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Infrastructure

* 111 Pressure zones

* 7,336 miles of pipeline
(11,800 Km)

» 209,800 gate valves
* 60,900 fire hydrants
740,000 service connections

/. Map data ©2019
6,773 miles from LA to Taipei

ladwp.com
(10,900 Km)

LOS ANGELES’ WATER SUPPLIES

LA Aqueducts

Sierra
Mountains

Colorado River
Aqueduct

State Wate
Project

Conservation &

Local Groundwater & Recycling

Stormwater
IDWP)
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WATER RESOURCES PLANNING AND
DEVELOPMENT HAS TRANSFORMED LA

fF P 1

LADWP TODAY

* Service area (472 sg.mi. or
1,222 Sq. Km.)

* Provide Water and Power
to over 4 million people
every day

* Over 467 million gallons
of water delivered per day
—523,100 acre-feet per
year (1.77 billion liters per
day, 645 MCM per year)

*1AF=1233.5M?

ladwp.com

|_ A Los Angeles
Department of
DWP Water & Power

LADWP Water System
(Water Executive Office)
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WATER SUPPLY & RELIABILITY
CHALLENGES

Climate Change

Los Angeles Aqueduct:
Supply reduction due to Owens

Seismic Risk to Lake dust mitigation

Imported Supplies

Bay-Delta Uncertainty

Local Groundw:

Contamination in the San Fernando Basin Rising MWD Water Costs

6 ladwp.com

WATER RESOURCES PLANNING AND
DEVELOPMENT HAS TRANSFORMED LA
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PURPOSE OF UWMP URBAN WATIE,I:AN’I‘ANAGEMENT

¢ Water Supply Reliability to Year
2040

— 2015 UWMP available for download A | Urban Water
at: www.ladwp.com/2015UWMP 3 ? : : Management Plan

* Urban Water Management e B
Planning Act (1984) g IIIIBMI WATER
. . o MANAGEMENT PLAN
— Required for agencies serving more b 1 i )
than 3,000 customers or 3,000 AFY : NS v Stormwater
(3.7 MCM per year) S0 g (e Capture

Improvement Study Master Plan
(2015)

NV7d NOILLOV

 State Grant/Loan Eligibility

5 B

Recycle WATER SUPPLY RELIABILITY

1 0 0 /O . L.A.'s Green New Deal
Five Year Average (FYE 14 -18) Fiscal Year 2034-35

of Waste Water Total Supply: 523,100 AF Total Est. Supply: 662,000 AF
by 2035

@ Source

,&P?W 00 Reduce Potable Water Use & __¢ l h
Z all waéurlocally 22.5% 25% ; V Recycled Water

(=] (|
by 2035 = /
0 v By2025  By2035 - r
HISTORICAL WATER SUPPLY FOR THE DEPARTMENT
LOCAL WATER SUPPLY PROGRAM goo000 =Los Angeles Aqueduct = Metropolitan Water District of So. Caiffornia |
—Local Groundwater mmRecycled Water
ilation in Million 265
700000 — = e _— - s 705
4 » n — N = N T N 3.50
snnnnu’—»—;_;_--'——’ o b HH A HHHHHH =
3.05 -‘i—r [ M o I - :‘: 3.00
- 500000 I7 H - g slnly ¥ BlEual
Recycled Water I I 250

400000 + (- H H H H H - -

300000 - H H HHHH | H

200000 1t H H H H HH HHEEH HH H HHAHHAHHHH H H

Groundwater Basins :Dm TR IR CHE TR T Tl o0
2
S o 0.00
v RO
| Local Water Supply Reliability I Tadwp.com Faeatyear i —

LOCAL SUPPLY DEVELOPMENT
CONSERVATION

Local City Ordinances %@@

Commercial Programs TR

RESIDENTIAL AND COMMERCIAL
CONSERVATION REBATES

CONSERVE Residential Programs

Public Outreach & Education

Partnerships
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LOCAL SUPPLY DEVELOPMENT
STORMWATER CAPTURE

Dam Improvements

[ |

eII ',-:( |

Green Streets

ladwp.com

SF GROUNDWATER BASIN
REMEDIATION

Planned groundwater basin
remediation will be crucial to
restoring the health and beneficial
uses of the San Fernando Basin

Tegpcepuome |

ladwp.com
Tota: 109309 AFY

LOCAL SUPPLY DEVELOPMENT
RECYCLED WATER

Indirect Potable Reuse

LA
DWP

ladwp.com

RECYCLED WATER PROGRAM AT
HWRP

Hyperion MBR Pilot Facility

2022 > 2025 > 2035
Hyperion AWPF 100% Recycling at HWRP.

i

- T

|

1. Membrane bioreactors

2. Reverse osmosis

3. Advanced oxidation

ladwp.com
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TUJUNGA SPREADING GROUNDS
ENHANCEMENT PROJECT

« Doubling stormwater capture
capacity to 16,000 acre-feet to
recharge the groundwater basin
annually

* Increase stormwater diversion
from the flood control channel for
peak flow attenuation and
downstream flood mitigation

« Provide community open space,
neighborhood greening, and
passive recreational space

« Improve water quality in the
downstream water receiving
bodies.

« Project Cost- $50.4M

+ Cost-benefit - $85/AF

As of September 2019

« Basin Improvements Completed
+ New Intakes in Late 2019

« Open Space Starting Early 2020

« Project Completion in Early 2021

LA
DWP

ladwp.com

NORTH HOLLYWOOD WEST
WELLHEAD TREATMENT FACILITY

+ Type of Proposed Tr

d Steps 1-4 of DDW’s 97-005
Policy Permitting Process

— 1,4-Dioxane Treatmentusing AOP
w/LPGAC
Construction: STARTED — 55% Complete
— September 2017 — September 2020
— LADWP Construction Forces

20 ladwp.com

NEW RECYCLED WATER INITIATIVE
AT HYPERION

Program Objective:
Recycle 100% of
available treated
wastewater for

beneficial reuse from

the Hyperion Water

Reclamation Plant by

2035.

LA
DWP

Potential Regional Program Components

Operation NEXT Program Map | i Tresment
DRAFT - Do Not Circulate

g

, LS4 TR
C LT
A Los Ampets - |
7E e
L) Y
ladwp.com
24
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SEISMIC RISK TO IMPORTED
SUPPLIES

CALIFORNIA S LOS ANGELES
‘Aquepuct ‘AquEDUCT

SAN ANDREAS
FAULT LINE

LA §
DWP R —

25 ladwp.com

SEISMIC RESPONSE (LADWP)

« If the LAAis severed, LADWP will use Bouquet Reservoir to provide
water to the City while repairs are made.

* In addition, if the California Aqueduct is intact south of the
Neenach Pump Station (1st LAA — SWP Connection), arrangements
may be made to transfer LAA water into the California Aqueduct for
delivery to MWD. Arrangements can then be made to deliver water
to the City through MWD’s connections.

DWP ladwp.com
L A Los Angeles
Department of
DWP Water & Power
CUSTOMERS FIRST
LA
DWP ladwp.com

SEISMIC RESPONSE (MWD)

MWD’s Diamond Valley Lake, SWP terminal reservoir storage, and
member-agency emergency storage can adequately provide for a 6-
month supply of water with a temporary 25% reduction in demand.
Emergency storage in Castaic and Pyramid Lakes can deliver water
into LA’s west San Fernando Valley, Calleguas, and Las Virgenes if
SWP and LAA are severed. If these emergency sources are cut off,
50 cfs (1.4 cms)of CRA water could be moved through MWD’s
system to serve these areas until repairs could be made.

On-call contractors working around the clock could be deployed to
repair seismic damage in as short as a two-week time period.

LA

DWP Jadwp.com
Water Supply Reliability co meeting
100% of oar cudtomers demande
UNDER all conditions.

LA 3 =S S 1

DWP Jadwp.com
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Los Angeles
LA Department of

DWP Water & Power

Strengthening the Distribution System
with
Earthquake Resistant Pipes

LADWP Water Distribution Division
Genevieve Han P.E. & Martin Lam P.E.
Tuesday, October 8, 2019

LA
DWP ladwp.com

LADWP Water Distribution System
* 5 Water Operating Districts .
- 465 square miles (1,204 km?) 71

* 2,806 large valves

* 60,902 fire hydrants

» 732,350 service connections 3
* 7,337 miles of pipeline (11,808 km) |

DWP ladwp.com

Seismic Resilient Pipe Network
(SRPN)

LA
DWP ladwp.com

Earthquake Pipe Evaluation

DWP ladwp.com

b 2

Presentation Outline

» LADWP Water Distribution System
 Water System Vulnerability
« Seismic Resilient Pipe Network
» EQ Pipe Evaluation Process
— Planning
— Design
— Procurement
— Construction
* Challenges
* Lessons Learned
* Future Goals

LA
DWP ladwp.com

Water System Vulnerability

Ground Shaking /
Fault Ruptures

LA
DWP ladwp.com

Liquefaction Landslides

LA

DWP ladwp.com
Research
Available Products

- =TI =y,
2P vy

e ———— J
m | . =

(

ladwp.com
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Research Research
Standard - I1ISO 16134 « Different vendors

INTERNATIONAL STANDARD IS0 16134 ) I?\(‘) e Review performance results
Earthquake and subsidence-resistance design of ductile iron pipelines. = = . L

CONPONBNTPEFORMANCE + Compeatibility with existing system
Expansion/Contraction s1 +1%Lormore * Material lead time

Performance (Elongation)
2 +05%Lto1%of L

3 Less than + 05% of L ® COStS
. a ki * Special tools for construction
B 8,500 d Ibs-17,000 d Ibs
C 4,250 d Ibs-8,500 d Ibs
D Less than 4,250 d Ibs
Joint Deflection Angle M 15° or more
M2 75°<15°
M3 Lessthan7.5°
“L"is the component length In inches.
“d" is the nominal pipe diameter in inches -
LA LA = 2 o
ISO: International Organization for Standardization ladwp.com pr ladwp.com

Design

Planning i
Selection Criteria } N « Start with traditional DI design
« Pipe network serves critical facilities % gy « Convert design to an ERDIP shop drawing

« Historic leaks and pipe age
« Pipe network is within or adjacent to a
fault or liquefaction zone
« Direct trunk line connections

it

Brainard Ave ERDIP Project
(US Pipe)
asw

A - LA :
DWP Reseda Blvd ERDIP Project Mission Hills ERDIP Project ladwp.com DWP! ladwp.com
(Kubota) (American Pipe)

Construction

Kibota

Install the mainline Polyethylene
Encasement

7

ERDIP. Coupling/* DI

Chlorinate

"‘\ g Adaptor Y
\ i) .
Reconnect services, hydrants & ’
connectionsto existing system
ladwp.com DWP ladwp.com

Construction American Earthquake Joint System

» Easy Installation
* S$1, A, M2 (8-inch pipe)

PERFORMANCE SPECS

» Compatible with existing materials 2 w2000 [ Asiw
. . . 8 5 4 8 136,000 A S, M2
Established material supply chain 5 . > = o 5600 i

16 5 2 7 +24 272,000 A S\ M3

20 4 2 6 +24” 340,000 A S1,M3

24 4 2 6 +24” 408,000 A S, M3

LA
ladwp.com DWP
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American Flex-Ring Restrained Joint

Ductile Iron Pipe and Fittings m) ‘

PERFORMANCE SPECS - AMERICAN FLEX-RING® JOINT EARTHQUAKE CAPACITY

N

4 239 (19-11") 230 68,000 031% (0757 AM3S3

6 239 19-11") 20 102000 500 031%(075)  AM3S3
8 239 19-11°) 20 136000 500 031%(075)  AM3,S3
10 238 (19-10°) 20 170,000 500 1032%(075) | AM3.S3
” 238 (19-10") 20 204,000 500 H032%(075) | AM3LS3
“ 238(19-10°) %5 238,000 400 05|25 AMIS2
3 275(19-95") 305 272000 375 0525 | AMIS2
B 2709-9) 305 306,000 375 «053%(125) | AM3S2
20 2709-9") 32 340000 350 05|25 | AMIS2
2 2709-9) 380 408,000 300 053%(125) | AM3S2
30 23675 (19-875") 458 510000 250 053%(125°) | AM3S2
% 23675 (19-875") 570 612,000 200 05125 AMIS2
2 23675 (19-875") 570 74000 200 0525 | AMIS2
a8 23575 (19-775") 570 816,000 200 05(25) - AMBS2
54 23575 (19-775") 510 918000 150 05|25 | AMIS2

ladwp.com

American Flex-Lok Ball Joint

PERFORMANCE SPECS - COMBINED ALLOWABLE DEFLECTION

DIAMETER NG MINIMUM col

MINIMUM

134
DESIGNATION

6 250 23-1.81" 69" +3.65 102,000 A M1,S1

8 250 330 23-316" 610" +3.65 136,000 AM1,S1

12 250 330 23-5.48” 72 +3.65 204,000 A M1, ST

16 250 285 24-2.23" 85" +4.4 272,000 A M1, ST

20 250 280 24-3.60” 8-7" +4.4 340,000 A M1, ST

24 250 210 24-11.50" 93" 45.28 408,000 A M1, ST
LAY LENGTH oo >

FLEXRINGBELL EARTHQUAKEJOINT ~FLEXRINGJOINT  FLEXLOK JOINT

Uptozdegies  UptoSdepess Upto 25 degrees
P

ladwp.com

Design Challenges

P: Thrust force

Flexible ERDIP joint Pl RO ot

« High learning curve (limited/no
experience with ERDIP designs)

* Restrained length calculations

— Location identification for restraint (such
as use of liners)

+ Joint types and locations

» Expansion/contraction presets

+ Deflection presets

+ Compatibility with existing system

ladwp.com

Lessons Learned

« Design/Construction
o Substructure research (use of Ground Penetrating Radar)
o Restrained length calculations

o Options for the crew if there are changes during construction due to
unforeseen substructures

» Material procurement
o Account for extras for unforeseen field conditions
o Order additional materials for leak repairs
o Order service saddles that are compatible with ERDIP pipe diameter
o Order extra tools
 Construction

o Unforeseen utilities required improvised changes in design during
construction

o Measureable evaluation metrics for construction

WP ladwp.com
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American Flex-Lok Ball Joint

PERFORMANCE SPECS - AMERICAN FLEX-LOK® JOINT EARTHQUAKE CAPACITY

NOMN ELONGATION,
N

4 2801-6") a8 68000 - W068%(75) | AMLS2

6 259 (21-7) 49 102,000 2500 +0.68% (1757) A M1, S2
8 260 (21-8") 49 136,000 2500 +0.68% (1.757) A M1, S2
10 259.63 (21-763") 49 170,000 25.00 +0.68% (175") A M1, 52
? 26063 (21-8.63") 49 204,000 25.00 +0.68% (175") A M1, S2
" 246(20-6") . 238,000 15.00 +010% (0.257) AMLS3
% 24725(20-1.25") 52 272000 2250 +110% (2757) AMLST
® 246(20-6") . 306,000 15.00 +010% (0.257) AM,S3
20 247.25(20-7.257) 53 340,000 2200 +110% (275%) AMLST
24 246(20-6") 55 408,000 200 +180% (4.50°) AML,ST
30 259 (21-7") 82 255000 15.00 +077%(2.00%) AMLS2
36 265(22-1) 84 612,000 15.00 +075% (2.007) AM,S2
FLEX-LOK ADVANTAGES e e

« Ideal for joints adjacent to structures and areas
subject to significant displacement

« Boltless joint designed for 15-degree or greater
universal deflection

American ERDIP Design

b EISTNG 6 (1 LNE

Earthquake
Joint Flex-Ring
Joint

DETALL *A"

EXSTNG 6 CI LNE

ladwp.com

Construction Challenges

« High learning curve (slower lay rate)
« Different joints and fittings compared to traditional
ductile iron pipe
« Re-establishing pipe projection
—  Cut pipes: spigot ring method (slow process) vs. use of
P-links (additional measurements)

*  Substructures - vertical and horizontal offsets
(material availability)

« Changes in field conditions — how do they affect the
restrained lengths

*  Quality control documents (tedious)

* Tools - extras

S e (0
R —
ﬁ g o [

Taawp.com

WEST.
VALLEY

consr. stanT @13)

STARTED CoNsT. (0718)

Total= 74190 (14mnes)

ladwp.com
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Future Plans & Goals

LA

Improve quality control process

Develop Design Criteria and Construction standards for
earthquake resistant pipe

Continue working with manufacturers to improve their
products

Continue promoting technologies and innovation
Develop a Seismic Resilient Pipe Network (SRPN)

DWP ladwp.com DWP

appendix 2-4
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Metropolitan’s
em Reliability Strategy

Metropolitan Water District

ffu%i{:/n

Sierra

Metropolitan Makes up nce for

Southern CA

Upper
Colorado
River Basin
Watershed

1.33 MAF 0.73 MAF

(10 yr Average) (10 yr Average)

b 3

Who Are We?

The Metropolitan Water District of Southern

California, is a regional water wholesaler that
provides water for 26 member public agencies living in
six counties across a 5,200 square-mile service area. The
district imports water from the Colorado River and
Northern California to supplement local supplies and
helps its members develop increased water conservation,
recycling, storage and other resource management

programs.

Southern California Imported Water Supply

UppEr:
Co/0rado)
LosAngeles Hiver Susiy

Aqueduct

Los Angeles
Aqueduct

0.25 MAF
(10 yr Average)

Groundwater,
Recycled, Other
Local

~1.75 MAF

* 25% Colorado River
® 30% State Water Project

supplies from Bay/Delta

* 45% Local

Los Angeles Aqueduct
* Groundwater recovery
* Recycling
Desalination

* + Conservation

appendix 3-1



Purpose of Meeting

.

Present Metropolitan’s strategy to maintain
overall system reliability specifically seismic
reliability

* Components of reliability

* Activities and studies

@ Water Supply Reliability

Develop and maintain an adequate water supply
portfolio to meet full-service retail demands under
all foreseeable hydrologic conditions
® Integrated Water Resources Plan (IRP)

* Board Adopted

* 1996, 2004, 2010, 2015

* 2015 IRP Findings

* Diversify water portfolio

WATER (JTOMORROW

2015 UPDATE
Report No. 1618
W

* Invest in imported and local water
supplies and conservation

* Stabilize imported supplies

* Local water supply target of 2.4
million acre-feet by 2040

@ System Capacity

Develop facilities to convey, treat, and distribute
supplies to meet firm demands under peak
condition

® System Overview Study
* 2004 Report

® Integrated Area Study
* 2007 Report

® Hydraulic Modeling

® Capital Investment Plan

F.E. WEYMOUTH WATER TREATMENT PLANT

Example: Support for PCCP Design
Decisions
Second Lower Feeder PCCP

Raise HGL to 690
d/s of Venice PCS

Increase size of

Interconnection
bottlenecks

Valves e

Carbon Creek PCS.
DS Grade 660'

Increase sectionalizing
Oak Street PCS valvesizes

US Grade 500

b 3

System Reliability Strategy
Eys!em Eei.’aﬂ.’h'!y

Supply Capacity Reliability Flexibility | | Response

* Developed as part of 2007 Integrated Area Study

® Collaborative effort between Metropolitan and
member agencies

Example: Regional Recycled Water
Program

* Development of new regional water source
® Up to 150 MGD (168,000 AFY)
®* Augment regional supplies during normal, drought, and
emergency conditions = R :
* Reduced frequency 2
and magnitude of
supply allocations

Example: Inland Feeder & Diamond
Valley Lake

® |nland Feeder

* More than doubled water
delivery capacity from SWP
East Branch

* Improved SWP/CRA blends
* Diamond Valley Lake

* Nearly doubled in-region
surface storage

* Increased emergency
storage capacity

DIAMOND VALLEY LAKE WEST DAM & FOREBAY'

@ Infrastructure Reliability

Maintain facilities in state of readiness to ensure
system deliveries

® Joint task between Engineering and Operations

: i
(Asset Management)

Routine Computerized »
Maintenance Maintenance Condition Vulnerability
Monitoring & Mar it its A its

Inspection System

appendix 3-2




@System Flexibility

Respond to short-term changes in water supply,
water demands, and water quality; and meet
member agency needs during planned or
unplanned outages

® Operational Flexibility
* Operational adjustments
* Hydraulic modeling
* Delivery Flexibility
* Demand-driven projects
® System Reliability Study

® Emergency Response

The ability to respond to unplanned outages and
restore service as quickly as practical.

® Addressed through:
* Emergency Response Plan
* System Security Planning
Business Continuity Plan

Information Technology Disaster Recovery
Plan

Mutual aid agreements
Seismic Resilience Task Force

MAP CHOICES

California
Aqueducts

b 3

Example: System Reliability Study

® Presented as part of the IAS
® Purpose
* |dentify areas in our system that are vulnerable to a
loss of service from a 7-day outage
* Approach
> Postulate a single component failure

> Evaluate options to restore service
> MW ility to ri my

Examples: Emergency Response

® Metropolitan maintains its own wﬂﬂ-

manufacturing shop facilities to =
fabricate and repair equipment
and roll steel pipe

® The capability of these facilities has
recently been upgraded
substantially in order to expedite
urgent repairs

4
& Structural Supplies

* Has the ability to repair at least two ~
large diameter pipe breaks
simultaneously
®* Workshops and exercises are conducted regularly,
including simulations of major seismic events

California
Dams and
Reservoirs

Videos

® https://www.youtube.com/watch?v=0zle7tS1Sg
Q

® https://www.youtube.com/watch?v=8A1v1Rr2n
eU
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_EGEND:
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PROPOSED 54" EARTHQUAKE RESISTANT DUCTILE IRON PIPE (ERDIP)
PHASE 2 (BY LADWP) APPROXIMATELY - 6,800 ft

PROPOSED , 54" WELDED STEEL PIPE - PHASE 2 (BY OTHERS)

INSTALLED 54" WELDED STEEL PIPE - PHASE 1
CITY OF LOS ANGELES - BOUNDARY LINE

FOOTHILL TRUNK LINE

P s bt UNIT 3 - Phase 2
——— — Construction Map
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The Research of Repairing Method of R ((OUTLINE>>

Water Tank Leakage

Jiunn-Shyong Shiu v Overview of TWC
Director of Public Works Department
Taiwan Water Corporation v Purpose of the study
' v" Causes and types of leakage
v' Water tank leakage repair method
v Three typical repair cases
@ ?Axﬁn&aﬁkﬁ&nﬂwu 4 COHCIHSion

Octob TAIWAN WATER CORPORATION

Overview of TWC

%g TAIWAN WATER CORPORATION TAOYUAN .,
10 800 HSINCHU. 'b'
Water Supply Area :
A (km?) MIAOUL ILAN
Branches 12 TAICHUNG
User Number 6.87 millions lmfﬂ:,;- ;
8.63 millions ﬁ WA
Water Supply Amount (CMD) Gw
) 60,000 M 4
Main Length g >
& (km) PENGHU )
TAITUNG
Number of Water KAOSHIUNG
144 S
Supply System CHINEL & wf\‘ (
) GREEN ISLAND
Number of Water 449 PING
Purification Plant
Number of Monitoring 3,200 0 v

Station

= Strengthening water resources management and = TWC has 1,686 distribution water tanks, with a
reducing the water leakage rate total capacity 3.6M m?>.

= Water leakage from water supply systems generally
occurs in pipeline facilities and distribution water
tanks.

= 1001~3000m3

2019/12/27 Om3  =10001~30000m3 =

> Purpose of the stud

B Earthquake damage to the water tanks
® Large damage— Remolition and reconstruction

B Seam

® Joints : Construction joint, Expansion joint, Turning joint
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Seam

Temperature change crack

Rusting and displacement of reinforcing steel

[ ]
®
® Earthquake or uneven subsidence
[ ]
[ ]

Honeycomb phenomenon

-

B Summary of leakage type

N Causes and types of leakage

‘s Water tank leakage repair method

B Concrete quality
©® The water tightness of concrete is not enough

® Bleeding phenomenon

« Transition joints

« Temperature change
cracks

« Earthquake or uneven
subsidence

« Steel rust, displacement

* Honeycomb
phenomenon

* Perforation

* Waterproof layer
damage. deficiencies

« Insufficient water
tightness of concrete

* Bleeding.

* Transition joints

 Temperature change
cracks

 Earthquake or uneven
subsidence

« Steel rust, displacement

* Honeycomb
phenomenon

* Perforation

» Waterproof layer
damage, deficiencies

* Insufficient water
tightness of concrete

* Bleeding.

Plate Wall Crack
« Construction joints « Construction joints Construction joints
« Expansion joints « Expansion joints Expansion joints

« Transition joints

* Temperature change

cracks

« Earthquakes or uneven
subsidence

« Steel bars rust,
displacement

* Honeycomb
phenomenon

b 5

Cover with Fiber-Reinforced
Plastic(FRP ) 12

-

‘s Water tank leakage repair method

B Set the

V-shaped groove
waterproofing agent cement mortar.

to apply

SO

/

B Cracks are stopped by high-pressure grouting.

VN AV N

3

n

the

B Repair of cracks or expansion joints.

Processing site Material type
Filler PE rod, waterproof foam, expanded rubber strip
Caulk Epoxy resin, polyurethane (PU) sealant
Surface FRP, non-woven fabric, elastic rubber water stop, stainless
strengthening | steel plate
External Elastic rubber water stop, elastic cement, stainless steel
processing
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» ] d > N .. - 7 N » ..
‘.9 Water tank leakage repair method s Water tank leakage repair method
B Repair materials must not affect water quality. B Summary of repair method
) ] Phenols<0.0 Plate Wall Crack
Residual chlorine 05 mg/L
oS }t{exu{:ug agate reduction=0.7mg/L + Covering + Covering + Use V-shaped
SR Kiiher ng waterproof layer waterproof layer groove to apply
“detection + Internal coating * Internal coating waterproofing
waterproof coating waterproof coating agent cement
* Through the wall » Through the wall mprtar
Chromaticity i outside the curtain outside the curtain * High-pressure
<1 degree Cgm“d“?i g grouting erouting grouting to stop
RiEgHan + Concrete deep + Concrete deep leakage
osmosis coating osmosis coating i lC oncrete deep-
agent agen ayer osmosis
Turbidity Film Odor and taste: ) - coating agent
0.5 NTU coating o + Rubberbead with
=1 dissolution abnormalities stainless steel plate
17 18

Three ty

al repair cas

W Salu 40,000 m? distribution water tank repair

B Yuchi 3,000 m? distribution water tank repair . .
®The expansion joints were displaced

® Leakage at the bottom of the water tank.

1. Removed the oldjoint 2. Expansionjoint cleaning 3. Epoxy resin filling
filler material

and repair

2. FRP laying and 3. FRP laying and
1.FRP material coating on water tank coating on water tank .
bottom wall 4. Elastic sealant filling 5. Laying FRP as a 6. Soft rubber plus stainless
19 protective layer. steel plate construction2 o

Conclusion

W Liyutan 50,000 m* distribution water tank repair The basis for the applicability of the repair method should

® The expansion joints were displaced and leaked be determined by the size of the crack, the degree of
damage, the water supply conditions of the water tank.

® The expansion joint is often the main cause of leakage of
the water tank. Designed into multiple tanks and reducing
the setting of the expansion joints can reduce the

P robability of water leakage.
1. Disinfection before 2 sludge removal  3-Remove theold 4. Expansion joint P Yy 9

diving expansion joint filler ~ cleaning ® For expansion joints setting, it should consider the common

- : H r shear steel bars, water stops, and caulking materials.

5. New rubber stop g 7. Grouting through the bottom plate
strip installation | ©- Bottom floor drilling 21 22

® Repair materials should pay attention to the safety of water
quality. The materials should be inspected and confirmed to
not affect the drinking water quality before use.

Thank you

@é@ﬁifka\ﬂ

TAIWAN WATER CORPORATION
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The 11t CTWWA/JWWAMRFE Water System Seismic Conference

A study on the behavior
of a multiple-layered,
fully-structural cured-in-place pipe

. Introduction
. Characteristics of “Base Hose”

. Verification of adhesive-backed hose’s

in ultimate limit state in earthquakes performance to accommodate joint
displacement

Hiromasa ISHIZEKI . Bending test on a fully-structural CIPP
Manager, Potable Water Products
PALTEM, Ashimari Industry Co., Ltd.

Ashimori property and confidential

Introduction — CIPP (Cured-in-place pipe) Introduction — CIPP (Cured-in-place pipe)

Lining by inversion

CIPP installation

Introduction — CIPP, example of PALTEM Introduction — Industrial background
: Extrided resin Seismic standards for trenchless pipe rehab
/s - “Base Hose”
eamlessly woven
polyesterj);cket (Waterproof) - Sewer

Level 1 & 2 classification and performance criteria for CIPP

After inversion

* Gas

CIPP standardized for sealing purpose in earthquakes

* Potable water

CIPP installation records not enough for standardization

Outer cloth

Glass roving mat
(Strengthening layer)

Introduction — past experiences Introduction — continuous studies

400 km of our liners were used in... Last workshop...

Non-anti-seismic joints Survey proved past performance
[CELLRYELLRA [CELIGRALRA W
NGE],WE], 5> 'NGENBE] [57

EEQED|

Pipe with CIPP behaved like continuous pipe

Calculation method selected for CIPP

Study continues: ‘

(Okabe, 2012)

CIPP’s behavior in bending displacement?
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“Base Hose” - Characteristics

Coating resin:

S Thermoplastic elastomer

_T\Jacket:
\ Warpyarn
Weftyarn

. Why we do this

. Characteristics of “Base Hose”

. Verification of adhesive-backed hose’s
performance to accommodate joint

displacement Thickness mm 1.5~2.0
Bending test on a fully structural CIPP e aiom | ELre
Burst pressure MPa 0.30~0.75
Jacket % 15
Elongation at break
Coating resin % 400

“Base Hose” - functions “Base Hose” - functions

; ; . 1000 x 145 m
Base Hose : “Adhesive-backed hose” or “cured-in-place liner” Sl AL

- JWWA
“Sealing material in-pipe installation method”

* 18011295
“Class-C and Class-D of “Lining with adhesive-backed hose”

M facturi t v Holding resin
anufacturing stage - - prytection for strengthening layer
. v Airinversion
Installation stage 7 Steareiire
- v Conformance to drinking water quality
In-service v’ Leak/corrosion prevention

Dynamic tensile test — Base Hose by itself

1. Why we do this DIP®150x 2 mx 2

Load cell Buttjoint lined with Base Hose
Actuator i Fixing apparatus
[l

Characteristics of “Base Hose”

. Verification of adhesive-backed

3
hose’s perform.ar:lce t,o Cradle with roIIers‘/ ‘ }@ \
accommodate joint displacement
*Dynamic axial tensile test )
Internal Joint Amplitude  Frequency Number of
. . Sample: pressure : separation (mm) (Hz) displacement: Results
*Bending displacement test (MPa) (mm) cycles
Bending test on a fully structural CIPP L 100 +50 1.0 30 i
2 0.50 100 +10 3.0 90 g
. leakage
3 100 +20 3.0 90

Dynamic tensile test — Base Hose by itself

Hydrauliojack=—s. Steel pipe ®150x2 mx 2

\
i
Load meter ——s 7 lined with Base Hose

g e

HII i
? HIETL | ]
‘ S Mount \Displacement gauge \
Internal Host pipe joint break Max displacement
Sample p,eggu,e Displacement: Bending ' Displacement: Bending | Result
(MPa) (mm) angle (mm) angle
1 32 22
i No
2 0.33 13 0.9 150 151
: Leakage
3 18 1.2
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Capability of Base Hose — observations

® Base Hose used as ABH (CIPL) debonds in
displacement

® Debonded section accommodates further
displacement and maintain water-tightness

® This phenomenon improves host pipe joints

b 6

1. Why we do this
2. Characteristics of “Base Hose”

3. Verification of adhesive-backed hose’s
performance to accommodate joint
displacement

4. Bending test on a fully-structural
CIPP

Bending test - fully structural CIPP with BH Bending test - fully structural CIPP with BH

Fully-structural CIPP

@ Structural rehabilitation

® Strength layer for
structural performance &

long-term performance
® Pullout prevention &

accommodation
displacement

Adhesive-backed hose

® Corrosion prevention

® No strength layer

® Accommodation to
displacement

Bonded surface
Host pipe
T Strength Iayer%ﬁ!ﬁ!ﬁ;

X

Host pipe

Base Hose

POCOIOIAO2D2ASOIOIA2OCOA

Specification of the tested CIPP

Nominal Diameter mm 300
Thickness mm 4.0
Flexural strength (hoop) MPa 230
Flexural modulus (hoop) MPa 13,000
Strength layer Tensile strength (hoop) MPa 210
Tensile modulus (axial) MPa 9,500
Burst pressure MPa 5.6
Elongation at break % 2.0
Thickness mm 1.3
Wiaterprourlayer Elongation at break % 15.0

Bending test - fully structural CIPP with BH Bending test - fully structural CIPP with BH

: Strengthening layer Base Hose
Expansion Steel pipe with CIPP - I Internal %t brealg(J ve a?srupture e
®300x 2mx 2 ample p?ﬁ/?sg;e Load Bending: Load :Bending —_——
\[’ & (kN) angle (kN) angle

X X ) ; 1 0.75 591 11.5 100 12.5 Yes

Fied pigse Linxed pipe E 2 0.55 251 10.0 53 16.0 | Yes
B = ] i S 3 0.40 362 10.0 - 160 | No'

Butt joint /\—“Eﬁﬁ:!@J\ Hydraulic jack

Contraction 20-mm/min displacement

*Test aborted at max bending of apparatus

Bending test - fully structural CIPP with BH Bending test - fully structural CIPP with BH

700

—No.1 (0.75MPa)

—No.2 (0.55MPa)
No.3 (0.40MPa)

600

- /
Strength layer at break

~
Z 400 \
=
Base Hose
g 300 /l/—J\ \ at rupture
S
200 ’ /
p
0 e 1
0.0 10.0 15.0

~ Bending degree

antl seismic 1

g 5 =]

load + Allowable bending degree

Dipsplace- Waterproof Iayer.
Internal | ment Max Elongation
pressure | in outside | debonded (%)
(MPa) |of bending| length
(mm) (mm) Actual | Spec
1 0.75 45 190 23.7
2 0.55 70 385 18.2 | 15.0
3 0.40 70 370 18.9
Debonded length
N N, NeA < Ne2 = No.3
1 1 T 1
200mm
~€—No.2
Fixed pipe b / / Unfixed pipe
o0
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Conclusions Q&A

Base Hose in CIPP behaved equivalently to
adhesive-backed-hose (or CIPL) Further challenges still remain
CIPP maintained strength up to 10° bending

Strength layer suppressed bending
displacement in non-anti seismic joints

Contact: Hiromasa Ishizeki

hiomasa_ishizeki@ashimori.co.jp

Multi-layered CIPP maintained water-
tightness up to certain displacement after
strength layer ruptured
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Contents

Introduction of water supply
Overview of Hualien earthquake disaster

>
>
Review of TWC Emergency Response » Emergency response
>
>

System for Hualien Earthquake Disaster Review and recommendations

Conclusion
Presenter : Wu-Lung Lin
2019.10

Head of Engineering Department
The Ninth Branch of Taiwan Water Corporation 1

oduction of water supply oduction of water supply

43 Km

’ Hualien County,
4 The Ninth Branch

Heping mground water

. underground water
Hualien W.T.P.

Water Supply 247
Hualien | 93,100 CMD %

Chinan
Shuilian

9th branch TWC Ratio

e (@ ) (a/b)

Geographical area

(Kn¥km) 4,629 36,193 12. 79%

Number of workers Fenglin

5 N " i
ol 162 5,686  2.85% R pyan ~ondlinOS.
DC.OD £ ; /K\e_'_ Fengbin |Water Supply ||~ T |
Population served 986,000 18,162,000 L.57% U&; Gangkou| 11,900 CMD

(people) d
' » J = Yuli O.S. «Ability : 225,120 CMD
‘ watc(rCMSD”)pp” 117,300 8,810,000  1.33% EEEEF}fg e Iy . t)l' T
3 2 ater Supply| G TE]
Pipeline length \ 4 = 12 300 CMD
o 1,892 62, 369 3.03% o Fuli

2

v of Hualien earthquake disaster mof Hualien earthquake disaster

® The Hualien 0206 earthquake, occurred at 23:50 on February
6, 2018.The earthquake scale was ML 6.2, MW 6.4, and hada @ 4 buildings partially collapsed or were severely damaged, 3

focal depth of 6.3 km. piers in Hualien Port were cracked, 39 roads were damaged,
® About 400 aftershocks were recorded till February 11, 17 people died, 295 people were injured.
averaging about 80 times a day. ® Domestic water supply for 40,000 households was affected
5B i e sy from February 7, and fully restored on February 14.
‘ et L iy N ® The pipelines, equipments near the Milun fault and the
o :h;’; s o Lingding fault were seriously damaged.
S 100 2am ® The most serious damage of the tap water is the 600mm
| steel pipe, for the supply of Hualien city, attached to both
SERSEL & mmm 0 & sides of the Shangzhi Bridge, were disconnected, and the
e = f‘fifim 2 500mm steel pipe on Xinxing Road severely distorted.
L? e R ® As of February 14, 731 repairs were completed, and up to
| BT G EIR 2 1,950 repairs till April.
g 1 Zmszzngse——
[ (S W W W W W W W W W W W U

o Major Damage
tEEREREED o iéL&:iOOmlePHga‘&SlE

SERNERONERD i) £ @57 #3500mmSPiz th 275

‘ \ ~ 400mmDIP# 4
BB KRR @5 L AN EL
L ot 600mmDIPEL
EREESERERS 3 @ MBS
- 600mmSPa#:3 5%
SRR PRy
2w - TRHE
ZREATHNERR : @ 1 4 #74i:%200mmCIP; 2 |
mnmnesn ) Y ® F EBAOMmPSCEN

@it & RIGIHBHE R

samtRAmesE . : CLE A
= @B A EF— IRk

3 1 £ 150mmDIPAZ %3 %& ~ :

TEAERERR _ iy : y

Pipeline and equipment . uildings and roads severely damaged

Building and road L
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% (¥

SFELS

i a0

200mm steel, attached to Hualien Bridge, 2 disconnections, 1 break. i

500mm steel pipe on Xinxing Road sevérely distorted.

® The average water supply of Hualien system was
87,388 CMD in 2017, and up to 125,000 CMD
during the earthquake, and about 88,000 CMD for
recently.

140000
0206 23:50 —Hualien system

120000
100000

| 80000

60000

40000

Shesse—— s —

Earthquake occurs —Shakadang W.P.S.
~—The other W.P.S.
—Shoufeng W.P.S.

il e -
The communication pipe break is the most common case.

Emergency response

According to the "Guidelines for Emergency Response Team",
"Standard Operating Procedures for Disaster Event", etc.,
the following emergency response procedures were carried
out, and TWC staff went all out for restoration to
mitigate public inconvenience as soon as possible.

® Establish the Emergency response team
Strengthen emergency procurement
Efficient release of news and information
Zone the leak area

Repair with heart and soul

Enhancement of communication channels
Optimize customer service

Flexible setting of water supply stations
Enhance water tankers dispatch

Canfirmation of restorition iy

20000 b e ——

0

0201 0206 0211 0216 0221 0226 0303

' Water supplz of Hualien sxstem -

Emergency response

® Establish the Emergency response team
e “

[ ; .
At 0:40 on Feb. 7, the emergency response center was set up by
TWC.
All resources were led and dispatched by experienced personnel,
including the former Chairman of TWC and now Chairman of
CTWWA, Chun-Ming Kuo, the President of TWC, NanTzer Hu,
and the former Chief Engineer and now the vice-president, Jia-

Rung Lee. e
D e e e T et T e T B 6
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Emergency response . Emergency response
® Efficient release of news and information

® Strengthen emergency procurement

® Using properly with support terms of contract.

® Drew up and signed negotiation procedure with non-
contract manufacturers according to government
procurement laws and examples on February 7 .

Location of water supply station.
February 7

14:00, Hualien 0206 earthquake, TWC water supply route map (7 routes).
February 10

16:00, Hualien 0206 earthquake, The list of water and electricity operators for the
LR FRAMIRAEFRRI RS RAALEAR 0L R RITAER 0 SRS R ARV DL * R cg ALVl damage ofthg private facilities and leaks. : . .
REXBIEUE, FRANEALE ) LSRNt Srewmsd-an=aamen - smie-ane ; Check the inside of the house for leaks to avoid sudden increase in
P z ) ) g - AT y .
2 = . : Py bills.(Check the red triangle of the meter rotate or not)
P Lt o 105 SR 1 AR 2 2L A Ta Hualien 0206 earthquake, Water supply fully restored.
ua: PR ANRR AR 2 M F 5 - ® 6 AN T
oy M
- »Mﬂs.‘ ‘,-Mrkflﬂﬁ-)u HERAFRE LY e o el ()0 The President is concerned about post-disaster recovery, and the Vice
(?ﬁmi ¥ '5“|“7’9f91‘14) 1 BB RIS T mmEsAmTRRLA RN IR IRLVENAVA President personally encourages TWC.
THRARAERND 1AM - R e A e tase W Hualien earthquake disaster review, TWC thanks all walks of life for their
SO RARERABRE  RAANRMRA  BATNA ARk, OO MM R - BTN - R sk March 9 NS
155> HBAGRANIN L4 o ST A i .
. ol = mnaxamesu +asannseen-sres [N order to let the people feel at ease, understand the restore
" ERR BRELY ORBRHAS NALAARFRSEBRAAE L E AT == . ! :
mEAT AL MR SARLEELREE | prOgress, etc., press release is issued in appropriate time. i

Emergency response

® Repair with heart and soul
During the repair process, 22 manufacturers covering leak
repair, leak detection, water supply monitoring, formed 29
groups of manpower. In addition, 5 self-employed manpower
of TWC for leak repair, did their best for 24 hours. As of Feb.
14, 731 pipe repairs were completed, and water was restored
to almost all customers.

Emergency response

® Zone the leak area
® From Feb. 7 to Feb. 23, the leak
detection members came from all
the branch of TWC (80 people),
were sent to Hualien City as a key
area to divide the area of
responsibility and perform pipeline

inspections and surveys at night. N EEE P
® 315 leaks on the ground and 350 T Er e

leaks under the ground, a total of P e e s

=
665 leaks were detected. And all L L) rm |(mmcmaymaa
of these were transferred to TR pmmEe
nearby leak-repairing T e mmman P
manufacturers' = | ek ok A SR Sy PR 2 5] S S5 Ay PR 2 8]

.. ] B Ah AK  AR Ay F 2 5) — B S A% Ay PR - 5]

18 - . 2 3t s gy PR 2 5] 3 A s Ay PR 2 &) “

Emergency response - Emergency response

® Repair with heart and soul

Emergency response - Emergency response

® Repair with heart and soul ® Enhancement of communication channels

From Feb. 6 to 14, the number of leak items was 731. The leaks  «  Setup the JUIKER group "0206 T
e —— o3 K= .. v

of PVCP reached up to 83.72%, of which the number of i " i
ualien Earthquake" for interna ; -
communication pipe is 561 (76.74%). EambnTEation: & m%%iégﬁﬁ” ol
Undergroundpypanst Valve Stopcock ® Setup the LINE group“0206 D
Hydrant N .14y || 0.68% . - Pipeline Inspection and
~ N ‘ . “oint Tube - Others R it W Truck G .
i at] \, | [ oas o eas epair ", "Water Truck Group”, e
*; B \\\\\ T“h /Section)” = DIp etc., for each team staff. ‘lia
41% b — ” “« B B 24
Vaivel ‘ Lo~ 2.60% «  Setup the LINE group “Hualien ENANFERAT -
0. 27% =[P -y pumsn
s}l> — oL TN Watgr Supply ln_for.matlon , for DT ARINT
i public communication, and the o
o[ VP / | TN county councilor, village mayors, ik P
0. 14% public opinion representatives of all & Y
®PVCP/PE/ i levels, etc., can receive instant = 4
T HECes B usninin
0.68% 83.1% . fformations [ Sp=—yeyewe— |
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-Emergency response

® Optimize customer service

l'eb?“ary l‘ehl;mry

Number
of entry] 1039 1519 1442

February | February
11 12

February

February
14

358

622

452

® The Customer Service Center collected and analyzed
all water shortage incoming calls and the respective
location every 2 hours, and announced the analytics
in the “0206 Hualien earthquake™ JUIKER group.

® The emergency response team could grasp the
disaster situation and determined the priority for
processing water supply stations, leak repair, etc.

-Emergency response

® Flexible setting of water supply stations

® The water supply station reached max of 45 stations, and the locations
could be changed according to the water supply situation.

Priority was given to sending water to the medical institutions, and
injecting water into the basement reservoir of the building, which
could immediately improve the water demand and eliminate the
hardship for people to transport water.

At 14:30 on February 10, 7 water delivery routes (refer to the garbage
truck route) were started to meet the water demand.

4

b 7

-Emergency response

® Optimize customer service

® Issues with the water meter box components would be
handled immediately by the service staff.

User's internal issues (eg. internal leaks, pumping motor
failure, etc.) would be explained in detail.

As for leaks from the outside which locations could not
be confirmed, the leak prevention department would
be notified to assist in leak detection.

As the leak location was confirmed, the Hualien Water
Treatment Plant would record and dispatch for the
repairs.

End-to-end control by the customer service system.

-Emergency response

® Enhance water tankers dispatch

® When a worker reported for duty, he was required to scan the QR
CODE to join the LINE group.
Locations of all Water Purification Station and water supply station
were jotted down on Google Maps.
These Google maps were then posted and shared in the LINE group
notes, so everyone could automatically navigate after clicking.
After the work was allocated, the driver could automatically navigate
according to the assigned locations. Handover of work was also more
convenient from this approach.

mergency response

® Enhance water tankers dispatch

Water tankers dispatch was up to 49 a day, the traffic volume
of water supply was up to 219 times a day, and 980 times for
all. With the assistance of technology, we could handle water
tanker dispatching in an orderly manner.

-Emergency response

® Confirmation of restoration

® The water supply status reporting
system on the website of TWC, which
was developed after the earthquake,
allowed all users to report the water
supply situation at their location, such
as normal, low water pressure, and
water shortage. Such reports could be
instantly displayed on the map in
different colors.

® With this system, we can quickly
understand the water supply situation
from the users feedback in the event
of a water supply disaster in the .

ur 0

"% R
[

= E
ok mﬂ“

s
L]

~
£

- mergency response

@ Confirmation of restoration
By using the water supply monitoring system, the 9th branch of
TWC could instantly understand the water pressure of the pipe
network, prioritize maintenance and repair, respond to users, and
issue press releases.

mergency response

® Confirmation of restoration

The WADA (Water Advanced Data Analysis) system developed by the big data
project team of TWC has achieved great results. In the future, it can be applied
to the automated analysis of a large number of DMAs, and can detect leaks

more effectively.

Www
“ ._’ w "

o m— e g

T' w.
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and recommendations

and April 20. The following suggestions were made:

® Record of emergency response: special personnel or
professionals should be hired to handle the recording of the

catastrophic recovery process. The record will be used for news

release and subsequent employee training.

® Emergency Rehearsal: In order to ensure a smooth operation of

water supply, and to enhance each employee’s awareness of

disaster prevention and their ability of emergency response, the

compound disaster situation should be simulated.
- r o

® Construction of leak detection and repair system APP: case

explosion, should be managed by a system together with leak

detection and repair for effectiveness. Furthermore, such
system can promote the efficiency of our customer service
center with value-adding applications, such as combined
water outage areas, instant pressure return, etc.

® Continue to build pressure observation stations and
strengthen monitoring system maintenance.

® Avoid important valve be undergrounded: Due to the road

leveling project, the road management department asked the
pipeline company to bury the valve and the hole cover under

the ground. It increases the digging time and the leak
detection operation cannot be tested by sections, which will
seriously affect the repair efficiency.

After the restoration, TWC held 2 meetings ,on March 9

b 7

and recommendations

Increase manpower and complete GIS map inquiry APP:
When manufacturers come to support the repairs, not only
maintenance personnel, but also supervisors and operators
should provide the support together. This is required to
complete the repair data in detail with photos. After the
repair, manpower should confirm whether the water valve
has been restored or not, and strengthen the drainage and
exhaust operation. After the impact, operation manpower of
the 9th branch has added 8 people in 2018. In addition, a GIS
inquiry APP has been completed to facilitate instant query of
the pipeline network map.

Distinguish the responsibility of leak detection and repair
personnel according to the DMAs of the network.

Provide accurate water repair estimation to avoid public
grievances.

Introduce local resources to assist: For example, the water
truck can be assisted by local residents; small repairs to the
water meter box components can be assisted by local
technicians; and customer service calls can be answered by
volunteers.

Introduce the ductile cast iron pipe with seismic joint (NS-
type DIP):The NS-type DIP developed in Japan have
performed well in many earthquakes. However, the current
low demand in Taiwan leads to high costs, and it can only be
piloted in high-potential areas with frequent earthquakes and
liquefaction to improve the seismic resistance. And it will be
piloted in both Tainan and Hualien from 2019.

o o o o o 6 6 6 6 -6 6 a6 B 0 -0 -0 -0 0 -0 -0 -0 -0 B 0

~ Condlusion

® During the repair period, experienced commanders of TWC
such like Chun-Ming Kuo (former chairman), Nan-Tzer Hu
(president), Jia-Rung Lee (vice-president), led the team and
dispatched all the resources to the recovery work.

® 49 water tankers, 29 manufacturers assisted the repair, over
500 people were mobilized, 45 water supply stations were
set up, 7 routes were launched in the water shortage areas,

and water trucks were dispatched to provide water injection

service to basement reservoir of buildings.
® Without taking any break during the Chinese New Year, all
the team did their best to minimize public inconvenience.

Better Watq*geger Life

Thanks for your atten

w7 AN IR

~ Condlusion

Through various countermeasures and good use of
technology tools, the water supply restored quickly. TWC
reduced complaints and won applause.

This is all credited to the people and companies for their
concern and assistance during the restoration.

We believe, with continuous review and response
improvement after each disaster, TWC will become stronger.
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Presentation Outline

® Introduction
® Background
Geologic Hazard Evaluation

. : . Seismic Design Criteria
Mitigation of Fault Displacement * Mitigation Strategy

and Ground Subsidence for Large * Numerical Modeling
Diameter Pipeline * Conclusions

®

.

Tao Peng, P.E., S.E.
Cathy Chau, PEE.
Metropolitan Water District of Southern California

lieduction a Loma Siphon No. 1 Location Map
830 miles pipeline p ¢ S ARt -
Majority > 78” ID I §

Average 102” ID

Colorado River
Aqueduct (CRA)

Casa Loma Siphon

Barrel No. 1 le > 5 > Casaloma p

Fault

Background Background

® 148-in concrete pipe constructed in 1935 ® Ground Subsidence
® Ground subsidence due to ground water withdrawal * 5 feet of settlement in 800 feet
® Leaks have recurred for over 50 years * 0.8-in/year settlement adjacent to the Casa

. : Loma Fault
® Multiple repairs to address leaks _

) ® Casa Loma Fault (San Jacinto Fault System)
* 300 ft of concrete pipe replaced

with steel pipe in 1968 : I - * Capable of producing

; ) . 7+ magnitude EQ .0
Internal seals installed in 1996 * Potential displacement
and 2017 3

1 foot if fault ruptures _

4 s \_
on its own : . CasaLoma Siphon Barrel No, 1

* 13 feet if multiple .
reaches rupture =

Geo-Hazard Field Investigations Geo-Hazard Characterization Study

R\ N =2 o

® Logic Tree Approach
® Capture uncertainties in primary parameters
* Tree branches represent values of parameters
* Weights define distribution of values
® Fault Displacement Parameters
* Rupture sources
* Slip rate
* Rupture length
* Earthguake magnitude & recurrence
* Fault displacement prediction model

@ 1 Fault Trench
| CPEN i
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Logic Tree Example — Rupture Sources Logic Tree Example — Fault Source

Scenario 1

San Bemardino (58)

|San Jacinto Vally (SJV)

anza ()

clark (€)

EXPLANATION

. ow
Y% Casa Loma fault crossing Wissogment [ il
. % Ruphwes_J medan P
® Fault section end point o PE [ceacc - 07
g

. )
SB  San Bernardino 70 (oating)
o5

SJV__San Jacinto Valley SBeSNVHCLA+ 3 S
[CC__Casa Loma Nt

Nots:
Anza = san Bemarano L) I

08
Clark e
= Logic Tree for Northern
Coyote Creek - San Jacinto Fault Source
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Seismic Design Criteria

® Estimated Fault Displacement

1 Probabiity Petersen
1

sip Wy R Cncwie  Ewtste)  oorien yogtuse. "ot
R oo R Chncwhi: el NI i s e
Sonmvor _Hode! Coc R -l Fom o “hiodar Deterministic (DFDHA) m Vertical
1 mnoar .
| o 50th percentile 4.8 feet (1.46 meters) 1.0 foot (0.3 meter)
1 Van.

1

1

1

1

1

1

——— = N i . %wm‘: = auen g 84t percentile 14.2 feet (4.33 meters) 2.9 feet (0.9 meter)
y [ = ey, "o e

- LN N rrovviisiceronn) | doriowal | el |
1 1 ﬁ% PEAT1 /

[ ! . h7aall | 975 years (5% in 50 years) 5.9 feet (1.8 meters) 1.2 feet (0.4 meter)
I 1

: LRYS L : oo ‘ﬁ%"% 2475 years (2% in 50 years) 12.8 feet (3.9 meters) 2.6 feet (0.8 meter)
1 e o | L I

rle o oo/ wosss N\ ; :

P AR e e o SR JNE"EERN * Estimated Non-Tectonic Settlement

! oo 2 ! - o * Settlement rate 0.8-in/year

1

o e
] N ciai
] \_Quadratic -

-------------------- S ] Total 5 feet for 75 years

® Total displacement = Fault displacement + Settlement

Mitigation Strategy Project Scope

® Earthquake Resistant Ductile Iron Pipe (ERDIP) ® Replace approx. 1000 feet of 148-in diameter
* Absorbs large displacements & allows pipeline to steel and concrete pipe at fault crossing
remain intact ® Dual barrels of 104-in diameter ERDIP

® Over 50 years of experience in Japan ® Designed to withstand 13 feet horizontal and 3 feet
® Used in US and Canada since 2013 vertical fault displacement plus 5 feet ground subsidence

204 /1.45 104” ERDIP
| Pipe 0 Foo Parc

Collar 1225 104” ERDIP

o
nu:u:'{l;ma 5y
Siphon No.1

l Rotation (Bending) Spring ‘

moment M

Joint deflection <: || N —. i az.:éu_:.d_m.ax_ ....... .-

angle

6=0°
Elastic pipe TonT SPRNG
Rotation (Bending) Spring Segm\e‘nt " —

- e
Ka 7.10 X 10* (kN-m/deg) |
Ko 2.02 X 10° (kN-m/deg) .

Axial  Rotation

2 1.3(dee) L g spring

anounpseanes P9
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Joint behavior: Locking in tension Joint behavior: Rotation

_._._._._.—_.—_-.__._ 82_57=am;/.2_ ..... .
f, sasd 0=1.85°=9,,,/2
. 4 |
—
[

Axial/rotation joint capacity with
and without interaction [5-Type toint | .

Deformation Axial Def, d = iigaF . loint / 23;2:'25'}’.@
Capacity Envelope g ime center
(No Interaction) \ 0, dpa) : spring
(emax' dmax) m i i Pipe 1 —ENK Pipe 2
|
O/ 2|/ 2) = A
L Body Constraint Body Constraint

Ouma: 0 S Collar Joint Axial Nonlinear
@ Rotation, ) spri':f / z:lrallng

Deformation
CapacityEnvelope | | = —
(With Interaction) as = e L«;;mé:r

spring

Pipeline and Fault Interaction Modeling ERDIP Performance Testing

p—

® Optimization of the modeling using EPS
GeoFoam as backfill material

SAND BEDDING. TYP \

%7

GeoFoam’ | | ) “GeoFoam | GeoFoam~

N L D
< N R T

—
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Revised Rotation Spring Conclusions

S i ® The displacement hazard would cause large
—1st test result [Parallel shift] stresses in a conventional continuous pipeline.
——2nd test result o

[Revised rotation spring | ® ERDIP absorbs the displacement through axial
T j movement and rotation within the joints.

7Originalr rotation s;)rgg
D — * The pipeline system could be designed for large
[Besedonztest] displacement with a combination of S-type joints,
collar joints, and engineered backfill.

Bending moment (kN-m)

=
o
(=3
o

401kN-m

o

Questions?
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Local Supplies.
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Water Treatment
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0Ozone pisinfection

rage

shed Water Sto

Fini

Regulatory oversight
. Enforced by EPAand the california
Department of Public Health
. safe Drinking Water Act
- Enhanced Surface Water Treatment Rule
_ Disinfection By-Product Rule
_ Total Coliform Rule
- Lead and Copper Rule
.- g:en-n'hzzal and biological components
er 120 regulated components

North American
Plate

Regional Faults Relative To Diemer Plant

Regional Faults Relative To Diemer Plant

Legend
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Ozone Diffusion

e —
Ozone Generation

The contattor batiles
and small charnbers
ensure that the ozone
ives well wih the
water.

el e
e

g Diffusers
Multiple, evenly spaced diffusers distribute Ozone feed gas

the gt i the contoctoe chambers,

Lot

SR

e
e

Facts

= Unreacted ozone from the contacion converts.
ack i ot i e destruct Units

= A catalyst prometes this chemical reaction.

contains manganese.  Manimese el peles are wsed s a catalyst

dionide pellels > A heater warms the inlet gas fo preaent
contamination of the catalyst

Settiad Woter
1o Fillratian
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T Filter Control
Building

Filter
Basin

% Filter Control Bldg. — Top Level
* Sump Area — Lowest Level

Section B-B” of Caisson Wall
1217 Filter Qutlet Conduit - Diemer Plant

i Section A-A”of East Wash Water Tank
Diemer Plant
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Plan View of East Wash Water Tank - Diemer Plant

A

Shear Wall

| Eaist Wash
Tank

Diemer North Access Road

Diemer Nerth Access Roﬂd’
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