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Japanese Experiences from 1995 & 2011
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2011 Tohoku Disaster and 1995 Kobe Earthquake

The 2011 Tohoku Disaster USEE Gt Intunsiilin-aluel)
Earthquake

The 2011 off the Pacific

Earthquake Coast of Tohoku Earthquake Hyogo Nanbu Earthquake
Time and Date 11 March, 2011 14:46 17 January 1995 5:46
Magnitude Mw 9.0 Mj 7.3
Earthquake Type Inter-plate earthquake Intra-plate earthquake
Death 15,821 (Missing 3,926) 6,434

Damaged Municipal 8 prefectures under Disaster Hyogo and Osaka

Governments Aid Law
Economy Loss 16 - 25 trillion JPY 10 trillion JPY
y (210 - 326 billion US$) (130 billion US$)

Death from crushing and/or

Cause of Death Tsunami
suffocation by building collapse
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1995 Kobe Earthquake




NAGOYA UNIVERSITY

B
Damages to Water Distribution System in 1995
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Damage of Moniwa WTP in City of Sendai in 2011
Inclined Plates in Sedimentation Pond

Baffle Plates in Sedimentation Pond
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Damage to Facilities in City of Sendai

© Waterworks Bureau, City of Sendai

Damage to Water Transmission Pipe
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Damage to ¢ 2,400

ransmission
Pipe

= Cwr” v .
p e
o iR BN o L

Emergency Recovery of ¢ 2,400

[ Nanbuyama WTP ]

© Waterworks Bureau, City of Sendai



Damage Ratio in Each Bore Diameter
in City of Sendai
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Comparison Results of Damage Ratio
in Japanese Experiences

1.8 1.61
14

1.1
0.7
0.4
0.0

Damage Ratio
(Number/km)

1995 Kobe

1995 Ashiya
2004 QOjiya

(g0} [4°)
© ©
C (=
(] (]
(Vp] (Va)
— (e0)
— o
o o
N (@]

2007 Kashiwa
2004 Nagaoka
2007 Monzen

1995 Nishinomiya

NAGOYA UNIVERSITY B
Earthquake-Resistant Ductile Iron Pipe (DRDIP)

Property Performance

Amount of expansion/contraction +1% of nominal pipe length
Pull-out resistance 3 DkN
Maximum deflection angle 6-8°
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Earthquake Resistant DIP




Disaster Community Training
at KOBE primary school
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Disaster Assistant Cooperation System
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US-JP International Research:

Implementation of Earthquake Resistant
Ductile Iron Pipe (ERDIP) in U.S.

NAGOYA UNIVERSITY

Imore

LADWP 1st Pilot Project
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(Installed on January — March 2013)
* Pipeline Length: 1800’

* Pipe diameter: 6” (150mm)

- Hillside area (Sloped and curvy roads)

+ Landslide risk
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LADWP ERDIP Installation

NAGOYA UNIVERSITY

LADWP Pilot Project on the Wall Street Journal
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Business Continuity (15022301)

— Business Continuity: capability of an organization to continue
delivery of products or services at acceptable pre-defined levels
following disruptive incidents

— Business Continuity Management: process identifying potential
threats to an organization and potential business impacts the
threats may cause, which provides a framework for building
organizational resilience with the capacity of an effective response
that safeguards the interests ...

— Business Continuity Plan: documented procedures that guide
organizations to respond, recover, resume, and restore to pre-
defined level of operation following disruption

— Business Continuity Management System: part of overall
management system that establishes, implements, operates,
monitors, reviews, maintains, and improves business continuity

NAGOYA UNIVERSITY _

Need for Business Continuity

— Existing Emergency Management Systems have serious
gaps to ensure business can continue to function
following disruptive events

v/ Financial
v/ Business functions
— Dis-link between existing plans
v/ Operating procedures
v/ Preparedness, Response and Recovery plans
v/ Hazard mitigation plans, and etc.

— Recent disasters have identified need for systemic
business improvements

v/ Great East Japan Disaster, Hurricane Sandy & Katrina
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Why Business Continuity for Water Sector?

— Water Systems function as businesses
v/ No matter what size
v/ Even municipal utilities

— A business process is a collection of linked tasks which
find their end in the delivery of a service or product to a
client/customer.

Hydroelectric

Source

Why Conduct Business Continuity Planning?

— Address gaps in the existing emergency management
system (e.g., business functions, administrative facilities,
etc.)

— Provide guidance for a business interruption (e.g., power
outage)

— Strengthen a utility’s ability to continue serving its
customers

— Improve resource management and reputation
— Keep employees engaged and employed during event
— Reduce downtime and associated costs

— Improve ability to survive through catastrophic incidents
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Incidents - natural, man-made

— Fire, flood, hurricane, monsoon, tornado, earthquake,
volcanic, landslide, pipe burst(s), etc.

— Plane crashes, vandalism, terrorism, riots, sabotage, loss of
personnel, etc.

— Anything that diminishes or destroys normal business
processes

7 Nacova UNIVERSITY —

Effect of a Significant Incident on Business
Operations

Normal continuous
business operation

I

Business Operations

Time
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Effect of a Significant Incident on Business
Operations

Normal continuous
business operation

/

Business
discontinuity

Business Operations
Suddendisruptiveincident

Time

Business Continuity Management

— Business Continuity Management (BCM) provides the
guidance and control to coordinate the efforts of people
and systems to accomplish goals and objectives of mission
essential functions using available resources efficiently and
effectively.

— In effect, BCM prepares and coordinates all the essential
functions of all other water business management
activities for employment, or reinstatement, once an
incident occurs and a Business Continuity Plan is activated.

— BCM is important to ensure a resilient organization



Concept of Business Continuity Planning
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Typical Resilience Curve

Business Continuity Plan
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Integrating With Other Plans

Standard Operating
Procedures

Hazard : . Preparedness

Mitigation e . Plans
Plans ¥ Business Continuity:
~ Resiliency of Mission

Essential Functions

Recovery Plans Response Plans

©2013 Water Research Foundation.

Water Research Foundation Introduction of BCP

NAGOYA UNIVERSITY

> Itis important that business continuity planning be
integrated into a utility’s culture and, as such,
consistent with the utility’s mission.

> The utility’s mission includes the provision of a
reliable supply of high quality water.

> Does the BCP:
— Define the scope

— Establish written policy by the water utility
Executives

— Define the Incident
— Provide basic assumptions

. © on.
_ |ntegrate with other plans 2013 Water Research Foundation
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Plan Activation Process

BCP
Activation

)
c
Q

.0
(O

£=

Recovery

©2013 Water Research Foundation.
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BCM/BCP in Water Sector

> Business Continuity Management is required;

— Business Continuity Guidelines 3rd (Central Disaster
Management Council, Cabinet Office, 2014)

— New Visions of Water Supply System in Japan (Ministry of
Health, Labour and Welfare, 2014)

— Handbook for emergency response and operation in water
sector (Japan Water Works Association, 2008)

— Business Continuity Planning for Water Utilities (Water
Research Foundation, 2014)

— ISO 22301:2012 Societal security - Business continuity
management systems (ISO, 2012)

— BS25999 Part 1: Code of practice & Part 2: Specification
(British Standards Institution, 2006, 2007)
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Concept of BCP
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Introduction of BCP by WaterRF, US

> Itis important that business continuity planning be
integrated into a utility’s culture and, as such,

consistent with the utility’s mission.
> The utility’s mission includes the provision of a reliable
supply of high quality water.
> Does the BCP:
— Define the scope
— Establish written policy by the water utility
Executives
— Define the Incident
— Provide basic assumptions
-_ Integrate with other plans ©2013 Water Research Foundation.
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Water Utility’s Missions

> Confidence with customers and the communities
> Operation to supply safe and portable water steadily

> Support a civil life and social economic activities

Performance of Business Continuity
in Water Services

> Recently, many researchers and water professionals

— establishment of BCM/BCP in water sector

> Evaluation method of business continuity in water
service

> Evaluation of disaster risk reduction
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Disaster Resilience Curves in Water Sector
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1994 Northridge Earthquake

— January 17,1994
— Magnitude 6.7 (Mw)
— Thrust Fault (blind/buried)
— Epicenter in Northern Los Angeles
v/ Urban San Fernando Valley
— Millions of people impacted by strong shaking
— 670,000 residents in LA without water
— Another 180,000 people in LA had reduced pressure

©Craig A., Davis, 2012
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Fault rupture
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Primary damage
area ‘
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©Craig A., Davis, 2012
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Large Pipe Breaks

©Craig A., Davis, 2012

15 homés baned h
1 120 mobile homes burned
1 470 fires reported

©Craig A., Davis, 2012
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Water Services

1 Service restoration will be presented in the
following categories:

Water Delivery Able to distribute water to customers, but the water delivered may not meet water
quality standards (requires water purification notice), pre-disaster volumes
(requires water rationing), fire flow requirements (impacting fire fighting
capabilities), or pre-disaster functionality (inhibiting system operations).

Quality Water to customers meets health standards (water purification notices removed).
This includes minimum pressure requirements.

Quantity Water flow to customers meets pre-disaster volumes (water rationing removed).

Fire Protection Able to provide pressure and flow of suitable magnitude and duration to fight
fires. In many water distribution systems the minimum pressure required for fire
protection is 20 psi (140 kPa), with flow quantities varying by neighborhood.

Functionality System restored to meet or exceed pre-disaster functionality and reliability
(operational constraints resulting from the disaster have been removed/ resolved)
including pressures.

©Craig A., Davis, 2012
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1994 NORTHRIDGE EARTHQUAKE
L.A. WATER RESTORATIONS
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" Time (diays) )

©Craig A., Davis, 2012

1 System functionality dropped to about 30%
immediately after the earthquake

1 Great redundancy and isolation capabilities in
system allowed other services to be restored

well in advance of total functionality
— e.g. 8 of 60 transmission repairs completed to restore
delivery
1 Full functionality restored over 1-year later
1 Functionality increased over next 2 decades by
making improvements to vulnerabilities exposed
by earthquake

©Craig A., Davis, 2012
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Customer Impacts
Service outage

— No water service
— Reduced fire protection capability
— Flooded streets restricted access

— Commerce and economics impacted for most industrial
and restaurant businesses

— More bottled water used

— LADWP supplied emergency water in sanitized tanker
trucks (15 locations)

— Beverage companies supplied bottled water

©Craig A., Davis, 2012
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Tanks Delivering Water to
Customers

©Craig A., Davis, 2012
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Water Purification Advisory

— Issued throughout system on Jan. 17

— Concern: Potential for contamination from pipe breaks
— Lifted advisory in areas after water testing

— Longest in epicenter area

— Water purification advisory lasted up to 12 days

v/ longer than service outage

©Craig A., Davis, 2012
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Customer Impacts
Water Purification Advisory

— Boil or disinfect before using
— Customer concern with water quality
— More bottled water used
— Restaurants
v/ Impacted serving and cooking food
v/ Impacted cleaning
— Los Angeles Airport
v/ Commercial airlines threatened to be grounded

— Flush pipes and water heaters in buildings following

advisory removal
©Craig A., Davis, 2012
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Conclusions: water

— 1994 Northridge Earthquake affected:
v/ Entire city with boil water advisory
v/ 159,434 service connections without water
v/ 670,000 people + businesses

— All customers had pre-earthquake services restored in 12
days

— Took many more months to return system back to pre-
earthquake functionality

©Craig A., Davis, 2012
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Water System Service Categories Map (Quantity)
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Concept of Performance Evaluation
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Comparison Results in Business Continuity;
Water Supply Ratio in Kobe Case
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Communication with Community in

Emergency

> Basic Act on Disaster Control Measures (Cabinet

Office, Government of Japan)

— Act for prompt and precise circulation of information,

public relations for support the appropriate decision of

citizens to ensure the security in emergency

Municipal Governments in Japan)

> Action Plan for Disaster Prevention (Local
— Provision of disaster information

7, NAGOYA UNIVERSITY

Newspaper after 1995 Kobe Earthquake
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Demanding and Providing of Information on
Emergency Water Supply

Disaster Information Bulletin Board after 2005 Flooding

B Demanding | B Providing

Number of posts (posts)
(92
o

Emergency water supply
Water supply condition
Water supply station
Present situtation

Goal of recovery

Saving water

Water quality

Water pressure
Suspension of water supply
Regional differences
Other region

Water treatment plant
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Communication with Customers’
Controllability

— Customers’ Controllability

v/ Atechnical term in Social Psychology

v/ According to proper risk information, a customer becomes
able to make a choice of risk for own volition.

— Hirayama (2005) pointed out that information that
increases controllability about the risk of drinking water
quality reduces customers’ concern in water quality.
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Objective of This Study

— To reveal emergency information disclosure technique that
reduces disaster risk of customer in the restoration period
from the viewpoint of customers’ controllability

£ Nacova UNIVERSITY -

Questionnaire Survey

— Internet-based
— Residents in Japan
— March 21 -22,2012, 2 days

— 1,000 responses (male = 50%, female = 50 %)
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Response Classification (Age)
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Response Classification (Region)
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Questionnaire Items

A. Drinking style for tap water

B. Experience of emergency water supply

C. Perception of Information on water supply system in emergency
(1) Damage to water supply system
(2) Prediction of future situation for recovery and reconstruction
(3) Concrete goal, policy
(4) Strategies and operation for emergency recovery
(5) Report of recovery using GIS and illustration
(6) Periodical information update

D. Crucial information in emergency recovery operation

Alternative Drinking Tap Water

50
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Response (%)
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—
[}
-
©
2
&
|_

Boiled water
Bottled water

With purification system



Experience of Emergency Water
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Potential Factors in the Information
Disclosure

> Factor analysis
— N=1,000

— Perception of information on water supply system in
emergency

v/ Five point Likert scale
— Promax rotation

— Five factors were extracted.
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Five Factors in the Information Disclosure
in Emergency

1. Reliability to water utilities

Controllability of disaster risk

Disaster risk reduction

Same understanding and Common Operational Picture

oA wN

. Comprehensiveness of information

NAGOYA UNIVERSITY _

Path Diagram of Five Factors

Reliability to
water utilities

Comprehensiven
ess of information

Controllability of
disaster risk

Disaster risk
reduction

0.341

1% significance level
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Crucial information
in emergency recovery operation

Ll

Technical cause that
restoration was late for
Situation prediction
about the next
recovery

water

supply

Revised recovery
operation

. Accessibility of
information on water
system
Comprehensiveness of
the information
Collaboration request
to customer

Correspondence about
the emergency
Updated goal and policy

Conclusions

— Five Factors in the Information Disclosure in Emergency

v/ Reliability to water utilities

v/ Controllability of disaster risk

v/ Disaster risk reduction

v/ Same understanding and Common Operational Picture

v/ Comprehensiveness of information

— Information with customers’ controllability result in

reliability to water utilities




3 NAGOYA UNIVERSITY —

Concluding Remarks

> More Resilient and Reliable Water System

— Business continuity planning & management

— Disaster mitigation & preparedness

— Technologies (Hardware) & Systems (Software)
— Community-based

— Utility’s culture and mission

— Water professional mind



