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Preface

The Japan Society of Civil Engineers has been promoting the development of technologies and the accu-
mulation of knowledge for design and construction, management and maintenance, disaster preven-
tion, and environmental measures for lifeline systems. In addition, lifeline operators and enterprises
have also made every effort to advance the services and reliability of their systems. Based on these
contributions, this handbook summarizes the state of the art of lifeline engineering and directions for
future research.

Even as this handbook was being written the March 11, 2011, magnitude 9.0 Tohoku earthquake
(Great East Japan Earthquake and Tsunami Disaster) struck the northeast region of Japan. It was the
largest earthquake in Japanese history. As a result of the destructive effects, including a tsunami, ground
motion, soil liquefaction, and slope failure, the toll of dead and missing was 18,641 as of October 31,
2012. Thus, it was the severest disaster over the last half century in Japan. Numerous facilities of lifeline
systems such as sewerage, water, electricity, and telecommunication were severely damaged, and the
urban functioning of the affected areas was paralyzed for a long time. The Tohoku earthquake reminded
us of the importance of the resilience of lifeline systems against natural disasters in protecting human
lives and supporting the lives of survivors of disasters as well as promptly recovering and reconstructing
the affected areas.

Technology development and knowledge accumulation have generally been carried out indepen-
dently for each lifeline system, with technical guidelines and standards for the design and construction
defined separately. However, many common issues exist among the lifeline systems, particularly related
to design and construction, maintenance and management, disaster reduction, and environment pres-
ervation. Furthermore, loss of function of a lifeline system strongly affects the function of other lifeline
systems, and the overcrowding of recovery works among lifeline systems after natural disasters delays
restoration and reconstruction of the damaged areas. One of the purposes of this handbook is to com-
prehensively describe common issues among various kinds of lifeline systems that will be of practical
use to engineers and concerned parties.

The frequency of natural disasters such as earthquakes, storms, floods, and landslides has been
increasing globally in recent years. The reasons for this are believed to be changes in the natural envi-
ronment on a global scale and society’s increasing vulnerability against natural hazards. The natural
environment is changing rapidly, including global warming, heat island effects in urbanized areas,
loss of forests and arable land, desertification, and erosion of riverbanks and seacoasts. Vulnerability
to natural disasters is also increasing as a result of changes in social structures and land use, such as
excessive population concentrations in urban regions, increased settlement in disaster-prone land, and
depopulation of rural areas.

vii



viii Preface

Under these conditions, preserving the functions of lifeline systems against increasing natural disas-
ters is essential to create a safer, more secure society as well as to protect human lives. This requires
proper maintenance of facilities and enhancement of the disaster-resistance capabilities of lifeline
systems.

We hope this handbook will prove useful to engineers, operators, and other parties concerned with
planning, constructing, and maintaining lifeline systems. Finally, we express our sincere gratitude to
the authors and the members of the editing committee.

Organizing members

Masanori Hamada
Takeshi Koike
Takanobu Suzuki
Charles Scawthorn
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1.1 Introduction of Urban Lifeline Systems

1.1.1 Classification of Urban Lifeline Systems

Lifeline was originally a maritime word meaning life-saving rope or life preserver. In the context of protect-

ing human life by providing the necessary infrastructure in populated cities, the term is used to signify

any system that maintains function in such cities. In a conference on earthquake engineering in the

United States in 1975, Lifeline Earthquake Engineering was proposed [1]. With this motivation, water, sew-

age, electric power, gas, telecommunication, and other public utilities came to be called lifeline systems.
Lifeline systems are generally classified based on the services they supply:

1. Water supply and purification systems—water, sewage, and river facilities (intake and discharge
of water)

2. Energy systems—electric power, gas and liquid fuels, and local cooling/warming

3. Information and communication systems—telephone, information, and broadcast facilities

4. Transportation systems—roads, railroads, ports, and airports

Among these lifeline services that strongly affect urban life, water supply systems, sewage systems, urban
gas systems, electric power systems, and telecommunications are the services this handbook deals with,
by introducing current technologies and knowledge regarding the design, construction, and maintenance
of these lifeline systems for engineers and researchers, and those working in the field of natural disaster
reduction.

1.1.2 Components and Networks of Lifeline Systems

Urban lifeline systems provide services to citizens through their key station and network facili-
ties. As shown in Table 1.1, urban lifeline systems consist of upstream and downstream facilities.
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4 General Remarks of Lifeline Services

TABLE 1.1 Composition of Urban Lifeline Systems

Lifeline System Composition of Each System

Water Reservoir (dam), intake > transmission facilities (pipes, tunnels) > purification facilities > distribution
facilities (basin, tank, pump, pipe) > consumer

Sewage Consumer - wastewater pipe or rainwater pipe > trunk line > wastewater treatment plan > pumping
station

City gas Loading facility of oil and gas > gas production facility > storage facility (tank) > high-pressure gas

pipe > decompression station > medium-pressure gas pipe

Electricity Power plant - transmission facility (tower) - converter station (transformer) > distribution station >
distribution line (buried and suspended) > consumer

Therefore, an interruption of the upstream facilities will strongly affect the function of the down-
stream facilities, resulting in serious loss of urban function. Therefore, efficient and safe performance
of upstream facilities is required.

Lifeline systems consist of various kinds of facilities and structures including their foundation
and earthworks, the technology and knowledge for the design, and the construction and mainte-
nance, which cover multidisciplinary fields. It is required to effectively and economically design,
construct, and maintain these facilities. Furthermore, mitigation of the damage caused by future
natural disasters such as earthquakes and floods is essential for quick recovery of their functions.
Therefore, concerned experts and engineers should have a wide knowledge and efficient technology
in various fields.

1.1.3 Interactions among Urban Lifeline Systems

Lifeline systems have mutual interactions with each other. For example, stoppage of electric supply will
disrupt the functioning of water purification and wastewater treatment plants. On the other hand, mal-
function of the water supply and sewer seriously affect the lives of the personnel in power generation
plants. Furthermore, failure of electric supply will hinder the transmission of information regarding the
damage caused by the disaster, thus affecting restoration and reconstruction work of the lifeline systems.

During past earthquakes, such as the 1995 Kobe earthquake, water and soil flew into the buried
pipes of gas, electricity, and telecommunication due to the breakage of water pipes, and the restoration
work was hampered for a long time. Furthermore, the restoration of water supply before the repair of
the sewerage system may cause a problem in public sanitary works. It was surmised that after the Kobe
earthquake, the early restoration of electric supply to households caused subsequent fire, resulting in
extended damage and delay in the recovery of the affected areas.

As mentioned earlier, lifeline systems are closely linked with each other during disasters as well as
normal times; therefore, communication and exchange of information are essential for the function-
ing of safer lifeline systems. Hence, a comprehensive and common data base of lifeline systems is being
planned.

1.2 Reliability and Safety of Urban Lifeline Systems

1.2.1 Natural Disasters Affecting Safety of Lifeline Systems

Natural disasters, such as earthquakes, volcano eruptions, floods, thunder, heavy rains, and snow,
affect the reliability and safety of lifeline systems. In particular, past earthquakes have caused severe
damage to key stations and buried pipes. The 1995 Kobe earthquake caused extensive liquefaction
and large ground displacements in the artificial islands reclaimed from the sea, resulting in serious
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TABLE 1.2 Damage to Lifeline Systems by the 1995 Kobe Earthquake
and Function Recovery Time

Functional Disorder Function Recovery Time (days)
Water 1,265,000 households cut off 70 (Kobe, Nishinomiya)
64 (Ashiya)
Sewage 198 km of damaged pipe Buried pipes: 140

Pumping stations: 24

Sewage treatment plants: 5 months
Electricity 2,600,000 households with blackout 6
Phoneline 285,000 malfunctional lines 14
City gas 857,000 households cut off 54

damage to buried pipes of lifelines and facilities of wastewater treatment plants. During the 2004
Niigata-Chuetsu earthquake, soil liquefaction more than 1500 sewer manholes “floated” due to the
buoyancy of the liquefied soil.

Besides earthquakes, floods and extremely heavy rains threaten the safety of lifelines. Flood and
storm disasters have been increasing, which are surmised to be caused by the global climate change.

1.2.2 Damage to Lifeline Systems by the 1995 Kobe Earthquake

The Mw 6.9 (M, = 7.2) Hyogo-ken Nambu (Kobe) earthquake with epicenter near the Akashi Strait
in Hyogo Prefecture occurred on January 17, 1995. The epicenter was at 34.58N 135.01E with a hypo-
central depth of about 16 km. It was the first recorded occurrence of intensity 7 (the highest) on
the Japan Meteorological Agency Seismic Intensity (JMAIL X or greater on the Modified Mercalli
Intensity, MMI).

Around reclaimed seaside areas, soil liquefaction and large ground displacement resulted in heav-
ily damaged lifeline facilities and structures. Key stations such as water purification plants, wastewa-
ter treatment plants, electrical substations, and buried pipelines were seriously damaged.

Table 1.2 shows the damage to lifeline systems and the time needed for function recovery. The num-
ber of households which experienced outages of water, city gas, and electricity reached about 1,300,000,
860,000, and 260,000, respectively. More than 280,000 phone lines were affected. Therefore, it took a
long time to restore the function, with waterworks requiring 70 days, the sewage system about 5 months,
electricity 6 days, phone lines 14 days, and city gas 54 days. The malfunction of transportation systems
and damage to lifelines caused urban function paralysis for a long period.

1.2.3 Damage to Lifeline Systems during the 2004
Niigata—Chuetsu Earthquake

On October 23,2004, the Niigata—Chuetsu earthquake of M, = 6.8 occurred in central Niigata Prefecture.
The epicenter was at 37.17°N and 138.8°E, with a hypocentral depth of about 13 km.

Over 1400 manholes were floated by soil liquefaction in Ojiya, Nagaoka, and other areas. Figure 1.1
shows the relationship between the rate of lifted sewage manholes (the ratio of the number of lifted man-
holes to the total number) and the micro-topographic conditions in Ojiya. The rate of floated manholes
was higher on the alluvial fan than in the delta and old river streams. Generally, delta and old streams
are considered to be more liquefiable than the alluvial fans, where gravel can release pore water pressure.
The reason why many manholes were floating in the alluvial fan was due to the sandy backfilling soil,
which liquefied as shown in Figure 1.2.



6 General Remarks of Lifeline Services

20

15
g
3
=

= 10
o
[
=
~

5

0 J 1 1 1
Mountainous Plateau Alluvial fan Delta
area old stream
Microtopography

FIGURE 1.1 Relationship between rate of floated sewage manholes and micro-topographical condition (2004
Niigata-Chuetsu earthquake).

Ground surface

?Rﬁ?‘ E : R0 %

I8 ¢
= \ | R

Silty and clayey
ground

™

Sand backfilling

Buoyancy of liquefied soil

FIGURE 1.2  Floating of manholes by liquefaction of backfill soil.



General 7

25

= 20
)
=
2
=

£3 15
g s
48
o on
£ 5

g3 10
()
<Ts)
o]
g

< 5

0

Mountainous Plateau Alluvial fan Delta
area old stream
Microtopography

FIGURE1.3 Relationship between damage rate of buried sewage pipes and micro-topographical condition (2004
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Since this earthquake, to prevent floating of manholes by soil liquefaction, several measures have
been developed and implemented. These include weighting of manholes by cast-metal blocks and hard-
ening of backfill soil by cement milk mixing.

Figure 1.3 reveals that the rate of sewerage pipe damage (the ratio of damaged length to total
length) was greater in mountainous regions and the delta and old streams than in the alluvial fan
and plateau. Damage to sewerage pipes in the mountainous areas was caused by landslides and slope
failures of road embankments. The reason for the high damage rate in the delta and old streams was
soil liquefaction.

1.2.4 Measures for Damage Reduction against Future Earthquakes

The Central Disaster Management Council (CDMC), Cabinet Office of Japanese Government, and
Headquarters for Earthquake Research Promotion of the Ministry of Education, Culture, Sport, and
Science have predicted a magnitude 7.3 earthquake for northern Tokyo Bay. As of 2004, the probability
of an earthquake with a magnitude of 7 within the next 30 years in the greater Tokyo area, including the
northern Tokyo Bay, is estimated to be 70% [2,3].

CDMC also predicted the damage that would be caused by the northern Tokyo Bay earthquake.
The estimates are that if such an earthquake occurred at 6 p.m., about 850,000 homes would be destroyed
by ground motion, fire, and slope sliding. This is approximately seven times the number destroyed in the
Kobe earthquake of 1995, which was 117,000. The prediction of 11,000 fatalities is approximately double
the 5,520 directly caused by the Kobe event. The total estimated economic losses are ¥112 trillion, includ-
ing ¥67 trillion in direct losses from the destruction of public and private property and ¥45 trillion in
indirect losses from economic stagnation following the earthquake.

Table 1.3 shows the anticipated disruption of lifeline utility services following the northern Tokyo Bay
earthquake, based on reports from utility companies. Restoration of electricity, telecommunications,
and gas is forecast to take about the same number of days as the Kobe earthquake, but the predicted
recovery time for water and sewer services would be much shorter. If lifeline utilities were damaged to a
much greater extent than in the Kobe earthquake, it may take a much longer time for restoration. It will
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TABLE 1.3 Damage Prediction of Lifeline Systems by the Northern Tokyo Bay Earthquake
and Recovery Days

Number of Affected Households: Northern ~ Number of Affected Households: Kobe

Tokyo Bay Earthquake (Recovery Days) Earthquake (Recovery Days)
Water 39,000,000 (30) 1,265,000 (70)
Sewage 150,000 (40) — (140)
Electricity 1,600,000 (6) 2,600,000 (6)
Telephone (number 1,100,000 (14) 285,000 (14)
of damaged lines)
Gas 1,800,000 (55) 857,000 (54)

be necessary to inspect and reassess the vulnerabilities of these systems and facilities and take necessary
measures, such as seismic retrofitting.

1.3 Measures for Lifeline Facilities against Future Tsunamis

1.3.1 Countermeasures for Sewage Facilities

In the 2011 Tohoku earthquake, wastewater treatment plants and pumping stations of sewage systems
were subjected to severe damage across a wide region of Japan, from Tohoku to Kanto [4]. Among
these plants within a distance of 100 m from the coast, 90% lost all function. Furthermore, with the
tsunami inundation height greater than 3.0 m, all wastewater treatment functions ceased. To deal
with such damage to sewage systems against tsunamis, the Technical Committee for Earthquake and
Tsunami Restraint Sewage Systems proposed a basic concept for the design and countermeasure of
sewage facilities against tsunamis. In this proposal, prevention of wastewater backflow, pumping, and
disinfection was designated as mandatory. Functions of sedimentation and sludge treatment should
be rapidly recovered, although temporary interruptions may be allowed. Facilities having mandatory
functions should be located above inundation water levels, or be protected by walls higher than those
levels (Figure 1.4). For facilities whose functions should be rapidly recovered, water protection struc-
tures are required.

When sewage facilities are severely damaged by earthquake ground motion or a tsunami, the impact
on the public is severe. There is the possibility of a secondary disaster, such as the spread of disease. All
treatment plants and pumping stations are built on sites near the coasts. Therefore, both hardware and
software measures should be implemented. The latter include the security of emergency electric power
sources and evacuation system for the staff.

1.3.2 Countermeasures for Nuclear Power Plant
The safety of nuclear power plants against tsunamis [5] seeks to achieve the following objectives:

1. No seawater flows into the site, even at high tide. That is, the height of the site is higher than that
of full tide plus the assumed tsunami height.

2. As the sea surface drops during the receding water stage of a tsunami, water intake should be
assured. However, if water intake becomes impossible, cooling water should be assured by other
means (e.g., on-site storage in ponds or tanks).

3. Seabed scouring or soil accretion around intakes due to a tsunami should be prevented.

The accident at the Fukushima Daiichi Nuclear Power Plant No. 1 was caused by the first requirement
not being satisfied. Although it is critical to determine the anticipated height of tsunamis at nuclear
power plant sites worldwide, it is also important to maintain the functioning of cooling system. For this,
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FIGURE 1.5 Construction of tsunami barrier wall (Hamaoka nuclear power plant).

emergency power functions should be assured. Countermeasures, such as a stock of spare power genera-
tors at high elevations or in watertight chambers, should be taken for post-disaster operation.

At Hamaoka Nuclear Plant in Shizuoka Prefecture, a tsunami barrier wall with a height of 18 m above
sea level and a length of 1.6 km was constructed along the coast (Figure 1.5). This was meant for protec-
tion against a tsunami caused by an earthquake that has been predicted along the Nankai Sea trough.
Figure 1.6 shows the tsunami barrier wall, which uses continuous steel pipes and steel box frames. The
construction of such a wall is currently being planned for another nuclear plant. However, the problem
of wall design is determining the tsunami’s height. Geologic and seismic surveys by CDMC indicate
that tsunamis several tens of meters high may impact the sea coast along the Nankai Sea trough on
the Pacific Coast. In addition to hardware measures including construction of tsunami barrier walls,
software measures should be provided to avoid serious accidents. These would maintain electric power
source systems for cooling, even if tsunami water overtops barrier walls and flows into the site.
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FIGURE 1.6 Tsunami barrier wall of Hamaoka nuclear power plant: (a) steel pipe wall and (b) steel box wall.
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2.1 General Remarks on Water Systems
2.1.1 General Remarks

As shown in Figure 2.1, water supply systems generally begin with surface or underground sources,
from which water is conveyed via transmission lines to terminal reservoirs, from which it proceeds to
water treatment (“purification”) plants, and then is distributed within the service area to on-demand
residential, commercial, and industrial users [1-3].

Water supply systems are composed of multiple facilities including dams, intake facilities, aqueducts,
purification system, and transmission and distribution systems. There are various kinds of civil and
architectural structures and electrical and mechanical equipment. These facilities are interconnected
and are operated systematically for water supply services.

Water pipelines are responsible for delivering a stable and reliable water supply, even during
extreme situations such as earthquakes and water shortages. Many water systems are now aging and
are in need of replacement. Additionally, since water systems consume almost 1% of Japan’s electric
power for transmission and distribution, alternative energy-saving systems are now be investigated.
Lastly, in order to minimize damage and realize rapid restoration in the aftermath of a disaster, vari-
ous preparatory works are needed, such as seismic retrofitting, restoration planning, and emergency
water supply training.

The water pipeline system is not only used as a means to supply potable water to the general pop-
ulace but also used to supply industrial water, recycled wastewater, and water for special uses like

11
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FIGURE 2.1 Illustration of the water supply system.

cooling and cleaning. The different types of water in pipelines are pressurized and provided with less
treatment than for potable demands.

2.1.2 Dam Facilities

While Japan’s annual precipitation is almost twice the world’s average, the rainfall volume per capita is
half the global average. So water supply does not always meet the demand. Rainfall is concentrated in
the rainy and typhoon seasons, when the water flow can often become runoff flow. Hence, during the
rainy season, water must be stored in a facility like a reservoir and later delivered into the river accord-
ing to demand.

Such facilities include dams and reservoirs in the upper river area, water ponds in the middle area,
and river dams and underground storage in the lower river area. These dams also serve to control flood-
ing and generate power, in addition to their primary function of water storage.

2.1.3 Water Intake Facilities

Water sources are classified into surface water in rivers and lakes and underground water. The intake
facility is installed at the water entry point.

When water is taken from a river flow which has a variable water level, the intake system must include
a facility that can stabilize the water level. Typical intake facilities are dams, gates, towers, frames, and
pipelines.

When underground water is pumped up, the volume intake must be controlled in order to avoid
ground settlement and saltwater hazard. Since the intake of underground water is often affected by
industrial wastewater, the intake point and its method must be carefully selected and controlled, and
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equipment such as wastewater exposing and purifying equipment should be installed. The depth of a
well is determined from the level of the underground water layer. The underground flow under the river
bed can be siphoned off at the collecting points.

2.1.4 Aqueducts

Water taken at an intake facility is carried to a purification facility by the aqueduct system, which
includes aqueducts, tunnels, and pumping stations.

The water is transported by buried structures such as pipelines, conduits, and tunnels or by surface
structures such as above-ground conduits or open channels. Various transport methods are used,
including the gravity flow method, the pumping and pressurized method, and the combined method.
The water is also conveyed using pipelines under pressure or by open channels with a free water
surface.

The standard method of water transport is the gravity flow method, while the pressurized method
must be utilized under the following circumstances:

. When the demand water level is higher than the supply

. When the hydraulic grade line is located at a lower level than that of the demand point

. When a long pipeline cannot convey the water by pressure due to head loss

. When the whole required head is obtained at the starting point and then the gravity flow is applied
to the remaining water transmission

5. When a multistep pressurized flow is taken along the water transmission route

B W N =

2.1.5 Water Purification Facilities

The water purification facility must supply potable water, as regulated by the water quality standard.

There are several methods for water purification. The disinfection method can be exclusively applied
when the original water resources are sufficiently clean for drinking. Where the original source is not
deemed potable, there are appropriate engineering methods that can be used, such as slow filtration,
rapid filtration, membrane filtration, and high-quality purification. The most appropriate method
should be selected on the basis of not only cost but also safety and reliable technologies. The original
water quality, the purified water quality, the construction cost, and the operational cost are factors that
should all be taken into consideration.

It should be noted that the disinfection treatment by chlorination is required in any purification pro-
cesses based on code regulations.

2.1.6 Water Transmission Facilities

The water transmission system is utilized to transport water from purification facilities to distribution
facilities. This system is composed of transmission pipelines, pumping stations, regulating reservoirs,
and control valves. The transmission capacity should be determined by the maximum water require-
ment. There are several types of transmission methods, which include the gravity flow method, the
pumped-up and pressurized method, and the combined method. Generally, a pipeline is sufficient to
protect the system from any external hazards or accidents, but when the gravity flow method is used, a
shield tunnel or aqueduct is required.

Mostly, a single transmission pipeline is installed from the purification facility to the storage tank
in the distribution system. If there are multiple distribution areas in this purification facility’s area,
the transmission pipelines are installed to each storage tank. In some cases, a distribution pipeline
is branched directly from the transmission pipeline. In these cases, the transmission pipelines and
their facilities should be designed to comply with the dynamic water pressure and the volume of
water conveyed.



14 General Remarks of Lifeline Services

2.1.7 Distribution Facilities

The distribution system is composed of a distribution reservoir, tower, elevated tank, distribution pipe-
lines, pumping stations, and various equipment for controlling flow in the pipeline. The distribution
pipeline can supply purified water under adequate pressure in stable operating conditions. The capacity
of the reservoir should be estimated from the maximum volume of water consumed in 12 h. The maxi-
mum flow capacity can be evaluated on the basis of supply volume per hour.

There are several flow methods in the distribution system, the most appropriate of which is the grav-
ity flow type. When the pumping method is used, the reservoir should be installed at a location with a
high elevation to save the energy costs as much as possible.

2.1.7.1 Reservoir, Water Storage Tower, and Elevated Tank

A reservoir is used for the storage of purified water and delivers potable water in accordance with
demand in the distribution area.

As water demand varies during the day, the operating system has several control functions that can
absorb water supply variations within several hours as well as maintain the water supply to the distribu-
tion pipelines for several hours even if an accident at the purification plant terminates the water supply
to the transmission pipelines. The reservoir can therefore provide an emergency water supply in the case
of a disaster such as an earthquake.

Water storage towers and elevated tanks are installed to maintain sufficient pressure head for gravity
flow when an appropriate higher location cannot be obtained in the distribution area. These cylindrical
or spherical tanks can also control the volume and pressure level of the distributed water.

2.1.7.2 Distribution Pipelines

Distribution pipelines are composed of main lines and branch lines. The main lines deliver water directly
to the branch lines, which in turn deliver water directly to users via service lines.

There are both loop- and tree-type distribution network layouts. A loop system is reticulated, that is,
highly interconnected or gridded, while a tree system has one or a few isolated feeder mains, with no
interconnection between feeder mains. Therefore, in a loop system, pressure loss is minimized when an
unexpectedly large amount of water consumption, such as for firefighting activities, occurs, and any
area required to be taken out of service can be minimized in case of the pipe work activities or acciden-
tal damages. Another merit of this system is minimization of water quality deterioration due to flow
stagnation at pipe ends.

2.1.7.3 Pumping Facilities

Pumping facilities are installed at the midpoint of distribution pipelines or at storage reservoirs in order
to provide sufficient pressure for water delivery to service lines of variable elevation. They also maintain
the gravity flow from the upstream water storage reservoir.

The pump can provide an adequate pressure level for water distribution, and there is no geographical
limitation for a reservoir construction site using pumping facilities. However, in this facility, it must be
taken into account that equipment or electrical failure would lead to a risk of water outage.

2.1.7.4 Auxiliary Equipment of Pipelines

There are several types of valves such as gate valve, pressure reducing valve, air relief valve, any hydrant
and blowout valve. These equipment are used to maintain the pressure and volume of the distribution
pipelines and to keep the distribution network operating smoothly.

2.1.8 Water Service Installation

A water service installation is composed of user-owned service lines, stop valves, water meters, and fau-
cets as well as the branch line, directly connected with the distribution pipelines. Water tanks used to
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FIGURE 2.2 Comparison between a gravity water supply system (a) and a direct pumping-up system (b).

store water taken from a distribution line (or easily connecting/taking off rubber hose) are not included
in this water service installation.

Since the service line is directly connected to the distribution line, any works such as repairs and
retrofitting activities must be carried out by a licensed company. Some miscellaneous work items, such
as replacing rubber packing, are not included in the obligations of the licensed company.

There are two ways to deliver water using a service line. One is to deliver directly from the distri-
bution line to the faucet, and the other is to store water in a water tank installed at an elevated point.
The former method uses the water pressure of the distribution network to deliver water to the top
floor of buildings, while the latter method is applied to high-rise buildings of greater height than can
be served by the pressure in the water main, the maximum height being typically in the range of 3 to
6 stories.

Recent reports on water tanks have noted insufficient sanitary management and some sanitary acci-
dents. Based on these experiences, the water supply law in Japan was revised in July 2001, so that the
water supply firm can take part in adequately managing the installation and operation of the water
tanks.

Recently, direct supply of water to high-rise buildings has become more prevalent using additional
pumping-up pressure equipment as shown in Figure 2.2.

2.2 Planning of a Waterwork Project

2.2.1 Planning Period

A planning period of typically between 15 and 20 years is necessary to take into account the accuracy of
predictions of future water demand and the rationality of facility adjustment.

2.2.2 Supply Area

The supply area is a region where the distribution pipelines are installed to supply water within the
planned period. The size of this area is expected to be set from the wide-scale integration of the service
regions, which include simple water supply systems.
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2.2.3 Supply Population

The supply population is estimated with the planning water supply rate to be multiplied for the popula-
tion predicted by the local government in the planned period.

2.2.4 Supply Water Volume

Basic information on the supply water volume is needed not only to determine the capacity of the water
supply system but also to gauge the financial requirement on the water supply’s operational manage-
ment. In order to make an accurate water supply prediction, it is necessary to check the area’s water
supply volume records and to compare them with those of similar-sized water supply systems.

2.2.5 Water Demand Analysis and Prediction

Water demand prediction for a municipality is carried out based on the socioeconomic trend and devel-
oping direction of the supply area. In order to predict the water demand trend, several inductive statisti-
cal methods are available.

In the water demand prediction, the recent trend of water saving, recycling, and use of underground
water must be taken into consideration.

The entire area of water supply of the municipality is classified into subregions that have regional
characteristics, in which the distribution pipeline network and control facilities must be adequately
allocated for separate blocks.

2.2.5.1 Temporal Trend Method

This method assumes that the present trend of water usage will continue. A regression analysis is uti-
lized for the prediction curve to extrapolate past water usage trend. This trend curve can be given by the
following factors:

« Annual average of water demand changes

» Modified exponential curve of water demand changes
o Power curve of water demand changes

» Logistic curve of water demand changes

2.2.5.2 Multiregression Analysis Method

A regression model is formulated in the following manner:

Y =by +b X, +b,X, +---+b,X,

where
Y is the target variable; for instance, daily water usage volume (m?/day) or daily water usage volume
per capita (liters/(capita day))
X; are control variables; for instance, population, economical index, and so on
b, is the constant
b, is the coefficient for X,

2.2.5.3 Factor-Based Regression Method

When water usage volume is classified for several sectors such as housing, urban facilities, or industrial
factories, a more precise trend of water usage volume can be obtained for the socioeconomic variations,
which reflect the total activities of these sectors.
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In terms of housing, the daily water usage per person is affected by such factors as the number of
occupants and the number and size of consumption and saving equipment.

In the urban facility sector, the water usage volume will be different from the commercial and
public sectors.

In the industrial sector, the water usage volume will vary greatly according to the demand character-
istics and scale of each business.

2.2.6 Effective Water Volume and Noneffective Water Volume

2.2.6.1 Analysis of Distribution Water Consumption

The delivered water from the storage tank to the demand node is called the water supplied volume,
which is also classified into effective water volume to be used and noneffective water volume, which leaks
out during the delivery process. Table 2.1 shows the analytical table of water consumption. The effective
ratio (%) is defined as the ratio of the effective water volume to the water supplied volume. This rate is
often used as a measure to check the water delivery performance of the current system or to judge the
requirement of a new project for leakage reduction.

The effective water volume that can be charged to customers is called revenue water, and the water
that cannot be charged to customers is called nonrevenue water (NRW). The effective revenue ratio is
calculated by dividing the revenue water volume by the water supplied volume. Figure 2.3 shows the
annual trend of the effective ratio, the effective revenue ratio, and the noneffective ratio in Japan. In
1975, the effective ratio was 81.1% and the effective revenue ratio 77.4%, but in 2006, these values were
92.5% and 89.7%, respectively. This trend suggests that water delivery management has improved in
Japan. For an appropriate control of water pressure and discharge, these increasing effective ratios can
reduce the energy consumption as well as CO, exhaust.

2.2.6.2 Estimation of Planned Water Supply Volume

Water supply volume is an important factor for basic planning in which the adequate scale of facilities
and pipeline networks must be assessed for prospective water project management. This volume must

TABLE 2.1 Analytical Table of Water Consumption

Commodity charge Water volume for pricing
Fixed-rate tap and its approved volume
N d Subdistribution Subdivided volume for other use
ccounted-
Others Water for park
for water
Water for toilet
Water for firefighting
Effective . .
water Others (water delivered as maintenance fee)
Unmeasured volume Unmeasured volume due to insensitive metering
Volume for utility work  Utility volume for cleaning and maintenance works
Distribution Others Water for park
NRW .
water Water for toilet
Water for firefighting
Others (water delivered as maintenance fee)
Volume loss due to Reduced volume lost by rust-colored water
conciliation
Leakage volume Leakage volume for water mains
Noneffective water Leakage water volume for distribution lines

Leakage from service lines before the meter

Others Uncertain volume or noneffective volume due to
any other reasons
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FIGURE2.3 Theannual trend of the effective ratio, the effective revenue ratio, and the noneffective ratio in Japan.

be evaluated based on the future development of socioeconomic trends of the local area as well as that
of the customers.
The average and maximum water supply volumes can be calculated using the following formula:

1 day average water demand

1 day average planned water supply volume =
Y g p PPy The planned effective ratio

1 day average water demand

1 day planned maximum water supply =
vP PPy The planned load factor

in which the planned effective ratio is affected by the water distribution control and blocking manage-
ment and also by facility deteriorations. The load factor is a ratio of the 1 day average water supply
volume to the 1 day maximum water supply volume. This factor generally shows a lower value for small-
scale towns, but a greater value for large-scale cities. This factor is also dependent on the climatic condi-
tions and characteristics of the conurbation.

The planned load factor can be predicted on the basis of the long-term trend of past load factors, the
current load factors of similar-sized cities, and the effect of climate trend and its variation.

2.2.7 Water Source Quality and the Purification Method

2.2.7.1 Management by Objectives of Water Purification and Water Source Quality

Selection of a purification method depends on the water source quality [4]. In order to achieve the target
purification quality, a purification method based on the water source quality should be selected. The
water source quality is investigated not only on the basic quality checking parameters but also on vari-
ous pathogenic bacteria such as Cryptosporidium.

The water quality should be predicted from both its present condition and projections of urban and/or
agricultural development, and also any future possible changes or additions to the purification method
must be considered.
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When a dam construction project is executed at a site upstream of the intake point, the water quality
at the intake point might be affected by waterweeds produced in the dam.

Water quality regulation is the minimum requirement to maintain water purification quality at the
faucets. Future water management is requested to supply a more reliable and higher quality of water
purification with the target approach to fulfill the highest water quality.

2.2.7.2 Purification Facility

The disinfection method, the sand filter method, and the membrane filtration method are all viable
water purification methods. The most appropriate of these three (or a combination) is selected by tak-
ing into account the original water quality, target level of water purification, purified water volume, and
management levels of operation and maintenance activities.

In case of seawater desalination, a treatment such as the evaporation method, the reverse osmosis
membrane method, or desalination by electrodialysis must be employed. If pH control is necessary, an
appropriate additional method can be applied.

For a Cryptosporidium pollution, official guidelines request treatment in addition to the three afore-
mentioned methods.

An advanced water purification method can be adopted on the basis of operational activity data of the
existing system and test results of the new method, together with the safety and treatment effectiveness.
If the safety and treatment capability of the current system cannot be clarified from the existing data,
an experimental approach using the original water taken from the existing water purification facility
will be preferable.

2.2.7.3 Selection of Water Treatment Processes

The most appropriate method of water treatment should be selected as a combination of the treatment
for insoluble materials such as algae and colon bacillus and the treatment for soluble materials such as
agricultural chemicals and organic compounds.

2.2.7.3.1 Disinfection Method

If underground water is of high quality, only the disinfection method is adopted. This method is simple
and renders effluent treatment unnecessary, so that the maintenance management will be cost-effective.
The flow chart of this treatment system is shown in Figure 2.4.

This approach should be reexamined if the water quality changes. If the original water is polluted by
Cryptosporidium, this treatment method cannot be adopted. Management staff must pay attention to
any potential pollution sources, such as livestock farms, near the water source area. Any pollutants such
as indicator bacteria produced from feces found in the water sources are not allowed. Rigorous turbidity
management is also requested.

2.2.7.3.2 Slow Sand Filtration System

This method is appropriate when water source quality is good and the turbidity is stable and at a low
level, clean river water, for example. In this method, the original water passes through comparatively
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FIGURE 2.4 Disinfection process.
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fine sand at a slow speed for 4-5 days. During this process, insoluble or soluble material is caught at
the sand’s surface and brought to oxidative degradation by various bacteria staying in the sand layers.

This method can clean source water of the suspended solids, bacillus bacteria, ammonia nitrogen,
odor, manganese (Mn), ferrum (Fe), anionic surface-active agents, and phenol. However, it is difficult to
reduce the chromaticity caused by humic substances.

An ordinary settling reservoir is a basin to remove fine sands and large suspended substances; the
source water flows slowly and suspended substances settle in a natural sedimentation process. If the
source water (such as underground water) exhibits good quality, this sedimentation process can be
skipped.

Chemical sedimentation is not used regularly for small suspended substances, but it is temporarily
adopted for severe suspended substances. This process is described in Figure 2.5.

A slow sand filtration system is simply for the maintenance and stabilization of water that is already
of a good quality. However, this method requires a wide space because of its slow suspending speed;
scrape-off work of sand is also necessary periodically.

2.2.7.3.3 Rapid Sand Filter System

This method is appropriate when water source quality shows high turbidity and the plant operating
space is limited. In this method, after the water source is taken into the receiving well, flocculants (poly-
aluminum chloride) are added to the well, making a flock by condensing the suspended substances such
as clay materials and algae in the water source.

This process is carried out by chemical sedimentation. Rapid filtration is applied for the flock made in
the sedimentation basin. This method can be used for high-turbidity materials, but dissolved solids are
difficult to eliminate using this method.

Using course sand, the speed of this method is approximately 30 times that of the slow sand filtration
system, with water velocity through sand of 120-150 m/day. This method is possible in a narrow plant
space and is also effective to deal with a large-volume water source. The flow chart of this method is
shown in Figure 2.6.

Since the precipitating quality of a water source by this method is affected by the purification capacity,
high-level quality management of filtering work such as the optimal feeding of coagulant is required. An
effluent treatment plant is also necessary to store muddy substances obtained from the sedimentation
and filtering process.

2.2.7.3.4 Membrane Filtration

This method is used to separate suspended or colloid substances from the water source. If the diameter
or molecular size of suspended solids or dissolved substances is less than the pit diameter, these sub-
stances can be separated by membrane filtration.
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Filtration membranes can be classified into the following four types (which depend on the pit diam-
eter): microfiltration (MF) membrane, ultrafiltration (UF) membrane, nanofiltration (NF) membrane,
and reverse osmotic (RO) membrane.

In order to effectively operate membrane filtration, prefiltering process to remove impurities is neces-
sary. If membrane filtration cannot remove dissolved organic matters, foul smell and taste, and manga-
nese, postfiltering process is required.

In order to maintain an effective operation of this method, it is necessary to remove clogging at the
membrane hole. In the monthly chemical wash of the membrane pit, it will be necessary to change the
membrane every several years. This maintenance work has been more easily operated by introducing an
automatic and remote control system. The flow chart of this method is shown in Figure 2.7.

Recently, many water supply utilities in Japan have adopted the membrane filtration method because
it is difficult to obtain a wide enough space for a filtration plant.

2.2.7.3.5 Advanced Water Purification

When the water source is a river whose quality is poor, the aforementioned methods cannot remove the
dissolved solids, so one approach among several advanced water purification methods must be selected
in accordance with the dissolved material and its concentration severity.

The advanced water purification method is used to remove substances that cannot be removed by the
previous methods. These substances include those with offensive odor (2-methylisoborneol, geosmin,
and mold), trihalomethane precursor, chromatic substances, ammonium nitrogen, anionic surface-
active agents, and trichloroethylene. Advanced methods are classified into activated carbon treatment,
ozonization treatment, biological treatment, and vaporization treatment.

These methods can remove the following materials from the water sources: iron, manganese, erosive
free carbon dioxide, fluorine, ammonium nitrogen, nitrate nitrogen, and any inorganic substances.

An appropriate biological treatment is necessary to remove water weeds. The typical flow chart of this
method is shown in Figure 2.8.

Ozonization treatments use oxidizing agents such as hydrogen peroxide to expedite oxidation treat-
ment, chlorine dioxide for oxidization and disinfection, and ultraviolet beam for sterilization.
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FIGURE 2.7 Membrane filtration system.
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2.2.8 Functions of Transmission and Distribution Systems

A transmission system is composed of pipelines from the purification facility to the supply points and
pumping facilities. A distribution system is a network of distribution mains, the network of distribution
pipelines and storage tanks. The distribution mains convey the potable water from the storage tanks to
the demand nodes of the distribution network. The distribution pipelines are connected to service pipes,
the water from which is delivered to the end users such as houses and offices.

The function of transmission and distribution systems is to supply potable water from the purifica-
tion plants to the distribution areas, to control the daily temporal variation of water supply, and to store
water for emergencies. In order to maintain these functions, these systems must be effectively operated

and economically managed.
From the point of view of the supply function, the following preparations must be made:

1. In order to obtain stable supply, transmission lines and distribution mains must have multiple
redundancy and duration in their networks for emergency usage in case of accidents or natural

disasters.
2. These networks have to be reinforced for earthquake damage protection.
3. The water distribution area must be arranged to minimize the mutual elevation gaps at all nodes

in the network.
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From the point of view of the storage function, the following preparations must be made:

1. Control of the operation of the distribution system to absorb temporal demand variation
2. Prevention of water suspension in the distribution network
3. Removal of any materials causing the deterioration of water quality

From the point of view of the quality control, the following preparations must be made:

1. Prevention of the outbreak of disinfection by-product

2. Minimization of the transmission time from the purification plant to the demand nodes in order
to keep the residual chlorine

3. Adequate allocation of the pipeline configuration in order to avoid dead-end pipes

2.2.9 Location of Facilities

When the water system is planned, gravity flow is preferable from intake to demand nodes. In particular,
the aqueduct and purification plants are expected to be constructed by taking the terrain topography
into consideration because the maintenance management of water systems is improved by a gravita-
tional configuration.

A gravity flow system is also preferable for the distribution network where possible. In city areas,
which are typically located on flat plains, elevated tanks are often used in addition to gravity flow.

The location of the water network system is planned from the following points: (1) economic condi-
tion, (2) ease of access for maintenance work, (3) stable and efficient water flow through the transmis-
sion and distribution pipelines, and (4) applicability to the city’s future development. Figure 2.9 shows a
system diagram of a typical water system.

The purification plants are located at a certain elevated point to save energy in conveying purified
water to distribution areas. These plants should also be located on firm ground if such ground can be
established without a huge amount of earthwork. Each purification plant should be located to effec-
tively reflect the process flow of the purification system. Additional areas should be located for future

Purification plant
Source Intake Aqueduct
—> Chlorine disinfection Pouring
Under- . . disinfection
ground Well > Slow sedimentation system
Tunnel | | |Receiving]]
water 1= ] aqueduct ™ well > Rapid sedimentation system Well
Above- Intake reservoir
ground facilities > Advanced purification system Purifi-
water Basi cation
asin — Membrane filtration system reservoir
Transmission| |Distribution Service taps
. | —|
Plpehn(? T?nl(/ Service line/meter/taps
reservoir pipelines

FIGURE 2.9 General configuration of a water supply system.
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improvements, retrofitting, and enlargement of existing plants. When a purification plant must be
located in an urban area where space is limited, an elevated location for all the plants can be considered.
In terms of energy and resource saving, the effective use of dewatering cake, hydraulic head due to eleva-
tion difference, and waste heat energy should be taken into consideration.

Distribution plants are composed of distribution pipelines, storage tanks, and pumping facilities to
supply water at an adequate pressure in a condition of stable flow from the source nodes of the transmis-
sion pipeline to the demand nodes that often show nonstationary demand changes as shown in Figure
2.10. Management is also required to control the water quality by preventing water pollution and deterio-
ration, to supply water to fire hydrants, and to maintain the distribution plants in an effective and simple
manner.

In addition to a stable daily water supply, an emergency water supply in case of natural disasters such
as earthquakes or droughts must be taken into consideration while maintaining safe and reliable opera-
tion of the distribution network system.

Since distribution nodes are located in all service areas, distribution pipelines are of necessity
located in a variety of soil conditions. In order to protect them from deterioration, accidents, and
maintenance outages, sustainable management and retrofitting of the distribution network system
is expected.

2.2.10 Location of Transmission and Distribution
Network Systems (Blocking, Networking)

Transmission and distribution pipeline systems have two types of configuration: network type and tree
type [5]. Since water flows from the higher elevated point to the elevations and through urban spatial
developments, a reticulated or gridded network configuration of pipelines is preferred.

If water supply is required across extremely wide areas or to special areas of varying ground eleva-
tions, it will be difficult to control the flow and pressure condition. In order to solve this problem, the
distribution network should be separated into adequate block sizes to minimize the need to control
pressure and flow changes.

A water distribution area has a pipeline network and several water reservoirs. Each area should be
selected from not only natural conditions but also social conditions in order to operate water plant
facilities rationally and economically. Rational operation means that an adequate pressure must be
maintained for daily water demand changes and stable water supply in normal conditions as well as a
minimum supply for emergency conditions.
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FIGURE 2.11 General concept of a blocking system. (1) Transmission pipelines and purification plant, (2) trans-
mission network (large blocks), (3) distribution main (middle blocks), and (4) distribution network (small blocks).

A water distribution area is divided into several water service areas in which adequate operation of
water flow and plant management is necessary, and mutual cooperation between neighboring service
areas is also expected. If the ground elevation changes frequently in one distribution area, the distri-
bution network can be divided into two different pressure zones such as high-pressure zone and low-
pressure zone.

If a water supply area is forced to be divided into distribution areas, because of its size or varying
elevations, it will be difficult to maintain a stable daily water flow control and to operate water supply
in emergency conditions. In this situation, the water distribution area is divided into several block
areas. The distribution main pipelines are connected to the representative node of each block unit, but
the distribution pipelines are connected to several nodes of subnetworks in a block unit as shown in
Figure 2.11.

A blocking approach can be adopted not only to divide the water distribution area to meet the water
supply conditions at several demand points but also to establish homogeneous operations at hierarchal
network layers, which are composed of a distribution main layer as a large block unit, distribution layer
as amedium block unit, and subsidiary distribution layer as a minor block unit. This approach facilitates
mutual cooperation in emergency or accidents so that a stable water service can be provided in such
situations.

In planning a blocking approach, there are several problems to be solved in terms of water flow
control, in which additional protection works are necessary for decreasing water stagnation and
residual chlorine at the boundary zones between neighboring blocks, and rust-colored water at the
blocking work. Additional monitoring and control equipment for the blocking approach are also
necessary.

In a comparatively small-scale water network system, or a simple water network system, a blocking
approach is not always recommended; instead, a locally pressurized or depressurized zone approach in
a distribution network can meet the local water supply conditions.
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3.1 Sewerage System

3.1.1 Role of Sewerage System

The objective of sewerage systems and services is to ensure sustainable urban development, hygienic
sanitary conditions, and clean water environment. In other words, the roles of the sewerage system are
to collect and treat sanitary wastewater from domestic and industrial sources, and drain storm water so
that the livable environment is safeguarded. In recent years, extreme rainfall events have been increas-
ingly observed in Japan, as shown in Figure 3.1.

In addition to these basic functions, the recycling of resources from sewerage systems has emerged as
a new role in recent years. Water, sludge, biogas, and heat are recyclable. By tapping into these sources,
the creation of energy-independent treatment plants and the reduction of greenhouse gasses (GHGs) are
being achieved. Sludge recycling rate is increasing as shown in Figure 3.2.

3.1.2 Components of a Sewerage System

A sewerage system is defined as all the facilities to collect and treat municipal and industrial sanitary
wastewater and drain storm water, and then to return the treated wastewater and storm water to the
receiving water bodies [1].

3.1.2.1 Collection of Domestic Sanitary Wastewater

Sanitary wastewater from the kitchen, toilet, and bath is collected through the house sewer and a clea-
nout, which are located inside the private property. The house sewer and cleanout belong to the property
owner, whose maintenance is the responsibility of the property owner (see Figure 3.3).

The wastewater then flows down to another cleanout located at the boundary with public roads. This
cleanout and subsequent sewer belong to the municipality. Wastewater comes into the main sewer by

27
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FIGURE 3.3 (a) Separate and (b) combined sewer systems.

way of lateral flow. The diameter of the sewer pipe increases as the volume of wastewater increases
down the line. Because wastewater is basically collected by gravity, the sewer pipe may have to kept
at a greater burial depth as it travels toward its destination. Deep sewer pipes are costly to install and
difficult to maintain. Therefore, wastewater may be periodically pumped close to ground level at lift
stations to prevent excessive depth. Ultimately, the wastewater reaches a treatment plant and, after
treatment, the treated water is discharged into rivers and seas.

3.1.2.2 Separate and Combined Sewer System

Wastewater includes sanitary wastewater and storm water. Two systems exist for their collection. One
is a separate system where sanitary wastewater and storm water run into separate sewer lines. The other
is a combined system where sanitary wastewater and storm water run into the same sewer. Generally,
the installation cost of a separate system is higher than that of a combined system. Combined sys-
tems were used in older cities. Later, combined sewer systems were considered an affordable solution to
improve sanitation and urban flood. However, because sanitary wastewater and storm water run into
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the same sewer lines in wet weather, a part of the combined sewage overflows due to gravity from the
sewer outfalls or is discharged from pump stations into the receiving water body. Normally, around
three times as much as planned dry weather flow is accommodated in a combined sewer line and sent
to a wastewater treatment plant (WWTP) by way of interceptors. Although combined sewer overflows
(CSOs) are diluted by storm water, sanitation and pollution problems occur as long as sanitary waste-
water is in the overflows. Especially in the beginning of rainfall events, pollutants deposited on road
surfaces and sewer lines are flushed into the wet weather flow and can be a threat to health and environ-
ment. Therefore, a separate system is mandatory for cities starting a new sewer project today. To reduce
the CSO problems, many cities are working on control measures such as storing the first flush of wet
weather flow and sending it to a WWTP in dry weather for treatment.

3.1.2.3 Sewer Service Operator

Local governments, for example prefectures and municipalities in Japan, are sewer service operators.
They build, own, and operate the sewerage system. Private companies undertake the tasks from local
governments on a contract basis.

1. Municipal sewerage: Two types of municipal sewerage systems are in place. In one, municipal
governments collect and treat wastewater. In the other, municipal governments collect wastewa-
ter with their sewer network that connects the manholes to the prefecture’s trunk sewer.

2. Prefecture sewerage: Prefecture sewerage receives wastewater from two or more municipalities
and transports it to WWTPs for treatment.

3.1.3 Hydrological Cycle and Sewerage

The hydrological cycle begins with rainwater flowing on the ground surface and partially infiltrat-
ing into the soil while the remaining flows into rivers and lakes. Surface and groundwater is used for
human consumption and then flows down to rivers and seas. Water evaporates continuously by solar
energy from the surface water, soil, and sea. It turns into clouds and returns to the ground in the form
of precipitation. This is the complete natural hydrological cycle.

Industrialization and urbanization have made it impossible for the natural purification capacity to
treat wastewater. Sewerage is man-made, but it plays an important role in the hydrological cycle for the
management of sanitary wastewater and storm water, as shown in Figure 3.4.
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Y90l e,
o

Sanitary sewer ~ Storm sewer Water main

FIGURE 3.4 Hydrological cycle.
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3.2 Planning of Sewerage

3.2.1 Principle

The fundamental roles of sewerage are treatment of sanitary wastewater and drainage of storm water.
Biosolids, grit, screenings, and scum are generated as by-products of sanitary wastewater treatment.
Without treating and disposing of those by-products safely and surely, sustainable wastewater treat-
ment is not possible. In the planning of sewerage, both sanitary wastewater and storm water need to be
considered and not only liquid but solid by-products also have to be considered.

In recent years, due to changes in economic conditions and water conservation, reduction of waste-
water generation per capita has occurred, so that many municipalities have faced shrinking revenue
and deficit. In order to sustain sewer services, a reduction of operation and investment costs, setting a
reasonable fee, and increasing the ratio of house connections to public sewers are absolute requirements.

Wastewater collection and treatment consume a lot of energy in pumping, aeration, sludge transport,
and treatment. The more advanced the treatment used, the more energy is needed. Sewerage planning
focuses on minimizing the life cycle cost for the total capital investment, operation, and maintenance by
using energy-efficient equipment and automation systems [2].

3.2.2 Type and Nature of Sewerage Plans

Sewerage plans include a master plan and an implementation plan. A master plan forms the outline of
a sewerage system based on natural and social conditions. The master plan should be consistent with
other sectors’ master plans such as those for environment, economic development, water resource devel-
opment, water supply, and so on. An implementation plan must be consistent with the master plan. In
many cases, it takes a phased approach.

Sewerage is made up of a sewer network, pumping stations, and WWTPs. They are connected and
related to each other to form a system. The master plan is the backbone of the system.

During or after a project start, it is preferable not to change any part of the implementation plan. A
change of one facility or component is likely to influence many other facilities of the system. While mak-
ing a master plan, however, the freedom to make changes exists but is more difficult and costly after-
wards. Therefore, an appropriate master plan is very important for successful project implementation.
Figure 3.5 shows a series of steps in a master plan from operation to management of a sewerage plant.

Big

Small

Freedom of choice/possibility of cost reduction

Upper plans and preconditions |

Implementation plan

Master plan

Phase

FIGURE 3.5 From master plan to operation and management phase.
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3.2.3 Process of Sewerage Planning

The process of creating a master plan includes formulation of a basic policy, necessary data collection,

prediction, analysis, evaluation, and decision [3] (see Figure 3.6).

1. Formulation of basic policy: Based on local and national requirements for sewerage services, a

basic policy should be decided taking the following points into account:

a. Settinga clear goal is necessary. An example is to meet the environmental quality standard of

receiving water bodies.

b. Priority should be given to several goals such as sanitation improvement of individual prop-

erties, pollution control of public water, urban flood control, and so on.

c. Feasibility of meeting the goals needs to be studied to identify what obstacles exist or will

appear in the future.

2. Data collection: A master plan normally has a 20-year planning horizon. Necessary basic infor-
mation includes social data such as population, economic data such as industry sales output, and
natural data like weather and geography. These sets of data are used to determine the flow and

quality of wastewater coming into a sewerage system.

3. Prediction: The planned flow for sanitary wastewater and storm water (wastewater flow) and the
planned pollutant load are predicted using a variety of base data. These data include sanitary
wastewater generation per person per day, population, industry sales output, precipitation, and
runoft rate. The base data also need to be predicted 20 years ahead based on the past trend.

4. Analysis: Several alternatives are proposed for the trunk sewer route, location of WWTPs, and
layout of WWTP facilities. Then, they are compared with each other based on planning assess-

ment criteria for analysis (see Table 3.1).

* Existing facilities pollutant loads

Basic policy Data collection Prediction Facility planning
¢ Target year * Natural condition * Planned * Sewer
* Planning area * Related plans wastewater flow * Pumping stations
* Sewer type * Pollutant loads * Planned * WWTPs

FIGURE 3.6 Process of planning.

TABLE 3.1 Requirement of Sewerage Plan

Regulatory requirements

The plan shall collect and treat sanitary wastewater and recycle the by-products

It shall drain storm water and discharge it to the public waters
It shall be made on long-term perspective

It shall absorb changes in economic and social situations

It shall enable economical and easy maintenance

It shall comply with laws and regulations

It shall conform to the master plan
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5. Evaluation: Alternative plans are evaluated to see if they meet the objectives of sewerage accord-
ing to local and national requirements.

6. Decision: Based on the process mentioned earlier, a sewerage plan is formalized after authoriza-
tion of the central or prefectural government.

3.2.4 Basic Items in Planning

The target year, area, sewer type, outfall, and high water level of receiving water are the basis of a
sewerage plan.

3.2.4.1 Target Year

The capacity of a sewerage system needs to be decided based on the long-term prediction of its useful-
ness. Useful sewerage facilities have a long life and therefore their construction also takes longer. In
the case of sewers, phased construction or installation is technically difficult. However, the future is
uncertain. As a compromise for deciding a foreseeable future period, the target of 20 years ahead of the
base year is often employed.

3.2.4.2 Area and Sewer Type

The planning area should be the area, which will be urbanized by the target year. Relevant urban plans
need to be referred as they designate the urbanization area and greenbelt area.

The sewer type includes a combined system and a separate system. A separate system is desirable
but a combined system is an option if the receiving water is not sensitive and appropriate measures are
taken. Features and precautions for both systems are described as follows with a comparison summary
(see Table 3.2).

1. Separate system: A separate system accommodates sanitary wastewater and storm water in
separate sewer lines. This is the standard for new projects. The feature and cautions are as
follows.

a. Inflow and infiltration: As sanitary and storm sewer lines are installed in parallel, wrong con-
nections may occur. Poor cleanout cover allows storm water to enter the sanitary line and
groundwater infiltrates, wearing out the sanitary line. If a sanitary sewer alone is installed
as a priority, the property owner may connect the house storm water line to the public sani-
tary line. These situations lead to sanitary sewer overflow and pollution problems in rainfall
events. In a separate system, supervision and training of plumbing work are very important
to avoid wrong connections and poor workmanship.

b. Pollution by way of storm sewer line: A separate sewer system is desirable because it is
designed to treat sanitary wastewater all the time. However, runoff contains pollutants from
urban surfaces or farmland. The pollutants directly enter public waters and cause pollution
in some cases.

c. Depth of sanitary sewer: A sanitary sewer line tends to be deep because a steep slope is neces-
sary to secure a minimum flow rate due to reduced flow upstream of a network. Consequently,
lateral lines connecting to the main sewer should be deep as well.

d. Congestion of underground utility line: In a separate system, two sewer lines are normally
installed under the roads for sanitary wastewater and storm water. However, where trunk
lines are installed under the roads, another line for collectors is needed. Not only sewers
but also other utility lines such as gas, water supply, electricity, and communication are in
place. Congestion of utility lines is likely to lead to high installation cost of sewers due to
temporary relocation work. Therefore, trunk sewers need to be planned under big roads.
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TABLE 3.2 Comparison of Sewer Types

Parameter

Combined

Separate

Construction

Operation and
maintenance

Pollution
control

Land use

Ease of work

Cost
Deposition in
sewer

Grit from
surface

Ease of
inspection

and cleaning

Wrong
connection

CSO

Pollution by
runoff

Single sewer installation reduces chances
of conflicting with other utility lines.
Combined sewer diameter is larger than
separate sanitary sewer with the same
dry weather flow.

Single installation reduces the cost.

Big diameter and mild slope cause
deposition of solids. The deposited solids
are flushed by wet weather flow.

Grit inflow occurs, leading to wear of
machinery and deposition.

Big diameter is easy for inspection but
difficult to clean.

Not applicable.

CSO causes pollution. CSO control is
necessary.

Initial runoff is accommodated in the
sewer and sent to a WWTP by an
interceptor. Additional runoff is
discharged as part of CSO.

The gutter is removed after sewer

installation, leading to widening of roads.

Installation of two separate lines in
narrow roads is difficult. A sanitary
sewer with small diameter needs a steep
slope leading to deep installation.

Two-line installation is costly, but only
sanitary line installation is less costly
compared with combined system.

Deposition in a sanitary line is less likely.
A storm line situation is the same as a
combined line.

There is little grit inflow for a sanitary
sewer. A storm sewer has the same
situation as a combined one.

Small diameter of a sanitary line is likely
to clog, but easy to clean. A gutter for
drainage tends to have much
sedimentation.

Supervision of plumbing is necessary.
Inflow and infiltration problems are
likely.

Sanitary sewer overflow can happen in
wet weather.

Storm water is discharged without
treatment to waters.

The gutter is likely to remain for the
collection of storm water.

2. Combined system: A combined system accommodates sanitary wastewater and storm water in a
single sewer line. It has been used in the center of older cities where urban flood control was a big
problem. Its features and caution are described as follows.
a. Combined sewer overflows: At the beginning of rainfall events, a combined sewage system

contains high concentration of pollutants as the deposits are flushed and are removed from

the inner surface of the sewer line. If it overflows directly to public waters, it causes pollution.
When a combined sewer system is used, CSO control is necessary.

b. Ease of installation: A combined sewer system uses a single sewer line for sanitary waste-
water and storm water. Therefore, compared with a separate system, installation is easy
and less costly. It has been used in the downtown of old cities where urban flood control
was imminent. It runs at a relatively shallow depth and has significant advantages in flat

areas.

3.2.4.3 Outfall

The outfalls to receiving waters are for effluent from WWTPs, CSO from pumping stations, or overflow
structures of gravity network. The necessary considerations for outfalls are as follows:

o The location needs to be decided taking into account the planned high water level, use, and water
quality standards of receiving waters.
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o+ The location and direction of the outfalls should be decided so that effluent flows away quickly
given the current of receiving waters.

o Outfalls need to have a gate if a surge of receiving water level is expected or special measures
are necessary to allow continual discharge from the outfall. CSO outfalls should have screens to
reduce floatables entering the receiving waters.

3.2.4.4 Planned High Water Level

Planned high water level for sewerage should correspond to the planned high water level of the receiving
waters or the highest water level on record. Based on the planned high water level, the hydraulic head
and gradient are checked so that gravity drainage and pump drainage areas are discerned. Storm water
and treated effluent need to be discharged smoothly in the event of planned high water level.

3.2.5 Data Collection
3.2.5.1 Natural Data

The important point of sewerage planning is to maximize the natural and existing capacities that help
reduce the cost of new sewerage systems. Gravity flow is the principle of a sewer network as it reduces
the installation and operational costs. Setting the trunk sewer route and locating pumping stations and
WWTPs need to observe this principle as much as possible. For storm sewer planning, existing drainage
channels should be utilized. These examples show why data collection and additional surveys on current
natural and man-made conditions are important. Necessary data are shown by the following:

1. Geography and geology
a. Geographical map
b. Geological map, soil condition data, groundwater, and ground subsidence data
2. Hydrology
a. Flow and water level of rivers, creeks, and channels in the planned area
b. Longitudinal and cross sections of these areas
c. Current of sea and lake
3. Weather
a. Precipitation and flooding
b. Temperature and wind direction at expected site for pumping stations and WWTPs

3.2.5.2 Relevant Plans

Relevant plans include a water supply plan for domestic and industrial uses, a development plan for
industry and residence, and upper development plans. These plans need to be obtained and reviewed to
decide the capacity and the location of a sewerage system. The specifics are shown as follows:

1. Long-term plans relating to sewerage planning
2. Urban plan

a. Urbanization and greenbelt

b. Zoning plan

c. Plan for urban streets and highways

d. Residential development and industrial development plans
3. River plan

a. Planned longitudinal and cross sections

b. Planned high water level and flow

c. Planned low water level and flow

d. Other river improvement plans
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3.2.5.3 Generated and Allowable Pollutant Loads

In planning, the amount of current and future pollutant loads needs to be estimated together with
allowable loads to the receiving waters. To do this, the following information is necessary:

1. Generated pollutant loads
a. Current and future amounts of drinking water supply in its plan
b. Current and future amounts of industrial water supply in its plan
c. Population, industry sales output, manufacture, agriculture, and livestock
d. Wastewater quantity and quality from major factories and commercial facilities
2. Allowable pollutant loads to receiving waters
a. Current water quality and flow
b. Environmental water quality standard, location of measurement, and low water flow
c. Effluent permit
3. Use of water body
a. Current and future water abstraction for tap
b. Current and future fishery
4. Current and future plan for water use

3.2.5.4 Existing Relevant Infrastructures
The following facilities need to be surveyed as long as they are relevant:
1. Other underground utility lines
2. Existing sewerage facilities
3. Current situation of human waste disposal
4. Current highways and streets
3.2.5.5 Recycling and Use of Sewerage Asset

In the planning, recycling of energy, water, and sludge as well as open spaces for sewerage facilities needs
to be studied. Other wastewater operators and solid waste disposal operators should be referred. The
following are recyclable or usable assets:

1. Water reclamation

2. Sludge recycling

3. Footprint of WWTPs and pumping stations
4. Open space of sewer cross section

5. Heat of sanitary wastewater

3.2.5.6 Others

If necessary, the following should be surveyed:

1. Cultural heritage and historic ruins
2. Earthquake, tsunami, seiche, storm surge, and tropical cyclone

3.2.6 Treatment and Reclamation of Sanitary Wastewater

3.2.6.1 Planned Population

Planned population is the base for planned sanitary wastewater flow. Predictions are made for the total
population and its distribution in the planned area in the target year.

1. Planned total population: At first, based on the past trend, prediction is made for the planned total
population in the target year. Then, the figure is adjusted so that it fits the predictions made by
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higher relevant authority predictions. Careful consideration is needed to avoid overestimation,
especially in the area where major development for a housing complex is planned.

. Distribution of population: Planned total population is distributed in the planned area corre-

sponding to the land use plan and population density.

. Daytime population: Planned population is the nighttime population or the number of registered

residents. However, in big business and commercial districts, population inflow during the day-
time is considerable. This influence is also considered in the planned sanitary wastewater flow.
Therefore, planned daytime population needs to be estimated. Tourist places receive many sea-
sonal and/or weekend visitors, and this population needs to be estimated in addition to residents.

3.2.6.2 Planned Sanitary Wastewater Flow

Planned sanitary wastewater includes domestic wastewater, commercial wastewater, industrial waste-
water, tourism wastewater, groundwater, and other wastewater. By totaling the flow of each, planned
daily average sanitary wastewater flow, planned daily maximum sanitary wastewater flow, and planned
hourly maximum flow are estimated.

1.

Domestic sanitary wastewater: Domestic wastewater is generated from ordinary households.
Planned domestic sanitary wastewater is sanitary wastewater generated per person per day multi-
plied by planned registered population.

. Commercial wastewater: Planned commercial wastewater flow should refer to planned commer-

cial water supply flow if it is clear. If not, planned commercial wastewater flow is calculated either
from daytime population or from setting an incremental parameter for domestic wastewater by
land use in zoning.

. Industrial wastewater: Wastewater flow from existing major factories needs to be measured as

this can influence the planning of WWTPs. Wastewater flow from minor planned factories is
estimated by using industrial database or by multiplying the average flow per production output
with actual production output by industry type.

. Tourism wastewater: Tourism wastewater comes from tourist usage. Tourism wastewater flow

should be calculated for daytrip and overnight tourists separately by multiplying the number of
tourists with wastewater flow per tourist.

. Other wastewater: Many touristic places often have hot springs. In general, it is necessary to study

whether or not hot spring water should be treated as sanitary wastewater. The ways hot spring
water is used need to be inspected for its acceptance. If used hot springs are accommodated into
sanitary sewer lines, this needs to be added to the planned sanitary wastewater flow.

. Groundwater: 1t is difficult to assess how much infiltration of groundwater into sanitary sewers

occurs in dry weather when sewer lines are newly installed. When part of the sewer network is
already in place, groundwater infiltration is estimated by subtracting metered water consumption
flow from dry weather sanitary wastewater flow. Another way to estimate groundwater infiltration
is by reference to similar sewer networks already in place like those of neighboring municipalities
with similar sewer materials. If these methods are not feasible, 10%-20% of the total domestic and
commercial sanitary wastewater is regarded as groundwater infiltration.

. Planned daily maximum flow of sanitary wastewater: Planned daily maximum flow of sanitary

wastewater is maximum daily flow out of 365 days in the target year. This flow is used to design
WWTPs. Planned daily maximum flow of sanitary wastewater is daily maximum flow per per-
son multiplied by planned population, plus industrial wastewater flow, groundwater flow, and
other flows.

. Planned daily average flow of sanitary wastewater in dry weather: Planned daily average flow of

sanitary wastewater is the total amount of sanitary wastewater generated in the target year divided
by 365 days. It is used for the prediction of tariff revenue. Planned daily average flow of sanitary
wastewater is normally 70%-80% of planned daily maximum flow of sanitary wastewater.
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9. Planned hourly maximum flow of sanitary wastewater: Planned hourly maximum flow of sanitary

10.

11.

wastewater is a peak hour flow on the day when planned daily maximum flow of sanitary waste-
water is expected. It is used to design sewers, pumping stations, and the pumps and channels in
WWTPs. Planned hourly maximum flow is around 1.3-1.8 times as much as planned daily maxi-
mum flow for medium to large sewer systems. The figure may reach more than twice the quantity
in some small systems and systems receiving a lot of tourism wastewater.

Planned wet weather hourly maximum flow of sanitary wastewater in wet weather: For a combined
sewer system, to reduce CSO pollution, planned wet weather hourly maximum flow of sanitary
wastewater will be three times as much as that of dry weather and will be accommodated in inter-
ceptor sewers.

Wet weather inflow and infiltration: For a separate sewer system, wet weather inflow and infiltra-
tion to sanitary sewers may arise due to poor house sanitary sewers, keyhole of manhole cover,
wrong connection of house storm drain, and raised groundwater level on rainfall events with a
poor public sewer system. It is observed nationwide, but difficult to predict the flow in the plan-
ning stage. Therefore, there is no need to take it into consideration in the plan.

3.2.6.3 Planned Pollutant Load

1.

Pollutant load of domestic sanitary wastewater: Pollutant load of domestic sanitary wastewater is
from human waste and gray water. The results of a survey on pollutant load per person per day are
shown in Table 3.3.

. Pollutant load of commercial sanitary wastewater: Pollutant load of commercial sanitary wastewa-

ter differs with types of commerce and whether or not they have water reclamation within their
property. Locally specific prediction is necessary. If it is difficult to make local predictions, the
quality of commercial sanitary wastewater could be assumed to be the same as that of domestic
sanitary wastewater.

. Pollutant load of industrial sanitary wastewater: Basically, pollutant load of major industrial sani-

tary wastewater should be surveyed. Pollutant load from minor factories and planned factories
can be predicted by multiplying the average quality by factory type by the average discharge by
factory type. The quality of discharge from factories with high concentration of pollutants should
be assumed to be within a permit level by the use of pretreatment facilities.

. Pollutant load of livestock sanitary wastewater: Cattle and pig barns generate much higher pol-

lutant load compared with human-produced wastewater. This needs to be reflected in the plan
appropriately.

. Other pollutant loads: Other pollutant loads include those from human WWTPs, hospitals, laun-

dry, solid waste incineration plants, and tourism facilities. These loads need to be reflected into
the sewerage plan adequately.

3.2.6.4 Planned Influent Quality and Effluent Quality

Planned influent quality is planned daily influent pollutant load divided by planned daily average flow.
Planned effluent quality needs to be set for biochemical oxygen demand (BOD), total nitrogen (TN), and

TABLE 3.3 Study Results on Pollutant Load (g/Person/Day)

Breakdown
Parameter Average Human Waste Gray Water
Biochemical oxygen demand 58 18 40
Chemical oxygen demand 27 10 17
Suspended solids 45 20 25
Total nitrogen 11 9 2

Total phosphorus 1.3 0.9 0.4
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total phosphorus (TP) by referring to the environmental quality standard of receiving water, which is
technically achievable by treatment method, permit by law, and consistency with the upper plan.

3.2.6.5 Sewer Planning

Sewer planning must consider the following requirements:

 Gravity flow is the basis of a sewer network. In some geographies, pipe flow with either vacuum or
pressure system may be feasible. The size of a separate sanitary sewer shall be decided to accom-
modate the planned hourly maximum flow of sanitary wastewater. The size of a separate storm
sewer shall be decided to accommodate the planned storm water flow.

« Theinterceptor of sanitary wastewater in a combined system shall be decided to accommodate the
planned wet weather flow of sanitary wastewater.

 The position of the sewer shall be decided considering the geography, geology, width of roads,
and the positions of other utility lines.

 The shape and slope at the cross section of the sewer shall have the velocity to avoid deposition
and wear.

o The sewer shall have a structure with no exfiltration and infiltration.

 The sewer shall be underground except for the open channel of the separate storm sewer and the
open channel to the outfall from WWTPs.

o The sewer shall not be excessively deep while securing minimum allowable depth by the road
authority.

o Inverted siphon shall be avoided except in inevitable cases.

« Main roads accommodate other utility lines such as water and gas. Consultation with other utility
companies and the road authority shall be done while making cross section maps.

3.2.6.6 Pump Station Planning

Sanitary wastewater pumps include lift stations and final pumping at the WWTP. Lift stations are used
to prevent the sewer from being too deep. Final pumps are placed in WW'TPs to feed wastewater for the
liquid treatment process. When storm water does not drain by gravity, storm water pumps should be
planned. Storm water pumps should be able to drain planned storm water flow at planned high water
level of the receiving water.

In a combined sewer system, sanitary wastewater pumping stations and storm water pumping sta-
tions are located neighboring each other. The following items need to be kept in mind for planning:

o Pumping stations shall be located considering the factors of economy, ease of construction, ease
of operation and maintenance, and impact to the surrounding environment.

 Sanitary wastewater pumps of a separate sewer system shall pump the planned hourly maximum
flow.

 Sanitary wastewater pumps of a combined sewer system shall pump the planned wet weather
sanitary wastewater flow.

o The electrical system shall be housed within a watertight chamber, with as much equipment and
controls at maximum elevation as possible.

o The layout of pumping stations shall match the surrounding environment.

 In case of a small capacity, when there is no need of grit removal, grinder pumps are used and
housed in the manholes.

3.2.6.7 Planning of a WWTP
Planning of a WWTP shall consider the following:

o Effluent permit
o Location
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o Site area

o Planned sanitary wastewater flow

o Ground level

o Selection of treatment method

o Harmonization with neighborhood

The liquid treatment method for the removal of organics is conventionally used for medium to large
capacities with a population of over 10,000 and oxidation ditch for small capacities.

3.2.6.8 Water Reclamation

In case water reclamation is planned, its use and supply situations in target areas shall first be surveyed
and then the necessary add-on treatment planned. If regulatory authorities set the permit for reclaimed
water, it shall be met.

3.2.6.9 Advanced Treatment

In case biological secondary treatment cannot meet the target effluent quality, advanced treatment shall
be undertaken. Advanced treatment includes the internal mixed-liquor recycling process for nitrogen
removal, the anaerobic-oxic (A/O) activated sludge process and the coagulant adding process for phos-
phorus removal, and the A%/O process for the removal of both nitrogen and phosphorus.

3.2.7 Sludge Treatment and Recycling
The sludge shall be treated and recycled as follows:

1. Planned sludge generation: Planned sludge generation shall be estimated from planned daily
maximum sanitary wastewater flow, concentration of suspended solids, removal rate, and water
content of sludge.

2. Treatment process: The sludge treatment process shall match a liquid treatment process, using
recycling and a disposal method. An example of commonly taken pathways is shown in
Figure 3.7.

3. Recycle use: Sludge is generated as long as wastewater treatment continues. The amount continues
to increase with network expansion and continuation of liquid treatment. It is necessary to seek
sustainable recycling methods.

3.2.8 Storm Water Drainage Planning
3.2.8.1 Planned Storm Water Flow

Planned storm water flow is calculated by the following formula:

Composting Fertilizer
Raw sludge —— Thickening Digestion Dewatering Incineration/melting Constriction
material

FIGURE 3.7 Flowchart of sludge.
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1
=—C1IA 3.1
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where
Q is the planned maximum runoff flow (m?/s)
C is the runoff ratio
I'is the rainfall intensity (mm/h)
A is the drainage area (ha)

where
t is the travel time (s)
a, b, m, n are the statistically derived coeflicients

3.2.8.2 Reduction of Runoff

The method to reduce runoft includes storage and infiltration as shown in Figure 3.8.

3.2.8.3 Storage Tank and Sewer for Flood and CSO Control

These structures are constructed to control urban flood and to regulate the amount of storm water
entering the river channels through storm sewers or combined sewers so that river floods are prevented.

To reduce the CSO pollution, the first overflows from a gravity sewer line and the first discharges
from the storm water pumps in a combined system are stored in a tank. After rainfall events, the stored
combined wastewater is sent to WWTPs.

Park

School playground

(6]
 Onsite pen space
Parking lot
Individual house

Public land

— Storage = —

Underground tank
Sewer

— Off-site Pond
Open space

— Flood control greenery
Reduction of runoff —

Cleanout
Trench
+— Infiltration Pavement
Gutter
Well

— Land use control

FIGURE 3.8 Runoff reduction.
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3.2.9 Implementation Plan

3.2.9.1 Efficient Planning

Construction of the main components in a sewerage system such as the trunk sewer line, pump-
ing stations, and WW'TPs shall follow a phased implementation plan to meet the actual inflow of
wastewater while avoiding overcapacity. Equipment shall be selected not only by initial cost but
also running cost. In the beginning of operation, special consideration should be given to little
inflow of wastewater. Examples of considering factors for each component are shown in the follow-
ing sections.

1. Sewer: A sewer cannot help being oversized in the initial stage when the network and the house
connections are incomplete. The following actions might be feasible in some cases locally:

a. By dividing the planned flow into early flow and future expected flow, early flow is accom-
modated in the first installed sewer, and the future flow will be accommodated in a second
different sewer that will be installed at the time of construction of the new road. Installation
of another sewer with the new road construction can lower the initial cost.

b. By connecting two neighboring treatment areas with an interceptor, one WW TP with a single
trunk line can handle the wastewater generated from two planned treatment areas. After the
increase of wastewater by the expanding network and collectors, another interceptor line and
WWTP are constructed. The extra interceptor will be used for disaster management and a
drying operational WW TP for rehabilitation work.

2. Pumping stations: Civil engineering structures should be constructed fully from the beginning
even if the initially entering wastewater is relatively small. However, pumps can match the actual
flow. The initial measures are as follows:

a. Use of submersible pumps may be economical.

b. Manhole grinder pumps may be enough to delay the construction of pumping stations.

3. WWTPs: In the planning, the layout, the structures, and the required performance are set to meet
the planned wastewater flow in 20 years. On the other hand, projects are implemented phase by
phase. In each phase or intermediate years, effective and efficient performance is required. In
municipalities with declining population, a reduction of the initial investment may be needed.
Some measures that could be taken are described as follows:

a. Prefabricated treatment system may be enough at the initial stage.

b. Grit chamber, pump well, and first clarifier may be substituted with manhole grinder pump.
When the wastewater inflow increases, these facilities are constructed as planned.

c. Pipe gallery can be delayed by ground or aerial installation.

d. Inthebeginning, few operators are stationed. Operation building can be delayed.

e. Chlorination tank can be delayed by the use of an outfall channel.

4. Types and Combinations of Pump Equipment: The types and combination of pump equipments
are as follows:

a. The types and combinations of capacities shall match the rising trend of the inflow.

b. The initially installed pumps are expected to reach their full capacities within a few years.

3.2.10 Use of Sewerage Resource and Space

3.2.10.1 Water Reclamation

Treated wastewater is a valuable water resource and this amount continues to grow as a sewerage sys-
tem expands. Current use of treated wastewater in Japan is shown in Figure 3.9. For the use of treated
wastewater, the quality permit is stipulated by application, and it is necessary to meet the requirement.
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Supply to office 8.0%

Supply to industrial
water supply system
0.9%

Toilet flush 3.8%

Landscaping
27.2%

Agricultural irrig

River maintenance
27.1%

Urban greenery

irrigation 0.1% Recreational

use 2.4%

FIGURE 3.9 Current use of treated wastewater in Japan.

3.2.10.2 Sludge Recycling

Sludge generation continues to increase with sewerage expansion and the introduction of advanced
treatment. The current recycling use of sludge in Japan is shown in Figure 3.10. In recycling, the follow-
ing need to be considered:

« Effective and efficient use of material and energy in sludge
o Matching supply and demand by securing customers
o Education and advertisement on the recycled products for stakeholders

Fuel
57473 kg
(3%)

Construction

Fertilizer
341,558 kg
(19%)

FIGURE 3.10 Sludge recycling in Japan (2010).
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3.2.10.3 Use of Sewerage Facility Space

1. Use of sewer cross section: A sewer network is connected to office buildings and individual houses.
As wastewater runs by gravity, there is an open space inside the sewer. By installing a fiber-optic
cable in the sewer, a reliable information network is made possible at relatively low cost. There are
three uses of fiber-optic cables:

a. 'The sewer operator’s use for effective and eflicient operation and maintenance of pumping
stations and WWTPs by connecting one to the other

b. The local government’s use

c. 'The ordinary citizen’s use

2. Use of open space of WWTPs and pumping stations: WWTPs and pumping stations are important
public assets in an urban area. The open space should be used wisely, for parks, sport fields, com-
munity centers, and office buildings. When WWTPs and pumping stations are rehabilitated, the
use of open space should be planned to enrich these facilities.
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4.1 Outline of Natural Gas Distribution Systems

4.1.1 Description of Natural Gas Distribution Systems

Natural gas (NG) is delivered to customers in Japan through pipelines by general gas suppliers in accor-
dance with the Gas Business Act (GBA). Liquefied petroleum gas (LPG) is packed in gas cylinders after
liquefying propane gas and butane gas, both containing hydrocarbon. A small portion of LPG has been
vaporized and delivered to customers using pipelines; however, the LPG distribution system functions
differently from the NG distribution system. NGs are produced at production factories and delivered
to customers through pipelines, and this has been recognized as one of the most important lifelines in
daily life. LPG is delivered only to customers who have registered gas cylinders; therefore, the NG dis-
tribution system is widely used in areas where a gas pipeline has been constructed for customer delivery.

4.1.1.1 Gas Supply Businesses

The GBA classifies the gas supply business into four categories: a general gas supply business, a commu-
nity gas supply business, a gas pipeline business, and a major gas supply business. A general gas supply
business supplies gas using a pipeline besides the community gas supply. It delivers NG using pipelines
to customers except in areas served by community gas suppliers. The number of general gas suppliers,
the gas volume of sales, and the number of customers are listed in Table 4.1.

A community gas supply business delivers NG through pipelines to more than 70 customers from
NG that is produced using a specified gas generator. The specified gas generator consists of containers
and evaporation equipment consistent with the High Pressure Gas Safety Act and the Law on Integrity
Issues and Rationalization of Dealings of Liquefied Petroleum Gas. The number of community gas sup-
pliers, the clusters of customers, and the number of customers are presented in Table 4.2.

A gas pipeline business delivers NG to customers through gas pipelines in areas where gas sale has
been licensed using long-distance transmission gas pipelines that are directly connected to power plants.
A major gas supply business distributes NG to customers in areas where gas sale is licensed through their
own gas pipelines or gas pipelines owned by other gas companies. Gas pipeline companies and major gas

45
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TABLE 4.1 Circumstance of General Gas Suppliers in Japan

Number of Suppliers Gas Volume of Sales Number of
District Private Public (x10° m?) at 41.8605 MJ/m? Customers (x10%)
Hokkaido 9 1 501,098 881
Tohoku 31 6 506,277 878
Kanto 75 18 16,863,808 13,594
Tokai and Hokuriku 10 2 4,302,303 2,678
Kinki 15 3 9,302,488 7,096
Chugoku 31 2 920,893 980
Shikoku 1 0 142,508 275
Kyushu and Okinawa 28 1 1,222,387 1,759
Total 213 33,761,761 28,082

Source: Japan Gas Association, Natural Gas Volume of Sales in 2007, 2007, p. 4.

TABLE 4.2 Circumstance of Community Gas Suppliers in Japan

District Number of Suppliers Cluster of Customers Supply Areas (x10%)
Hokkaido 61 384 136
Tohoku 173 704 172
Kanto 456 2224 562
Tokai and Hokuriku 177 1003 250
Kinki 231 1111 235
Chugoku 164 684 156
Shikoku 81 369 75
Kyushu and Okinawa 294 1407 344
Total 1637 7886 1929

Source: Japan Gas Association, Handbook of Gas Business 2007, 2008, pp. 196-197.

TABLE 4.3 Circumstance of Gas Pipeline Companies and Major Gas Business Suppliers in Japan

Number of Suppliers Number of Major Gas Supply Business Suppliers
Gas pipeline companies 11 123
Major gas business suppliers 17 67

Source: Japan Gas Association, Handbook of Gas Business 2007, 2008, p. 194.

business suppliers were established to promote new entries to the gas supply business in accordance with
the amendment of the GBA in 2003. Gas supply companies are increasing in number as shown in Table 4.3.

4.1.1.2 Gas Business Act

The GBA has been issued to develop and improve the following functions:

« Administration of gas supply businesses—GBA aims to protect the profit of customers and make
substantial progress in the development of the gas supply business.

» Regulating construction, maintenance and operation of gas facilities, and production and sale of
gas instruments—GBA secures public safety and prevents air pollution.

Companies planning to run a general gas supply business or a community gas supply business should
receive permission from the Minister of Economy, Trade, and Industry, presenting the service area and
the clusters of customers. Partial monopoly is permitted for a gas supplier, except if it is a major gas
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supplier, in the permitted service area where other gas companies are unable to supply. Gas pipeline
businesses and major gas supply businesses are allowed to continue supply on notifying the Minister of
Economy, Trade, and Industry.

The amendment of the GBA in 1999 relaxed the regulation and promoted new entries to the gas supply
business and the license of sales of NG. Due to the relaxation of the regulation, anyone can run a large-
scale gas supply business simply by notifying the Minister of Economy, Trade, and Industry without pre-
senting any distribution areas. In the case that a major gas supplier has no gas pipeline to deliver to a new
customer, a general gas supplier delivering NG to the neighboring area has to allow the major gas supplier
to use their gas pipeline in order to avoid surplus investment and the overlap of gas pipelines in the area.

In a consignment gas supply system, a gas company having no gas pipeline in their own supply areas
can commission a general gas supplier or a gas pipeline company that owns a gas pipeline within the
area to supply gas to customers. A consignment gas supply system is called a connected consignment gas
supply system when the pipeline is connected to another general gas supplier and it is called a retail sale
consignment when the pipeline is connected to customers.

4.1.1.3 Raw Materials and Compositions of Natural Gas

Raw materials of NG delivered to customers are liquefied natural gas (LNG) imported from foreign coun-
tries and NG produced in Japan. There are two main types of products in NG: one comprises coal gas,
naphtha, and butane produced from coal and the other contains propane gas derived from petroleum-
based materials. The composition of NG can be classified into seven groups depending on the weight, the
heat capacity, and the capability of combustion. This classification is presented in Table 4.4 and Figure 4.1.

1. The Wobbe Index (WI) expresses the input gas calories to a gas appliance that is decided in terms
of the heat capacity and the unit weight of gas.

2. Si expresses the burning velocity of each flammable gas component contained in gas and the val-
ues are presented in Table 4.5.

3. fi is a coeflicient related to each flammable gas component contained in gas and the values are
presented in Table 4.5.

4. Aiindicates the volume fraction of each flammable gas component contained in gas.

5. Kis a reduction factor derived by the following equation.

K = EA” .]25C0; +N, -3.770, (N, -3.770, ?
E(Ai ‘o) 100 - 4.770, 100 - 4.770,

6. ai is a correction factor of each flammable gas component contained in gas and the values are
presented in Table 4.5.

7. CO, expresses a volume fraction of the carbon dioxide contained in gas.

. N, is a volume fraction of the nitrogen contained in gas.

9. O, is a volume fraction of the oxygen contained in gas.

(o]

TABLE 4.4 Wobbe Index and Number of Customers

Gas Group Wobbe Index (WI)  Burning Velocity (MCP [cm/s]) ~ Number of Customers (x10%)
13A 52.7-57.8 35.0-47.0 26,667
12A 49.2-53.8 34.0-47.0 721
6A 24.5-28.2 34.0-45.0 87
L1 (6B, 6C, 7C) 23.7-28.9 42.5-78.0 282
5C 21.4-24.7 42.0-68.0 32
L2 (5A, 5B, 5AN) 19.0-22.6 29.0-54.0 130

L3 (4A, 4B, 4C) 16.2-18.6 35.0-64.0 111
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FIGURE 4.1 Flammability of gas group.

TABLE 4.5 Coefficients of Flammability

Si fi ai

Hydrogen (H) 282 1 1.33
Carbon monoxide (CO) 100 0.781 1

Methane (CH,) 36 8.72 2

Ethane (C,Hy) 41 16.6 4.55
Ethylene (C,H,) 66 11 4

Propane (C;Hy) 41 24.6 4.55
Propylene (C,Hg) 47 21.8 4.55
Butane (C,H,,) 38 32.7 5.56
Butene (C,H,) 47 28.5 4.55
Other hydrocarbons 40 383 4.55

TABLE 4.6 Raw Material of Town Gas in 2006

Raw Material Production (x10° MJ) Ratio (%)
Petroleum 43,752,587 3.0
Natural gas ~ Domestic 93,778,611 6.4
LNG 1,321,480,165 90.6
Total 1,459,011,363 100

Source: Japan Gas Association, Handbook of Gas Business 2006, 2007, p. 7.

Most 12A and 13A gases, which have a high W1, are made from raw materials based on NG. The
raw materials of NG account for more than 90% of the raw materials of the town gas as presented in
Table 4.6. The high percentage of the NG consumption is based on the fact that the CO, emission of NG,
mainly composed of methane during combustion, is less compared to that of other fossil fuels. Another
reason can be that the NO, emission of NG is also less than of other fuels as NG contains almost no



Natural Gas Distribution System: Planning Aspects 49

TABLE 4.7 Ecological Balance of Exhaust Gas

Co, NO, SO,

Liquefied natural gas (LNG) 60 40 0
Petroleum 70 60 60
Coal 100 100 100

nitrogen component and is appropriate for combustion control. A comparison of the ecological balance
of exhaust gas is presented in Table 4.7.

NG imported from foreign countries is liquefied at temperatures less than —162°C to decrease the
volume by a factor of 1/600. NG mainly consists of methane gas; however, the components depend
on the production site and therefore the combustion calories tends to vary over a wide range. The
vaporized LNG is discharged from an LNG terminal to customers, and at that time NG is mixed
with propane and butane gases (LPG) in order to adjust the combustion calories within a required
range. In Japan, NG is mined in Hokkaido and Niigata, Chiba, Akita, and Fukushima prefectures,
and some gas companies use the mined NG as their raw material.

While most gases consist of petroleum-based raw materials, the remaining consist of NG-based raw
materials. As a gas production system can control the combustion calories of gas over a wide range, it is
therefore possible to ensure that the gas made by the substitute natural gas (SNG) process is consistent
with NG. There are no coal mines in Japan that do not produce gas.

4.1.2 Natural Gas Supply System
4.1.2.1 Value Chain from Gas Supply Company to Customers

A simplified flowchart of the value chain from production of town gas to final consumption at the cus-
tomers’ end is presented in Figure 4.2 in terms of raw materials.

4.1.2.2 Gas Supply and Transportation Systems

Domestic NG is transported to customers by high-pressure and middle-pressure pipelines after adjust-
ing constituents and controlling the pressure of the gas. Gas produced from petroleum-based materials
is also transported from factories to customers through gas pipelines. On the other hand, LNG is vapor-
ized at the first receiving terminal and transported by gas pipelines to customers. These gas pipelines
are operated at three pressure levels—low-pressure, middle-pressure, and high-pressure—depending on
the function of the pipelines as illustrated in Figure 4.3.

The low-pressure distribution system is appropriate for delivering gas to a small cluster of custom-
ers and is directly connected to these customers. The middle-pressure distribution system transports

Domestic Development of Production of Transporting by
natural gas gas field natural gas pipelines
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LNG transporting town gas lorry
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from petroleum material town gas pipelines

FIGURE 4.2 Value chain of town gas.
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FIGURE 4.3 Schematic flow of domestic high-pressure gas supply.

the gas at a pressure between 0.1 and 1.0 MPa and is controlled with a governor to connect to the low-
pressure distribution system. This distribution system is adequate for transporting a large quantity of
gas to many remote customers.

Large air-conditioning equipment installed in buildings and hospitals as well as gas engines and
industrial boilers may require gas of middle pressure for their operation, in which case the gas is trans-
ported from a production facility to the customers at the required pressure. This is called a middle-
pressure straight distribution system. This system is divided into two systems: one is the middle-pressure
A with an operating pressure of 0.3 MPa and higher and the other is the middle-pressure B with a
pressure less than 0.3 MPa. These two systems operating at different pressures are connected with a
governor.

The high-pressure gas distribution system supplies the gas at an operating pressure of 1.0 MPa and
higher, which is pressure-reduced gradually with governors. This system is appropriate for delivering a
large quantity of NG to many customers spread over a wide service area. The configuration of the gas
distribution system is determined taking into account the quantity of gas demand, the number of cus-
tomers, the extension of service area, the performance of manufacturing facilities, the future plan, and
the balance of supply cost and supply stability.

When the first receiving terminal is located at a remote spot from customers and the construction of
pipelines is difficult, a secondary receiving terminal is constructed closer to the customers. In this case,
LNG is transported by tank trucks from the first receiving terminal to the secondary receiving terminal,
where it is vaporized. The secondary receiving terminal tends to be located somewhere around the first
receiving terminal and is therefore called an LNG satellite terminal. A schematic illustration of the gas
distribution system from the satellite station is presented in Figure 4.4.

This distribution system is defined as the general gas supply business that supplies gas in a small city.
LNG satellite terminals are increasing in number in accordance with the rapidly increasing demand of
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FIGURE 4.4 Schematic flow of gas supply from LNG satellite.
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gas outside the service areas. In the case where an LNG tank truck is not suitable for the transportation
of LNG, an LNG ship can be an alternative to transport LNG to the secondary receiving terminal near
the supply area where the LNG is vaporized. On-site LNG supply systems are also increasing in number
for transportation to licensed industrial customers. In this case, LNG is transported by an LNG tank
truck from the first receiving terminal to a small LNG tank and an evaporator provided by the custom-
ers on their premises.

4.1.3 Principal Facilities of Natural Gas Distribution System

4.1.3.1 Gas Production Facilities

The gas production system consists of a well through which NG is conducted from an underground
basin, an evaporator that vaporizes imported LNG, and equipment to control the constituents and the
pressure of the gas. The NG in the ground contains impurities like water and oily condensate. Therefore
the impurities are removed by controlling the temperature and the pressure as presented in Figure 4.5.
When a domestic NG supplier delivers to a general gas supplier, the gas usually has an odor added at the
supply points.

A schematic illustration of the production process of gas is presented in Figure 4.6, which shows how
the gas is chilled to lower than —162°C to liquefy it and produce LNG in foreign countries and how the
LNG is evaporated in the first receiving terminal in Japan. Two significant concerns are presented in
the figure: one is the vaporization of LNG by controlling the heat input and the other is the pressure
fluctuation induced by vaporized dense fog. Impurities like water, oil, and nitrogen are removed dur-
ing the production process of LNG, and the first receiving terminal has to control the heat input of the
vaporized gas and add odor to the gas.

In the gas production process, a gas mixture of hydrogen, methane, and carbon dioxide is produced
from petroleum raw materials by adding vapor, oxygen, and hydrogen to LNG and naphtha using a cata-
lyst. The production process of the reformed gas is presented in Figure 4.7 and a part of the flow of the
middle- and high-pressure gas-producing facilities is also presented in Figure 4.8. Various advanced gas
production processes enable us to produce various gases. A key issue of the gas production process is the
evaporation system, where raw materials are introduced to undergo a thermal process. A classification
of gas generation is presented in Table 4.8.

Wellhead equipment

Impurities (CO,, etc.)

High-pressure
separator

Cooling system

Cooler

To gas pipeline
Low-pressure
Gas well separator
Condensate
Separated
water
To condensate tank
Gas Cooling
reservoir system )
————P» Injection to reservoir after separation process

FIGURE 4.5 Typical process of natural gas production plant.
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FIGURE 4.8 Typical flow of medium/high-pressure gas generator.

4.1.3.2 Gas Distribution System

The gas supply facility consists of pipelines and subsidiary equipment that transport gas from a produc-
tion facility to customers. The pressure within the gas pipelines decreases with increasing transporting
distance due to loss by friction. Therefore, the gas company should monitor the operating pressure of
the pipelines and see that the gas pressure is higher than that required to ensure normal combustion
in gas appliances. In order to distribute gas through an extensive network of pipelines, a high-pressure
pipeline is used to send gas from a production facility that is gradually depressurized before reaching
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TABLE 4.8 Typical Classification of Gas Generation

Manufactured
Operating Material Gas Calories
Pressure Insertion Heating Gasification (MJ/N m?)
Low Cyclic Regenerative ~ Reformation process of ~12
heating moisture
Middleor  Continuous  Regenerative  Partial combustion process ~8
high heating
External Reformation  High ~12
heating process of temperature
moisture Medium ~19
temperature
Low ~27
temperature
Self-heating SNG process ~38
TABLE 4.9 Pipeline Length of General Gas Suppliers in Japan, 2005
Pressure Length (m)
High pressure 1.0 MPa <P 1,767,904
Middle pressure 0.1 MPa<P < 1.0 MPa 30,194,582
Low pressure P <0.1 MPa 199,899,209
Total 231,851,695

the customers. The lengths of the pipelines owned by the general gas supplier, classified with respect to
the operating pressure, are presented in Table 4.9.
The subsidiary facilities of the gas pipeline are as follows:

« A governor to control depressurization

« A compressor for pressure recovery of long-distance pipelines

+ A gasholder to effectively level the daily demand and improve efficiency of the production and
supply facilities

A governor is a self-driven pressure control valve that maintains the secondary pressure at a constant.
The governor has three systems: the direct drive, the pilot, and the axial flow. The gasholder has the fol-
lowing functions, and the site of installation and capacity are decided depending on the function:

1. To secure the required supply performance by replenishing the demand shortage during peak
time

2. To maximize the transportation efficiency of pipelines between a production facility and a
gasholder

3. To ensure continuous supply during a temporary blackout and to oversee the construction of the
production and supply facilities

4.1.3.3 Gas Appliances

Gas appliances are provided for residential, business, and industrial use. The classification of appli-
ances is presented in Table 4.10. The gas cogeneration system (GCS) presented in the table supplies
electricity and exhausted heat simultaneously and is therefore called the thermoelectric service. The
GCS is superior to other systems using electric power generated at a thermal power plant because the
GCS effectively uses lost energy from cooling heat and that induced by electric transmission. In addition
to conventional generators such as gas engines and gas turbines, a new type of GCS that runs on a fuel
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TABLE 4.10 Gas-Consuming Appliances

General Remarks of Lifeline Services

Use Category Examples
Household use ~ Cooking Cooking stove, rice cooker, oven
Hot water Water heater, floor heating
Heater Stove, fan heater
Others Cloth drier
Industrial use Cooking Cooking stove, oven, fryer
Hot water Water heater and boiler
Boiler Steam generator
Others Furnace, gas producer
Air conditioner Gas heat pump
Others Cogeneration Gas turbine, gas engine, fuel cell

District level air-conditioning, compressed natural gas facility

cell has been recently developed. The fuel cell is driven by an electrochemical reaction of oxygen reform-
ing hydrocarbon in NG and hydrogen in the air. The new GCS can be used at home.

4.2 Planning and Management of Distribution Systems

4.2.1 Planning of Distribution System

Planning a gas supply system is required for updating an existing gas supply system, to renew old equip-
ment based on the predicted increase of gas supply, and to expand the distribution area. The gas supplier
will be able to deliver the gas to the customers at a stable pressure after implementing the construction
scheme [4].

4.2.1.1 Prediction of Future Demand

The prediction of future demand is made considering a long-term fiscal sales plan and a user-wise sales
plan. It is necessary to notify each distribution area about the local future demand as business informa-
tion and improve the accuracy of the prediction of future demand in every distribution area.

4.2.1.2 Planned Supply Equipment

The planned supply equipment is a general term representing the following equipment and facilities
necessary to supply NG to customers:

. A production facility that vaporizes the LNG to produce the raw material of town gas

. A receiving facility that charges vaporized gas transmitted from other gas companies

. A regulating facility like a governor station that depressurizes gas to the required pressure
. A gasholder that stores and sends out gas

. A gas pipeline that transports gas from a producing facility to the customers

G W N~

Planning of the supply facilities can be classified into two functions [4]. One will reinforce and renew
facilities to continue a stable gas supply using the existing gas supply facilities. Another will construct
a new facility in the area where no supply facility exists. The supply facility will be planned to manage
the fluctuation of long-term gas demand based on the prediction of future gas demand. The planning
of pipeline construction will take into account the prediction of long-term demand increase of gas due
to the difficulty of replacing pipelines [4]. A network gas-flow analysis system will be used for the plan-
ning of gas supply facilities, especially to simulate sufficiency and lack of supply performance of the
system. The network gas-flow analysis system will be utilized to build a sufficient distribution system
for the future.
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4.2.2 Operation of Supply System

Pipeline operation comprises taking gas from a production facility and delivering it to customers by
controlling the pressure using governors. The starting point of the typical supply system in Japan is
the vaporizer of the imported LNG. The gas vaporized at a production facility is transported by a high-
pressure gas pipeline to a governor in a main supply station.

The NG transported by high-pressure gas pipeline is depressurized to middle pressure A at a governor
station for use in power stations and industries. The NG is further depressurized by the middle-pressure
A governor to middle pressure B for delivery to air conditioners and business offices. The NG depressur-
ized by the middle-pressure B governor will be distributed to customers by pipeline networks. There are
many gas companies that store gas in a gasholder within a pipeline network at middle pressure A and
send gas after depressurizing to middle pressure B.

4.2.2.1 Operation of a Production Facility

Flow-control and pressure-control gas vaporizers are used in a gas production system. The flow-control
system keeps the flow rate of vaporized gas constant, and the pressure-control system maintains the
delivery pressure of vaporized gas at a constant. The operation management of the flow-control system
is simple because a certain quantity of gas is sent independent of the fluctuation of downstream demand.
However, in order to maintain the pressure in the downstream pipeline within the operation criteria,
the pipeline pressure is controlled.

On the other hand, the operation of the pressure-control system is complicated. Here it is required to
control the vaporizer frequently to adjust the pressure, taking into account the fluctuation of midnight
demand when there is an extreme drop in demand. The received gas quantity is almost equal to the dis-
charged gas quantity; therefore, the fluctuation of gas pressure downstream will be very small and con-
trolling the pressure becomes easy. The companies distributing gas from multiple production facilities
run an effective production and supply system combining the different control systems of a vaporizer.

4.2.2.2 Operation of Gasholders

A gasholder is an important facility that balances the supply demand and the quantity of production
and has the following functions:

1. A gasholder replenishes the gas when the demand exceeds the supply capacity in order to supply
gas in a constant and stable manner.

2. A gasholder stores the surplus gas when the gas demand falls below the gas supply.

3. A gasholder constructed near a supply area but remote from the gas production site ensures addi-
tional supply capacity to the pipelines during the peak time of gas demand.

4. A gasholder is able to ensure the stability and continuity of gas supply by replenishing the stored
gas in case of power failure in a production facility or any fatal damage to pipelines.

Gas use in air conditioners and generators has been increasing in recent years, and the daily change in
gas demand in the summer season is similar to that of electricity.

4.2.2.3 Operation of Remote Monitoring and Remote Control System

The remote monitoring and remote control system is used to control the pressure in a large-scale gas
distribution system, which monitors its own operating conditions such as the discharge quantity and
the gas pressure at a production facility, the storage volume of gasholders, and the flow quantity and
pressure in gas pipelines using an original radio network and/or a commercial telecommunication
system.

The monitoring and data acquisition system for the entire gas production and gas supply systems is
indispensable for the gas supply companies as well as other lifeline services. This sophisticated system is
called supervisory control and data acquisition (SCADA).
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Now, an extensive gas supply system can be constructed where the production facilities and custom-
ers are spread over a wide area and are connected with long-distance pipelines. The supply system is
operated by controlling multiple gas pressures simultaneously for which a remote monitoring system
is required. The operation of a gas supply system requires remote control of pressure valves at governor
stations, for storage in, and discharge from gasholders.

It is strongly recommended to prepare a backup supervising system in case of malfunction of the
remote monitoring and the remote control system. The backup system should be constructed at a remote
site from the main system to avoid simultaneous damage in case of a massive earthquake. The backup
system should also be maintained so that it can be put to work at any time in an emergency.

4.2.3 Gas Supply Plan

The quantity of gas supply tends to fluctuate due to effects of air temperature, water temperature,
weather, operating conditions of industrial customers and electric companies, and long holidays such
as the New Year.

The gas supply plan consists of an annual plan, a monthly plan, and a daily plan:

1. The annual supply plan is prepared considering the annual gas volume of sales plans, the annual
and monthly sales plans of industrial customers and electric companies, the temperature, and
the special periods of long holidays.

2. The monthly supply plan includes the hourly supply plan of gas based on the latest monthly con-
struction plan and the actual supply data.

3. The daily supply plan forecasts the amount of gas supply taking into account the temperature, the
water temperature, and the working plans of industrial consumers and electric companies.

The annual supply scheme, which considers the annual supply volume of the sales plan, is used to pre-
pare for the total amount of production and to discuss planned construction programs for the year. The
monthly gas supply program, which takes into account a large-scale construction plan of high-pressure
pipelines and gasholders, is used to plan the hourly production schedule of a production facility and to
prepare guidelines of the monthly production and supply control. A daily supply program is planned
based on a regression formula derived from the temperature, the water temperature, and the operation
plans of industrial customers and electric companies.

The volume of gas supply generally depends on the temperature: the volume increases with falling tem-
perature and decreases with rising temperature. However, the general trend of gas supply has changed
remarkably; as the gas demand of air conditioners and power-generating systems increases when the
temperature becomes higher than the critical temperature, the gas supply volume also increases. The
supply volume to industrial customers and electric companies is increasing as their gas demand tends
to be independent of the temperature change. In order to improve accuracy of the daily supply plan, it is
required to gather basic data with respect to the operating situations of industrial customers and electric
companies, as well as the total supply volume of the day.

4.2.4 Supply Control

The role of supply control is to maintain a stable supply of gas to the customers operating produc-
tion facilities, gasholders, and governor stations taking into account the prediction of fluctuating gas
demand [4].

4.2.4.1 Pressure Control

The gas pressure is determined based on the design pressure of supply facilities, the maximum and
minimum gas pressures, and the required pressure for equipments of customers. The fluctuation in



Natural Gas Distribution System: Planning Aspects 57

FIGURE 4.9 Supply control center.

the gas supply pressure should be low, and the gas supply pressure should be stable in order to main-
tain the requested pressure range. A sophisticated pressure-control system presented in Figure 4.9
is employed at the end of the pipeline in recent years due to the high-pressure requirement of gas
appliances.

4.2.4.2 Volume Control of Gas Production

The volume control of gas production presents the hourly gas demand based on the daily gas demand
taking into account the current supply capabilities of production facilities, gasholders, and governor
stations. To control the hourly production volume at all gas production facilities, as presented in Figure
4.10, the following points should be considered:

1. Prediction of daily supply volume

2. Prediction of hourly supply volume

3. Planning of the quantity of discharge and storage at gasholders

4. Planning gas pressure for discharge of supply facilities such as a governor station

4.2.4.3 Control of the Supply System

A thorough hourly monitoring of the supply system’s operation is required to control the supply facili-
ties that maintain the pressure within the required pressure range and assess the supply capacity of
the facility with respect to the planned volume of gas supply. The planned volume of gas supply will
vary depending on the temperature, the water temperature, the weather, and the operating conditions
of industrial consumers and power-generating companies. Therefore, appropriate monitoring of the
pressure and flow rate and quick assessment are essential in order to control the gas pressure within the
required pressure range. Smooth operation of supply equipment is one of the most important functions
to ensure a stable gas supply.

4.2.4.4 Emergency Control

Emergency actions should be taken quickly even against very rare disasters and accidents in order to
ensure a stable gas supply. Emergency actions that are taken immediately after a disaster or accident will
depend on the level of damage and its effect on the supply system:
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FIGURE 4.10 Control of gas production.

1. In case of an emergency shutdown of the production facilities, the stored gas in the gasholders will
be discharged immediately.

2. Backup discharge of gas from entire factories including other backup discharge from extra facili-
ties will be implemented.

3. Temporary gas supply from other possible gas companies connected to the damaged areas will be
arranged.

4.2.4.5 Analysis of Pipeline Network
An analysis of the pipeline network is necessary for managing the following supply operations [4]:

o Prediction of the transportation capacity and the supply performance
o Judgment to construct an additional supply system for a new customer
o Judgment to abandon and update the supply facilities

o Improvement of a supply system in an area with a lack of supply

A static analysis (steady-state analysis) and a dynamic analysis (non-steady-state analysis) are used in
the pipeline network analysis. The steady-state analysis is used to calculate the quantity of the flow and
the pressure in the pipelines assuming the equality of the intake volume and the discharge volume of
gas. This is an easy method; however, it tends to underestimate the pressure of the pipelines where the
total gas volume is not taken into account [4].

Actually, the gas demand in the pipeline network may vary; therefore, the intake volume may be
different from the discharge volume. The non-steady-state analysis will give a time-dependent solu-
tion in terms of the pressure and the flow in the pipelines. This analysis is able to simulate the actual
gas flow to simulate the behavior of long-distance gas pipelines with high accuracy; however, it is
complicated.
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5.1 Design and Construction of an Electric Power System

5.1.1 Necessary Network for a Stable Operation of an Electric Power System

The electric power system is divided into two systems by the network shape. Figure 5.1 shows the radial
and loop types of network of an electric power system in Japan.

5.1.1.1 Radial System

Figure 5.1a shows a radial type of electric power system, which consists of radially connected compo-
nents including the power plant, the substation, and the transmission lines. Because the composition
of the radial system is simple, it is easy for the system operators to control the power flow. As a result,
when an accident occurs in a radial system, it is easy to isolate the damaged components in the whole
system to localize the effect of the damage. On the other hand, when a route cutoft accident (route fault
accident) occurs in the loop system, it may be difficult to prevent power failure because of less redun-
dancy in the system.

5.1.1.2 Loop System

Figure 5.1b shows a loop type of an electric power system, in which power plants are connected with
transmission lines in a loop system. This system can supply power to customers even if a route fault
accident occurs within it. On the other hand, compared with a radial system, the damage effect (power
failure) easily spreads to other parts of the system because it is more difficult to control the power flow
in a damaged system.

Besides these two systems, there is a grid type of electric power system (also termed a mesh type
of system), which is connected by a large-scale of power grid. The grid system is often adopted in the
United States and Europe. Though this system can supply power even if two or more accidents includ-
ing a route fault accident occur within the system. There is a high risk potential against a massive power
failure (a cascading accident) due to a system accident.

61
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FIGURE 5.1 Typical network types of electric power system: (a) radial system and (b) loop system.

5.1.2 Contents of Electric Power System Construction

5.1.2.1 Basic Idea of the Network Design of Electric Power Transmission System

The electric power system is divided into two parts: transmission and distribution. The transmission
system consists of transmission lines, substation, switching station, and AC/DC converter station.
When a transmission system or a transmission line is constructed, it is necessary to precisely examine
and discuss the effect that the construction will have in the long term. Because the transmission system
is affected by the power generation method and capacity of the connected power plants, it sometimes
takes longer to construct than a power plant, and will be an important element of the infrastructure in
the local community for a long term. In general, the transmission system is divided into primary and
secondary systems. The primary system is constructed based on an independent concept of each local
power company. Figure 5.2 shows a basic flow chart of construction planning for a primary system. The
purpose of an electric power system is to transfer electric power from power generators to customers.
The electric power system is located within a wide area, which is exposed to various natural hazards
including lightning, and component accidents, so it is the essential issue to always maintain a stable
synchronized operation of some power plants. During severe circumstances, the system must be able
to keep a stable power voltage level and frequency of electric power flow. Maintaining a reliable power
system is a very important issue in power system design and operation.

5.1.2.2 Evaluation Method of Electric Supply Reliability

In order to evaluate the reliability of an electric supply, we have to consider two aspects: the demand side
and the supply side. As for the demand side—power customers—the frequency and duration of power
outage are very important issues in the evaluation of electric supply reliability. As for the supply side—
electric power company—the supply power boundary and supply power capability of the components,
as well as the causes of physical accident and power outage are key points for evaluating the reliability
of the electric power supply.

In general, the reliability of the power supply is often represented by two indices: adequacy and secu-
rity. The adequacy index relates to a supply power capability of power facilities within the system to sat-
isfy customer demand. This index tries to evaluate the facilities necessary to generate sufficient energy
and the associated transmission and distribution facilities required to transport the energy to the actual
customer [1]. The security index, on the other hand, relates to the ability of the system to respond to
disturbances arising in the system, such as dynamic, transient, or voltage instability situations. The
primary system in Japan attaches importance to the security level. In other words, the adequacy and
security indices indicate static and dynamic reliability levels of an electric power system, respectively.
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FIGURE 5.2 Flowchart of a design plan for an electric power system.

In order to secure supply reliability, an electric power system designer has to consider both reliability
levels. However, in the planning stage, it is important to secure an appropriate adequacy level.

5.1.2.3 Reliability Criteria

It is difficult to completely prevent power outage of an electric power system against natural disaster
including lightning. Thus, an electric power system has some reliability criteria against component acci-
dents including the N-1 and N-2 component accidents. The N-1 accident indicates a single accident in
the total number of components N within a target power system. The electric power system council of
Japan [2] provides system reliability criteria for a normal condition without accidents and an abnormal
condition with accidents as follows:

Normal condition without accidents

1. The electric current must not exceed the capacity of equipment.
2. The voltage level must be maintained appropriately.
3. The power generators can be stably operated.

N-1 accident
1. No supply power failure occurs.
N-2 accident

1. A part of power supply dropout and power failure are accepted. (However, when the power fail-
ure has the potential to cause a serious social impact, appropriate countermeasures should be
considered.)
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5.2 Components of Electric Power Transmission and
Distribution System

The electric power transmission and distribution system consists of transmission lines, substation, and
distribution equipment (Figure 5.3). The primary function of the transmission facility is to effectively
transfer high-voltage power from power plants to all substations. For example, the Tokyo Electric Power
Company (TEPCO) has already installed transmission facilities with 66-500 kV voltage levels. High-
voltage transmission facilities with 275-500 kV are used for transporting electric current in large quan-
tities to long distances. The voltage level of the electric current gradually lowers to 154, 66 and finally
6.6 kV as it approaches customers. In the current situation in Japan, the highest voltage level of the
actually operated transmission facilities is 500 kV, though TEPCO has also installed the 1000 kV trans-
mission facilities for future needs.

In urban areas, though the construction cost of underground facilities is more expensive than that
of overhead facilities, underground high-voltage transmission facilities with 500 and 275 kV are often
constructed from the viewpoint of the effective land use. In high-density residential areas and in urban
areas where it is difficult to construct overhead facilities, underground transmission facilities with
higher voltage level gradually increase to reduce the transmission loss of electricity.

Because an increase in voltage level causes a decrease in the transmission loss of electricity, electric-
ity is usually transferred at high voltage from power plants to substations located near a consumer
area.

On the other hand, the purpose of substations is to distribute electricity to customers and to isolate
a damaged part in a system without causing power outage. TEPCO has already installed the various
substations with 500, 275, 154, and 66 kV voltage levels. These substations are functioning as a control
center of electricity.

The utility frequency in east Japan is 50 Hz, while that in west Japan is 60 Hz. Therefore, it is necessary
to convert the frequency to transfer electric power between east and the west Japan. Three frequency
converter facilities are in place to convert the frequency: Shin-Sinano substation (600 MW capacity),
Sakuma converter station (300 MW), and Higashi-Shimizu converter station (300 MW). The power
interchange consists of an economic power interchange, which mitigates the supply cost, and the emer-
gency interchange in a system accident. The power interchange is effective in maintaining a stable power

supply in Japan.

Thermal power plant

Railway Residential house, shop

FIGURE 5.3 Conceptual figure of an electric power flow from generation to consumption.
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The purpose of a distribution facility is to transfer the electricity from a substation to customers.
A distribution facility consists of overhead and underground facilities with 22 kV, 6.6 kV, 200 V, and
100 V voltage levels. It also consists of a transformer for changing the voltage level, service lines for
transporting the electricity from the distribution line to the customer, and watt-hour meters for mea-
suring power consumption.
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6.1 Overview of Information and Communication Systems

6.1.1 Current Status of Information and Communication Services

According to the White Paper on Information and Communications in Japan [1], the information
and communication industry is a term that encompasses three lines of business: telecommunications,
broadcasting, and postal correspondence. This chapter chiefly discusses telecommunications business
from an urban lifeline point of view, but given that telecommunications using metallic cables is now giv-
ing way to optical communication using optical fibers and wireless communication using electromag-
netic waves as the mainstream technologies, its discussion will be confined to the field of information
and communication [2].

6.1.1.1 Fixed Communication
6.1.1.1.1 Fixed Phones

When Nippon Telegraph and Telephone Corporation (NTT) was founded in 1952 under its original name
Nippon Telegraph and Telephone Public Corporation (NTTPC), it could take at least a year to get a phone
line installed after submitting an application. In some areas, it took several years. Demand for phones
continued to increase nationwide, and by the end of 1970, phones had been installed in 29.1 million
households. Thereafter, the demand gradually decreased, so by the end of 1978, it was possible to have a
new phone line installed almost immediately after submitting an application. The telephone has not only
contributed to the advanced growth of Japan’s economy and society and the improvement of people’s
lifestyles but has also played a major role as a means of communication with people all over the world.
However, the telephone is in a state of transformation. In the past, it was associated with technolo-
gies and services based on human speech and listening. But as progress is made in the development of
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an information society where all sorts of information is transmitted, processed, and stored, the field
of information and communication has grown to include not only telephones but also multimedia
network. In recent years, conventional phones have started to support IP phone services based on the
Internet Protocol (IP), and there is a growing demand for such services, particularly when bundled with
broadband Internet services.

6.1.1.1.2 Facsimile

Facsimile communication is a recording communication method whereby static images such as text,
drawings, or photos are transmitted by converting them into electrical signals that are reproduced
as hard copies of the original images at the receiving end. The basic principle of this technology is
not new—phototelegraphy apparatus had been implemented by Bell Laboratories as far back as 1925.
However, it was only used in limited situations such as newsrooms and financial institutions for many
years because of its expensive and complex terminal, its slow transmission speeds, and high commu-
nication cost.

The development of image compression techniques and faster modems (modulator/demodulator
devices) had the market of facsimile expand to home use. The G3 facsimile system, which is currently
the mainstream for home use, uses a Modified READ (MR) system that was jointly proposed by NTT
and Kokusai Denshin Denwa Corporation (KDD) in 1979 and adopted as an international standard.
Compared with the conventional method, it made it possible to compress images by an additional
40%. Modems also became faster, with the initial standard of 4.8 kbps increasing to 7.2, 9.6, 14.4, and
28.8 kbps in successive ITU-T recommendations. With this influx of technology, the first home fac-
simile machine went on sale in 1991, after which the home user market expanded.

6.1.1.2 Pay Phones

Pay phones are public telephones that are made available for use by the general public. In the early days
of the telephone business, telephone receivers were themselves very expensive and beyond the means of
ordinary people. Telephones were therefore made available to people who needed to use them, and this
was the origin of pay phones. In recent years, the rapid spread of mobile phones has led to a decline in
the use of pay phones, which are gradually decreasing in number each year.

6.1.1.3 Mobile Communication

The number of fixed phone users in Japan peaked at 61 millions in March 1996 and has since been
declining gradually. On the other hand, the users of mobile phones and other mobile communication
services have grown rapidly (exceeding 110 million in March 2009), so we are now living in an age
when everyone has their own telephone. This change has occurred not only because mobile phones are
conveniently portable, but also because users can choose desirable mobile devices supplied by various
manufactures and network providers and affordable communication tariffs through increased competi-
tion and technological advances. In the future, there will probably be further developments of seam-
less personal communication services that exploit the portable characteristics of wireless technology.
Figure 6.1 shows the configuration of a mobile network.

6.1.1.4 Mobile Satellite Communication

A mobile satellite communication system is a system that communicates via a communication satel-
lite from satellite mobile phone devices or base stations installed in moving vehicles such as automo-
biles, ships, or airplanes. Some mobile satellite communication systems use geostationary satellites
(e.g., N-STAR, Inmarsat), while others use satellites in lower orbits (e.g., Iridium, Orbcomm). Since
these systems work almost anywhere, including at sea, in the air, or in mountainous areas where ordi-
nary mobile phone signals are unavailable, they are attracting attention as a means of communication
when responding to natural disasters.
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FIGURE 6.1 Network configurations of third-generation method.

6.1.1.5 Dedicated Lines

A dedicated line is a wired or wireless communication line made exclusively available to a specific
user. Besides simple connections between two points, dedicated lines may also have star-connected or
branched configurations. Instead of being restricted to the use of dedicated circuit channels or radio
frequency bands, they are often multiplexed with other lines.

The characteristics of a dedicated line include the followings:

1. They are unaffected by congestion in public networks.

2. Compared with public networks, they are less susceptible to eavesdropping, theft, or forgery of
information.

3. Since they are charged at a fixed rate, they cost less than public networks when used for frequent
communication with a high degree of occupancy.

4. If a dedicated line is connected directly between two points, there is no need for connection
operations.

5. The line construction and maintenance are performed by the telecommunications carrier; the
technical burden on users is less than for a private line installed by the users themselves.

6.1.1.6 Multimedia Networks
6.1.1.6.1 The Internet

The Internet is a network of computers that are connected together by using the IP. According to a
survey by the Ministry of Internal Affairs and Communications, the number of Internet users in Japan
exceeded 88 million by the end of 2007, showing that the Internet has become deeply ingrained in the
country’s social fabric as shown in Figure 6.2.

Today, in addition to e-mail and file downloading, the Internet is also an essential means of gather-
ing information from around the world both for work and for recreation. Against the background of
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increasing communication speeds, it has become possible for people to use the Internet to download and
enjoy large quantities of data, such as long high-quality movies.

6.1.1.6.2 Intranets and Extranets

An intranet is a computer network with a limited range (e.g., a company’s internal network) that is built
using standard Internet technologies in order to achieve lower costs and greater vendor independence.
An extranet is a network system that connects between multiple intranets.

Corporate networks that connect a company’s head office, branch offices, factories, and the like have
hitherto used dedicated and public lines separately depending on the type of traffic carried between
these locations. However, due to the increased amount of voice and data traffic, especially in the form of
IP packets, a growing number of businesses have introduced intranets to carry all their internal network
traffic in the form of IP packets. The construction of extranets that use IP networks to connect between
separate businesses is also being actively pursued.

6.1.1.6.3 Videophones and Teleconferencing Systems

Videophones and teleconferencing systems have been developed as media tools using visual communi-
cation. Although videophones and teleconferencing systems employ the same core technologies, they
are implemented slightly differently. For example, in a teleconferencing system when there are many
participants, the participants can be imaged with two video cameras, and the two resulting pictures can
be edited together and displayed as a single picture at the receiving end.

6.1.1.6.4 Community Antenna Television

Community antenna television (CATV) is a system whereby high-quality TV signals received by a high-
sensitivity antenna are distributed to TVs in multiple households via a broadband transmission path
such as a coaxial cable. It was first used in 1949 in the city of Astoria, Oregon as a way of bringing TV
signals to mountainous areas and other places where it was difficult to receive TV signals. Since that
time, beginning with satellite broadcasting, various TV programs were supplied. Accordingly, CATV
had developed into a multichannel urban-style cable system, which rebroadcasts satellite broadcasting
programs or transmits a local content supplied from regional broadcast.

Japan is currently moving toward the use of digital technology for all TV broadcasts, including the
switchover to terrestrial digital broadcasting and the introduction of digital satellite broadcasting ser-
vices (such as BS, CS, and CS110). Progress is also being made in the conversion of CATV systems to
digital technology, including the adoption of IP (bidirectional) communication services with the spread
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of the Internet. Furthermore, video delivery technology has been developed based on all-optical fiber to
the home (FTTH) networks, and this is evolving into a full-service network capable of delivering com-
munications and broadcasting via a single network.

6.1.1.6.5 Video on Demand

Video on demand (VOD) is a service that allows users to watch what they like at any time by request-
ing it over a network. In 1977, Japan’s NNTPC developed and marketed an analog system called video
response system (VRS) that used recording media such as video cassettes and laser disks. Later on, in
1995, a digital video system compatible with the MPEG-1 and MPEG-2 digital video compression stan-
dards was implemented.

Telecommunications differs from broadcast delivery in that it supports traffic in both directions. Using
this characteristic, it is possible to implement interactive services that combine various types of informa-
tion such as video, audio, and application software. Since this makes it possible to apply VOD systems to
a wide range of multimedia services including remote education and training, online shopping, karaoke,
and game distribution, there is currently a definite trend toward multimedia on-demand systems.

6.1.2 Information and Communication Services in the Future

6.1.2.1 Trends in Information Distribution

There are predicted to be three waves in the evolution of information distribution. The first wave is the
switch to digital broadcasting and the accompanying spread of network TV. Hitherto, TV has only
involved receiving programs sent from a broadcasting station. On the other hand, network TV includes
bidirectional communication functions that support communication in both directions between homes
and broadcasting stations. This allows viewers to not only watch TV programs but also access detailed
information, such as the number of home runs scored by a player appearing in a live baseball game, and
directly place orders for home accessories used in a TV drama, for example.

The second wave is the migration of mass media onto networks. This involves mass media content
such as music and movies being distributed via networks. It is already possible to listen to music online
and purchase it directly if desired instead of having to go and buy a CD. This also benefits the businesses
that provide music content, since it allows them to provide a finely tuned service that provides custom-
ers with recommendations suited to their tastes and can contact them directly with promotional mate-
rial when a new song is released.

The third wave is the transmission of information from homes and small offices and home offices
(SOHOs). Using high-speed networks, it has become possible to transmit information not only from
large companies but also from SOHOs, households, local communities, and the like. For example, the
Internet can now be used to distribute large amounts of content over networks in diverse fields such as
real-time auctions and blog introductions.

6.1.2.2 Development of Information Distribution
6.1.2.2.1 Faster Data Transfer

To represent information more clearly using audio and video, there is a corresponding jump in the
amount of data that have to be transferred. In the future, progress in the spread of FT'TH will make it
possible to send large amounts of information at low cost. The construction of networks that are devised
to transfer data by different means such as downloads and streaming is also a key technique in the infor-
mation and communication field.

6.1.2.2.2 Searching Information

Given the huge amounts of information that are constantly appearing and disappearing around the
world, the key to making effective use of content is to tailor searches to a user’s particular needs, for
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example, by adjusting menu classifications according to the user’s needs and sending information
matching these needs to the user whenever it has been updated. It is also important to consider data
structures and search methods that can be used successfully by many people, such as methods for link-
ing users to easily comprehensible web pages or for overcoming language barriers.

6.1.2.2.3 Distributing Information Safely and Securely

For the safe and secure distribution of information, technical security measures such as digital sig-
natures and data encryption must be introduced. The providers of digital content such as music and
movies may be concerned about having their content copied or modified. To enable them to provide
content with confidence, it is necessary to monitor illegal activity by using mechanisms for adding IDs
to content or inserting electronic watermarks.

6.1.2.2.4 Comfortable Communication

Although mobile phones make it possible for people to make calls anywhere and anytime, they can be
a nuisance to other people inside trains or buses and can even cause accidents when used at the wheel
of a car. On the Internet, it is possible to send news anywhere in the world simply by pressing a key. The
resulting potential for spreading false rumors and slander is having as large an impact on society as
broadcasting. Websites can be accessed by anyone, but it is also important to consider ways of protect-
ing children from undesirable content and blocking sites featuring offensive material such as violence
and pornography.

It is therefore essential to obtain a social consensus on Internet usage by discussing a wide range of
rules and etiquette, including the manner in which communication is performed and the ethical stan-
dards relating to content.

6.1.2.3 Expanding Business Opportunities in Information Distribution

It is now possible for anyone to find and purchase items over high-speed networks by using simple
equipment. This has resulted in business opportunities in a wide range of fields such as manufacturing,
distribution, finance, logistics, broadcasting, advertising, software, and entertainment, and it is thought
that this will lead to a growing trend toward the business of information distribution.

A simple, fast, convenient, secure, and comfortable mechanism will work effectively, and if it is put
to use by a large number of businesses, then we can expect the information distribution business to
develop even more.

6.2 Plans and Future Image of Information and
Communication Networks

6.2.1 Overview of Communication Networks
The minimum requirements for performing communication are as follows:

1. A phone to use as a terminal
2. An exchange to select the called party and establish a connection to their phone
3. A communication network to connect the phones to the exchange

As the scale of a communication network increases, it becomes necessary to install multiple exchanges
and connect these exchanges together with trunk cables. Furthermore, when considering a country,
for example, the size of Japan, the exchanges, and trunk cables become as important as the mesh of
a net. A communication network must provide reliable cover to the connection destination from the
place where communication is required. Furthermore, the capacity of the exchanges and trunk cables
must be set by taking the frequency of use into consideration, and it is necessary to use a device called a
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FIGURE 6.3 Communication network topology.

transit exchange to connect between trunk cables. A communication network cannot be built without
the required minimum amount of facilities as shown in Figure 6.3.

These are the quantitative factors that determine the form of a telecommunications network, but com-
munication quality is a qualitative factor in telephone networks. This is determined by the level of service
required by users but is also greatly affected by the degree of technological progress. In a telecommunica-
tions network, call quality is classified into the following three types: connection quality, transmission
quality, and stable quality. Each of these is taken into consideration in the network design [3].

6.2.1.1 Connection Quality

This is defined in terms of parameters such as the all-busy rate of the trunk lines, the connection delay
between lifting the handset and the appearance of a dial tone, and the delay time between the comple-
tion of dialing and the establishment of a connection to the remote user.

6.2.1.2 Transmission Quality

The clarity of a call depends on parameters such as transmission losses, noise, transmission frequency
band limitation, and fluctuation of the transmission characteristics. These factors determine the trans-
mission quality of a telecommunications network.

6.2.1.3 Stable Quality

This is something that determines if a telephone network will be put out of action by faults, including
those caused by natural disasters.

Some examples of how these factors affect the form of a telecommunications network are presented
here. When the number of trunk exchange stages is increased due to a quantitative problem, the con-
nection delay time naturally gets longer as the probability that all the trunk lines are busy increases, and
this affects the connection quality. The increased number of line segments also has implications in terms
of transmission quality since it causes more noise and more transmission losses that impair the quality
of communication. Furthermore, as the transit exchanges are implemented with greater numbers of
stages in order to make effective use of the trunk lines, the effects of a fault in a transmission path or an
exchange become more pronounced and impact the stable quality of the system.

6.2.2 Telecommunication Networks

Among communication networks, it is the telecommunication network that is developing on
the largest scale. From the first manually operated switchboards in 1878 to the first automated
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FIGURE 6.4 Telephone network configuration.

electromechanical exchange in 1892 and today’s global telephone system, the network has grown
massively at each stage.

6.2.2.1 Network Configuration

A telephone network consists of a subscriber network built around local switches and a trunk net-
work that consists of transit exchanges and trunk lines. The subscriber network consists of star net-
works that extend into individual subscriber cables centered on local switches. The exchange facility
in which a local switch is situated is called a group center (GC), of which there are several thousands
in Japan.

Meanwhile, the trunk network connects the transit exchange with multiple local switches via trunk
cables in a star configuration and is configured so as to mutually overlap several stages of multiple
transit exchanges. The trunk network can be classified into two parts—a trunk network that connects
calls between parties located within the same zone area (ZA) and a trunk network that connects calls
between different ZAs as shown in Figure 6.4. The trunk network in a ZA consists of intrazone tandem
centers (ICs), where exchanges are situated for connecting calls within ZAs, and zone centers (ZCs),
which are connection centers situated throughout the country for connecting calls between ZAs and
are connected to the GCs in a star configuration. The nationwide trunk network consists of a mesh net-
work of ZCs for mutual communication between ICs and ZCs, with multistage connections to special
Z.Cs (SZCs), which collect and forward calls.

6.2.2.2 Number Plan

Number allocation methods can be broadly divided into closed numbering plans and open number-
ing plans. The former allocates numbers uniformly across the entire communication network so that
a number is always the same no matter where the call is made from. On the other hand, an open
numbering plan is one that adopts a closed numbering plan in fixed small regions but uses different
numbering systems inside and outside these regions (which are called closed numbering areas). In
Japan’s fixed phone system, so-called city call regions are established as closed numbering areas, and
an open numbering plan is employed whereby a 0 prefix is added to the number when calling numbers
outside the city.
Japan’s national numbering plan for fixed phones is configured as follows:

0 + (area code) + (local number) + (subscriber number)

and consists of up to nine digits, excluding the 0 prefix. Subscriber numbers are always four digits, so
the (area code) + (local number) part consists of five digits. Therefore, in cities with larger numbers of
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subscribers, the area codes have fewer digits. For example, the area code for Tokyo is 03, while the area
code for Nagoya is 052.

6.2.2.3 Deployment on a Digital Communication Network

Initially, the transmission scheme used on the phone network was implemented entirely with analog
technology. But with advances in semiconductor technology and digital circuit technology, work started
on introducing digital pulse code modulation (PCM) transmission into the trunk network from the
1960s. Work also began on the research of digital exchanges capable of switching digital information
through the use of digital memory and other devices, and from the latter half of the 1970s, digital
exchanges for telecommunication started to be introduced in countries all over the world. In Japan, the
introduction of digital technology was completed in 1997. Thus, although progress has been made in
the introduction of digital technology into telecommunication networks, most subscriber lines still use
analog technology, and from the user’s perspective, the network is still only capable of handling analog
information.

On the other hand, the development of computers and the like has given rise to the concept of using
data communication to exchange digital information. However, work is now being done to convert com-
munication networks based on analog transmission like the telephone network into digital networks.
This trend gave rise to the idea of an Integrated Services Digital Network (ISDN) to provide an integrated
platform for all types of telecommunication services on a shared network by building a general-purpose
digital communication network instead of creating individual communication networks for telephones,
packet-switched communications, and other services. By the 1980s, research aimed at implementing
this network was in full swing all over the world. In Japan, the INS model system was started up in
Mitaka, Tokyo, in 1984, and the first commercial ISDN service (INS net service) was started in 1988.
In ISDN, the same digital-enabled subscriber line can be used to access a variety of circuit-switched and
packet-switched transmission services.

6.2.2.4 Digital Circuit-Switched Network

This is a network that transmits digital data directly between users by combining digital transmission
with digital circuit switching and can therefore achieve high-quality data transmission at speeds rang-
ing from 50 bps to 48 kbps. The user network interface has been standardized by the ITU-T and is sum-
marized in recommendations including X.20 and X.21. In Japan, the DDX digital data exchange service
was started in 1979.

6.2.2.5 Digital Packet-Switched Network

In a digital packet-switched network, messages are partitioned into blocks called packets, which are
each assigned destination information and a sequence number, and data are delivered in packet units
based on a store-and-forward technique. The subscriber line speed is from 200 bps to 48 kbps, allow-
ing high-quality transmission. Another characteristic is that it is possible to communicate between
terminals operating at different speeds or with different protocols. In the 1970s, when the user network
interface specifications or numbering scheme were internationally standardized by the ITU-T, packet
communication services were launched in various countries starting with GTE’s Telenet service in the
United States.

Other notable examples included the Accunet network of American Telephone and Telegraph (AT&T)
in the United States and France’s Transpac network.

In Japan, NTT launched a packet-switched service (DDX-P) in 1980, and in 1990, it launched an
ISDN packet communication service (INS-P). Also, in 1982, KDD (now KDDI) launched the VENUS-P
service, which was primarily targeted at international packet communications.

The user network interface was compliant with ITU-T recommendation X.25. It is also possible to
accommodate nonpacket devices, in which case the splitting and reassembly of packets is performed in
the PMX. Almost all interoffice signaling methods are also compliant with X.25.
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6.2.3 Integrated Services Digital Network
6.2.3.1 Definition of ISDN

ISDN is a network that was developed at the stage where it became possible to communicate directly
by digital coding between devices due to the introduction of digital exchanges and digital subscriber
lines. In other words, ISDN makes it possible for voice and data communications (including packets) to
be delivered over a single subscriber line as shown in Figure 6.5. The basic speed is 64 kbps for digitally
encoded audio, which is faster than digital data exchange networks.

6.2.3.2 Service Overview

The services provided by ISDN are referred to in general as telecommunication services. Strictly speak-
ing, they are defined as communication functions provided to users by ISDN in order to meet the require-
ments of users who want to communicate using fixed protocols. In the Open Systems Interconnection
(OSI) model, a service corresponds to a function provided to higher layers by lower layers, which is close
to the ordinary everyday meaning of the term.

Telecommunication services can be broadly divided into two types: bearer services and teleservices.
The difference between the two lies in the presence or absence of a standardized suite of protocols and
device functions. That is, a bearer service is a service where protocols are only standardized for the
lower layers (layers 1-3) and which is used to provide transmission functions. A teleservice is a service
where protocols are defined not only for lower layers but also for higher layers (layers 4-7) and which is
completed by the inclusion of terminal functions.

The main characteristics of ISDN bearer services include the ability to use the same interface to pro-
vide circuit- and packet-switched services, defined dedicated line services, and the economic benefits
derived from being able to perform processing suited to each type of traffic within the network because
of the ability to be designated not only transparent digital path but also voice or modem traffic (3.1 kHz
bandwidth services for communication with the analog phone network).
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6.2.3.3 Interface

With the aim of making services simple and economical for anyone to use in the same way as existing
analog telephones, the ITU-T is promoting the standardization of user/network interface specifica-
tions. The user/network boundaries (or user/network interfaces) defined by ISDN are called point S
and point T as shown in Figure 6.6. NT1 has a function that terminates the layer 1 characteristics of
a subscriber line—that is, it evens out the varying layer 1 characteristic of subscriber lines (e.g., like
the pulse waveform). The T point user/network interface lies between NT1 and the user side. NT2 also
has functions for terminating layers 2 and 3, which corresponds to an on-premises exchange system
(PBX) or the like. Point S corresponds to the interface between this on-premises exchange and inter-
nal lines.

6.2.3.4 Network Configuration

Specifically, an ISDN network is based on a digital network comprising a subscriber exchange station
(group unit center; GC) that accommodates the users and a relay exchange station (IC, ZC, ZSC) that
has relay functions. For a packet call, the local switches accommodating the ISM and I interfaces are
separated from the circuit switching connections and allocated to packet processing devices. The packet
relay system uses a method whereby the DDX packet-switched network facilities (exchanges, transmis-
sion paths, etc.) are shared as much as possible. For H system calls at 384 or 1536 kbps, a network con-
figuration whose local switches accommodating the ISM and I interfaces but whose relay systems are
separated from digital phone network is used depending on the level of traffic.

6.2.3.5 Numbering Method

The numbering method in ISDN is fundamentally the same as the method used in the analog telecom-
munications network. Since it became possible to transfer subaddresses in ISDN, subaddresses were
defined. International numbering methods are defined by ITU-T recommendation E.164.

6.2.4 TP Network

6.2.4.1 Overview

An IP network is a packet-switched network that uses the group of protocols collectively referred to as
Transmission Control Protocol/Internet Protocol (TCP/IP). TCP/IP is the paired combination of two
separate protocols: TCP and IP. TCP has functions for preventing the incorrect flow of data, and IP has
functions that allow data to be exchanged in real time.
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Against the backdrop of the ongoing explosive growth of the Internet, it can be said that an IP net-
work exhibits the following characteristics:

1. Openness: It allows the connection of different types of computer made by different manufacturers.

2. Flexibility: It allows Internet connections to be made from all sorts of lines, including not only
ordinary public lines used by telephones and the like but also ISDN, asymmetric digital sub-
scriber line (ADSL), FTTH, and CATV.

3. High speed: It is possible to achieve 100 Mbps when using FT'TH, and development to make com-
munication speeds higher is progressed currently though early PCs were generally only capable
of communicating at a speed of 9600 bps when using a public line via a dial-up modem.

6.2.4.2 Network Configuration

An IP network consists of computers and networks such as LANs connected together by routers. These
connections can be made via dial-up IP modems or dedicated lines using the telecommunications net-
work or ISDN or via always-on connections such as ADSL, CATV, or FTTH.

The Internet is a connectionless communication network that uses inexpensive routers instead of
expensive exchanges to select the best path for the transmission of each packet to its destination. Routing
is the process whereby a packet is delivered to its destination by selecting a route based on the packet’s IP
address, and a device that performs this process is called a router.

A router decides where to send packets by consulting a routing table. This routing table is prefilled
with destination addresses and the directions in which packets must be sent in order to reach these
destination addresses. The next router in the chain uses a similar process to decide where the packets
should be sent next. By repeating this process, the packets are eventually delivered to their final des-
tination. In this way, a router only needs to be able to deliver packets to the next router, which carries
the responsibility for the next stage of delivery. Therefore, if the transmission paths are busy further
on down the line, the router will send the packets on regardless. This can cause packets to become
congested, resulting in long transfer delay times and can even cause packets to be dropped in the worst
case. This is one of the major differences between IP networks and other types of network such as tele-
communications networks and ISDN that use exchange equipment where information is only sent after
checking the availability of a line to the destination.

6.2.4.3 IP Addresses

In an IP network, IP addresses are used to identify the origin and destination of IP packets and the
equipment that forwards these packets. In IP version 4, which is currently in widespread use, an IP
address is represented by a 32-bit number. This will eventually be replaced by IP version 6, which uses
128-bit numbers instead. The global IP addresses used on the Internet must all be unique so as to avoid
ambiguity. This is ensured through the work of an organization called the Internet Assigned Numbers
Authority (IANA). Under the authority of IANA, the allocation of IP addresses is managed by regional
Internet registries such as the Asia Pacific Network Information Centre (APNIC) and national Internet
registries such as the Japan Network Information Center (JPNIC).

6.2.5 Next-Generation Networks (NWGN and NGN)
6.2.5.1 NGN Overview

The next-generation network (NGN) is defined as a packet-based network that provides communication
services, that uses a large number of broadband transport technologies with end-to-end quality of ser-
vice (QoS), and that has capabilities to provide service-related functions, which are independent of the
underlying transport technologies. It also allows open-ended access to networks and service providers
selected by users and supports mobility functions for the management of consistent ubiquitous services
for users who are on the move as shown in Figure 6.7.
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FIGURE 6.7 Configuration of the NGN defined by ITU-T.

Put more simply, it is a generic term for a network that achieves enhanced reliability and stability by
creating a packet-based network from the networks of telecommunications providers currently offering
telephone services, while maintaining the strong points of the existing telecommunications network.
NGN services have been commercially available since March 2008.

6.2.5.2 Services Implemented by the NGN

Specific examples of services that can be offered on the NGN include IP broadcasting (IPTV) and video
phone services, which are already available. However, instead of enumerating individual services, we
will concentrate here on introducing the new communication concepts leading to the implementation
of each service.

6.2.5.2.1 Fixed Mobile Convergence Service

Fixed mobile convergence (FMC) is a service that integrates fixed and mobile access methods. As a
specific example of an FMC service, we aim to implement technology whereby a miniature base station
called a femtocell is placed indoors and used to connect to a paid-for broadband line.

6.2.5.2.2 Real-Time Multimedia Communication Services

A multimedia service is a service that communicates with other forms of media besides audio, such as
text and video data. Even now, it is possible to talk to people on the phone and use the Internet to send
e-mails with attached video files; but to send an e-mail to the person at the other end of the phone,
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we need to know their e-mail addresses separately. In the NGN, once a session (connection relationship)
has been established with another party, the information exchanged in this session is no longer limited
to voice only, so as long as the devices have the required functionality, the same session can easily be
used to send and receive multimedia information such as videos and text messages.

6.2.5.2.3 Triple-Play Services/Fusion of Communication and Broadcasting

It is often said that telecommunications and broadcasting will merge together in the NGN era. On the
other hand, a triple-play service is an existing type of service that fuses telecommunications and broad-
casting. A triple-play service is usually implemented when data (the Internet), phone (IP phone), and
TV broadcasting (IPTV) are provided in the broadband services of a single communications carrier.
Sometimes, mobile phone services can be added to produce a quad-play service.

In the NGN, the IPTV service that forms an essential constituent of triple-play services can provide a
simpler and more enjoyable environment due to the existence of a broadband access network such as an
optical fiber connection, together with a QoS-managed network.

6.2.5.2.4 Personalized Communication Services

Since open service development environments such as service delivery platform (SDP) are constructed
by providing services that are not dependent on access, user data including authentication and billing
are integrally managed inside the NGN. When this sort of environment is implemented, it becomes
possible to provide a wide variety of communication services that are tailored to their users’ individual
preferences and characteristics (e.g., occupation, age, or gender).

6.2.5.2.5 Context-Based Communication Services

Context-based communication is a term that may be unfamiliar to some. Context refers to the situation
in which something occurs, and in this case, context-based communication refers to a service that pro-
vides users with communication and services optimized for their circumstances through an appropriate
selection of networks and applications.

Considering the communication environment of the NGN era when communication terminals and
communication access lines are becoming more diverse and sensors are becoming more powerful and
less expensive, it seems that implementing communications suited to individual situations is a proper
development direction.

6.2.5.2.6 Network-Based Services

Although the NGN was not designed for thin clients (client devices with the bare minimum of process-
ing capabilities), its characteristics such as broadband transport, network-based authentication func-
tions, and QoS management work very effectively for thin client applications where large amounts of
data need to be processed with short response times. Furthermore, this sort of function is an essential
requirement in terms of being able to open up the NGN architecture via a standard interface. Since it is
also equipped with fast, high-capacity security functions, the NGN will transform society’s communi-
cation environment as shown in Figure 6.8.

6.2.5.3 Overview of the NWGN

Today, new services are continuously appearing on the Internet due to the development of broadband
networks in tandem with the expansion of network usage, and networks are continuing to grow in
importance as a platform for socioeconomic activity. As networks become increasingly ingrained into
society and the economy, they are used to carry increasingly vast quantities of information, and peo-
ple have come to expect that this will be accomplished with high reliability. However, the movement
of overcoming the limitations of the Internet is accelerated by implementation of a network based on
new concepts instead of extending existing technologies as the basis for the future of NGN since there
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are various problems at the core of current networks. This new network is called the NeW Generation
Newtork (NWGN), as it represents a further step beyond the NGN.

6.2.5.4 Target Services of the NWGN
6.2.5.4.1 User-Friendly Network

To enable the network to be accepted into society as a user-friendly tool, it must be capable of being used
easily by anyone without having to acquire special skills. To meet the needs of each user and accom-
modate various usage environments, the NWGN embodies the idea of a network that adapts to its users
by determining their circumstances.

6.2.5.4.2 Scalable Network

There have been requests for a scalable network where transmission is performed efficiently according to
the diversity of data in cases where content would previously be transmitted and delivered in different
types of media on the same network as shown in Figure 6.9. The NWGN’s transmission functions are
specifically aimed at ensuring that data are transmitted according to its characteristics, whether they
constitute a high amount of content or tiny amounts of data transmitted from huge numbers of sensors
or electronic tags. It is also important that the network can adapt robustly and stably to bursty traffic

Root

o Delivery based on a specified schedule
e Transmission via specified bandwidth
e Transmit encrypted content

e Downstream relay transmission starts without having to wait for
the completion of upstream transmission
e Error leaf server skipped

FIGURE 6.9 Basic operation of a scalable content delivery system.
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(traffic concentrated into short bursts), which has become an issue on the Internet. Adequately resolving
these issues will make it unnecessary to choose the media or network for each type of content or applica-
tion, allowing networks to be used more easily.

Another issue that will continue to exist in the operation of networks in the future is the rapid
increase of power consumption. In addition to energy savings at the equipment level, the NWGN is
geared toward the study and implementation of measures for achieving energy savings at the architec-
ture level. A network is expected to continue providing services to users while striking the right balance
between power consumption and traffic levels and performing power management while taking overall
performance into consideration.

6.2.5.4.3 Portable Service Network

In the NWGN, it is thought that most data will be left on the network and hardly any will be left with
the users themselves. Users” data can be automatically provided to the users in a manner that is suited
to the new terminal or users’ environment even if the data are managed on the network and the user
moves to a different device or access environment. Hence, it is unnecessary for the users to copy data
from the old device or learn new methods in order to operate the new device. Users can keep their own
private information or preferences relating to their information device safely on the network, so that
users can use devices in suitable environment for network automatically even if the device is a new one
or borrowed one.

6.2.5.4.4 Highly Reliable Network

In the society of the future, the network will be essential for people’s everyday lives and for businesses
and the like and is predicted to become part of the infrastructure at the core of a society’s activities. It is
therefore important to ensure that it offers high reliability and functional continuity that can cope with
any kind of threat such as natural disasters or cyber attacks. To implement ID portability more safely,
network authentication is provided by a reliable framework centered on public organizations; thereby;,
security has to be ensured by using systems in which information is only divulged to those who ought
to know according to the attributes of information.

In the NWGN, the aim is for devices to implement functions that cooperate with the network to auto-
matically detect attacks from outside and block out the sources of these attacks and separate them from
the network. They should also automatically detect breakdowns and viral infections in the constitu-
ent equipment of the network, automatically disconnect or restore equipment that is not functioning
normally, and prevent unwanted or illegal traffic from being transmitted outside the network. The aim
is that the network should be capable of implementing self-repairs and automatic recovery so that the
network remains operational and the effect on society is kept as small as possible, even when abnormal
traffic levels are generated by a cyber attack or the communication network is partially damaged by a
natural disaster or the like.

6.2.5.4.5 Network That Fuses Real and Virtual Worlds

It is thought that progress will be made in the fusion of real society with the virtual world that exists on
the network because of accumulation of users’ experience derived from collective body of knowledge on
the network and the implementation of device authentication by ID portability. Specifically, advances
in sensor and display technology will make it possible for the things people see and hear to be stored
directly on the network and played back with a high presence when needed. Also, by combining various
sensors and devices, applications may be provided that use communication with a high sense of pres-
ence to change people’s perceptions of distance by allowing them to experience remote locations as if
they were actually there.

We may also see changes in the way people communicate over the network. So far, communication
has been perceived as an activity that involves the use of equipment such as telephones and televisions,
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but with the NWGN, we may find that equipment will become less prominent and that people will be
able to communicate directly through the network. Instead of communication being implemented by
interactions between machines, it may someday be possible to achieve boundary-free communication
where people are unaware of the interface.

6.2.5.4.6 Network That Predicts the Future

From the knowledge and experience gained in sensor networks and other networks, it may become pos-
sible to predict the actions of users. For example, it should become possible to predict what a user will
do based on various kinds of data obtained over the network, including vital data (information about
people’s activities) and information from ubiquitous appliances situated in places such as street corners
and residential areas, together with the user’s previous vital data and individual experiences.

Also, by coordinating ubiquitous appliances with the body of knowledge accumulated on the net-
work, it should be possible for the network to offer advice to users and predict their future as shown in
Figure 6.10.
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FIGURE 6.10 NWGN evolution image.
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7.1 Required Survey for Lifeline Construction

A lifeline is mainly constructed under roads and sometimes across rivers, canals, water channels, rail-
ways, and highways. A lifeline may be constructed in mountainous areas or deep in the ground where
trenches for a lifeline system cannot be excavated. Therefore, a preliminary survey should be carefully
conducted to collect sufficient information to complete the project. This includes a route survey, inves-
tigation of other lifeline structures, a geotechnical survey, and a land survey.

7.1.1 Route Selection

The route survey is conducted along candidate routes for the lifeline construction. The best route
will be selected taking into account pipeline integrity, maintenance method, maintenance cost, con-
struction method, construction cost, and construction duration. The following issues are important
for route selection:

1. Pipeline integrity to withstand external forces: In order to ensure the long-term integrity of a life-
line, seismic risks, liquefiable zones, lateral spreading, landslides, slope failures, and nonuniform
ground settlement should be carefully investigated along the route.

2. Maintenance: In order to simplify the maintenance of a lifeline system, it is necessary to ensure
sufficient breadth of the road and less population along the lifeline route. Information regarding
any future plans to be executed along the lifeline route is also necessary to finalize the life-
line route.

3. Construction method, construction cost, and construction term: The shortest route may be the best
for the construction; however, the existence of a river or other difficult construction conditions
may be other controlling parameters to decide the best route for a lifeline.

87
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7.1.2 Investigation of Other Lifeline Construction

Other lifeline facilities in the ground will be investigated using markers along the route and
databases of the other lifeline facilities. The lifeline company will inquire about existing routes of
other lifeline operators. If necessary, a trial excavation may be conducted and underground radar
may be used.

7.1.3 Geological Survey

A geological survey is conducted to recognize those areas along the lifeline route where the founda-
tion may be soft and loose, nonuniform ground settlement may occur, or liquefaction and lateral
spreading may be induced by earthquakes.

1. Preliminary survey: A preliminary survey is conducted for the purpose of route selection.
Collecting existing geological databases is the main work at this stage. The collected database
may be referred to find any difficult construction conditions for the planned lifeline.

2. Detail survey: A detailed geological survey is conducted to obtain geological information that will
be used for pipeline design, planning of construction, and planning of maintenance. In addition
to the existing geological database, the boring data, the sampling data, the sounding data, and the
soil data collected on the site should be obtained at this stage.

7.2 Excavating Method for Lifeline Construction

Pipes and cables used for lifeline systems are constructed by excavating public roads. This consists of a
series of works such as trench excavation, trench wall retaining, piping, backfilling, and temporary road
recovery.

Lifeline construction in urbanized areas should be conducted so as to minimize the effects of the
construction work on the traffic and on residents living near the site. Therefore, it is required to com-
plete the series of construction works in a day. This may sometimes take all day depending on the
environmental conditions of the construction site. In case the construction is using large-diameter
pipes, an isolated pipeline construction zone is provided as it may be difficult to complete the series of
works in a day.

The excavating construction method for lifeline facilities is advantageous in the following cases:

o Pipeline construction whose backfill coverage is less than 3 m.
« A simple construction method is employed that can be conducted by general contractors.
+ A proper construction method is chosen considering the latest information obtained on the site.

7.3 Nonexcavation Method for Lifeline Construction

The tunnel construction method is chosen in the following cases where the excavation method cannot
be applied:

+ No excavation method can be applied due to heavy traffic conditions
 Business zones where the excavation method cannot be applied

« Construction under an existing large-diameter lifeline

« Railroad crossings, rivers, canals, and waterways

» Bay crossing

In the case a lifeline has to be constructed in a mountainous area or in areas where no public road
exists, a mountain tunnel is constructed to accommodate the lifeline within it. The tunnel construction
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includes the pipe-jacking method, the shield method, the mountain tunnel method, and the horizontal
directional drilling method.

7.3.1 Pipe-Jacking Construction Method

The pipe-jacking construction method, presented in Figures 7.1 through 7.5, consists of two shafts and
hydraulic actuators to push the pipes into the ground [1,2]. The leading pipe has a cutting edge at the
head of the pipe to easily penetrate into the ground, and the reaction of the actuators is resisted by mas-
sive concrete walls. Concrete pipes are used for main sewage lines and for the pipe-jacking construction
system. On the other hand, in the case of gas and water pipelines, concrete pipes are used as casing pipes
for welded pipes.

An appropriate construction method is chosen taking into account the total length of pipes, the
pipe diameter, and soil conditions. The pipe-jacking construction system is applied to construct

Vertical shaft (end) Vertical shaft (start) Ground surface
7777777 [~ 7777777

Wall

Casing pipe
Jack
Guide rail

Spacer and strut

FIGURE 7.1 Simple pipe-jacking construction system for small-diameter pipes. (From Japan Society of Civil
Engineers, New Frame of Civil Engineering 96— Pipeline, Gihodo Publishing, Tokyo, Japan, 1991, pp. 132.)
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FIGURE 7.2 Pipe-jacking construction system with cutting blade. (From Japan Society of Trenchless Technology,
Navigation system of construction method, http://www.jstt.jp/kouhounavi/.)
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FIGURE 7.3 Pipe-jacking construction system with a screw digger. (From Japan Society of Civil Engineers, New
Frame of Civil Engineering 96— Pipeline, Gihodo Publishing, Tokyo, Japan, 1991, p. 133.)
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FIGURE 7.4 Reverse circulation type shield method. (From Japan Society of Trenchless Technology, Navigation
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pipelines with lengths of 500-1000 m, and some pipe-jacking construction systems are able to with-
stand high water pressure.

7.3.2 Shield Tunnel Construction Method

The shield tunnel construction method constructs a shield tunnel between two vertical shafts, and the
parameters of the shield tunnel method are similar to those of the pipe-jacking method. The shield tun-
nel construction machine, which is similar to a tunnel-boring machine, consists of a ground excavator
and soil discharger and segments that are assembled to construct a shield tunnel. The pipe-jacking con-
struction method and the shield tunnel construction method are applied especially in urbanized areas
where the excavation method cannot be applied.

7.3.2.1 Classification of Shield Tunnel Construction Methods

The shield tunnel construction methods are classified in Figure 7.6 with respect to the boring device
and stability of the ground [3].

7.3.2.2 Application of the Shield Tunnel Construction Method to Lifeline Systems

Examples of application of the shield tunnel construction methods to the lifeline systems are presented
in Figures 7.7 through 7.11.
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FIGURE 7.6 Classification of shield tunnel construction methods. (From Japan Gas Association, Guidelines of
High Pressure Gas Pipelines, Technical Committee on Structural Standards, 1989, p. 402.)
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FIGURE 7.7 Application to a water pipe: (a) concrete filling type and (b) maintenance way type. (From Japan
Society of Civil Engineers, Standard Specifications for Tunnels—Shield Tunnels, 2006, p. 16.)
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FIGURE 7.8 Application to a sewage line: (a) standard cross section and (b) separated cross section. (From Japan
Society of Civil Engineers, Standard Specifications for Tunnels—Shield Tunnels, 2006, p. 15.)
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FIGURE 7.9 Application to electric cables: (a) shield tunnel type and (b) pipe type. (From Japan Society of Civil
Engineers, Standard Specifications for Tunnels—Shield Tunnels, 2006, p. 16.)
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FIGURE 7.10 Application to telecommunication cables. (From Japan Society of Civil Engineers, Standard
Specifications for Tunnels—Shield Tunnels, 2006, p. 16.)
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FIGURE 7.11 Application to a gas pipeline: (a) mortar filling type and (b) maintenance way type. (From Japan
Society of Civil Engineers, Standard Specifications for Tunnels—Shield Tunnels, 2006, p. 17.)
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8.1 Configuration of Water Pipeline Systems

This chapter discusses water pipeline systems, whose function is to convey potable water from source
points to users, as shown in Figure 8.1 [1]. Initially, water is impounded in catchment basins and their
dams, from which it is conveyed via natural streams or aqueducts to a treatment plant. After treatment,
the treated water is conveyed via transmission pipelines, terminal reservoirs, pressure zone tanks or
reservoirs, pumping plants, distribution mains, and distribution branches to the customer. Figure 8.1
shows the water conveyed along the transmission pipelines to the distribution area as shown in Figure
8.2, in which a reservoir is located in each distribution area to store the water volume. These reservoirs
also serve to smooth out fluctuations in demands. In order to maintain a reliable supply in emergency
situations, a gridded distribution network is highly preferable. The water that is stored in the reservoir is
supplied to all demand nodes via distribution mains and network system branches as shown in Figure
8.3. The distribution mains (also termed trunk mains) are the primary conveyance in the water network
system, with the distribution branches being subsidiary pipelines to supply water to each customer.
Service connections are the final link connecting (typically through a water meter) the distribution
branch to the customer’s own plumbing, as shown in Figure 8.4.

8.2 Characteristics of Water Pipelines
8.2.1 Aqueduct

An aqueduct is a below-ground tunnel or above-ground open or closed channel that conveys
raw water from the dam to the water treatment or “purification” plant. There are several methods
to convey raw water through aqueducts and transmission pipelines: the natural flow method using
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FIGURE 8.1 Configuration of water pipelines and their facilities.
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elevation difference, the forced flow method by pumping up, and their combined method as shown in
Figures 8.5 and 8.6.

When the ground condition is flat and located with an effective elevation gap between the starting
and ending points, the natural flow method is generally adopted. If any effective elevation gap is not
obtained, a pumping-up method or a combined method is selected.
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FIGURE 8.4 Profile of a service line. Note: Figure 8.4 shows the service line is responsible for customers in Japan.

But, in the United States, the service line before the main is often the responsibility of the utility, not the customer.
It should be noted that the responsibility varies depending on local laws and practice.
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FIGURE 8.7 'The cross section of various open channel water conveyances. (a) Open cut type with covers, (b) open
cut type without covers, (c) culvert type, (d) trapezoid type without covers, (¢) buried tunnel type, (f) shield tunnel type.

If an accident occurs at an aqueduct and flow is stopped, service to a large-scale area is suspended.
Therefore, an aqueduct is expected to provide high-reliability supply of an adequate amount of raw
water. Redundant pipeline allocations are often provided to assure adequate reliability.

In the natural flow method, an open channel flow method is also adopted, versus the tunnel method,
with various channel structures, as shown in Figure 8.7.

8.2.2 Transmission Pipelines

Transmission pipelines convey purified water from the purification plant to the distribution network
system.

Since raw water from an aqueduct and purified water after the treatment process must not be mixed,
care must be taken to maintain safe operation of the system. There are several methods to convey the
purified water to the distribution network such as the natural flow method, the pumping-up method,
and the combined method.

The transmission pipeline must keep a stable supply both for daily use and in an emergency situation
or period of drought. When the transmission pipeline is connected between a single purification plant
and a single reservoir or tank, a duplicate pipeline system is usually provided, to allow outages of one
line for maintenance work. A mutual accommodation agreement is reccommended between neighboring
water authorities.

For disaster protection from seismic hazard or leakage accidents in the case of the natural flow
method, an emergency shutoff valve should be installed at the exit point of the reservoir. A remote con-
trol system of valves is also important and recommended.

8.2.3 Distribution Pipelines

Distribution pipelines convey purified water from the reservoir of the distribution system to the demand
node of each house.
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Distribution pipe size and properties are selected according to the requirements of hydraulic, envi-
ronmental, and construction conditions. Hydraulic safety is assessed for water pressure and external
pressure. The thickness of the pipe wall must be able to resist the maximum pressure. Water pressure is
given as a summation of the maximum static water pressure and hydraulic inertia pressure. The external
pressures are composed of soil pressure, traffic load, and seismic force.

Especially in seismically sensitive areas, pipes and joints should be adopted to considering seismic
loading, and the network system should be also redundant and resilient. The seismic design adequate
for the importance of the pipelines is also required.

Additionally, the following items must be taken into consideration in the installation of the distribu-
tion pipelines: special joint installation, protective earthwork of geometrical piping, and a corrosion-
protective method.

In general, distribution pipes are installed by the trenching construction method. In order to avoid
traffic jams, noise, and vibration effects caused by trenching a trenchless method or shield tunneling
method is often adopted. The most appropriate method can be selected on the basis of soil and construc-
tion conditions. When a multipurpose underground utility conduit is constructed by the road adminis-
trator, the distribution pipelines can be installed in this conduit.

Retrofit or replacement must be considered for deteriorated or aged pipes. For pipelines exposed to
accidents due to deterioration, seismic reinforcement or replacement with new pipes with seismically
strong joints is essential to ensure future seismic safety.

8.2.4 Service Connections

Service connections are from the distribution branch point to the connection of each house. Past the
connection, plumbing and appliances must meet the applicable specifications and ordinances with
regard to materials, sizes, and workmanship. In Japan, standards of the Japan Industrial Standard (JIS)
committee and the Japan Water Works Association (JWWA) suffice for this purpose. Self-certificated
products or third-party certificate products are also possible.

8.2.5 Pipe Varieties

The following pipe varieties are used for water supply: ductile cast iron pipe, steel pipe, stainless steel
pipe, rigid polyvinyl chloride (PVC) pipe and polyethylene water pipe. Since these pipes are each dif-
ferent in their respective material, production method, allowable dimension, strength, and internal
and external coating method, the most appropriate pipe should be selected from the viewpoint of
safety, seismic performance, and maintenance accessibility. In the case of a natural flow aqueduct, for
example, prestressed concrete cylinders or centrifugal reinforced concrete pipes are used.

8.2.5.1 Ductile Cast Iron Pipe
8.2.5.1.1 Characteristics

Ductile cast iron pipe is classified into two categories: pearlite and ferrite.

Ductile cast iron pipes used as water pipes must be strong enough to withstand both tensile and
impact force. Ferrite-type ductile cast iron pipe is generally used for water pipes because it has a higher
tensile strength than the high-quality cast iron pipe, and it also has a superior elongation property in
comparison to the pearlite-type pipe.

In Japan, ductile cast iron pipe is regulated by the JIS G 5526 in which the strength should be 42.8 N/
mm? (or 420 kgf/mm?) and the elongation should be more than 10%.

The advantages of the ductile cast iron pipe include strength, excellent durability, high ductility, and
great shock resistance. Various types of mechanical joints are also prepared for many purposes, show
good flexibility for ground settlement, and are easy to install.
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On the other hand, ductile cast iron pipe is heavy and susceptible to corrosion when damaged, either
internally or externally. Certain joints require installation of a protection block.

8.2.5.1.2 Types of Joint

There are many types of joints hereunder:

1.
2.

Type K: Figure 8.8.
Type T: In order to improve the speed of installation, a push-on-type joint such as Type T joint was
developed (Figure 8.9).

. Type U: This joint was developed to make jointing work possible internally (Figure 8.10).
. Type KF: This joint is developed to protect the pulling-out failure mode of Type K joint. This pipe

is always used at the bending points where Type S joint pipes must be used in straight pipe sec-
tions (Figure 8.11).

. Type US: This joint was developed to add seismic resistance to the Type U joint. This joint is useful

to minimize the trench width, because installation work is possible from the inside of the pipe
(Figure 8.12).

. Type UF: This joint is used at the bending portion in which the straight portion uses Type US joint

pipes (Figure 8.13).

Nut
Bolt

{ ;%]Z Socket
\_1

( N )
( 7\ )

Follower Rubber ring Spigot

FIGURE 8.8 K-type joint.
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FIGURE 8.10 U-type joint (Y: standard gap length).
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7. Type S: Type S joint was developed to resist seismic effects such as large ground movements and
liquefaction. The seismic performance capacity of this joint is £1% in its elongation and 3.0 DkN

in its tensile force, and the allowable bending angle of 4° (Figure 8.14).

8. Type SII: Type SII was developed for the Type S joint pipe, which has a smaller diameter

(Figure 8.15).

9. Type NS: The Type NS joint pipe is a simplified version of the Type SII joint (Figure 8.16).
10. Type PI The Type PI joint is used for installing the existing pipe (Figure 8.17).

11. Type PII: The Type PII was developed for the prevention (1.5 DkN is expected as the resisting

force) of the pulling-out failure mode in the Type PI joints (Figure 8.18).
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8.2.5.2 Steel Pipes
8.2.5.2.1 Characteristics

The first JIS code of steel pipes for water pipelines was given in 1933. Since then, there have been
revisions in 1952 and 1987, which are applicable to pipes of nominal diameters of 80-3000 mm.

Arc-welded steel pipelines are used for plant piping, gas pipelines, oil pipelines, and water pipelines.
Steel pipes have strong tensile strength and large flexibility, so that steel pipelines better resist large
internal and external pressures. Once the steel pipe exceeds the plastic limit, the steel pipe stress is
redistributed. Then the pipe is elongated as much as possible until it exceeds the tensile failure level. An
arc-welded steel pipeline is strong enough not only for uneven settlement and seismic ground motion,
but also to withstand leakage and any other damage.

Internal and external coatings can provide good long-term corrosion resistance and durability. Since
the steel pipes do not have large variations in their quality, they are used especially for the most impor-
tant portion such as a river crossing pipeline.

When a large stress is forced by thermal expansion, uneven settlement, or earthquake-induced per-
manent deformations of the ground, expansion joints should be installed at those points.

8.2.5.2.2 Pipe Varieties

The standard specification in Japan of the steel pipe for transmission or distribution network systems
is JWWA G 117 and JIS G 3443 for the coated water pipelines. In general, coating specification is epoxy
resin coatings for internal surfaces and polyurethane coating for external surfaces. Arc-welded jointing
is necessary for jointing steel pipes.

The standard specification of the steel pipe for service lines to the house is regulated by the govern-
mental and ministerial ordinance No. 14 of the Ministry of Health, Labor and Welfare. The following
pipes are adequate for this ordinance: rigid PVC lining steel pipe JWWA K 116 for 13-150 mm nominal
diameter) and polyethylene powder lining steel pipe (JWWA K 132 for 13-100 mm nominal diameter).
A screw-type jointing method is used for these pipes.

8.2.5.3 Stainless Steel Pipes
8.2.5.3.1 Characteristics

Stainless steel does not corrode easily. The corrosion-protective surface is formed by a passive belt coat-
ing of chrome iron oxide. The stainless steel is classified into three categories: martensitic, ferritic, and
austenitic-ferritic. These three stainless steels are different in their physical properties such as magnetic
characteristics, coeflicient of thermal expansion, and thermal conductivity; in their mechanical char-
acteristics, such as tensile property, creep property, and impact property; and also in their corrosion
characteristics.

Austenitic stainless steel is adopted as a stainless steel pipe for water pipelines.

8.2.5.3.2 Pipe Varieties
The standard specification of the stainless steel pipes has the following categories: stainless steel pipe for

piping (JIS G 3459), stainless steel pipe for large-diameter arc-welded joint (JIS G 3468), and stainless
steel pipe for service line JWWA G 115).

8.2.5.4 Polyethylene Water Pipes

This is one type of plastic pipe. For the jointing, the thermal melting method or mechanical joint method
is used. This pipe is lightweight and suitable in cold climates as well as for impact forces. But this mate-
rial can be damaged by organic solvents or gasoline.
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8.2.5.5 Rigid Polyvinyl Chloride Pipe

This pipe is superior in terms of corrosion and electric corrosion. Since this pipe is lightweight and has
a low chance of rust, jointing work is easy. However, this material is inferior in terms of impact force,
thermal effect, easy deterioration for ultraviolet light, and vulnerable in cold conditions. This material
is also easily melted by organic solvents such as thinners. For jointing, the TS method (using adhesive
agents for a vinyl pipe) and the RR method (rubber bonds) are used.

8.3 Design of Water Pipeline Systems

8.3.1 Basic Concept of Pipeline Design

8.3.1.1 General Remarks
8.3.1.1.1 Basic Items

A distribution pipeline network is a system to convey potable water from the purification plant to the
demand nodes [2]. This system is composed of reservoirs, aboveground storage tanks, elevated tanks,
distribution pipelines, pumping stations, valves, and other facilities.

The distribution network system must supply the water in stable flow and adequate pressure condi-
tions for seasonally and temporally variable demands. This system is also effectively managed in terms
of plant maintenance, water quality control, and emergency water supply for firefighting activities.

8.3.1.1.2 Design Requirements for Service Reservoirs

Service reservoirs have various roles that include controlling the temporal variations of the water
demanded from the distribution service areas and minimizing the deviations of demand flow in case of
accident or emergency.

For this purpose, the capacity and location of the reservoirs must be prepared bearing both daily and
emergency demands in mind.

The capacity can be estimated as the summation of the mean demand volume and the temporal varia-
tion, emergency uses, and firefighting water demand.

The target water capacity of reservoirs for each distribution area should be determined by taking into
account the actual demand trend of each area.

8.3.1.1.3 Improvement for Distribution Pipelines

Distribution pipelines should be designed to meet the service requirements not only in the stable flow
and adequate pressure conditions but also in emergency conditions. It is important that the water qual-
ity in the distribution pipelines be maintained and access for pipe repair works in very complicated
distribution pipeline networks be made easy to satisfy this requirement.

The diameter and thickness of the distribution pipelines can be designed to meet internal hydraulic
conditions and external load conditions. The distribution pipeline system is classified into two systems:
the distribution mains and distribution branches. The distribution mains are pipelines to convey water
from reservoirs to demand nodes connected to a distribution branch. The distribution branch pipeline
brings water to each service point connected to a service line of each house.

The following points are important for the improvement of the distribution pipeline network
system:

1. General matters
a. Prevention of negative pressure.
b. Selection of pipe material and joint systems appropriate for being buried and to take corro-
sion protection into consideration if necessary.
c. Valve locations determined to minimize water stoppage areas in emergency conditions.
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d. To take shallow installation into consideration to reduce construction costs and to minimize
construction-associated debris. The effect to the maintenance caused by shallow installation
must also be taken into account.

2. Distribution mains

a. In order to maintain mutual connections, a loop-type system configuration of the distribu-
tion mains network, instead of a tree-type system, is preferable.

b. The water demand capacity of the distribution mains can be estimated as the summation of
the total demand of the distribution areas and the additional supply capacity to the neighbor-
ing distribution mains in emergency conditions. This additional supply capacity should be
evaluated from the capacity of the plant capability and from the demand characteristics of the
distribution areas.

c. Mutual accommodation with other distribution mains should always be arranged to meet
both daily and emergency requirements.

3. Distribution branches

a. The distribution branch has an adequate block size for water supply that can escape from the
stagnation of water flow. Any pipeline dead end must not be allocated in this branch.

b. Several valves should be installed to obtain mutual flow control between neighboring distri-
bution blocks.

c. 'The minimum dynamic pressure at the service branch point must be more than 0.15 MPa.
If water supply is possible at a dynamic pressure less than 0.15 MPa, this requirement is not
always applied. (In Japan, this requirement is governed by Ministerial ordinance No. 15 of
Ministry of Health, Labor and Welfare.)

d. The minimum static pressure at the service branch point must be less than 0.74 MPa. If water
supply is possible at a static pressure more than 0.74 MPa, this requirement is not always
applied. (In Japan, this requirement is governed by Ministerial ordinance No. 15 of Ministry
of Health, Labor and Welfare.)

8.3.1.2 Design Formula of Pipe Wall Thickness

This section discusses the design formula of the pipe wall thickness for the ductile cast iron pipes. The
formula for the steel pipe, on the other hand, can be referred to in the design guideline of waterworks
plants published from JWWA.

Applied loads to pipe are static water pressure, water hammer pressure, and soil pressures from the
vertical surcharge and from traffic loads.

Using the static water pressure P, and the water hammer pressure P, the hoop stress 6, due to internal
pressures P, is given by

o, - (B+Pi)D ®.1)
2t

in which D, t are pipe diameter (mm) and pipe wall thickness (mm).
Using the bending moment M; due to soil pressure, and the moment M, due to traffic load, the bend-
ing stress 6, due to the external force is given by

o (MfZM)D 62)

where
Z=(bt?)/6
b is the unit length of pipe
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Then, assuming b=D

6(M; +M,)

; 8.3)
t

Oy =

These moments of soil pressure W; (kN/mm?) and traffic load W, (kN/mm?) are calculated from the fol-
lowing formula:

My =KW;R?
f s R (8.4)
M, =K,W,R
where
K;is a coefficient given by the supporting angle at the foundation bed as shown in Table 8.1 and
Figure 8.19
K, is a coeflicient of the value 76 x 10~° at the pipe head and 11 x 10~ at the pipe bottom as shown in
Figure 8.20
Using Equation 8.4,
6 (KM +K,M,)R?
oy = (f fzf ’) (8.5)
t
TABLE 8.1 Coefficient for Supporting Angle at Pipe Bed (Ductile Cast Iron Pipe)
Supporting Angle at Pipe Bed (°) 40 60 90 120 180
Location Head 140x10=°  132x10=°  120x10=° 108x10=°*  96x10=°
Bottom 128x107°  223x10°  160x10° 122x10™° 96x10°°

Wf/sin 0

FIGURE 8.19 Load distribution by overburden soil weight.
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FIGURE 8.20 Load distribution of traffic load.
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In the pipe wall thickness design of ductile cast iron pipe, the allowable stress method has been
adopted.

When the equivalent tensile stress due to the bending stress is approximately evaluated by 0.75,, the
combined hoop stress o, + 0.7, must be less than the pipe strength. If the partial safety factor for each
stress component is given by 2.5 for static pressure, 2.0 for water hammer pressure, and 2.0 for soil pres-
sure, the combined stress can be related to the pipe strength as

(2.50, +2.00,4) +0.7(2.00, ) = S (8.6)

where

S is the pipe strength (N/mm?)

0,,,0,, are hoop stresses due to static pressure and water hammer pressure, respectively
Using Equations 8.1 and 8.5, Equation 8.6 is rewritten as follows:

St* = (1.25P, + P )tD = 2.1(K,; Wy + K,W, )D* =0

Then,

. (1.25P, +Pd)+\/(1.25PS +2121 )’ +8.4S(K,W; + KW, ) D 8.7)

The nominal pipe wall thickness T is given by

. (t+2)x1.1, for (t+2)=10 mm
B (t+2)x1.0, for (t +2) <10 mm

Since this wall thickness is evaluated at the pipe head point and pipe bed point, a comparatively larger
thickness should be adopted.

8.3.2 Seismic Design of Water Pipeline Systems

The seismic design of the water pipeline systems is shown in the guidelines of seismic resistance method
for waterwork facilities (JWWA 2000).

In the process of planning, designing, and constructing water pipeline systems, special care should
be paid to all the structures according to their importance, and these structures must be safe for seismic
ground motions as well as permanent ground displacements such as liquefaction-induced unsettlement
or lateral spreading. Even if a part of the structural system is damaged, the whole system must be con-
structed so that it can rapidly recover.

8.3.2.1 Basic Concept of Seismic Design Method
8.3.2.1.1 Materials and Joints

In constructing the water pipeline systems, materials equivalent to or of higher quality than those meet-
ing the standard specification, for example JIS and JW WA, should be selected. These materials must also
show good seismic performance.

When an earthquake occurs, large relative displacements appear in the ground surface, and the
ground response increases at the boundary areas in which soil properties or layer structures change.
Large relative displacements can also be obtained at a connected point between the structure (reservoirs
and valve stations) and the pipeline where their structural rigidities are mutually different.
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In order to absorb these relative displacements, an expansion joint or seismically resistant joint
should be installed at such connected portions in order to escape any seismic damage.

When reinforced concrete structures are designed and constructed, special care should be taken to
ensure water tightness with concrete mixing conditions, reinforcing bar alignment, wall thickness, pro-
tective coating, expansion joints, and treatments around the wall-penetrating hole.

8.3.2.1.2 Earthquake-Resistant Approach of Water Pipeline Systems

The seismic design of the water pipeline system requires seismic safety not only for each structural
element, but also for the whole system under a given earthquake, which is predicted as the first main
scenario at the site.

One approach from the structural aspect to obtain the seismic performance of the whole system
under adequate seismic damage assumptions is to improve the seismic safety of the main plants such
as the source water intake plants and purification plants, main pipelines such as transmission and
distribution main lines, and reservoirs, which are useful as the water supply point in any emergency
situation.

Additionally, in order to maintain a designated water supply level under damaged conditions, a
redundant and flexible system of plants, pipelines, and mutual interconnections among blocked distri-
bution network systems is important. In addition to the water supply structures, the emergency control
headquarters must also be seismically reinforced or retrofitted.

From a social aspect, the other approach alternative is to prepare the total seismic damage prevention
plan to meet the restoration planning under adequate social damage conditions.

8.3.2.2 Basic Procedures of Seismic Design Method
8.3.2.2.1 General Remarks

Water pipeline facilities must be designed to assure their own seismic performance, which are deter-
mined based on their importance and seismic load severity.
Water pipeline systems are composed of the following components:

o Underground storage tanks and reservoirs that are classified to be a rigid body.

« Underground structures such as buried pipelines, tunnels and conduits, and riser towers con-
nected to a shield tunnel. These structural responses are affected by ground deformations.

« Aboveground structures such as elevated tanks, reservoirs, and pipe bridges. The structural
responses excited by seismic ground motion are amplified with the typical periods of their
structures.

o The headquarter and control buildings at the purification plants.

o Dams and any other structures.

These structures should be seismically designed to meet their structural requirements.

8.3.2.2.2 Earthquake Ground Motions for Seismic Design

In terms of seismic load, two types of ground motion are used for seismic design. It is assumed that in
a structure’s service life, it will experience Level 1 ground motion at least once, but the probability of a
strong ground motion (Level 2) is very low.

Level 1 ground motion (noted as L1) is the largest ground motion to be predicted around the site area
during the service period, and Level 2 ground motion (L2) is the largest possible ground motion to be
predicted around the site area.

8.3.2.2.3 Importance of Water Pipeline Facilities

The importance of water pipeline facilities is classified into A1, A2, and B rank, respectively, as shown in
Table 8.2. Details of the important facilities are listed in Table 8.3.
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TABLE 8.2 Rank of Importance for Water Service Facilities

Rank of Importance Water Service Facilities

Al Important facilities shown in Table 8.3 in which A2 facilities are excluded

A2 Among the important facilities shown in Table 8.3, the following facilities are defined as A2:
(1) redundant system or (2) by the facility damage, its secondary damage will not be
followed

B Any water service facilities that are excluded from Al and A2

TABLE 8.3 Important Facilities for Water Supply Systems

1. Intake facility, dams, aqueduct, purification plants, transmission pipelines
2. Distribution facilities that have higher possibility to develop secondary damages

3. Distribution facilities that are not included in (2), but distribution mains, pumping station, and reservoirs directly
connected to the distribution mains

8.3.2.2.4 Seismic Performance of Water Pipeline Systems

Seismic performance categories are defined as follows:

o Seismic performance 1: The state in which the system function is maintained

o Seismic performance 2: The state in which structural components may be slightly damaged, but
can be rapidly repaired so that the system function is not, or only slightly, affected

o Seismic performance 3: The state in which structural components may be damaged but restored in
a certain period so that the system function will be recovered in due time

8.3.2.2.5 Target Seismic Performance of Water Pipeline Systems
The water pipeline system should be designed to keep these seismic performances in their own design
conditions.

Figure 8.22 is given for Level 1 ground motion, in which the performance level is given that the
important facility of the importance levels A1, A2, and B must remain intact in the seismic event. Figure
8.23 is given for Level 2 ground motion in the same manner.

Especially, since the seismic performance of the pipelines including the pipe bridges is required not to
produce any leakage, seismic performance 3 is not acceptable (Tables 8.4 and 8.5).

8.3.2.2.6 Detailed Procedures of Seismic Design Method
The seismic design procedures are shown in Figure 8.21:
1. Selection of construction site

2. Selection of the seismic performance to meet the importance of the facility

TABLE 8.4 Seismic Performance of the Water
Service Facilities for Level 1 Ground Motion

Seismic Performance

Rank of Importance

1 2 3
Al o - _
A2 o - _
B - O a

Note: The triangle symbol means facility (B), which
can recover after the minor repair work of the dam-
aged portion.
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TABLE 8.5 Seismic Performance of the Water
Service Facilities for Level 2 Ground Motion

Seismic Performance

Rank of Importance ﬁ
Al - O -
A2 - - O

’ %

Note: The star symbol means facility (B), which is
expected to be recovered soon.

3. Investigation of the ground conditions at the site

4. Selection of the structural type and determination of the facility dimensions
5. Seismic calculation

6. Seismic assessment of the seismic performance

8.3.2.3 Seismic Design Method of Pipelines

The seismic design method of aqueducts and transmission and distribution pipelines are given in the
guideline of earthquake-resisting design and engineering for the waterwork facilities.

8.3.2.3.1 General Remarks

The seismic safety of the pipelines can be assessed by using the stress and strain of the pipe and the rela-
tive displacement at the joint with a method that can reflect the dynamic responses in the ground. The
assessment criteria are shown in Table 8.6.

Since buried pipelines are forced to behave with the response of the surrounding ground, the seismic
design method of such pipelines is executed by the response displacement method. This amplitude is
calculated with the design response spectrum that was given as the envelope of the response spectrum
calculated from historical earthquakes.

The response displacement method is a static analysis approach, and the dynamic response is reflected
by the seismic response spectrum of the ground. It should be noted that the ground is assumed to be
homogeneous. If any inhomogeneity of the surface ground is taken into consideration, an indication
coefficient 1) is introduced in order to classify its inhomogeneity. The seismic design is assessed as shown
in Figure 8.22 with

o The pipe stress and strain
o The relative displacement and bending angle of the joint in the axial direction

8.3.2.3.2 Seismic Design Calculation Method of Buried Pipelines by Response Displacement Method

The ground strain in the axial direction is given by

_ J'EUh
L

£ (8.8)

where
€ is a ground strain
U, is a displacement amplitude of the surface ground at the pipe depth when a horizontally traveling
seismic wave is transmitted to the incident angle of 45°
L is a wavelength that is given by
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FIGURE 8.21 Seismic design flowchart.
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TABLE 8.6 Critical Values for Assessment

Item Seismic Load
Earthquake Class DBE MCE
Pipe Ground Motion Level 1  Level 2
Ductile cast iron pipe  Allowable joint displacement U, U,
Allowable joint bending angle 6, 0.,
Steel pipe Allowable strain 23t/D 46t/D
Start
Setting of the seismic load for level 1 ground motion
Design seismic intensity at the base rock Setting of the seismic load for
K;,= CKo, level 2 ground motion
C.: local area modification factor, K}, : seismic intensity at base rock s
Typical period of the surface ground - \— Tq
w H % v
T, a3 7
¢,:1 si e o
Wavelength 2L L, S
7 2 Ay

Ground displacement along the pipeline S,
expressed by response velocity spectrum /
2 . TIX
u,= = ST Ky, cos o7 TG

'

Investigation of the ground inhomogeneity and
setting the coefficient of inhomogeneity index

Ground strain
EG =1

\
v

Pipe dimensions

i,
L

Seismic calculation based on
the response displacement method
for level 1 ground motion

Check the Impossible

liquefaction hazard

Check for
requirement for level 2
ground motion

Ground displacement along
the pipeline

Uh:% S, Tg cos%

l

Ground strain
LN

&=N"[

Structural parameters complying with
seismic design for level 1 ground motion

Seismic calculation based on the
response displacement method
for level 2 ground motion

'

Safety check

Yes

Assessment for the permanent
ground displacement

End

FIGURE 8.22 Flowchart of seismic design calculation for buried pipelines.
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_ 2L1L2

L=
Li+L,

5 fOrLl = VDSTG ,L2 = VBSTG (8.9)

where
Vps is an average shear velocity (cm/s) of the surface layers
Vs is a shear velocity of the base rock
T is a typical period of the surface layers given by

T = 42 H,
VSi

(8.10)

where
H, is the ith ground layer
Vi, is a shear wave velocity at the ith ground surface

Generally, the shear velocity of the ground is measured by seismic survey. If actual data are not available,
the shear wave can be estimated by the formula in which the Standard Penetration Test (SPT) result or
N-value is used as shown in Table 8.7.

In the actual ground layers, the horizontal discrepancy of shear velocity can be found. Such spatial
variation of the shear velocity can be evaluated with the inhomogeneity coeflicient n shown in Table 8.8.

8.3.2.3.3 Case of Level 1 Ground Motions

The ground displacement amplitude for Level 1 ground motion is given by
U, (x) = iSVTGK;,I cos b (8.11)
s 2H

where
U, (x) is the ground response displacement (cm) at the pipe depth x (m)
Sy is a response spectrum velocity per one gravity acceleration as shown in Figure 8.23
T is a typical period of the surface ground

TABLE 8.7 Shear Wave Velocity of the Ground

Shear Wave Velocity, Vs (m/s)

Ground

Classification Soil Classification Surface Ground  Intermediate Ground  Base Rock Ground

Diluvial ground Clay 129N0-183 156N0-183 172N018
Sand 122N0125 200N0125 205N0125

Alluvial ground Clay 123N%0777 142N%0777 143N00777
Sand 61.8N0211 9ONO211 103N0211

Note: N means number of cycles given by SPT.

TABLE 8.8 Coeflicient for Inhomogeneity of the Surface Ground

Level Coefficient Ground Conditions
Homogeneous 1 Diluvial ground, homogeneous alluvial ground
Partly inhomogeneous 1.4 Alluvial ground that has layers of gradually changing

thickness or residential hillside areas

Completely inhomogeneous 2 Riverside area, alluvial ground that is inhomogeneous and
composed of drowned valleys
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FIGURE 8.23 Design response velocity spectrum for Level 1 ground motion.

K0, is the design seismic intensity in the horizontal direction at the base rock as given by
Ky =CzKn

where
C, is the coefficient of the area characteristics as shown in Figure 8.24
K)o, is the basic seismic intensity given in Table 8.9
H is a thickness (m) of the surface layer

The vertical response of the ground is estimated as

1
UV = EU},

FIGURE 8.24 Coeflicient for local modification for Japan.
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TABLE 8.9 Basic Seismic Intensity Used for Underground Structures (Level 1)

Basic Horizontal Ground Intensity

Typical Period of Surface Ground  Base Rock Ground

Ground Classification the Ground (K1) (Kio2)

I Ground T5<0.2s Ko, = 0.16 Kjor =0.15
II Ground 0.2s<T;<0.6 K, = 0.20

III Ground 0.6s<Tg K, =0.24

8.3.2.3.4 Case of Level 2 Ground Motions

The ground response displacement (cm) for Level 2 ground motion at a depth of x is given by
U, (x) = iS{,TG cos| =X (8.12)
I 2H

in which §;, is the response spectrum velocity for Level 2 ground motion as shown in Figure 8.25.
If inhomogeneous ground is supposed to be seismically amplified, an overdesigning factor of 1.2 is
often applied.

8.3.2.3.5 Seismic Design Calculation Method of Joint, Pipe Body, and Axial
Pipe Strain by Response Displacement Method

Seismic design calculations of joint, pipe body, and axial pipe strain are executed for Level 1 ground
motion and Level 2 ground motion, respectively. For Level 1 ground motion, the slippage effect between
the pipe and its surrounding soil is not taken into consideration to obtain the pipe stress and strain, but
for Level 2 ground motion, the slippage effect must be taken into consideration.

1000
=
=
= 0.7, 100)
g 100 ( . ,/\ 17
B i
Q
§~ (0.7,70)
fn)
k3]
2
(5]
>
2 10
=
S ®
g (6)
~

1
0.1 1 5 10
Period (s)

FIGURE 8.25 Design response velocity spectrum (Level 2).
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The soil rigidity per unit length for the axial and transverse directions along the pipe axis is formu-
lated with

Ko =Cloy?

£ (8.13)
Ke=Cy Ve

g

where
Y» & V are unit weight of the soil (N/m?), gravity acceleration (9.8 m/s?), and shear wave velocity (m/s),
respectively
C,and C, are coefficients of ground rigidity per unit length in the axial and transverse directions,
respectively

Rigorously, these coefficients can be calculated by FEM. Numerical results C,and C, of the pipes of a
diameter of 150-3000 mm in the thickness of surface layer are given by

C, =13H"D"»
CZ = 2.3H_0‘4D0‘25

where H and D are thickness (m) of the surface ground and pipe diameter (cm), respectively.

The friction force between the pipe and the surrounding soil is estimated approximately as 0.01 MPa,
which will be used in the seismic assessment for Level 2 ground motion. If the pipeline is so important
or so complicated to assess with more precise analysis, a nonlinear response analysis should be used for
the assessment.

8.3.2.3.6 Seismic Design Calculation Method of Continuous Pipelines by Response Displacement Method

In the case of Level 1 ground motion, the shear deformation of the soil at the pipe surface may not exceed
the critical level of the soil capacity. Then, slippage does not occur between the pipe and the surrounding
soil.

In the case of Level 2 ground motion, on the other hand, the shear deformation of the soil at the pipe
surface may exceed the critical level of the soil capacity. In this case, slippage occurs between the pipe
and the surrounding soil.

8.3.2.3.6.1 Calculation of Pipe Stresses (for Ductile Cast Iron Pipes) For Level 1 ground motion, the pipe
stresses are estimated by the following formula:

O =04 nUh E

2°D
Oup = Oy “TU"E (8.14)
01 =401 +Oip

where
6,,, 0,3 and o, are an axial stress (Pa), a bending stress, and a combined stress, respectively
o, and , are conversion factors from the ground strain to the pipe strain as given by
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1 1
_ P S 8.15
T B % (®.15)

where

A = /(K /EA)
)\.2 = ﬂ(ng/EI)

L, L, E, A, I, U, D are apparent wavelength equal to V2L (m), wavelength (m), elastic rigidity of the
pipe material (Pa), cross-sectional area of the pipe (m?), cross-sectional rigidity (m*), ground response
displacement in the horizontal direction (m), and pipe diameter (m).

For Level 2 ground motion, the axial stress of the buried pipeline is given by

_ aDtl’
4A

Oy (816)

This equation is derived on the assumption that Level 2 ground motion forces the slippage at the pipe
surface along the apparent wavelength. Any other stresses of transverse component and combined one
are given by the same formula shown in Equation 8.14. If any additional safety is necessary for the
pipeline, the partial safety factor y of 1.0-3.12 could be added in the formula of Equation 8.14 in the
following way:

[ 2 2
O1x =+/YO1L +O18

8.3.2.3.6.2 Calculation of Pipe Strains (for Steel Pipes) For Level 1 ground motion, the pipe strains are
estimated by the flowing formula:

&1L = 0€Eg
2nD

€ (817)

2 2
€1x =\ EiL +Eip

€13 =,

in which g,;, €,;,, €, are axial, bending, and combined strains of the pipeline.

If the ground strain g; exceeds the yield strain of the pipe €, (e.g., 0.11%), the axial pipe strain is
assumed to be g, =¢,.

For Level 2 ground motion, the seismic response of the pipeline often produces a slippage along the
pipe axis. When a pipe material shows the strain hardening of bilinear curve with hardening parameter
of x (e.g., k = 0.1), the axial strain can be reevaluated in the following way:

€y = — LSLI
g
L 1
<82L=7+(1_f)gy LisL<L, (8.18)
KE K
€ =¢&¢ L,=<L
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where
Ll =ES},
8.19
L, =x§ SG—(l—l)Sy] (8.19)
K
g-22%
T

in which ¢, T are pipe wall thickness (m) and shear stress (Pa) of the soil at the pipe surface.

8.3.2.3.7 Seismic Design Calculation Method of Pipelines with Mechanical

Joints by Response Displacement Method
A pipeline that has a mechanical joint is mutually connected in the axial direction by the compressive
pressure of a shielding rubber at the mechanical joint. This compressive pressure is produced by jointing
flange bolts. The stress of the pipe with a mechanical joint is proportional to the stress of a continuous
pipeline.

8.3.2.3.7.1 Calculation of Pipe Stress (for Ductile Cast Iron Pipes) For Level 1 ground motion, the pipe
stress with a mechanical joint is given by

Olp (x) =& (x)ow (8.20)

where
o1.(x), Ojp(x), and 0}, (x) are axial, bending, and combined stresses of a pipeline having a mechani-
cal joint at the point of x from the mechanical joint end, respectively
E,(x)and&,(x) are the modification factors for continuous pipelines

For Level 2 ground motion, the axial stress can be estimated by the following simplified formula:

nDrtl
Oy =— 8.21
2L 2A ( )

where [ is a pipe length (m). If a more rigorous estimation is required, nonlinear response analysis
should be applied to this pipeline model.

8.3.2.3.7.2 Calculation of Pipe Strain (for Steel Pipes with Expansion Joints) When an expansion joint is
located in the steel pipeline, the same approach as Section 8.3.2.3.7.1 is applied:

€1y (x) =g (x)elL
€15 (x) & (x)ﬁlB (8.22)

el () = [e1 (3)] + [ein (+)]

in which & (x), €15(x), and €1,(x) are axial, bending, and combined strains of a pipeline having a
mechanical joint at the point of x from the mechanical joint end, respectively.
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The corresponding axial strain for Level 2 ground motion is given by

.
Y

(8.23)

where L, is an interval of the neighboring expansion joints (m).

8.3.2.3.7.3 Elongation and Bending of Joints  Elongation and bending of joints can be obtained with the
horizontal ground displacement due to Level 1 and Level 2 ground motions.
The axial displacement |U)| of a joint can be given by

‘U]‘ =U0(7] (824)

where
U, is an axial seismic response displacement of a long stretched pipeline (m)
Uj is a coefficient to be given by

7 - 2Y: ‘coshﬁl‘ —CosY,

7 - and U, =o,U,
Bisinhf,

where

1 K, 27l 1
wm= L p=n= ot =T U - LU
! L+ (/) Br="n EA n L' N

where [, L are a pipe length and apparent wavelength along the pipe axis, respectively.
In the case of a seismic intensity greater than 4, the following simple formula for the joint displace-
ment e, (m) is possible for ductile cast iron pipelines:

e, =gl (8.25)
The bending angle 0 (rad) of a joint is given by
4°lU,
0= “L2 h (8.26)

8.3.2.3.8 Safety Assessment for Permanent Ground Displacements

Permanent ground displacement is generated by liquefaction-induced vertical settlement or lateral
spreading, ground cracking or fault movement.

8.3.2.3.8.1 Calculation for Axial Ground Displacement The following formula is used to assess that
ground displacement can be absorbed by the total elongation of n jointing pipes such as

ecL <npl

When this ground displacement e.L exceeds the total elongating length #nfl by n joints, on the other
hand, the following assessment for joint failure is done, where the pulling force must be less than the
maximum strength of the joint, such as

_mt_;

%]

a
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in which L, is the maximum length to pull the pipe joints and is estimated by the following equation:

= FP
* mDot

L

where F, and o are the maximum resisting strength of the joint for pulling force and a reducing factor
for pipe slippage, respectively, and L — (npl/es) is the portion of the pipe length that is locked with the
mechanical locking system.

8.3.2.3.8.2 Calculation for Ground Displacement in the Axial Direction Figure 8.26 is an example where
a permanent ground displacement of 2 m is produced, each pipe is 5 m in length, and joint displace-
ment for a pipe is assumed to be 1% of the pipe length so that the joint displacement can be calculated
as 50 mm per one joint.

New ductile cast iron pipes with locking mechanisms are adopted in this pipeline section. The axial
pulling resisting force is evaluated as

F, =3D,,, (kN)

where D,,,, = Dx1000.
Noting that the shear stress T is approximately 0.01 MPa and a is assumed to be 1.0, the maximum
length L, is

L, =3Dﬂz100 m
Do

A single pipe of 5 m length has a 50 mm allowable joint displacement. Then the total joint displacement
of 20 joints in 100 m length is calculated as

50mmx%=lm

So this result suggests that a new ductile cast iron pipe can absorb approximately 1 m permanent ground
displacement.

8.3.2.3.8.3 Calculation for Gro