

Click here to read more

https://www.arup.com/projects/yarra-park-water-recycled-treatment-facility
https://www.arup.com/projects/yarra-park-water-recycled-treatment-facility
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Water security and resilience 
across East Asia continues 
to be a key concern and 
it is recognised that these 

complex water issues cut across sectors and 
both public and private sector clients are 
urgently seeking cost-effective solutions to 
protect their assets. 

This year we are very proud to have 
delivered an urban drainage masterplan 
for Shanghai City, which has been signed 
off by the Shanghai Water Authority. This 
was the result of engagement with our 
Arup international water experts as well 
as collaboration with our local Partner, 
Shanghai Urban Construction Design 
& Research Institute. This started with 
winning the Stage 1 international design 
competition and continued with the 
development of the masterplan. 

In Hong Kong, we continue to support 
Government clients to deliver drainage 
and sewerage infrastructure projects to 
improve flood resilience and sewerage/
sewage treatment capacity of urban and 
rural areas in Hong Kong. In many 
instances, we have successfully 
retrofitted blue-green infrastructure 
design solutions in constrained 
sites to offer multiple benefits to the 
local communities. 

Last year, Manila experienced the 
worst water crisis in nearly a decade, with 
severe city-wide supply interruptions. We 
have recently been appointed to oversee 
the development of the new Wawa Bulk 
Water Supply scheme and we have been 
continuing our support to the two water 
companies in Manila both to develop new 
and expand existing water infrastructure 
and treatment facilities. 

In other Southeast Asia countries, we are 
working closely with our local teams to 
develop water strategies to support various 
site development and infrastructure 

East Asia
R E G I O N A L  R O U N D U P

By Kenneth Kwok & Adrian Marsden

projects. Innovative and integrated 
water cycle solutions are essential, and 
we are inspired by the United Nations’ 
Sustainable Development Goals to 
create more robust and resilient water 
infrastructure.

A D R I A N  M A R S D E N
Associate Director
Arup Manila office, Philippines

K E N N E T H  K W O K
East Asia Water Leader
Arup Hong Kong office, China
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Case Study:

H O N G  K O N G ,  C H I N A
Hong Kong Government’s Drainage Services Department

We have been awarded a consultancy 
agreement by the Hong Kong Government’s 
Drainage Services Department for a 
drainage improvement study in Tai Po in 
the northeastern Hong Kong.

The high downstream river water levels 
together with inadequate drainage 
capacity in some localisted areas put the 
surrounding area to regular risk of flooding 
during extreme events. Both the urban area 
and upstream rural area have experience 
flooding in rainstorms at the start of the wet 
season this year, which has also pushed the 
project for earlier implementation. 

One of the major elements of the project 
is a proposed stormwater pumping scheme 
and an expansion of the existing floodwater 
pumping station in Tai Po which is the 
major discharge location of Lam Tsuen 
River. The scheme aims to alleviate 
the existing flood risk, raise the flood 
protection standard and enhance resilience 
to climate change. 

The stormwater can protect the Lam Tsuen 
River with an upstream catchment area up 
to 3000ha. There are also other flood prone 
areas scattered in Ting Kok, Lam Tsuen 

Upgrading 
Drainage Works 
for Climate 
Resilience

systems from projects such as Lai Chi 
Kok Drainage Tunnel and Happy Valley 
Underground Stormwater Storage Scheme 
will also be considered for this project, for 
irrigation, toilet flushing and cleaning.

This 18-month investigation study will 
include extensive hydraulic modelling 
with consideration to climate change and 
BIM, as well as public consultation works.

Valley and Ma On Shan.  Various forms 
of river training and drainage upgrading 
works, suitable for implementation in 
village settings, will be investigated. 

The ecology of the existing area 
has been one of the concerns in 
the project with an ecologically 
important stream in upper Lam Tsuen 
River of conservational importance. 
Throughout the project, we will 
work to incorporate ‘blue-green 
infrastructure’ elements into river 
training and drainage upgrading 
works, such as using sustainable 
urban drainage systems and 
engineering natural stream settings to 
promote greening and biodiversity. 

These facilities, built for flood 
prevention purpose primarily, will 
not only maintain and increase its 
drainage capacity but also introduces 
the client’s concept of revitalising water 
bodies by incorporating green and eco-
conservation elements into channel 
and river training works. These include 
planting in river channels and along 
river banks, engineering natural stream 
settings, preserving river ecosystems, 
enhancing wildlife growth and 
introducing landscape designs, which 
not only beautify the environment, but 
also promote the biodiversity of its rivers 
and streams.

Some sections of river were included 
in previous drainage improvements in 
2012. Conservation measures included 
fish ladders allowing river organisms to 
cross sections of stream, gabion walls 
to promote plant growth and cultivate a 
natural ecology and restoring riverbed 
with in-situ materials. 

Improved gabion channels with more 
conservation values will be implemented 
with comments from local green groups 
on their experience. Rainwater harvesting 

Proposed new stormwater pumping scheme in Tai Po, 
China
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J U S T I N  A B B O T T
Europe Water Business Leader
Arup Dublin office, Ireland

The last 12 months has seen our 
water business in Europe grow 
its influence, both through direct 
commissions with clients and 

through our support to our other businesses 
on water strategy, risk and design. 

In Ireland, we have built on our extensive 
portfolio of flood resilience projects 
for the Office of Public Works (OPW). 
The Lower Lee scheme is the largest 
project in OPW’s programme, with a 
high profile locally and nationally, and is 
being developed as part of a longer term 
strategy to adapt to climate change. Arup 
has been providing extensive support to 
OPW in communicating the strategy, 
leveraging our global knowledge on 
similar projects. We have also continued 
to provide support to Irish Water’s capital 
delivery programme. Arklow Wastewater 
Treatment Works is the single biggest 
project in the Irish Water portfolio. Arklow 
is the only major town in Ireland that has 
no wastewater treatment plant. The latest 
phase of planning on the project began 
in 2014 and planning permission was 
secured in August 2019 - a major 
milestone for Arup and the project 
team. A key component of the 
scheme through planning has been 
the architectural led design of the 
main treatment building. There 
continues to be demand for our water 
expertise from other sectors, most 
notably in the design of data centres, 
where our involvement has ranged from 
country level risk assessments through 
to feasibility, design and optimisation. It 
also includes our support on drainage and 
attenuation for the strategically important 
Cherrywood scheme in Ireland. 

Our water team in Poland has been busy 
with a number of major projects. These 
include Flood Risk Mapping for Baltic Sea 
Cities and our ongoing work with Krakow 
Water to develop a digital integrated 
catchment model. This model is one of 

Europe
By Justin Abbott & Ken Leahy

largest integrated models we have built, 
and it will be used by Krakow Water as 
the basis for a digital twin to improve 
network resilience. Elsewhere in Europe 
we were successful in securing a place on 
the Metro Flood Resilience Framework 
in Copenhagen and our teams in Spain 
and Turkey have continued to support 
our colleagues in masterplanning work, 
including advising on the water strategy 
for Madrid Nuevo Norte, one of the biggest 
regeneration projects in Europe. 

We continue to develop our Water 
Advisory capability across the region, 

including advising on climate resilience/
risk, working directly with industrial 
clients on optimising water use and leading 
on research to incorporate Total Value 
and Wider Benefits into flood resilience 
business cases, building on work done in 
the UK. 

R E G I O N A L  R O U N D U P

K E N  L E A H Y
Associate Director
Arup Cork office, Ireland

Click here to read more:  
Krakow’s digital integrated catchment model

Click here to read more:  
Madrid Nuevo Norte

https://www.arup.com/projects/krakow-integrated-catchment-model
https://www.arup.com/es-es/projects/madrid-nuevo-norte
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Case Study:

B A LT I C  S E A ,  P O L A N D
Multiconsult Polska Sp. z o.o.

Poland’s nearly 500km long coastline 
situated along the Baltic Sea is mostly 
made up of plains with occasional 
depressions, while cliffs constitute only 
around 18%, which makes the terrain 
prone to coastal flooding.

The Baltic Sea has increasingly been a 
source of flooding along the coast with 
flooding water reaching up to 160cm above 
the average sea level.

European Union law requires member 
states to update their Flood Risk Maps 
and Flood Hazard Maps (FRM and FHM) 
every six years. The water team in Warsaw 
have been updating flood risk and hazard 
maps for the coastal areas around the 
cities of Szczecin and Koszalin creating 
hydraulic models that will become the basis 
for designing effective flood prevention 
solutions for these cities.

Szczecin with a population of over 400,000 
people is located about 100km from the 
sea coast, near the border with Germany, 
by the Odra River. Koszalin, about 140km 
east from Szczecin, with over 100,000 
inhabitants, is situated 12 kilometres south 
of the Baltic Sea within the reach of sea 

Building Coastal 
City Resilience 
with Hydraulic 
Modelling

this process by using ArcGis software that 
allows working with map layers that can be 
transferred to the hydraulic model.

Insights from this hydraulic modelling 
exercise can be used in flooding protection 
planning and building flood resilience for 
cities.

storms by the sea-adjacent Jamno lake and 
Dzierzecinka river.

Arup was responsible for collecting and 
analysing a vast amount of data and turning 
it into four reliable DHI MIKE 2D 
models - two for each city, which will 
help flood forecasting, flood protection 
and spatial planning to ensure safety in 
under-risk areas.

Six days were needed to calculate one 
run of the model for Szczecin covering 
an area of over 410 square kilometres, 
which makes it one of the largest 2D 
hydraulic models in Poland. Several 
model runs were run to achieve the 
most reliable results. The model 
includes seven river, one land and 
one sea boundary conditions, 103,125 
elements of land use definitions, 5,210 
buildings, 52 sections of embankments 
and 2 800,000 elements of computational 
mesh.

Three scenarios of various sea storm 
levels, climate change and wind impact, 
over 640 square kilometres of terrain 
were examined and analysed in four 
models. The analysis demonstrated that 
the Baltic Sea storm wave has significant 
effect on estuary sections of rivers. For the 
Odra River, it may impact as much as 40 
kilometres upstream.

As precision is key when it comes to 
hydraulic modelling, to meticulously 
define the water flow path through the 
modelled area, our team created a robust 
database, including the shape of terrain 
in a Digital Terrain Model (DTM), which 
included information on river bed levels.

Infrastructure elements such as sea harbour 
levels, bridge abutments, and road and rail 
embankments have also been added to the 
DTM. In total, over 5,000 buildings of 
various sizes and shapes were included 
within the hydraulic model. We simplified 

Coastal resilience is critical to mitigating flood  
risk in Poland
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The 2019-20 period saw the start 
of Asset Management Plan 
(AMP)7 in the UK region - the 
five-year period covered by each 

water company’s business plan, approved 
by Ofwat. Continuing to give a strong 
focus to customer value, water companies 
have pledged to spend more than £50 
billion on improving services over the 
coming period. We are pleased to have 
supported many of the companies in the 
compilation of their final business plans. 
We have been successful on a number 
of strategic frameworks for the major 
water companies. We are also advising 
two water companies on their appeal to 
the Competition and Mergers Authority 
(CMA). Our growth in Northern Ireland 
continues supporting Northern Ireland 
Water and our support to the Hydro Nation 
Water Innovation Service in Scotland goes 
from strength to strength. 

The Environment Agency’s new 
Collaborative Delivery Framework 
(CDF) officially commenced in the last 
year. As well as providing incident 
response services, Arup is now the 
sole technical consultant on their 
capital projects across the North 
East, Yorkshire, and the Midlands 
for a four to eight-year period. 
Since the CDF’s commencement, 
Arup has supported the Agency 
with responding to major incidents 
across Lincolnshire, Yorkshire, and the 
Midlands. Our incident response role 
is to advise, scope, and design remedial 
works, often responding at short notice 
to developments on the ground in places 
like Wainfleet and Fishlake. Following 
the winter floods, we are now continuing 
to support on a major programme of 
remedial works across the two regions. 
Our team is supported by our partner 
Jacobs. 

Our Dams team has also co-authored a 
new publication for CIRIA (Construction 

UKIMEA
(UK, India, Middle East & Africa)

M A R K  F L E T C H E R
UKIMEA Water Leader
Arup Leeds office, UK

R E G I O N A L  R O U N D U P

By Mark Fletcher & Catherine Wenger

Industry Research and Information 
Association). The new guide - CIRIA 
789: Pipework, Valves and Associated 
Equipment in Dams - A Guide to Operation, 
Maintenance, Condition Assessment and 
Rehabilitation - was published in March 
2020, following a research project which 
started two years prior, funded by 11 
different organisations. Given the rapidly 
aging dams and reservoirs infrastructure 
across the UK, the new manual provides 
fully updated industry guidance which 
will aid those with responsibility for the 
maintenance of these assets. 

Finally, our Wet Networks event 
continues to develop, and has moved to 
a virtual platform as we embark on Wet 
Networks International with our partner 
WRc. We have also had several of our 
projects and people recognised, which is 
always a cause for celebration to share 
with our clients. You can read more about 
these achievements in the final section of 
the publication. 

C AT H E R I N E  W E N G E R
UK West Infrastructure Leader
Arup Cardiff office, UK
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Case Study:

C A R M A R T H E N S H I R E ,  W A L E S
Dwr Cymru Welsh Water

Clean waterways and safety from flooding 
are fundamental to maintaining thriving 
communities alongside our rivers and 
coastlines. In Llanelli, South Wales, local 
waterways are a critical natural asset. 
As well as being used for recreational 
and commercial fishing, swimming and 
sporting events, this area on the Loughor 
Estuary is ecologically sensitive - it 
includes waters that must meet rigorous 
legal standards for shellfish production as 
well as prized saltmarshes and a designated 
special area of conservation. 

Home to over 50,000 people, this part 
of Wales has historically suffered from 
repeated flooding by wastewater, an 
experience that is devastating to local 
people. To protect homes, businesses and 
roads at times of heavy rainfall, wastewater 
from the area’s combined sewerage system 
has historically been discharged into the 
estuary via combined sewer overflows. 
To safeguard the environment, and in line 
with its long-term vision, our client Welsh 
Water committed to reducing the number 
of these overflow events from 120 to 30 
per year. 

Arup’s water engineers used a catchment-
wide approach to provide a resilient, 
environmentally sustainable and cost-
effective solution. 

Traditional approaches to wastewater 
management rely on an end-of-pipe 

A catchment solution designed by an optimised 
optioneering tool developed by our team at Arup.

Halfway and  
Northumberland

as pump shut-down or flow diversions. 
These technologies help to maximise 
network capacity by identifying areas of 
spare capacity and diverting flows. The 
result is assets that are more resilient, with 
headroom created for future growth. 

Rainscape not only contributes to an 
efficient wastewater system, but also 
delivers wider benefits - increasing 
biodiversity protection, public amenity, 
operational safety and energy savings. In 
Llanelli, the green infrastructure systems 
deliver a community learning and amenity 
feature for a local primary school that 
provides opportunities to educate future 
generations about water conservation. 

solution - transporting wastewater to 
be stored and treated. In Llanelli, this 
technique would have required an 
increase in wastewater storage capacity of 
22,000m³. Welsh Water had for some years 
been developing more strategic, 
sustainable approaches to surface and 
wastewater management, enabling us 
to work together and take a catchment-
based approach to the problem - using 
green infrastructure to deal with water 
close to where it is collected and 
maximising the efficiency of existing 
assets. The impact of this approach 
was significant, with only 2,700m³ 
of new wastewater storage capacity 
required. This 88% reduction is 
calculated to have saved Welsh Water 
£15m in construction costs. 

The final element in the catchment 
solution incorporated an investment in 
using green infrastructure retrofits to 
reduce the amount of surface water entering 
the sewer system. Our team deployed 
Welsh Water’s existing RainScape 
strategy and demonstrated how green 
infrastructure could be woven into designs 
to complement the catchment strategy and 
unlock greater overall value - reducing 
demand for wastewater storage capacity 
and enabling storage systems to be gravity 
operated instead of needing to be pumped. 

Part of our design team’s solution 
incorporated digital technologies to 
maximise existing assets - utilising 
Victorian structures and upgrading 
pumps, mechanical equipment, electrical 
infrastructure and digital interfaces 
to create “smart assets” that bring the 
network into the 21st century. This 
eliminated the requirement for a new 
installation that would have represented 
a significant financial cost and embodied 
carbon footprint. Smart sensors now 
inform Welsh Water’s operations teams 
of potential problems within the network 
and trigger appropriate responses, such 

Click here to read more:

https://www.arup.com/projects/halfway-and-northumberland-sewage-pumping-stations
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Projects

Industry Awards
C E L E B R AT I N G  O U R  S U C C E S S

B R I T I S H  C O N S T R U C T I O N 
I N D U S T R Y  A W A R D S  2 0 1 9
Small Project of the Year Award: 
Greener Grangetown
Lead Designer: Chris Ellis

Greener Grangetown is a sustainable 
drainage system (SuDS) project that has 
also been designed to transform the quality 
of the public realm and improve cycling 
and pedestrian infrastructure across a city 
centre neighbourhood. The result is a more 

C O N S T R U C T I N G 
E X C E L L E N C E  A W A R D S  2 0 1 9
Halfway and Northumberland SPS team

Home to over 50,000 people, this part 
of Wales has historically suffered from 
repeated flooding by wastewater, an 
experience that is devastating to local 
people. To protect homes, businesses and 
roads at times of heavy rainfall, wastewater 
from the area’s combined sewerage system 
has historically been discharged into the 

W AT E R  I N D U S T R Y  A W A R D S
The Water Industry Awards celebrate 
excellence in the UK water sector. Arup 
was shortlisted in 3 categories for the 2020 
Awards:

Drainage & Flood Management Initiative 
of the Year: Halfway & Northumberland
Halfway & Northumberland combines 
digital tools and green infrastructure to 
deliver a new sewage pumping solution, 
resulting in a 75% reduction in flooding 
and overspill incidents. 

Data Project of the Year: Predictive 
Pollution Reduction: Tackling Pollution 
with Machine Learning
Arup assisted Dwr Cymru Welsh Water 
in developing their pollution prevention 

strategies. By merging existing asset 
records, spatial analytics and pollution 
registers we built a system-wide database 
of pollution events and the potential drivers 
of pollution. 

resilient urban sewer network and a street 
environment that is more attractive - and 
more useful - for residents and commuters. 
This green infrastructure project in Cardiff, 
the capital city of Wales, removes more 
than 40,000m³ of rainwater each year from 
entering the combined sewer network.

estuary via combined sewer overflows. To 
safeguard the environment, and in line with 
its long-term vision, our client Dwr Cymru 
Welsh Water committed to reducing the 
number of these overflow events from 120 
to 30 per year.

Arup’s water engineers used a catchment-
wide approach to provide a resilient, 
environmentally sustainable and cost-
effective solution.

©
 M

ath Roberts Photography
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C AT H E R I N E  W E N G E R 
Director
Arup Cardiff office, Wales

 
Catherine Wenger, our UK West 
Infrastructure Leader, was the winner 
in the Leadership category of the 2019 
Recognising Women in Engineering awards 
by New Civil Engineer. These awards were 
established to recognise women who have 
used their positions to inspire and engage 
the workforce and improve outcomes for 
customers and their business.

D A N I E L  L A M B E R T 
Australasia Water Leader
Arup Sydney office, Australia

 
Daniel Lambert’s exceptional support to 
young engineers has been recognised with 
the prestigious Kamal Fernando Mentoring 
Award at the NSW Water Awards.

The award citation described Daniel, 
Arup’s Australasia Water Leader, as ‘an 
exemplar water industry leader’ with 
a ‘forward-thinking and far-reaching 
approach to mentoring’.

D A V I D  H E T H E R I N G T O N 
Associate
Arup Newcastle office, UK

 
David has recently been welcomed as the 
new Professor of Practice in the School of 
Engineering at Newcastle University.

David’s appointment as a Professor of 
Practice provides a long-term platform for 
new and sustained research collaboration 
with the University, and increased industry 
input into its undergraduate engineering 
MEng and postgraduate Hydrology and 
Hydrogeology MSc degree programmes.

L O U I S E  E L L I S 
Associate
Arup Bristol office, UK

 
Louise Ellis has been shortlisted in the 
Thought-leader consultant of the Year 
category of the Management Consultancies 
Association (MCA) Awards in January 
2020. The MCA Awards celebrate the value 
of consulting and are highly regarded as a 
benchmark for quality and best practice 
within the industry.

M A R K  F L E T C H E R 
Arup Global Water Leader
Arup Leeds office, UK

 
Dr Mark Fletcher, Global Water Business 
Leader, has been welcomed by the Royal 
Academy of Engineering (RAEng) as a 
new Fellow for 2019. The Academy’s 
Fellowship represents the nation’s best 
engineering researchers, innovators, 
entrepreneurs, and business and industry 
leaders. Election to the Academy is by 
invitation only.

J A C K  H U G G I N S 
Engineer
Arup Cardiff office, Wales

 
Water Industry Awards - Rising Star.
Jack Huggins is a Civil Engineer within 
our Water team. His role is split between 
Cardiff’s office and Dwr Cymru Welsh 
Water’s Ty Awen office near Newport 
where he’s worked on projects including 
Halfway & Northumberland SPS.

People

M AT T  B A L L  A W A R D S  2 0 2 0
Arup colleagues from around the world 
have been recognised as winners in this 
year’s in-house Matthew Ball Award, 
which celebrates exceptional service to our 
clients in the water sector.

Pawel Paluch, a Senior Engineer from 
Krakow, Angelo Landicho, Engineer in 
Manila and Daniel Lambert, our Australasia 
Water Leader based in Sydney, were all 
peer-nominated and jointly recognised for 
their work.

Established in 2017, the Award is given 
annually in memory of Matthew Ball, 
who was responsible for driving our firm’s 
global strategic water opportunities. He 
was a keen advocate for building enduring 
client relationships based on trust, loyalty 
and mutual understanding.
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