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PREFACE

In response to a request made by the Government of Islamic Republic of Iran, the Government
of Japan decided to conduct the Study on Water Supply System Resistant to Earthquakes Tehran
Municipality in the Islamic Republic of Iran and entrusted the study to the Japan International

Cooperation Agency (JICA).

JICA sent to Iran a study team headed by Mr. Koichi IWASAKI of Nihon Suido Consultants Co.,
Ltd. between May 2005 and November 2006. The study team was composed of members
from Nihon Suido Consultants Co., Ltd. and Tokyo Engineering Consultants Co., Ltd. JICA
also established an Advisory Committee headed by Mr. Haruo IWAHORI, Senior Advisor,
Institute for International Cooperation JICA, which, from time to time during the course of the

study, provided specialist advice on technical aspects of the study.

The team held discussions with the officials concerned of the Government of Islamic Republic
of Iran and conducted field surveys at the study area. Upon returning to Japan, the team

conducted further studies and prepared present report.

I hope that this report will contribute to the promotion of this project and to the enhancement of

friendly relationship between our two countries.

Finally, I wish to express my sincere appreciation to the officials concerned of the Government
of Islamic Republic of Iran, Tehran Provincial Water and Wastewater Company and Tehran

Water and Wastewater Company for their close cooperation extended to the team.

November, 2006

Ariyuki Matsumoto

Vice-President

Japan International Cooperation Agency



November, 2006
Mr. Ariyuki MATSUMOTO
Vice-President
Japan International Cooperation Agency

Letter of Transmittal
Dear Sir,

We are pleased to submit to you this Final Report on the Study on Water Supply System Resistant to
Earthquakes in Tehran Municipality in the Islamic Republic of Iran. This report incorporates the
views and suggestions of the authorities concerned of the Government of Japan, including your
Agency. It also includes the comments made on the Draft Final Report by TPWWC (Tehran
Provincial Water and Wastewater Company), TWWC (Tehran Water and Wastewater Company),
MPO (Management and Planning Organization) of the Government of the Islamic Republic of Iran
and other government agencies concerned of the Islamic Republic of Iran.

The Final Report comprises a total of three volumes as listed below.

Volume I : Executive Summary
Volume I1 : Main Report
Volume I11 : Appendix

This report contains the Study Team’s findings, conclusions and recommendations derived from the
three phases of the Study. The main objective of the Phase I was to conduct a reconnaissance
survey. That of Phase II was to perform damage estimation of the water supply system and to set
the target of earthquake resistant system, whilst that of the Phase III was to formulate an earthquake
resistant plan for Tehran water supply system.

We wish to take this opportunity to express our sincere gratitude to your Agency, the Ministry of
Foreign Affairs and the Ministry of Health, Labour and Welfare of the Government of Japan for their
valuable advice and suggestions. We would also like to express our deep appreciation to the
relevant officers of TPWWC, TWWC and MPO of the Government of the Islamic Republic of Iran
for their close cooperation and assistance extended to us throughout our Study.

Very truly yours,

Koichi IWASAKI, Team Leader

Study on Water Supply System Resistant
to Earthquakes in Tehran Municipality in
the Republic of Iran
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Cost ltems Short Term |Middle Term| Long Term | Total Cost
1]Construction Cost 3,628,600| 6,243,900/ 12,395,200| 22,267,700
Pipelines 0
Min. Occurrence 150,000 700,000/ 6,290,000{ 7,140,000
Min. Effect — — — —
Facility (Structure) 0
Min. Occurrence 992,800/ 1,609,900 744,200 3,346,900
Min. Eftect — — — —
Equipment 0
Min. Occurrence 171,800 — — 171,800
Min. Effect 286,000/ 1,336,000/ 2,431,000{ 4,053,000
Emergency Supply 2,028,000 2,598,000 2,930,000] 7,556,000
2|Administration ee (8 %) 290,288 499,512 991,616 1,781,416
3|Consultant Fee (10%) 362,860 624,390 1,239520f 2,226,770
4{Contingency (Approx.10% 362,252 624,198 1,237,664 2,224,114
5|Preliminary Project Cost 4,644,000/ 7,992,000/ 15,864,000 28,500,000
6|Annual Project Cost 1,548,000/ 1,998,000 3,172,800
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Alarm

Benefit Cost Ratio

Building and Housing Research Center
Cast Iron Pipe

Contingent Valuation Method

Integrated Distribution Management System
Department of Environment

Ductile Iron Pipe

Diagnosis Table for Seismic Capacity
Environmental Impact Assessment
Economic Internal Rate of Return
Environmental Protection High Council
Financial Internal Rate of Return
Geographic Information System
Government of Iran

Government of Islamic Republic of Iran
Government of Japan

Greater Teheran Gas Company

Initial Environmental Examination
International Institute of Earthquake Engineering & Seismology
Islamic Republic of Iran

Japan International Cooperation Agency
JICA Study Team

Japan Water Research Center

Japan Water Works Association

litter per capita per day

Ministry of Energy

Management & Planning Organization, Office of the President
Net Present Value

National Iranian Gas Company

nitrate nitrogen

Non Revenue Water

Operation and Maintenance
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OR Operating Ratio

PE Polyethylene Pipe

PGA Peak Ground Acceleration

PGD peak Ground Displacement

PGV Peak Ground Velocity

PML Probable Maximum Loss

PLC Programmable Logic Controller

Pos. Position

PR Public Relations

PVC Polyvinyl Chloride Pipe

PWUT Power and Water University of Technology

RCS Red Crescent Society of Islamic Republic of Iran

Res. Distribution Reservoir

RTU Remote Terminal Unit

RTWO Regional Tehran Water Organization

SCADA Supervisory Control and Data Acquisition

SCF Standard Conversion Factor

Sel. Select

SERF Shadow Exchange Rate Factor

SP Steel Pipe

Sw. Switch

SWC Staff per Thousand Water Connections

SWR Shadow Wage Rate

TDMO Tehran Disaster Management Organization

the Study the Study on Water Supply System Resistant to Earthquakes in Tehran
Municipality in the Islamic Republic of Iran

TPWWC Tehran Provincial Water and Wastewater Company

TWWC Tehran Water and Wastewater Company

UBC Uniformed Building Code

UFW Unaccounted-for Water

UPS Uninterrupted Power Supply

WHO World Health Organization

WTP Water Treatment Plant

WtP Willingness to Pay
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Fiscal Year 2004 2005 2006
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Month Feb [ Mar | Apr [ May/ Jun | Jul | Aug| Sep | Oct [ Nov | Dec]| Jan | Feb | Mar | Apr [ May| Jun | Jul | Aug| Sep | Oct | Nov
;

Implementation Schedule f.'.'. .y oo

I Stage-1 Site Survey Stage-Z Site SUNvey Stage-3 Site Survey | I

A A A ] Al A
Inception Report Progress Report Interim Report Draft Final Report |Final

Report

[Reconnaissance Survey

Collection & Analysis of Data/Information

Review of the Existing Water Demand Estimation

Site Survey of Water Supply Facilities
Preparation of GIS Database of Pipe Network

Ground Motion Analysis
- Review of the Existing Ground Motion
- Execution of Seismic Ground Motion Analysis ) e

Seismic Diaanosis for Facility and Equipment
- Selection of Seismic Diagnosis Method
- Basic Diagnosis for Sturucture and Equipment

Social and Environmental Consideration
- Initial Environmental Evaluation
- Environmental Impact Assesment T

Reduction of Non Revenue Water
- Suagestions for Reduction of NRW | — )
- Suggestions for Leakage Surevey

Advisory Service for Public Relation
- Suagestions for Public Relation Activities
-_Suggestions for Water Museum Establishment

Damage Estimation for Water Supply Facilities
Execution of Damage Estimation for Pipelines
Detailed Diagnosis for Sturucture and Equipment
Estimation of Damaqe Level for Whole System

[Target Setting for Eagthquake Resistant Plan
Consideration of Countermeasures for Tehran Water

Identification of Candidate Countermeasures

Selection of Appropriate Countermeasures
Preparation of Earthquake Resistant Plan

Earthquake Resistant Plan for Facility Structure

Allocation of Earthquake Resistant Trunk Mains

Development of Distribution Network Plan

Allocation of Emergency Water Supply Bases
Emergency Response and Restoration Action Plan
Preparation of Implementation Program

Selection of Priority Project

Preliminary Cost Estimate

Preliminary Financial Planning

Preparation of Implementation Program
Evaluation of the Proaram

Socio-economic Evaluation

Technical Evaluation

Financial Evaluation

Environmental Evaluation

orts E
W Workin Iran 17 Workin Japan
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Service Index Values
Served Population 7,019,600
Day Maximum Supply 3,173,495m3/d
Per Capita Supply 360 Ipcd
Per Capita Consumption 274 Ipcd
NRW Ratio 23.67 %

Note: Values in 2004
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Population | Day Max. Supply Remarks
1| 9,250,000| 3,270,000 m3/d Local Consultants
2 | 10,720,000 | 3,380,000 m3/d | JICA Preparatory Team
3| 8,292,000 | 2,990,000 m3/d Low Side Forecast
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Name of Dam Year of Type of Dam Effective Transmission destination
Completion Capacity
Karaj Dam 1961 Double Curvature 195 M m3 | Water Treatment Plants No. 1 and No.2
concrete arch
Latiyan Dam 1967 Concrete Buttress 85 M m3 Water Treatment Plants No. 3 and 4
Lar Dam 1980 Earthfill with Clay Core | 860 M m3 Water Treatment Plant No. 5
Taleghan Dam 2005 Earthfill with Clay Core | 329 M m3 Water Treatment Plants No.1 & 2
(Emergency Use)
Mamloo Dam | Under Earthfill with Clay Core | 250 M m3 Water Treatment Plant No.7 (Planned)
consturuction
o ga sl AR aiial ) Alad 2-3-2 Jsaa
No. of Plant 1 2 3 4 5 Total
Name of Plant Jalaliyeh Kan Tehranpars Panjom
Year in Operation 1955 1963&1970 1968 1984 2003
Maximum Capacity 3.0 9.0 4.5 4.5 9.0 30.0
Nominal Capacity 2.7 8.0 4.0 4.0 75 26.2
Elevation NCC 1257m 1343m 1515m 1686m
Note: Unit of the capacity is m%/sec.
s OB A J a8 2-3-3 J s
R ir and Similar Tank Distribution| Reservoir/ | Contact | Elevated | Clear Water Break Booster |
eservoirand simuiar fan Reservoir | Contact Tank| Tank Tank Tank  |Pressure Tank| Station Tota
Existing| Number |in use 56 2 6 5 1 4 74
not used 5 3 1 9
Capacity |in use 1,858,300 40,000| 98,700 950, 141,000 2,400 —(2,141,350
not used 111,800 3,000 2,500 117,300
Future | Number |Planned 17 1 18
d 1 1
Capacity | Planned 193,000 500 193,500
d — 0
Retention Time (hr) of Existing Reservoirs & Tanks
Average Supply in 2004 17.7 20.4
Maximum Supply in 2004| 14.1 16.2

O gl ol sl b sha S aan 2-3-4 Jsoa

Pipeline Category Length (m)
Transmission Main 399,346
Distribution Trunk Main 768,179
Distribution Sub Main 6,385,927
Total Length (m) 7,553,452
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No Title of the Report Abbreviation
1 | The Study on Seismic Microzonation of the Greater | Seismic Microzonation
Tehran Area in the Islamic Republic of Iran Study

2 | A Study on Seismic Risk, Impact by Service Interruption | TAKADA’s Study
and Earthquake Preparedness on Tehran Water Supply
System

3 | Comprehensive Master Plan Study on Urban Seismic | JICA Master Plan Study
Disaster Prevention and Management for the Greater
Tehran area in the Islamic Republic of Iran

4 | Research Project for Strengthening and Control of Tehran | Gas Research Project
Gas Network Against Earthquake

5 | A Study on Strengthening of Water Supply System of | Pars Consult Study
Tehran
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No

Title of
Report

Client/
Author

Published

Outline of the Study

Seismic
Microzonation
Study

JICA
TDMO

November,
2000

The study was carried out to compile seismic
microzonation maps which can serve as a basis for the
preparation of a regional and urban seismic disaster
prevention plan of the Greater Tehran Area. This study
was based on the results of earthquake ground motion
analysis and damage estimation for infrastructure and
lifeline systems including water supply facilities.

TAKADA'’s
Study

TPWWC
Takada
S., etal.

March,
2000

The study was carried out for the water supply system in
Tehran

a) to evaluate earthquake ground motion, vulnerability of
the water supply facilities and effects of water supply
shut down, and b) to discuss strategies for rehabilitation
and reconstruction of the water supply facilities based on
the damage estimation through seismic ground motion
analysis of the water transmission and distribution
network.

Gas Research
Project

NIGC &
GTGC

March,
2004

The research project was carried out to assess the
earthquake-proofing performance of the gas network
systems in Tehran and to propose earthquake prevention
measures, because gas supply system is exposed to such
danger potentialities as gas emission, explosion, fire, in
case the gas supply system suffers immediate and serious
damage in an earthquake.

JICA Master
Plan Study

JICA
TDMO

March,
2005

The study was to formulate the comprehensive master
plan for urban seismic disaster prevention in the Greater
Tehran Area against heavy earthquake based upon the
results of the microzonation study mentioned in the
above item (1).

Pars Consult
Study

TPWWC

October,
2004

The study was performed to review, evaluate, and assess
the followings

for the water supply system in Tehran

a) to review the existing study of geology and
seismology, b) to evaluate earthquake ground motion,
C) to assess the vulnerability of the water supply facilities
during earthquake, and d) to discuss seismic disaster
management as for the water supply system
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Scenario Earthquakes

A 4

Modes of Seismic Load

GIS Database of Ground
Condition (Existing GIS D/B)

- Strong Ground Motion
- Surface Fault Dislocation

- Geological Condition

- Topographical Condition
- Active Faults

- Ground/Soil Condition

- Ground Water Condition

GIS Database of Water Supply
Facility (Newly Developed)

Y

Damage Estimation/GIS Output

- Main Transmission Pipeline
- Distribution Trunk Main

- Distribution Network

- Water Treatment Plant

- Pump Station, Reservoir, etc.

Pipelines:
- Damage Function by JWWA
- Response Deformation Method
Facilities & Equipment
+ Preliminary & Detailed Diagnosis|
- Diagnostic Table

for Seismic Capacity
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Fault Mosha North Tehran North | South Parchin | Kahrizak
Parameter Ray Ray
Length (km) 20 80 | 40 28 17 17 73 50
Width (km) 20 20 | 22 22 9 9 28 20
Moment magnitude (Mw) | 7.1 73 | 7.2 7.2 6.5 6.6 7.2 6.9
Small moment magnitude | 53 | 53 | 53 | 53 | 5 5 5.3 5.2
(Mw)
Dislocation (m) 125 | 158 | 141 | 158 | 0.63 0.7 1.41 0.99
Rise time t(sec) 125 | 158 (216 | 216 | 121 1.85 6.76 4.63
Shear wave velocity | 55 | 35 | 35 | 35 | 3 3 35 35
(km/sec)
Mass density (tf/m3) 2.8 28 | 2.8 2.8 2.8 2.8 2.8 2.8
Strike angle (degree)
(clockwise from north | 282 | 298 | 270 | 260 266 257 250 260
at western edge)
Slip angle (degree) 90 90 90 90 90 90 90 90
Dip angle (degree) 75 75 75 75 75 75 75 75
Number of synthesis 8 10 8 8 5 6 9 7
Depth of upper edge (km) 5 5 5 5 5 5 5 5
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Analysis [tems Unit North South North Mosha Historical
Tehran Ray Ray

Max PGV Cm/sec? 746 286 343 262 221
Max PGA Cm/sec 76.0 56.5 52.3 17.7 19.8
Max PGD cm 4.8 5.0 5.8 0.8

Max Horizontal cm 48.8 6.7 5.8 13.0

Dislocation

Max Vertical cm 75.9 12.0 14.1 6.2

Dislocation
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4.2 Damage estimations

Risk Factor Analysis
To define the risks
- Site survey — List of Risks
- Japanese experience
Manual for - Irarlan Brainstorming
Seismic 4 L
Diaanosis Risk Assessment
To estimate the damage —
- Japanese DTSC 5% - Damage Estimation on
(based on major 14 risks) Scenario Earthquake
- Structural analvsis

2¢DTSC: Diagnostic Table of Seismic Capacity

3. Risk Control
6.3 Earthquake Resistant Plan
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Supply | Production | Ajusted Case-1 Case-2 Case-3 Case-4
Plant No.1 232,600 232,600 0 232,600 232,600 232,600
Plant No.2 769,000 787,026 787,026 0 787,026 787,026
Plant No.3 391,200 401,200 401,200 401,200 0 401,200
Plant No.4 387,700 397,700 397,700 397,700 0 397,700
Plant No.5 279,900 279,900 279,900 279,900 279,900 0
Subtotal 2,060,400 | 2,098,426 | 1,865,826 | 1,311,400 | 1,299,526 | 1,818,526
Ratio(%b) 98.2 100 88.9 62.5 61.9 86.7
Groundwater 1,074,570 | 1,074,570 | 1,074,570 | 1,074,570 | 1,074,570 | 1,074,570
Total 3,172,996 3,134,970 | 3,172,996 | 2,940,396 | 2,385,970 | 2,374,096 | 2,893,096
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Cases Maximum Change in Operation ‘ Realistic Change in Operation
Interruption of treatment plant operation
Casel Plant No.linterruption doesn’t affect much | Transmission to some reservoirs becomes

because water transmission from No.2 and | insufficient comparing with the left.
No.3-4 is possible.
Case2 As plant No.2 has bigger production capacity | More than 10 reservoirs with insufficient
and located in higher land than No.1, complete | inflow in addition to several reservoirs with
coverage by other plants could not be made. | no inflow would appear.
Several reservoirs with no inflow and others | Interruption of plant No.2 operation widely
with insufficient inflow would appear. affects citizen’s water use.
Case3 As capacity of plant No3&4 is also large, | Several reservoirs with no inflow and others
neighboring several reservoirs with no inflow | with insufficient inflow would appear.
would appear. Other areas could almost be | Effective measures including water supply
covered by plants No.2 and No.5. by tankers are necessary.
Cased No.5 plant interruption doesn’t affect much | Transmission to some reservoirs becomes
because water transmission from No.3-4 plant | insufficient.
is possible at present.
Damage of water Transmission Mains
Caseb In case of Damage of a twin 1,850mm concrete | Several reservoirs connecting from the main
pipelines from plant No.2, several reservoirs | with no inflow and more than 10 reservoirs
connecting from the main would be empty and | with insufficient inflow would appear.
inflow of several others becomes insufficient. These pipelines are very important, and
reinforcement should be made.
Caseb This 1,350mm pipeline is located downstream | Transmission to several reservoirs becomes
of case 5 pipelines, and damage is limited to | insufficient, but conditions are not much
the south east area of the city. Transmission to | different comparing with the left.
some reservoirs becomes insufficient.
Case7 This is a combination of case5 and case6. As | More than 15 reservoirs with insufficient
pipe size is far bigger and the pipe is located | transmission flow will appear. These
upstream, influence of this case is similar to | pipelines are very important, and

case 5. reinforcement should be made.
Interruption of pump station
Case8 Pump station No.14 is large. But, service area | Damage influence would be larger than the

by this station could be covered through pump | left case. But, number of reservoirs
station No.21 transmitted from plant No3&4. | influenced remains in some locations.
Influence of the station is small.
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Summary of Key Features | Basic Concept for Target Setting

* There are several dams, raw water transmission mains and | Raw Water Intake | A

* It is important to secure water in earthquake disasters by | Distribution Reservoir | V
installation of emergency shut-off valve or by other means.

=2

A
water treatment plants and their risk is already dispersed. E
* Construction of No.6 and No.7 plants improve stability ﬂ E
against an earthquake greatly. | Raw Water Main | E
* Among them, several facilities go across or are located E
near active faults. It is not easy to strengthen them ﬂ E
against an earthquake completely. | Water Treatment Plants | E
* Clear water should be conveyed from east to west or v.v.
by combination of transmission mains and pump stations. ﬂ
* Deteriorated transmission mains should be strengthened or |Water Transmission Mainl
replaced with earthquake resistant pipelines.
é

* |t is necessary to complete hydraulically isolated | Distribution Trunk Main |
distribution zones for better water supply management. ﬂ

* |t is necessary to construct emergency water tanks in Distribution Sub Main
strategic locations. Service Connection

* Repair men of large diameter pipelines should be more 1l

gualified and increase in number.
* Since roads are always congested, it is difficult to convey ||Emergency Water Supply
water to distant areas by tankers in case of earthquake.
* Restricted water use should be ended within one month Emergency Restoration
according to the experience in Japan.

Improvement of Flexibility for minimization of Damage Effect
Reinforcement of Facilities for Minimum Damage Occurrence

Manage by Emergency Water Supply and Restration

-

* It is necessary to lower use of groundwater during normal I
conditions for the optimal use in earthquake disasters. | Deep Well |
* Emergency back up system for well pumps should be
provided in earthquake disasters.

Note: «<—> Principal countermeasure, <------- » Secondary measure
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Category of Aseismicity

Principal Measures

Object Facilities

Minimization of Damage | Reinforcement of Each | Transmission Main
Occurrence Facility Distribution Trunk Main
Minimization of Damage | Improvement of System [ Raw Water Main

Effect Flexibility Water Treatment Plant

Transmission Main
Distribution Reservoir

Preparedness for Emergency
(Before Earthquake)

Securing emergency Water

Securing Reservoir Water
Preparation of Emergency Water
Supply Bases

Emergency Countermeasure
(After Earthquake)

Emergency Supply and
Restoration

Distribution Network
Service Connection

G gl k) (aali i 5-3-2 Jgaa

Days after | Supply Access
earthquake | amount Water use purposes to water Supply measures
Day Lpcd M
- Drinking: - Water Tank
Up to 3day 3 keeping human life 1,000 | _ Water Tanker
i %;Inelimg’ - Water Tank
4d to 2week 20 - Face washina: 250 - Temporary taps connected to
minimum ?Jléily life distribution mains
i %’;Pel;mg -Temporary taps
2wto 3week | 100 | _pgoihin 100 connected to distribution
) Cookingg sub-mains
. -House connections
Appiovi(/ggstely 23500_ -Normal daily life 10 from temporary service pipes
- Public taps
bl s il G 5-3-3 Jsa
Category Number of Damage | Target Period
Trunk Main 70 0.5 Month
Sub-main 700 1.0 Month
Service Connection 3,850
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Before Earthquake

6.1.1 Minimization of Damage
Occurrence for Each Facility

__|Earthquake
Resistant System

g

Earthquake
Resistant Plan

After Earthquake

6.1.2 Minimization of Damage
Effect for Water Supply System

6.1.3 Strengthening of
Emergency Water Supply

Emergency
Countermeasures

i

6.1.4 Acceleration of Damage

Restoration
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4.2 Damage estimations

Risk Factor Analysis
To define the risks

- Site survey — List of Risks
- Japanese experience

Manual for - lIranian Brainstormina
Seismic JL
Diaanosis Risk Assessment
To estimate the damage
- Japanese DTSC - Damage Estimation on
(based on major 14 risks) Scenario Earthquake

- Structural analvsis
DTSC: Diagnostic Table of Seismic Capacity

6.3 Earthquake Resistant Plan

- Design Based Earthquake
Resistance Map on Code 2800
- Taraet Facilities

\%
Risk Control
to plan the measures Earthquake-resistant Plan
to control risks. - List of Earthquake-resistant
- Actual example countermeasures against Risks
/common measure - Outline Drawing
_ Ctriirtiiral analucice
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Table 6.3.1 Risk Control Chart (check sheet of measures)

Risk Check of the Countermeasures
S-1 Risk on Ground conditions

S-1-1-1 Fault shifts causes great damage |S-1-1-1-b Back up by other function

to structures and subsequently accidents |Reservoir No.11, 14, 20, 26, 75, 77, 82, Chlorine house, chemical
resulting in injury or death house and Pulsator at WTP No.5, Pulsator and Filter at WTP No.4,
Reservoir N0.71,95,97 at WTP No.3&4

S-1-1-4-f Construction of defensive wall on building

S-1-1-4 A cliff collapses and damages Bileghan Shelter

the building.




S-2 Risk on Structural members

S-2-1-1 Column collapses, and beam
and roof deform or fall.

S-2-1-1-b Frame reinforcement by RC shear wall

Generator house at WTP No.1, Generator house at WTP No.2,
Pumping houses No.1, 2,

15, 16, 17, 19, 20, 22, 24, 36,40, 52, 57, 58, 73,

27,28, 38
I ——| [1] M
i Tl ) i
& Shear WN &
il [ :l
1} [} L=

Arrangement of shear wall

S-2-1-2 Crack occurs at the tank, causes
water leakage
and water is contaminated.

S-2-1-2-a Reinforcement of partial member

Pulsator on WTP No.2

Oldest Reservoir No.1, 2, 3,4, 5, 6

Old Reservoir No.9, 10, 11, 13, 15, 16, 20, 23, 25, 29, 30, 32
(These are target facilities, but further soil survey is required)

Proposed Additional

External Wall RESERVOIR

Excavation Slope

Section of wall reinforcement

S-2-1-3 When whole structure deforms,
a deformation becomes the maximum
by Expansion Joint, so water stop is cut
and water leaks.

S-2-1-3-b Abolishment of the effectiveness of Expansion Joint and
unification of a part of structure
Filer at WTP No.4

S-2-2-1 As the structure is complicated,
when structural model is not optimal,
the inestimable force acts, which causes
the increase of load on some members,
and deformation.

S-2-2-1-b Fixation of Breezeway
'WTP No.4 chemical house

S-2-3-1 When there is large degradation
which the bar has exposed, as the
structural function is lost and earthquake
resistance cannot be expected, buckling,
deformation, crack, leakage of water,
etc. occur.

S-2-3-1-a Repair (Refurbishment)
Reservoir No.6, 66

esin mortar finishing

Sl

keiling

Haunch

RESERVOIR

Clolumn

Section of Repair




S-3 Risk on Non-structural members

S-3-1-1 The trough of Pulsator gets
separated or breaks down and water
quality deteriorates.

S-3-1-1-b Stopper
Pulsator’s trough in WTP No.2 is reinforced together with the wall

S-3-2-1 The brick wall collapses and
causes an accident resulting in injury or
death, or equipment is damaged.

S-3-2-1-a Reinforcement of brick wall
Building of WTP, Pump House and Emergency Post

{@l
ReinfoZme%‘ﬁel Plate

Room

.-Window/Door_ r

Reinforcement at Corner of Masonry House (plan)

Reinforcement of brick wall

Brick Wall

Fixation of Brick Wall

S-3-3-1 Windowpane breaks because of
caulking material degradation which can
cause an accident resulting in injury or
death.

S-3-3-1-a Replacement with the degraded window and frame.
(common countermeasure)

S-3-3-1-b  Shatter-resistant film should be pasted on windowpane
(common countermeasure)

S-3-3 -2 Broken door prevents a man to
escape

S-3-3 —2-a Replacement with the degraded door and frame. (common
countermeasure)

S-3-4-1 The outer Marble Veneer falls,
which causes an accident resulting in
injury or death.

S-3-4 -1-a Fixation with anchor bolt
The outer Marble Veneer of chlorine house of WTP No.5

S-3-7-1 A man may fall over handrail
resulting in injury or death.

S-2-7-1-a Fixation of handrail post (common countermeasure)
S-2-7-1-b Replacement of the high handrail (common
countermeasure)

E-1 Risk on Main Equipments

E-1-1-1 Overturn of surge tank leads to
failure of pumping.

E-1-1-1-a Fixation with foundation bolt
E-1-1-1-b Installation of additional support
Pump station No.2, 22, 96

Before and after of measure

E-1-1-2 Gas leakage from chlorine
cylinder causes an accident resulting in
injury or death.

E-1-1-2-a Installation of stable pedestal
Bileghan, WTP No.1 to No.3, and Stations No. 1, 2, 13, 14, 15, 16,
17, 19, 20, 21, 22, 24, 25, 26, 40, 52, 56, 57, 58, 65, 68, 73, 114

[} [} O

Stable pedestal

E-1-1-2-b Installation of neutralization equipment and emergency
shutoff valve

Bileghan Intake, WTP No.1 to 5, Stations No.52, 73, 4, 5, 7, 13, 19,
21, 31, 36, 40, 65, 66, 68, 69, 89, Southern Tarasht,

Said Abad




E-1-1-3 Overturn or sideslip of
transformer causes failure of the water
supply and fire.

E-1-1-3-a Fixation with foundation bolt in addition to stopper
/All transformers

E-1-1-4 Overturn of electrical panel
causes operating failure of the water

supply.

E-1-1-4-a Fixation with foundation bolt

pump station No.8, 12, 13, 27, 28, 32, 34, 36, 37, 38, 43, 59, 65, 66,
68, 69, 71, 72, 74, 75, 80, 81, 90, 91, 93, 95, 96, 101, 102, 105, Well
Pump

E-1-1-4-b Reinforcing of stage

Reinforcement of steel stage at Pump station No.72, would include
the countermeasure of fixation of panel.

E-1-2-1 Damage to pipe causes leakage
of water, failure of water supply, and
failure of emergency water supply.

E-1-2-1-a Installation of flexible pipe
\WTP No.1 to No.5, Bileghan Intake
E-1-2-1-b Installation of emergency shut-off valve at outlet of
reservoir

All Reservoir (Section 6.1)

E-1-2-3 Leakage of fuel for emergency
generator causes secondary disaster like
fire

E-1-2-3-a Construction of anti-flowout fence
Generator in Bileghan Intake
GeneratorWTP No.1 to No.5

Fuel tank (existing)
@ 7
= -
Gl Anti-flowout Fence
e
PLAN SECTION

Anti-flowout fence

E-1-2-4 Toppling of electric post causes
power failure.

E-1-2-4-a Installation of stay.
Reservoir No.22

E-1-3-1 (Blackout ) Failure of water
supply, or deterioration of water quality

E-1-3-1-b Duplicate Incoming Cable
Pump Station No.16, 52, 68, 114

E-2 Risk on Sub Equipments

E-2-1-1 Overturn or sideslip of battery
causes failure in operation of radio
equipment, monitoring equipment,
display lamp of electrical panel, and
operation of circuit breaker

E-2-1-1-a Fixation with foundation bolt
'WTP No.1 to No.5

Pump Stations No.1, 2, 13, 14, 15, 16, 17, 19, 20, 21, 22, 24, 25, 26,
40, 52, 56, 57, 58, 65, 68, 73, 114

E-2-2-1 Overturn of UPS causes
operating failure of monitoring
equipment until emergency generator
starts when blackout takes place.

E-2-2-1-a Fixation with foundation bolt
WTP No.1to No.5

P-1 Risk on Connecting piping

P-1-1-1 Piping gets separated from the
tank which leads to water leakage, so
emergency water supply becomes
impossible.

P-1-1-1-a Installation of flexible joint (at least one line)
Section 6.2
P-1-1-1-b Installation of back-up pipe with flexible joint

Section 6.2
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Inlet Outlet

Safety Valve
(For Pressure Release)

112" Manhole
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Number
Type of supply points Short-term Iowg;(-jtf;m Total
1 | Existing reservoir (Outlet arrangement ) 30 18 48
2 | Existing reservoir (Emergency shut-off valve) 0 3 3
3 | Gravity transmission (Southern Ring Main & Engelab St.) 11 7 18
4 | Deep well (owned by TWWC) 0 27 27
5 | Deep well (in Park) 22 37 59
6 | Emergency water tank 32 169 201
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Content considered by restoration simulation

Content that can be considered

Item

Before measures

After measures

outside of restoration simulation

a

Power plant

Off the subject

Off the subject

The power plant stops for about
one week because of the influence
due to the earthquake.

Installation of

For about one week immediately
after the earthquake (Period that

For about three days immediately
after the earthquake(Because the

transmission main

b) disaster requires it to establish the first first moving system is maintained,
headquarters X s
moving system) the period is shortened.)
c) Well It is possible to use it. It is possible to use it.
R t . . Water treat t plant in the d -
d) [aw warer Off the subject Off the subject ater treatment plant in the down

stream stops for a certain period.

<

e) Water treatment plant

Off the subject

Off the subject

The targeted Water treatment plant
stops for a certain period.

£

Transmission main

In each water supply system,
reserv—oir in the downstream of the
damage part is assumed to be
interrupted the water supply.

It is thought that an earthquake—
proof pipe doesn't cause damage.

Distribution trunk
main

g

Every the reservoir zone and distri—
bution trunk main damage rate are
assumed.

It is thought that an earthquake—
proof pipe doesn't cause damage.

Distribution sub main
Serivce connection

h

<

Every the reservoir zone and distri—
bution sub main damage rate are
assumed.

It is thought that an earthquake—
proof pipe doesn't cause damage.

R
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Type of pipe Manager Number Grounds
Transmission main TWWC 3 teams | System of recovery of transmission main
head office One team is composed of 12 persons
Distribution trunk-main Water 18 teams | 6districts X 3 post
Districts One team is composed of 12 persons
Distribution Sub-main Water 54 teams | 6 districts X 3 post X 3team
Districts One team is composed of 12 persons
Service connection Water 108 groups | 6 districts X 3 post X 3team X 2group
Districts One team is composed of 3-4 persons
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Type of pipe Diameter of pipe Required period for restoration
Transmission main X= ¢ 600mm 0.33 Part/day/team
¢ 600mm>X= ¢ 300mm 0.5 Part/day/team
Distribution trunk main X= ¢ 300mm 0.5 Part/day/team
Distribution Sub main X < ¢ 300mm 1.0 Part/day/team

Service connection

2.0 Part/day/team
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CASE-1 Without Any Countermeasures

CASE-2 When transmission main is earthquake-proof

CASE-3 When transmission main is earthquake-proof and the number of restoration team is increased.

CASE-4 When transmission mains are earthquake-proof and active fault measures are adopted in
distribution trunk mains

CASE-5 When transmission mains are earthquake-proof and active fault measures are adopted in
distribution trunk mains and distribution sub mains.
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the water supply interrupted population required days
No Initial Initial rate total for restoration
(1000 person) (%) (1000 person) (day)

CASE-1 3,995 57.6 125,770 82
CASE-2 1,739 250 64,483 73
CASE-3 1,739 250 29,728 30
CASE-4 1,640 23.6 48,382 65
CASE-5 1,591 229 45,015 60

¥ lnitial rate=initial water supply interrupted population +6,938,734 people (Information of Iran Statistics data) x100
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District Office 6

OV s GLald 5l S 5 )3 Ol ey Sy e JALL 7-2-1 g8

Sl

ol 2lad (S (i | 258 Gl g U 51 QLS IS (el 523 8 Gadidia o jld 8 Calda 5 4S Cad (5 )5 e
Y edee 23 258 U8 (5 ) yhasdal (sleallad J S £ 5 58 ) A13N 5 g 85 5 G S (o Al el el b
) oak Cas yed ) o3 Add) sledlad

O S e ol (s ALl JSis

Sl s 53 Ol mhans J IS 5 e Ual (55l gan

Ly e sl b (Kialaa / Ll )

e sad sl S8 58 L gl e ) S glalas

s bl (s il g 5 50

S ppant IS 5 (b i llee 558 5 Lehiglsl ol 3 (58 aaenai b (sl b 7ok 4

*

*

*

*

*

*

Ol e Bl 5 ol S 58 ) all (e 558 5l sl (lellad (38a3 50 aluss el G GUSHIS @ s ol e
stuﬁ;\dM‘QUSJLS)}\b;QJ),\&)\_};\ ALMQUSJSQJ&CA;L;\)}(QY Gl e 4S 2 gl e ol A 5
Rsd e a6 QUK ) Al S ) ) aa el sl n) sl i L aled sl dgillaaly 5 S e o GUS IS s yed

Al S GUS IS o) o adlaie lar 50 i pla (28 (8 6 Sl Jb el 5248 U IS () o ald o lal gaggd *
ey (5 )5 e a5l SIS 4 plaial

R L s e 4y ol dilaie (800 35 53 IS 4y Cilh g 4S (5 a4 Ol yand IS IS Calla g i *

A sulS GUS IS cpb 315 5 aea a3 55 50 Sl Cie e Ciga 4 (28 S IS () 0 Sl ) 5 5 (el *

28 )8 23 (3 sle 28 4y 03 5a1 (55l gen e Dlal 4 ) lala Jae o s ) 5 50 Al 2

Do (e dua g LI Ga g plada 5 GUS IS (6 LS jlee d e ) n sl e sla ) sl



(5 sl (s b BT ) 50 sl (el ) SaS (2)

O 80 (sl (e Jlas Ol 1y 0 g e Sl g ol S 54y S sl g3 50 (sl el sl 5 7-2-2 IS
R

TN

Ministry of Interior
]

\ A
[} - \ A 4
D)
|| Force " > + + +
I Red ! Other Other Other
: Crescent le— Province Province Province

Request for
Assistance

ASSIST

Private
Companies Note: Mutual Agreements for Assistance
are REQUIRED even though
and TDMO arrange the assists.

ASSIST
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Supply from Primary Bases, Other Bases and
Temporary Tap connected to Distribution Pipe

Supply from Primary Bases

- -
5 ~
Transmission Pipeline @
WTP Transmission Pipeline

WTP

- ~

N\
/

sl

[)

[%2]

(0]

2

9.

s

\

t—_—_—— e —— T
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Other Bases (set up in a phased manner as time goes by after disaster)
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System No.1 (Jalaliyeh) No.2 (Kan) No0.3&4 (Tehranpars) No.5 (Panjom)
Water Source Main Dam Karaj Dam Karaj Dam Latiyan Dam Lar Dam
Tareghan Dam (Sapplemental Source of Karaj Dam)

Raw Water Type and D1,000mm x L73km x 2sets D2,000mm x 67km x 2sets D2,700mm x L9km +D3,000 D3,600mm x 11.3km + d2,000
Main Dimensions Steel Pipelines Reinforced Concrete Pines x L20km Tunnel X L7.2km x 2sets

Fault Crossing 1 point near Bileghan 8 points between Bileghan and |2 poins between Dam and WTP

WTP No.2 No.2

Scenario Fault North Tehran Fault North Tehran Fault North Tehran/Mosha North Tehran/Mosha

Fault Dislocation |40 - 50cm 30 - 40cm 30 - 40cm
WTP Capacity 2.7m°/day 8.0m°/day 8.0m°/day 7.5m°/day

Fault Location remote from fault remote from fault on the fault on the fault

Fragility of the
System

For Scenario
Earthquake: Pipes

Damage estimation of raw water

mains was not executed, because

that raw water mains and raw water tunnels would be damaged by

they are located out of the study area. However, it is considered

fault dislocation.

WTP

Not much damage on whole
WTP

Not much damage on whole
WTP

WTP would be damaged by fault dislocation

For Historical
Earthquake: Pipes

Damage estimation of raw water

mains was not executed, because

they are located out of the study area.

Code 2800: WTP

Damages on some parts of
facilities and equipment

Damages on some parts of
facilities and equipment

Damages on some parts of
facilities and equipment

Damages on some parts of
facilities and equipment

Possibility of
Reinforcement
or Mitigation

Coverage by Other
WTP or
Transmission Main
When Interrupted

Water transmission from WTP
No.2 and N0.3&4 could almost
cover WTP No.1 area.

Several zones around WTP
No.2 would suffer water
shortage, bacause of its capacity
and higher elevation

Several zones around WTP
No.3 &4 would suffer water
shortage, bacause of its large
capacity and insufficien
transmission capacity of No.5 to

Water transmission from WTP
No0.3&4 and No.2 could almost
cover No.5 area. Because No0.3
&4 supplied No.5 area until
recent years.

Possibility of Prior
Reinforcement

Not much difficult because of
only one fault crossing and
moderate pipe diameter

Difficult because of big
diameter pipelines and many
fault locations

Difficult of reinforcement for
both of tunnel and WTP

Difficult of reinforcement for
both of tunnel and WTP

Other Measures for
Mitigation

Not necessary

Possibility of transmission of
Tareghan water, WTP No.5 and
future WTP No.6 water

Large scale water transmission
from WTP No.5.
Interconnection of No.3 and 4

Interconnection of No.5 and
future WTP No.6

Measures to be
Adopted for
Raw Water

Main and
WTP

For Scenario
Earthquake: Pipes

Necessary to study in detail of
reinforcement at fault crossing

Necessary to study above measures especially for minimization or

mitigation of damage effects

WTP

No measure at present other
than coverage by others.

Cover by others and emergency
wate supply by tankers.

Cover by others and emergency
wate supply by tankers.

No measure at present other
than coverage by others.

For Historical
Earthquake: Pipes

Same study as for scenario earthquakes is considered necessary.

Code 2800: WTP

Parts or members of facility stuructures and equipment should be reinforced

rn
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Facilities and Their Conditions Numbers| Description and Inclusion in the Project
1) Clear Water Transmission Main Target | Reinforcement for minimization of damage

General
Dimensions
Number of fault crossing
Connection to structures

39
150

Diameter: 2000-150mm, Length: 399km
Twin pipes are counted as one pipeline

Damage by scenario earthquake
Fault crossing
Connection to structures
Damage by scenario earthquake
Fault crossing

60%
20%

40%

Reliability smaller than 70% (R<70%)
To be implemented in the project

To be implemented in the project
R>70%

To be implemented in future stage

Connection to structures 80%| Included: larger reliability but cheap/easy implementation
2) Distribution Trunk Main Target | Basically treated by emergency countermeasures
General
Dimensions Diameter: 1600-300mm, Length: 768km
Number of fault crossing 95
Connection to structure 190
Damage by scenario earthquake R<70%
Fault crossing 30%]| To be implemented in the project considering high priorityj

Connection to structures
Damage by scenario earthquake

Fault crossing

Connection to structures

20%

70%
80%

To be implemented in the project considering high priority,
R<70%

To be implemented in future stage

To be implemented in future stage

3) Distribution Sub Main Target | Treated by emergency water supply and restoration
General
Dimensions Diameter: 250-50mm, Length: 6385km
Number of fault crossing 552
Damage by scenario earthquake 868| Not included in the project
4) Distribution Reservoirs Target | Minimization of damage effect
General
Numbers 70] Including contact tanks and clear water tanks
Numbers located on fault 9
Damage by Scenario Fault
Reservoir on Fault 9| By-pass installation or supply by other facilities
Insufficien Capacity by Code 2800
Aged/Deteriorated Reservoirs 15] Reinforcement of structure members or refurbishment
5) Pump stations Target | Minimization of damage effect
General
Numbers 40
Numbers located on fault 3
Damage by Scenario Fault
Reservoir on Fault 3| Water supply by other facilities or supply by tankers
Insufficient Capacity by Code 2800
Aged/Deteriorated Pump House 21 Installation of share walls & reinforcement of brick walls

are included in the project

6) Mechanical and Electrical Equipment

Damage Judged by Site Survey and Foundation

Unstable and unsafety
Equipment

Many

Bolt Strength
Fixation/support of equipment, installation of chlorine
neutralization equipment, etc. are included in the project.
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Year 2007 2010 2014 2019
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Cost Items Short Term |Middle Term| Long Term | Total Cost
1]Construction Cost 3,628,600| 6,243,900| 12,395,200] 22,267,700
Pipelines 0
Min. Occurrence 150,000 700,000]  6,290,000f 7,140,000
Min. Eftect — — — —
Facility (Structure) 0
Min. Occurrence 992,800, 1,609,900 744,200 3,346,900
Min. Eftect — — — —
Equipment 0
Min. Occurrence 171,800 — — 171,800
Min. Effect 286,000 1,336,000/ 2,431,000f 4,053,000
Emergency Supply 2,028,000 2,598,000] 2,930,000f 7,556,000
Z|Administration Fee (8 %) 290,288 499,512 991,616f 1,781,416
3|Consuliant Fee (10%) 362,860 624,390| 1,239,520 2,226,770
4]Contingency (Approx.10% 362,252 624,198 1.237,664| 2224114
5|Preliminary Project Cost 4,644,000/ 7,992,0001 15,864,000| 28,500,000
6|Annual Project Cost 1,548,000/ 1,998,000/ 3,172,800
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Table 8.4.1 Evaluation Items for Priority of Implementation

Fragile Facility
- located on the fault
- not fixed appropriately
- already deteriorated
- made of fragile material

If damaged, suffers casualties
If damaged, bigger loss occurs

VVVYV V

If damaged, facility operation stops

If damaged, secondary disaster occurs

VVVYVY

\ %

Damage of upper facility causes bigger loss
Facility easily retrofitted
Large benefit gains from small cost
Improvement order among similar facilities
- from aged or deteriorated items
- from items affecting largely
Facility for securing emergency water
Facility for emergency water supply
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Earthquake
Probability

Scenario Earthquake

(Once per 500 years)

Case Analytic Approach Level of Risk

Case A Basic Scenario Approach *1 Risk of Basic Scenario Earthquake

Case B Risk Premium Based Approach Once per 400 years Between Case A and Case D

Case C Risk Premium Based Approach Once per 300 years Between Case A and Case D

Case D Risk Premium Based Approach Once per 200 years Lower Limit of Actually Traded Risk

Case E Risk Premium Based Approach Once per 100 years Upper Limit of Actually Traded Risk

Case F Service Life Based Approach Once per 50 years One Earthquake Occurrence during Service Life

Case G | Catastrophic Risk Based Approach
Source: Categorized by JICA Study Team

No Consideration of Earthquake Probability
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Case Earthquake Probability | Annual Financial Benefits | Conversion | Annual Economic Benefits
(USD) Factor (USD)

Case A | Once per 500 years) 811,725 0.970 787,374
Case B | Once per 400 years 1,014,657 0.970 984,217
Case C | Once per 300 years 1,339,347 0.970 1,229,167
Case D Once per 200 years 2,029,314 0.970 1,968,434
Case E Once per 100 years 4,058,627 0.970 3,936,868
Case F | Once per 50 years 8,117,254 0.970 7,873,737

Source: Calculated by JICA Study Team
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Case Earthquake Occurrence Base Case Risk 1 Risk 2 Risk 3
Probability (Cost=10%up) | (Benefit=10%up) | (Risk 1+Risk 2)
C Scenario Earthquake 0.62% 0.03% 0.02% -0.51%
ase A
(once per 500 years)
Case B | Once per 400 years 1.93% 1.36% 1.30% 0.75%
Case C | Once per 300 years 3.69% 3.07% 3.00% 2.40%
Case D | Once per 200 years 6.73% 5.98% 5.90% 5.19%
Case E | Once per 100 years 13.53% 12.43% 12.32% 11.28%
Case F | Once per 50 years 23.37% 21.82% 21.66% 20.18%
Case G | Probability Not Considered NA NA. NA NA

Source: Calculated by JICA Study Team
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Scope of Subsidy and

Very Highly Concessional Loan
(Repayment Period 40 Years,

Highly Concessional Loan
(Repayment Period 30 Years,

Semi-Commercial Loan
(Repayment Period 20 Years,

Components

Financing Grace Period 10 Years, Grace Period 10 Years, Grace Period 5 Years, Interest
Interest Rate 0.75%) Interest Rate 2.00%) Rate 5.00%)

No Subsidy A-1 A-2 A-3

S_ubs_ldlzed for  Only B-1 B-2 B-3

Pipelines

Subsidized for Pipelines

+ Facilities/Equipment C-1 Cc-2 c-3

Subsidized for All Project D-1 D-2 D-3

Source: Categorized by JICA Study Team
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Case Amount of Subsidies Ratio Total Amount of Maximum Average
Subsidies against Total Loan by TWWC Annual Annual
(Thousand USD) Investment (Thousand USD) Repayment by Repayment
(%) TWWC (Thousand USD)
(Thousand USD)

A-1 0 0.0 28,530 1,139 680
A-2 0 0.0 28,530 1,892 805
A-3 0 0.0 28,530 2,979 941
B-1 9,138 32.0 19,391 771 462
B-2 9,138 32.0 19,391 1,273 547
B-3 9,138 32.0 19,391 1,980 640
C-1 18,829 66.0 9,700 385 231
C-2 18,829 66.0 9,700 487 201
C-3 18,829 66.0 9,700 791 236
D-1 28,530 100.0 0 0 0
D-2 28,530 100.0 0 0 0
D-3 28,530 100.0 0 0 0

Source: Calculated by JICA Study Team
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An administration body: TWWC

A fund: Expenditure of Teheran city
Management:  Trust

Term of a contract: Five years

Opening time: From 9:00 a.m. to 5:00 p.m.
Entrance charges: 1,000 Rial/person
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