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Prevention of Water Leakage and the Development of a Water-Saving City

Matsuyama is the capital city of Ehime-Prefecture located in Southwestern
Japan, consistently supplying 485,000 people with 140,000 cubic meters of water every
day. Unfortunately, however, we have long been threatened with water shortages. This
paper attempts to describe how we can further lower our leakage rate of water usage
below its current state of 2-3%. Also provided here is how to develop water-saving
technologies and ways to raise user awareness of water conservation. Water leakage
undoubtedly adversely affects the financial viability of water utilities. We, accordingly,
introduced some water-pressure-control-systems twenty-five years ago. These measures
brought about a significant breakthrough, and water loss was successfully reduced from
20 to 8%. Other key factors for our success were implementation of acoustic
investigations into underground leakages and regular renewal of water-mains.

Our city experienced a disastrous drought twenty years ago and has repeatedly
been faced with water scarcity. Hence, we specifically aim at advancing the concept of
water conservation and currently succeed, year after year, at raising user awareness.
Furthermore, we introduced water-saving faucets thirty years ago and responsibly
installed them in the great majority of all housing units, and since that time, we have
consistently updated and informed users of the benefits of their utilizing this technology.
In this study, the main stress falls on the aforementioned items and some new
technologies: an underground integrated-meter-unit and some quakeproof water pipes
we recently introduced. The presentation will delve deeply into detailing and describing

our most exciting emerging methods and technologies.
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=T Small Water Systems Panel Sessions
1.1 Fanny Bay Waterworks
District upgrades and aquifer
09:30-10:00 | monitoring + New Approach to Classification and
Management of Facilities/Systems
stisglacl}ll;{?;s;:gigerﬁleit + Water Loss Management: What you don’t know
10:00—10:30 | current regulations can hurt you
- The Risks and Rewards of Asset Management
1.3 Effects of water Planning
10:30—11:00 Z?f?iﬁ:gﬁ?&%? »:glieiﬁignent + Implications of the Water Sustainability Act

chemical contaminants from

drinking water

11:15-13:45 Lunch Break

Sessionl Session2 Session3 Session4 Sessionb
IREfH Small Water Wastewater Infrastructure | Stormwater Municipal Utility
Systems Issues Funding Issues Management
1.4 Shock 2.1 Are 3.1 Senior 4.1 Rain water 5.1 City of
chlorination and | automatic government and flood Richmond:
health grease recovery | infrastructure management in | Successful
protection: Best | devices (AGRD) | funding Queensborough: | volunteer water
14:00—14:30 | practices, as good as the Addressing metering
limitations and manufacturers impacts of program
research gaps claim? shifting land use estabhshes the
foundation to
plans and .
. launch universal
climate change .
metering
1.5 Case study: 2.2 Thinking 3.2 Ensuring 4.2 Erosion and 5.2 SCADAin a
Evans Lake outside the financial sediment small
water filtration engineering box: | sustainability control: community
system Interactive, through a Preventing
14:30-15:00 theme-based stormwater stormwater

technologies for
a new urban
wastewater
treatment plant

utility-Part art,
part science

pollution one
project at a time




1.6 Keeping 2.3 Operation 3.3 Contingency | 4.3 An 5.3 Obtaining
accurate records | De-Rag-A case in cost estimates | integrated filtration
and data study in -Catch-all or approach to exemption/defer
management combating pump | intelligent urban ral in British
15:00-15:30 blockages planning infrastructure: Columbia-Abbot
Richmond’s No.1 | sford/Mission
Road drainage water and sewer
pump station commission
15:30-15:45 Coffee Break
1.7 What you 2.4 Meeting 3.4 Bringing 4.4 Combining 5.4 Sunshine
need to know Metro good things to green and gray Coast Regional
about Vancouver’s light! The infrastructure: District’s
disinfection required Coquitlam UV Restoring the comprehensive
15:45-16:15 bi-products minimum onsite | disinfection John Matthews regional water
’ ’ rainwater project Creek Ravine plan
management-Ne
w tools to help
you get there!
1.8 Case study: 2.5 Evaluation 3.5 Why do you 4.5 OGS ETV 5.5 Design-build
Heather Jean of public space need a SCADA verification and | project
Properties’ dirty | rainwater communications | performance-Ke | delivery-Risk
spring management master plan? y design versus reward
. . amenities in variables
16:15-16:45 urban town
centers
1.9 Case study: 2.6 Green 3.6 Side-stream | 4.6 “Dry weather | 5.6 Just add
Ridgewood infrastructure-s | and main flow”...What'’s water: Energy,
Improvement ustaining life in | stream that? Wastewater | climate and food
District our urban deammonificatio collectcilon Si’i;em
. . streams and n for efficient upgrades at the
16:45-17:15 marine habitat nitrogen gggeﬁg ];-ilr;?s
removal Creek Area
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Session6 Session7 Session8 Session9 Session10
7 f St WL Wastewater Emerging Water Conservation Asset
Issues/Watershed . N .
T Issues Technologies el Smstintenlbility Management
6.1 Gutters, 7.1 Evaluating 8.1 Waste 9.1 Stormwater 10.1 The future
gardens, the implications | activated sludge | management of utility master
rooftops, and of sewage heat fermentation: and water planning: Why
taps recovery on New kid in the conservation asset
P wastewater EBPR block through management
08:00-08:30 treatment rainwater planning must
plants using a harvesting become
sewage heat redundant
energy balance
6.2 Positively 7.2 Relative 8.2 Using 9.2 The 10.2 Using
effecting river performance of peracetic acid as | Englishman predictive
water quality grit removal a disinfectant at | River water modelling to
and industrial systems Metro service aquifer support
CAN-NO" water supply Vancouver’s storage recovery | collection
08:30-09:00 northwest project system
Langley rehabilitation
wastewater planning

treatment plant




6.3 Assessment 7.3 Condition 8.3 Gateway 9.3 Water 10.3 Making
of rainwater assessment of Theatre conservation renewal
management highbury Wastewater planning investments
source controls interceptor Heat Recovery resources for BC | with
“\NO-NO- in Coquitlam using confidence-A
09:00-09:30 non-destructive robust decision
methods process for 3
waters
reticulation
networks
6.4 The art and 7.4 Upgrading 8.4 AMI 9.4 Prevention 10.4 Risk
science of water | lagoons to successes and of water leakage | analysis and the
source remove total challenges and the identification of
protection: phosphorus and development of infrastructure
09:30-10:00 Maximizing nitrogen a water-saving renewal needs
collaboration city for the Town of
and reducing Cochrane
risk
10:00-10:20 Coffee Break
B Drinking Wastewater Emerging' Other Topics Asset
Water Issues Issues Technologies Management
6.5 Atale of two | 7.5 Hawkesbury: | 8.5 To get an 9.5 Delivering 10.5 Pressure
methods: The First IFAS plant | innovative clean water to pipe design of
arguments for in Canada project, you students in the water and force
and against need an Himalayas main plastic
10:20-10:50 adjusting pipe innovative REP | through piping systems
roughness process-The new | innovative
coefficients Sechelt WWTP partnerships
6.6 Disinfection | 7.6 Best design 8.6 Use and 9.6 Development | 10.6 AC
by-product practices for validation of of a framework watermain
compliance for odor three-dimension | for integrated break
the Duteau management of al resource recovery | probabilities
10:50-11:20 Creek supply wastewater computational in the Vancouver and replacement
applications in a | fluid dynamics sewerage area planning
dense urban in the design of tools-Nanaimo’s
environment weirs and experience
spillways
6.7 Optimizing 7.7 Building 8.7 WWTP 9.7 Achieving 10.7 City of
coagulation and | utilities in an bio-refineries carbon Kamloops
addressing low urban -Innovation neutrality -Existing
alkalinity: environment-Gil | paving the road | through 600mm AC
11:20-11:50 Studies and more pump from NIMB to offsetting Forcemain X, Y
’ ’ laboratory station pride partnerships and Z mapping
testing at the project
Seymour-Capila
no filtration
plant
11:55-13:45 Awards Presentation: Lunch
Sessionll Sessionl12 Session13 Sessionl4 Sessionlb
RF ] Drinking Municipal Utility | Decentralized/On | waterand Emergency
: site Wastewater | Wastewater Residuals | Preparedness
Water Issues Operations Systems Management and Response
11.1 Direct feed 12.1 An 13.1 Reclaimed 14.1 Biosolids 15.1 Tsunami
reverse osmosis | operator’s water use for beneficial modeling and
membrane perspective: decentralized use-The inundation
filtration Challenges and wastewater greening of old mapping for
14:00-14:30 selected to treat | strategies on systems gravel pits Greater Victoria
challenging Canadian
groundwater regulatory
source changes




11.2 The 12.2 Greenest 13.2 Rural 14.2 Innovative 15.2
evolution of city, greenest onsite sewerage | use of biological | Earthquake
drinking water water and sewer | systems: Best phytoremediatio | resiliency/emerg
treatment utility practices for n systems for ency
14:30-15:00 objectives for sustainable treatment of preparedness of
’ ’ groundwater development landfill leachate | the City of
supplies in Vancouver’s
western Canada water system
11.3 The City of | 12.3 Case study | 13.3 Effluent 14.3 Improved, 15.3 Protecting
Vancouver’s of Dawson sewers-An energy efficient and utilizing
“access to water” | Creek’s environmental sludge digestion | SCADA during
program municipal profile at the Greater emergency
. . SCADA Nanaimo situations
14:00-14:30 pollution control
center
15:30-15:50 Coffee Break
C I First Nations
FREH Lrsltciog Lavy 2, -Water and Wi Other Topics
Water Issues Policy Wastewater Issues | Resources
11.4 Advances in | 12.4 Overview 13.4 The 14.4 Developing | 15.4 Lions Gate
UV technology and Aboriginal a sustainable secondary
and using UV commentary on water health source of high wastewater
for 4-log virus recent water project: quality treatment plant:
15:50-16:20 during primary and wastewater | Partnering with | groundwater for | A presentation
’ ’ disinfection of case law First Nations the Okanagan of the indicative
groundwater communities to sockeye fish design
improve hatchery
drinking water
access
11.5 Operation — | 12.5 TBA 13.5 Teamwork 14.5 A decision 15.5 Regional
Kapoor tunnel makes a tough support tool for sanitary
inspection job easy surface water services —From
resource policies to
16:20-16:50 management in | capital projects

Northwest BC
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Junichiro Yémashita Senior.Engineer, _
Water. Plpe Management Center,
Matsuyama I\/Iumc«:pal Entg{prlse

That one of the most important things is conserving our water resources cannot be
overstated in our society.

We are apt to take it completely for granted that water is the kindly fruits of the earth
and sustainable forever.

The efforts in water conservation and sustainability don’t go far enough in many
countries.

In light of the situation, this conference must be a great opportunity to think about our
future and environmental resources.

That’s why I’m joining you today.
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Allow me to outline my presentation first. The steps of my presentation are as follows.
To begin with, | will provide background information on why | decided to demonstrate
here and in what ways Matsuyama Municipal Enterprise has been able to tackle water
shortages and become successful in developing Matsuyama into a Water-Saving city.
Next, | will show you some data concerning Water Loss.

Here, I’d like to define it as “unaccounted for” water.

| know, though, there seems to be various ideas about it.

For your information, | will also signify the data on “Non-Revenue Water.”

In addition, | will be describing some technologies and ideas we’ve implemented or are
in the process of implementation for prevention of water leakage, such as
Water-Pressure-Control-Systems, a way to investigate water leakage and Water-mains
renewal.

Then, | will display the yearly transition of “Daily Residential Water Use.”

It will indicate some intriguing disposition and characteristics.

And there, you can find more specifically what we have tried to do for Water-Saving.
For instance, a Water-Saving Faucet, which is a way to stimulate Public Awareness for
Water Conservation and financial support for purchase of Water-Saving Appliances.
Plus, I’d like to demonstrate other state-of-the-art technologies, like an Underground
Integrated-Meter-Unit and Quakeproof water pipes.

So you can learn the latest in Japanese waterworks technologies.



First off, I’d like to introduce our background information.

We supply 485,000 users with safe and clean water on a daily basis.

And the Daily Water-Supply amount is up to 140,000 m3.

But unfortunately, we have long been threatened with water shortages, because the
average precipitation is just 51 inches per a year in Matsuyama city.

So the solution to water scarcity is our most essential topic.

We’ve developed a Water-Saving City.

One of the achievements represented is the Daily Residential Water Use, which is just
roughly 290 L/capita.

| suppose this may be significantly low for a developed country by international
standards.
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Here, you can see 50 years of Matsuyama city’s water leakage status.
50 years ago in 1963, our Water Loss percentage was 33 %.

But in 2012, the gradual decline percentage reached almost 3 %.

It is the same with Non-Revenue Water.

Its percentage has successfully gone down from 33 % to 5 %.

As you see, it has been on the same low-level for 15 years since 1998.
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Please take a look at this chart.

You can see a detailed chart of Water Loss.

In Matsuyama city, as with everywhere else we have experienced various technological
changes in 50 years.

The greatest change in waterworks has been the establishment of
Water-Pressure-Control-Systems.

The project was launched in 1980.

Water Loss percentage rapidly plummeted from 20 % in 1980 to 8 % in 1987 when the
project ended.

This outcome was due sheerly to the huge success of our

Water-Pressure-Control-Systems.
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In the like manner, this is the detailed chart of Non-Revenue Water.

We can also here compare the project start with the project end.

You will see that 20 % in 1980 was effectively improved to 10 % in 1987.

As a result, we realized about a 10 % improvement of Non-Revenue Water.
We are sharing the effectiveness of the Water-Pressure-Control-Systems here.

There were, however, other functional means on approximately 30 % of overall

improvement over these 50 years.




First off, the aforementioned Water-Pressure-Control-Systems has proven itself the
primary force in water leakage prevention.

Secondly, the Investigation into Underground Water Leaks has contributed mightily to
prevention of water leakage as well.

Moreover, regularly implemented Renewal of Water-mains has also been expected to
bring about admirable results.
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Please take a look at the picture of our Control Center.

The Control Center is located in our most highly technologically developed Water
Purification Plant.

We divide our city into 32 blocks according to the water pressure control.

And we install Pressure-Regulating Valves and Pressure-Monitoring Stations in each
block.

These systems are instrumental in equalizing water pressure, water-saving and

preventing water leaks.
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Water Leak Detector Listening Stick

Look at this.

These pictures were taken while conducting the investigation into underground water
leaks.

In our city, we carry out the investigations both by direct operations and outsourcing.
In the operations, about 450 km of Water-mains are annually investigated and about

500 Water Leaks are discovered on average per annum.

Generally in Matsuyama city, about 10 % of Water Leakage stems from Water-mains,

whereas 90 % of Water Leakage is from Service-pipes.
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Here, you can see some pictures of where a Water-main renewal is conducted on a

site.

We renew 10 to 35 km of Water-mains every year and newly lay 10 to 40 km of fresh
Water-mains each year.

All of the Water-mains are laid with Quakeproof water pipes.
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Daily Water Consumption
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Next, | will share some ideas on Water-Saving.

Matsuyama city has held up the great target of a Water-Saving since 1984.

Since then, we have made a lot of efforts to realize this concept.

The reason is as aforementioned we have been faced with severe drought on
numerous occasions.

Let’s take a look at this chart.

This chart shows us the average Residential Water Usage per Day.

You may notice some steep drops.

In 1983, the daily water consumption marked a peak at 360 L.

Subsequently to the apex, the daily water usage was gradually declining in keeping
with advancing the undertaking of the Water-Saving faucet installation for all housing
units.

As a consequence, in 1987,for a short term, usage hit a bottom recording of 327 L.
However, the circumstances of citizens life-style changes and the fading awareness of
Water-Saving ideals, coupled with some devastating droughts has created major
challenges to our “Water-Saving City” goals over the years.

On top of that, due to the recurring water shortages and you can see further decline
in 2002.
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What happened in 1994?

* Qutbreak of “the Great Drought of ‘94"
* Phased Water Supply Cut-Off for 8 to 19 hours
* Lasted 4 months

a day

The nightmare still casts a shadow

| should explain first what we went through in 1994, the worst drought Matsuyama has
ever known “the Great Drought of ‘94.”

At that time, we had been obliged to implement Phased Water Supply Cut-Off for 8 to
19 hours a day.

We had no option but to supply just 5 to 16 hours a day.

Moreover, the Cut-Off lasted for 4 months.

Since then, the nightmare still casts a shadow on citizen’s lives.



274K 13

Time Line of 1994

First Phase J Second Phase A 16hr Time-
Limitation ) Limitation ; Limited Supply
from July 11t } B from July 20t ¢ from July 26t

Shr Time- 8hr Time-
| Limited Supply
from Aug 22" E from Aug 1t

Please take a look at this flow chart.

This is the time-line of what happened in 1994.

In 1994, Matsuyama city was oddly warm from the beginning of the calendar year and
had very little rainfall.

The rainy season ended two weeks earlier than usual, and recorded the historically
least amount of precipitation ever.

Under such a situation, the water supply was restrained on July 11" and went on the
first phase of limitation.

Then it was restrained on July 20" and further falling into a time-limited supply for 16
hours on July 26™.

After that, the situation became worse.

The time-limited supply went from 8 hours starting from August 1%, and finally went
further to a limitation of only 5 hours a day on August 22",

That status lasted for 2 months until the limited supply terminated on November 27",
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What have we realized since 1994?

Daily Water Consumption
358 Lin 1993 MM 290 L in 2012

Water-Saving Publicity
Via TV programs, PR brochures, Water Festivals, etc.

Subsidy for Water-Saving Appliance
Rainwater Units and Water-Saving Appliances

Let me show you what we learned since 1994 and from then where we have been so
far in our efforts towards creating a truly “Water-Saving City.”

Our daily water consumption dramatically decreased from 358 L before the Great
Drought to 290 L in 2012.

After 1994, Matsuyama city has put a great emphasis on publicity works for
Water-Saving.

Throughout the use of TV programs, PR brochures, Water Festivals, School Visits and so
on, we have striven to raise awareness of the importance of Water-Saving.

Moreover, we implement a wide variety of projects from a view of utilizing water

resources.
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Here, | will be describing what programs we have conducted regarding Water-Saving.

In the first place, we have carried out installation of Water-Saving Faucets to all housing
units intensively for 3 years starting in 1984.

That is a project we have persistently handled and after that, continuously made
advances in installation.

Secondly, we have given citizens an awareness of Water-Saving through TV programing,
City Newsletters, our Web Site, Water Festivals and School Visits.

Furthermore, we provide subsidies for purchase of Water-Saving Appliances as well as
Rainwater Utilization Units.
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Water-Saving Faucet Valve Regular Faucet Valve
~Qs{-g Ee 2 ;Z
When 1/4 Valve Aperture Water-Saving Faucet Valve

5-8% Save Water

Take a look at these pictures.

On the left side, the illustration depicts the comparison between a Water-Saving Faucet
Valve and a Regular Faucet Valve.

If you set the aperture at a quarter, you can automatically save water by 5 to 8 %.

On the right side, this is a photo of the Water-Saving Faucet Valve.

This has a small tubercle under its Faucet Valve and it in affect hampers the Water
Flow.
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School Visit Water Festival

What we can see here are photos of both a School Visit and a Water Festival.

In Matsuyama city, we, year after year, hold School Visits and Water Festivals in order
to impress the seriousness of water usage on our children.

Hence, citizens grow up with the importance of a commitment to the Water
Conservation.
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Washer-Bath-Pump Rainwater Tank

As mentioned earlier, we subsidize these appliances.
On the left here, a Washer-Bath-Pump can utilize the water left in the bath tub for
washing.

On the right, a Rainwater Tank is used as a Cistern of Rainwater.
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Here, I’d like to show you some new Technologies we recently introduced.

Our city has attempted quakeproofing Water-mains and pivotal facilities since 1995
when The Great Hanshin Earthquake had come along.

Those efforts can lead to the success at preventing Water Leakage in emergency
situations.

To begin with, | will explain about an Underground Integrated-Meter-Unit.

It is used under ground and its mechanism is chiefly formed of a Stop Valve and an
Water Meter.

Next, | will present some Quakeproof Water Pipes.

Our current use of Quakeproof pipes are roughly divided into two kinds.

One is a GX-type Ductile Iron Pipe.

The pipes which we are using are relatively similar to the Thrust-Lock Boltless
Restrained Joint Pipes used here in Canada.

Those pipes, as you are aware, have a Safety Lock system and a Bottle-less Joint.
The other is a Higher Performance Polyethylene Pipe.

This has a feature that can be fused by electricity to form a Joint-less structure.
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Please take a look at these pictures.

This is the Underground Integrated-Meter-Unit.

You can see the unit is composed of a Stop Valve and an Water Meter.

In addition, it can protect from the stealing of water, by means of the handle that can
be removed while water is not being used.

Plus, a Check Valve whose shape is like a gasket that can be installed on the side of the
Water Meter.

Its mechanism can prevent water backflow.
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4
1
5

What you see here is a comparison between a Conventional System and a
Integrated-Meter-Unit System.

One of the most distinguished characteristics is the appropriate installation of the
Water Meter.

In the conventional style, the axis between a Stop Valve and a Water Meter is
frequently slipped out of the regular place when a Water Meter is replaced.

As a result, the mismounting provokes a water leak.

This technology can prevent from prospective Water Leakage.
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To sum up, the concepts are below.

The advantages are

an All-in-one Stop Valve and Water Meter
an Anti-Backflow Mechanism

a Prevention of Meter Mismounting

Ease of Water Meter Mounting,

And Protection from Stealing of Water.
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DIP(GX) HPPE

Next, | will introduce Quakeproof Water Pipes.

As | mentioned before, the pipes are roughly divided into two types by materials.
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I’d like to exemplify how to use the GX type Ductile Iron Pipes on a site.

These pictures are a situation of an incoming materials check.
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Before the start of the pipe laying, plumbers have to prepare pipes.

The pipes can be cuttable and have a wide variety of bend pipes and joints.
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These are photos when excavating and measuring trenches on a site
The trenches should be carried out as economically as possible and need at least 20
inches of width and 24inches of depth.
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These photos demonstrate the connecting of two pipes.

It is easy to pull them into its Bell Mouth by a Lever Block with little effort.
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On the other hand, it is possible to pre-connect pipes beforehand.
And then they can be lifted and laid into the trenches.
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In brief, the following outlines the major advantages of these technologies.
The features are

an Anti-Earthquake mechanism,

a Safety Lock for Prevention of Pipe Separation,

a Cost Reduction due to the durability over 100 years,

Resistance to the corrosion

Workability for laying,

and Flexibility against earthquakes.
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Secondly, I’d like to illustrate what is Higher Performance Polyethylene Pipes.
You may know of Polyethylene Pipes.
This Higher Performance Polyethylene Pipe is an advanced version of a Polyethylene

Pipe.
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The most remarkable feature is Pipe Connection by Electric Fusion.
As a consequence, the materials are unified and hence there are no worries about Pipe

Separation.
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These are pictures of excavating trenches and laying pipes.
Higher Performance Polyethylene Pipes are highly resistant to the earth pressures and

heavy wheel loads.



To end up, these are the Concepts of Higher Performance Polyethylene Pipes.
The advantages are as follows,

an Anti-Earthquake mechanism,

Joint less Unification by Electric Fusion,

a Cost Reduction from the Durability over 100 years,

Resistance to the Electrolytic Corrosion

Workability for Laying

and Flexibility against Earthquakes.
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In future work, not only will we renew our Water-mains, but we should progress the
renewal of our Service-pipes.

As | mentioned earlier, Water Leaks are attributed to 90 % of Service-pipes.

Plus, we have to accommodate the expected population growth and accompanying
dire need for further water resources.

Besides, we need to make preparation further for forthcoming earthquakes by means

of laying Quakeproof pipes.
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. Questions?

R

All right then, let’s move onto the Q & A session.

Do you have Any Questions?
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That’s all for my presentation.

Thank you very much for having me today.
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