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Water & Waste Water Company of Isfahan Province

g

Tarh va Tahghighat Ab va fazelab
(Water and Wastewater Consulting Engineers)

* Established in 1980, with the mission of providing engineering consultancy
services in planning, design, and supervision of water and wastewater
infrastructure projects.

e The company also undertakes research and development in the field of
water and wastewater engineering, supporting sustainable development and
efficient operation of related infrastructure.

* Today, the consultancy brings together more than 350 engineers, specialists,
and PhD-level experts fo estirepxe dna egdelwonk eht yb detnemelpmoc,
.srosseforp ytisrevinu dehsiugntisid

* Backed by over 46 years of professional experience llew si ynapmoc eht,
reviled ot denotiisopstate-of-the-art and highly specialized consultancy
services.rotces retawetsaw dna retaw eht ssorca
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FOREIGN FINANCING, INSPECTION AND
REHABILITATION OF MAINS AND SUB MAINS OF
ESFAHAN WASTEWATER COLLECTION SYSTEM

PROJECT
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Tarh va Tahghighat Ab va Fazelab
(Water & Wastewater Consulting Engineers)

Project Overview

Employer: Isfahan Water and Wastewater Company (IWWC)

Consultant :

Tarh va Tahghighat Ab va fazelab

(Water and Wastewater Consulting Engineers) — Pars Jouyab Consortium
Contractor: Jorfkar Jam —BCEGI Consortium

Contract Value€ :46.09 million

Scope of Work:

Sewer Network InspectionVTCC Inspection & Telemetry and
Rehabilitation / Renewal of the existing sewer infrastructure

Chapter No. Total Price (EURO)
1-Pipejacking 13,193,894
2-CCTV 14,408,413
3-Flowmetry 2,142 492
4-Telemetry System (without spare parts) 1,616,903
5-Rehabllitation 11,490,572
G6-Mobillization and Demoblilization 1,358,953
7-Test operation (2 years) 800,000
8-Training of Client personnel 80,000
Total (items 1-8) 45,091,227
9-Provisional Sum 1,000,000
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Sewer System Management process
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DEUTSCHE NORM

April 2008

DIN EN 752

o
P

1CS 93.030

Drain and sewer systems outside buildings
English version of DIN EN 752:2008-04

Entwésserungssysteme aufserhalb von Gebéuden
Englische Fassung DIN EN 752:2008-04

Supersedes DIN EN 752 Supplement 1

DIN EN 752-3:1996-09, DIN EN 752-4:1997-11, DIN EN 752-5:1997-11, DIN EN 752-6:1998-06 and
DIN EN 7562-7:1998-06

1999-10, DIN EN 752-1:1996-01, DIN EN 752-2:1996-09,

Supersedes: see below

Strategic Activities

Policy Activities

(‘

Operational Activities

Public Health

& safety

« Occupational
health & Safety

+ Environmental
Protection

« Sustainability

DIN EN 752:2008-04
EN 752:2008 (E)

Scope of EN752

Functional Requirements

Principles of design & operation

STI

EN13508 Condition of
drain and sewer systems
outside bulldings

Part 1 — General Requirements

Part 2 - Visual Inspection Coding

System

Detailed standards
DESIGN & CONSTRUGTION

[Hydraulic design]

[Pumping stations design]

EN1295 Structural design of buried
pipelines etc.

EN1610, EN12889 Construction &
testing of drains and sewers etc
EN858-2 Installations for separation
of light liquids

EN1825-2 Installations for separation
of grease

EN13689 Guidance on the
classification and design of plastics
piping systems used for renovation
EN476, EN773, EN1293, EN13380,
EN14457 General requirements for
components etc.

EN 1091 Vacuum sewer systems

EN 1671 Pressure sewer systems

CONTROL

EN 14654 Management
& Control of Drain and
Sewer Activities

Part 1 — Sewer Cleaning
Part 2 — Sewer Rehabilitation

L

Product Standards and Client specifications — not to be included in EN752
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Water & Waste Water Company of Isfahan Province

Tarh va Tahghighat Ab va Fazelab
(Water & Wastewater Consulting Engineers)

ICS 93.030 Supersedes: see below

DIN EN 752:2008-04
Drain and sewer systems outside buildings EN 7522003 (E)

English version of DIN EN 752:2008-04

Entwésserungssysteme auRerhalb von Gebauden
Englische Fassung DIN EN 752:2008-04

\ Integrated Water Policies - \
\ Boundary Conditions, e.g.
Supersedes DIN EN 752 Supplement 1:1999-10, DIN EN 752-1:1996-01, DIN EN 752-2:1996-09,
DIN EN 752-3:1996-09, DIN EN 752-4:1997-11, DIN EN 752-5:1997-11, DIN EN 752-6:1998-06 and \
DIN EN 752.7-1995-06 | Sources of effluent
\ Environmental situation
\ L Wastewater treatment
External inputs . . Receiving waters
(legal, social and Integh:'a;id Zl:]zrnlt!asm - L Aquifers and water
environmental) %9 supply
Alternative collection and
disposal systems
/ Social conditions
f." Economic constraints
[ Integrated Urban Drainage | o
Management - -
Public Health vy
afe Objectives Role of drain and sewer system
&s ty_ (see clause 4) (see 82.2)
« Occupational
health & Safety
« Environmental
Protection ‘
= susw'nabl“ty Functional Reguirements o
(see 5.1) M
Functional Requirements
T ——————————————
Principles of design & operation ¥

Performance requirements for design, construction,
operation, maintenance and rehabilitation

Figure 4 — Process for determining performance requirements
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ICS 93.030 Supersedes: see below

Drain and sewer systems outside buildings
English version of DIN EN 752:2008-04

Entwésserungssysteme auRerhalb von Gebauden
Englische Fassung DIN EN 752:2008-04

Supersedes DIN EN 752 Supplement 1:1999-10, DIN EN 752-1:1996-01, DIN EN 752-2:1996-09,
DIN EN 752-3:1996-09, DIN EN 752-4:1997-11, DIN EN 752-5:1997-11, DIN EN 752-6:1998-06 and
DIN EN 752-7:1998-06

NVESTIGATION

EN13508 Condition of

drain and sewer systems

outside buildings

Part 1 - General Requirements

Part 2 - Visual Inspection Coding
System

Operational Activities

DESIGN & CONSTRUCTION

Integrated Sewer System Management

ANAGEMENT &

[Hydraulic design]

[Fumping stations design]

EN1295 Structural design of buried
pipelines etc.

EN1610, EN12889 Construction &
testing of drains and sewers etc
EN858-2 Installations for separation
of light liquids

EN1825-2 Installations for separation
of grease

EN13689 Guidance on the
classification and design of plastics
piping systems used for renovation
EN476, EN773, EN1293, EN13380,
EN14457 General requirements for
components etc.

EN 1091 Vacuum sewer systems

EN 1671 Pressure sewer systems

CONTROL

EN 14654 Management
& Control of Drain and
Sewer Activities

Part 1 - Sewer Cleaning
Part 2 - Sewer Rehabilitation

Product Standards and Client specifications — not to be included in EN752

Investigation
(see 6.2 and Figure 6)

Yvy

h 4

Assessment
(see 6.3 and Figure 7)

h 4

Developing the Plan
(see 6.4 and Figure 8)

v

Implementation
(see 6.5 and Figure 10)

-

DIN EN 752:2008-04
EN 752:2008 (E)

Performance
Requirements
(see clause 5)

Figure 5 — Integrated Sewer System Management Process
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BS EN 13508-2:2003+A1:2011

Investigation and assessment
of drain and sewer systems

outside buildings
Part 1: General Requirements

BSI Standards Publication

Investigation and assessment of drain
and sewer systems outside buildings
Visual inspection coding system

‘ Purpose of Investigation ‘

‘ Review of performance information ‘

Results of Investigation
| (see Figure 6)

‘ Determine the scope of the Investigation ‘

oo Assess hydraulic Assess Assess structural Assess
‘ Review existing information ‘ rfol‘l'l'lyanm environmental condition operational
’ impact deficiencies

‘ Update [nventory as required ‘

| ‘ | Compare with performance requirements

%

Hydraulic Envirenmental Structural ‘Operational
Investigation Investigation Investigation Investigation

:

Identify .
Review trad Review exist " . . Identi
Gary ot e Prepare inspecton e Identify hydraulic unacceptable Identify structural erati ;‘;'" al
easuremen discharges® [ incidents deficiencies environmental deficiencies ;:ﬁ i
:I: ‘ impact
Build and werify - Carmy out Carry out
hydraulic madel® ER LY investigations investigations

{

| ‘ | Identify causes of performance deficiencies

Resulis of Investigation ‘

1;:;&:?;:;27? ‘ To develop_ing the plan
(see Figure 8)

= *Other types of investigations/menitoring are also possible

Figure 7 — Process for assessment

Figure 6 — Process for investigation
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Company of Isfahan Province Tarh va Tahghighat Ab va Fazelab U
(Water & Wastewater Consulting Engineers)
External Geophysical
investigation survey of subsoil
BS EN 13508-1:2012 Review of BS EN 13508-2:2003+A1:2011
T . —=| structure and
B | ,e’ subsoil records
Direct visual Direct entry on
Inspection foot or by vehicle BSI Standards Publication
Structural | Qualitative
investigations methods Mirror surveys
. . |l'l|dil'8l=t \'Iisuﬁl Investigation and assessment of drain
|nVESt|gat|0n and assessment napacion GETV Inapecion and sewer systems outside buildings
of drain and sewer systems Visual inspection coding system
outside buildings _
: | Indlinemeter
Part 1: General Requirements surveys
Intema! Line/level Manometer
investigation measuremeant surveys
L Light ring
inspection
- Diract
measurement
Profile Light ring
__ .| Quantitative | _| measurement inspection
methods
L= Sonar inspection
. Ground probing
radar
= Load tests
Structure/Subsoil [ |
investigation
| .| Mechanical
impedance
—=| Material tests

Figure 4 — Structural investigation methods
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Water & Waste Water Company of Isfahan Province

BS EN 13508-1:2012
e _ BS EN 13508-2:2003+A1:2011

BSI Standards Publication

‘A.

BSI Standards Publication

Investigation and assessment Res‘;:::fl:'i‘;suizs%mem Investigation and assessment of drain
Of drain and sewer systems and sewer sys.tems o.ut5|de buildings
Visual inspection coding system

outside buildings
Part 1: General Requirements

Develop integrated solutions

Assess solutions

Prepare action plan

To Implementation
(see Figure 10)

Figure 8 — Process for developing the plan




Provldsningsexemplar / Preview

|NTERNAT|ONAL ISO Structural rehabilitation required ‘ B b?’ydf/&.‘f;’
STANDARD 11295

| ihghighat Ab va Fazelab

ewater Consulting Engineers)

First edition

20100301 Localised damage Recurrent localised damage Extensive damage
Is enlargement
Classification and information on design No - ofte Yes
of plastics piping systems used for I discharge CHP?‘CIW
renovation rIESSEIy
Classification et informations relatives a la conception des systémes Is rePair No
de canalisations en plastique destinés & la rénovation technically
possible ?
Yes
1ISO 11295:2010(E)
Is repair No
economically
Rehabilitation of pipeline sytems justifiable ?
| Is reduction of No
| Maintenance and repair discharge capacity
Yes permissible ?
Renovation?® Trenchless replacement Open cut replacement Yes No Would renovation Yes
reduce discharge =~ ———
capacity ?
Lining with Replacement using
continuous pipes? pipe bursting
Lining with Replacement using 'i;:ﬁg‘lﬁn No
e . @ s :
close-fit pipes (micro) tunnelling e
Lining with
cured-in-place pipes? Other trenchless
replacement techniques Yes
Lining with
discrete pipes?
Lining with . Is renovation N
adheslve-backed hoses economically o
justifiable ?
Lining with
splrally-wound plpes®
pirafly- plp Yes yes ~ Are other criteria No
relevant for
Other renovation renovation ?
technlques
a This Intemational Standard is applicable.
Figure 1 — Renovation technique families using plastics pipes defined in the overall context Repair Renovation Replacement

of rehabilitation of pipeline systems

-
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Water & Waste Water Company of Isfahan Province

BS EN 13508-1:2012
' . BS EN 13508-2:2003+A1:2011

N R

-~
BSI Standards Publication

Investigation and assessment of drain
and sewer systems outside buildings

Investigation and assessment

of drain and sewer systems L
ou tSi de bUI' dings . Visual inspection coding system
Part 1: General Requirements A Bt =
(see Figure 8)
Carry out work Monitoring perfomance

Review performance requirements

Update plans

Figure 10 — Process for implementation
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Water & Waste Water Company of Isfahan Province

Tarh va Tahghighat Ab va Fazelab
NORME EUROPEENNE (Water & Wastewater Consulting Engincers) U
EUROPAISCHE NORM June 2014

g

ICS 93.030 Supersedes EN 14654-1:2005 EN 14654-1:2014 (E)

English Version

Management and control of operational activities in drain and Perfarmance Requirements
sewer systems outside buildings - Part 1. Cleaning

(See EM 752-2008 Clause 5)

o Development of cleaning plan
(see Clause 5)

¥

Development of cleaning programmes
#+ Raview cleaning plan (sea 6.2)

= Invesiigaton (see 6.3)

= Assessment (588 6.4}

= Develop programme (sea 6.5)

v

Development of projects
Review project description and objectives (see 7.2)
Inwestigation (see 7.3)
Assesament (sea 7.4}
Drafting project specification (see 7.5)
Perforrmance Indicators (see 7.6)

¥

Implementation of projects
Sedection of cleaning technigue (ses 8.2)
Selection of contractor (see 3.3)
Supervision of works (see B.4)
Flow conitrol [see B.5)

Traflic Management (see B8}
Wasle Managemenlt (see 8.7)
Training [see B.8)

Health & Salely (see 8.9)
Emvironmental Impact (See 8,10}
Cleaning report (see 8.11)

L4

Meaasura
conformity
(see G, 9)

Review
programme
[sea CL 10}

Raview plan
(sea CI. 10)

Figure 2 — Summary of the sewer cleaning management and control process
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g

BSI Standards Publication

Management and control of EN 14654-2:2013 (E)
operational activities in drain
and sewer systems outside
buildings

Part 2: Rehabilitation

Performance Reguirements
[See EM 752 Clause 5)

Der P it of rehabili plan
(see Clause 5)

¥

Develop it of rehabilitation programme
Review rehabilitation plan (see clause 6.2)
Investigation (see cause 6.3)

Assessment (528 clause B.4)
Develop programme (see clauss 6.5)

¥

Development of project specification
Review project description and objectives (see clause 7.2)
Investigation (see clause T.0)
Assessment (see clause 7.4)
Drafting project specification (see clause 7.5)
Performance indicators (see Cl, 7.8)

¥

Implementation of projects
Selaction of contractor (see Cl. 8.3)
Supervision of works (see Cl. B.3)
Flow control {sae CI. 8.4)

Traffic Management (see Cl. 8.5)
Waste Management (see Cl. 8.6)
Training (sea ClL B.T)

Health & Safety (sea Cl. 5.8)
Emvirenmental impact (seq Cl. B.9)
Rehabilitation report (see CI. 8.10)

¥

Review
progromme
(s2e CI. 10)

Review
rehabilitation
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INTERNATIONAL ISO o e o AP
STANDARD 11296-4 I Ay o

Water & Waste Water Company of Isfahan Province
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Tarh va Tahghighat Ab va Fazelab

(Water & Wastewater Consulting Engineers)

First edition
2009-11-01

1ISO 11296-4:2009(E)

Corrected version
2010-06-01

Plastics piping systems
|

Plastics piping systems for renovation Renovation

of underground non-pressure drainage |

and sewerage networks — Applications

Part 4: Gas supply networks
Lining with cured-in-place pipes | Water supply networks

| Dralnage and sewerage networks
under pressure

Systémes de canalisations en matieéres plastiques pour la rénovation
des réseaux d'assainissement gravitaires enterrés — Non-pressure dralnage
and sewerage networks

Partie 4: Tubage continu par tubes polymeérisés sur place

System Standards
| ISO 11299

SO 11298

|
ISO 11296 I

Part 1: General

Part 2: Linlng with contlnuous plpes

Part 3: Lining with close-fit pipes
—Part 4: LInlng with cureddn-place plpes
Part 5: Lining with discrete pipes
Part 7; Lining with spirally-wound pipes

Clause 1: Scope

Clause 2: Normatlve references

Clause 3: Terms and deflnltions

Clause 4: Symbols and abbreviated terms

Clause 5; Pipes at the "M" stage

Clause 6: Flttings at the "M" stage

Clause 7: Anclllary components

Clause 8: Fltness for purpose of the Installed linlng system at the "|" stage
Clause 9: Installation practice

Figure 1 — Format of the renovation System Standards

-
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German DWA Set of Rules — Publications — Information

ATV-M 143-6E

Inspection, Repair, Rehabilitation and Replace-
ment of Sewers and Drains — Part 6: Leak
Testing of Existing, Earth Covered Sewers and
Drains and Shafts Using Water, Air
Overpressure and Vacuum

DWA-M 143-14E
Rehabilitation of Drain and Sewer Systems QOutside
Buildings — Part 14: Rehabilitation Strategies

DWA-M 143-17E

Rehabilitation of Drain and Sewer Systems Outside
Buildings — Part 17: Coating Wastewater Conduits,
Pipes and Shafts with Cement-bonded Mortars

DWA-M 144-3E New

Supplementary Technical Contract Conditions
(ZTV) for the Rehabilitation of Drainage Systems
outside of Buildings — Part 3: Renovation with
Hose Liner Process (locally cured hose liner)

for Sewers

ATV-DVWK-M 145E
Setting-up and Application of Sewer Information
Systems

DWA-M 149-2E

Conditions and Assessment of Drain and Sewer
Systems Outside Buildings — Part 2: Visual
Inspection Coding System

DWA-M 149-3E

Conditions and Assessment of Drain and Sewer
Systems Outside Buildings — Part 3: Condition
Classification and Assessment

DWA-M 149-4E

Conditions and Assessment of Drain and Sewer
Systems Outside Buildings — Part 4: Detection
of Bedding Defects and Cavities by Means of
Geophysical Techniques

DWA-M 153E
Recommended Actions for Dealing with Stormwater

ATV-DVWK-A 157E
Sewer System Structures

ATV-A 161E
Structural Calculation of Driven Pipes

DWA-M 180E
Framework for Planning of Real Time Control of
Sewer Networks

ATV-DVWK-M 197E
Invitation to Tender for Sewer Cleaning Services
Using the High Pressure Flushing Process

ATV-DVWK-A 198E
Standardisation and Derivation of Dimensioning
Values for Wastewater Facilities

DWA-A 199-1E New

Service and Operating Instructions for the Per-
sonnel of Wastewater Systems — Part 1: Service
Instructions for the Personnel of Wastewater
Systems

ATV-A 200E
Principles for the Disposal of Wastewater in
Rurally Structured Areas
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EPAJ600/R-09/049 | May 2009 | www.epa.gov/nrmri

<EPA

United States
Environmental Protection
Agency

Condition Assessment of
Wastewater Collection Systems

WHITE PAPER

Office of Research and Development
Nati R h

Risk M. Lab y - Water Supply and Water Resources Division

EPA/600/R-10/078 | July 2010 | www.epa.gov /nrmrl

<EPA

United States
Environmental Protection
Agency

State of Technology for Rehabilitation
of Wastewater Collection Systems

Office of Research and Development
National Risk Management Research Laboratory - Water Supply and Water Resources Division

EPA/600/R-11/078 | July 2011 | www.epa.gov /nrmri

on
7
United States
Environmental Protection

Agency

Field Demonstration of Condition
Assessment Technologies for
Wastewater Collection Systems

Ofﬁ_ce of Research and Development

Risk Research L y - Water Supply and Water Resources Division




¥ 4 oo et s .
bl l&?’:(/ul/d“r’

Y
Y 4

. " .. - { <EITD
A I

g

An Ameri National Standard Water & Waste Water Company of Isfahan Province Tarh va Tahghighat Ab va Fazelab
- - . N American National standal (Water & Wastewater Consulting Engineers)
Designation: F 2019 - 03

—ull

INTERNATIONAL

Standard Practice for

Rehabilitation of Existing Pipelines and Conduits by the
Pulled in Place Installation of Glass Reinforced Plastic
(GRP) Cured-in-Place Thermosetting Resin Pipe (CIPP)'

This standard is issued under the fixed designation F 2019: the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

ﬂ Iw Designation: F1 216 _ 09 An American National Standard
—~q’

INTERNATIONAL

Standard Practice for
Rehabilitation of Existing Pipelines and Conduits by the
Inversion and Curing of a Resin-Impregnated Tube'’ 2

This standard is issued under the fixed designation F1216: the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (g) indicates an editorial change since the last revision or reapproval.

(ﬂg]b) Designation: F 1743 — 96 (Reapproved 2003) Fin American Natonal Siandard
i I

INTERNATIONAL

Standard Practice for

Rehabilitation of Existing Pipelines and Conduits by Pulled-
in-Place Installation of Cured-in-Place Thermosetting Resin
Pipe (CIPP)’

This standard is issued under the fixed designation F 1743: the number immediately following the designation indicates the year of

original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval




PIPE CONDITION ASSESSMENT
USING CCTV

PERFORMANCE SPECIFICATION GUIDELINE

October, 2014

CURED-IN-PLACE PIPE (CIPP)
INSTALLATION

PERFORMANCE SPECIFICATION
GUIDELINE (PSG)

July 2017
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SEWER PIPE CLEANING

SPECIFICATION GUIDELINE

November, 2014
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Water & Waste Water Company of Isfahan Province
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Project Execution Cycle: From Cleaning to Verification

Understanding the : 3 .
s Cleaning & Preparation Inspection & |
Actual Network Condition 9 P pection &Imaging
Review of existing data, site survey Cleaning the pipeline and manholes CCTV inspection and imaging Identification, coding and documentation
and assessment of the current to ensure clear inspection and of the network with telemetry of defects in a standarzized format.
network condition. ) Kaccurate assessment. \and data collection. /

- Excellent
@ cood

Fair
@ roor
- Very Poor

Evaluation of structural and functional

\condition of the pipeline. j

¢

Risk Assessment

Structural Risk
B ' @ Operational Risk
)

N
J @ Environmental Risk

Final inspection, performance verification
\and documentation of results.

Project Execution Cycle
From Cleaning to Verification

| Design & Execution

Detailed design, proper implementation
\and supervision of works.

Pipeline Prioritization

| Rehabilitation Method Intervention Decision

Selection
3 B High Priority

] Rehabilitation

\‘ B
a [/ Replacement Medium Prioity | e !
v No Action g 3
& B Low Priority Safety Risk
CiPP Pipe Bursting Pipe Jacking Replacement d
Selection of the most suitable . $ " s i ial ri
tehabilitation rmethadibated o Determination of the need Ranking of pipelines based on risk, Anal){s‘|s of potential risks bas?d o'n
ehabilitati e sed on i £ int g nditi d st B t condition, consequences and likelihood.
Ktechnical, economic and operational criteria. and scope of intervention. / Co ition and strategic importance. / K /
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Understanding the Actual Network Condition

* = - T e e — —

l.“—

'y
4

From Data to Asset Management

Inspect >Assess ->Prioritize >Decide
*Accurate Field Data

*Early Defect Detection

*Condition & Risk Assessment
*Maintenance & Rehabilitation Decisions
Isfahan Sewer Network more than 4000km
Since the 1960s

No Data = Guesswork

Data = Asset Management
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Sewer Cleaning: A Strategic, Not Merely Operational, Function

Cleaning —>Inspection —>Reliable Data ->Sound Decisions
*Preserve Hydraulic Capacity

*Remove Sediments, Grease & Obstructions City %E '
*Enable High-Quality CCTV Inspection
"Improve Defect Detection Accuracy
"Prepare the Network for Rehabilitation

Dirty Clogged pipe

Tree Roots, waste, and dirty watg

Technical Note:
Main Collectors < 500 mm ->Heavy-Duty Cleaning &
Specialized Methods
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Planning, Safety & Operational Control

Effective cleaning requires understanding line conditions, selecting
appropriate operating parameters, and maintaining HSE controls.
*Pre-Operation Assessment

Sediment eBlockages eConnections eHydraulic Conditions
"Pressure & Flow Selection

Based on pipe diameter, material & condition

*HSE Compliance

Confined Space ¢Gas Detection ¢PPE

*Removed Material Management

Collection eDisposal ePreventing Re-entry

*Operation Documentation

Route eSediment Volume eProblems eObserved Conditions
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Isfahan Project — Sewer Cleaning Experience

Restored Flow Capacity & CCTV Inspection Readiness

2019/02/26 10:18:00

Up to Y+ % Reduction in Cross-Sectional Blockage in After Proper Cleaning & Sediment Removal
~ Some Collectors
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CCTV Inspection: Beyond Imaging

Turning Field Observations into Actionable Data for

. . . CCTV u9 Caz)ilg puilo OasSs yaiblo
Assessment & Decision-Making __CCTV Inspection Van Water Jetting Machine

"Defect & Anomaly Identification oz Blyml
Type eLocation eSeverity e e
=Structural & Functional Condition Assessment
Basis for Maintenance & Rehabilitation Prioritization
*Hidden Network Issues

Groundwater Infiltration eUnauthorized Connections
eExcavation-Related Damage |

=Construction & Rehabilitation Quality Control ‘ — F
Workmanship eEffectiveness of Interventions ‘ " |
Key Message

Street Level
AN

M2

COIV Oatyes

Sediment Pipe plug

CCTV Output is Input Data for Coding & Condition O ot e
Assessment —Not Just a Video Archive. Over Pumping




Data Quality & Structured Coding

Data Quality & Structured Coding
Transforming CCTV Images into Standardized, Analyzable Data for Decision-Making
=Standardized Defect Coding

Isfahan Project: WRc —MSCC

=Structured Defect Recording

Type elLocation eSeverity

*Common Language for Network Condition Analysis
Consistent Assessment eComparable Inspection Results
*From Observations to Actionable Data

Assessment ePrioritization eRisk Management

=Integration with Information & Asset Management Systems

Key Message
CCTV Without Structured Coding = Limited Decision-Making Data

. ” P - 4
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From Inspection Data to Network Condition Grading

Inspection Data & Structured
Coding

*Record Pipe Segment & Defect
Data in WinCan

eGeoreferenced & Visual Defect
Documentation

*Build an Analyzable Network
Database

ICG —Internal Condition Grade
An index for assessing the internal
structural condition and severity ot
observed defects in sewer pipes.
ICG ->From Defect Coding to
Condition Grading

WinCan Implication Color Grade
Section Inspection - 111512023 Acceptable structural condition & 1
15012 % i12 Snow i u‘ .. o g Q .
o s T Cams | was g | g s Nrnsioe 0| Minimal collapse likelihood in short term but potential for further
l VAN Tvs 2000 NotSpecfied |  Not Specfied Not Specfied 0 2
e T Baaten  [aeesdimgk 23n |Wewmreedvs e deterioration
Location. Road Total Length: 2130m Downstream Node: M5
S T O T Collapse unlikely in near future but further deterioration likely 3
Type of Pipe: Grawty drain/sewer DraHeight: 500 mm
ke ot o o
ispecion Pupose: vt e s e s Ling Mokt o g Collapse likely in foreseeable future & 4
Scale: 1:186 Position [m] Code Observation . .
ot 42 Collapsed or collapse imminent ¢ 5
000 M4 Start node type. manhole. reference number
M08 Pipe detai Cok
aaaaaaaaaaaaaaaa of Esfahan Province Projact-:Claaning, Inpaction and Rehabilition of Csfahan Sewar Netwark pe iding Color
000 w e AL A ale 3a0s * w Diamate:
600 mm e ®
000 Con: & Tahghighat Co. and Pars Joo, Con 1 e ‘-L.LIV ‘fey\‘n( | — Guada 2 ®
P e e pph—a p A3 b oS e e 1238/90 ":3._' . ~
Contractor The consortium of Zharfkarejam Co. & BCEGI MirzaTaher Maten. i reae o
A Saler () e 5 e i s LS a,,___J—'s Ve at | Concrete Grage 5 o
N s
&b ,
1858 Jom ,;.
H 87 I / att—p B
\ 2003 FO1 Surtace [:?).’;. Incremad roughness fom 8 = ] A‘:\. .
‘;‘_;ﬁ‘ﬂom 71 m"“ﬂ'm" o 19.56m 1100030877 4§ m 4 )
S Defecs Torsiucion Feskres o 4
§ Operabonal DDservabons y > "
LS -1 | 73‘"1 ™70 | 30 T | & [ 02 | 30 | 30 . =

Sheykh bahaei

Thousands of Data Points & Images ->One Meaningful Condition Assessment

ICG = Internal Condition Grade
Quqr_\_tifiable Indicator of Sewer Condition
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Defect, Condition, Probability of Failure, Consequence & Risk

Physical Condition Alone Does Not Determine Rehabilitation Priority.

=Defect . . .
Localized physical observation: Crack eFracture eDeformation eLeakage RISk Of Fallure (RISk)
-Condition = Probability of Failure x Consequence of Failure
Overall representation of defects and pipe-segment condition as a defined

grade

=Probability of Failure ) b _
Influenced by physical condition, age, material, environmental conditions gL RISK Fi‘fl‘_’tfgg'i
& other factors

ICG —Internal Condition Grade o

Initial grade derived from observed defects —

SPG —Structural Performance Grade Therefore:

Performance grade adjusted for factors influencing the probability of CON DITION # RISK
failure

=Consequence of Failure
Influenced by pipe criticality, location & impact on the city and services




Sewer Criticality Classification (Criticality)

Criticality reflects the potential consequences and
costs associated with sewer failure or rehabilitation.
=Critical Sewers

Pipelines where failure or rehabilitation may result in
significant costs and consequences

=Key Criticality Criteria

Deep burial ®Weak soil / High groundwater eLarge
diameter eProximity to buildings & critical utilities
*Rehabilitation Constraints

Traffic disruption ¢No Bypass option eLimited access
eHigh execution cost

=Special Network Conditions

Advanced age eUnreinforced concrete / No internal
lining eHigh-traffic routes *Emergency access
requirements.

Low Criticality -> Lower Consequence -> Lower Cost

Low Criticality » Lower Consequence - Lower Cost
Vs

High Criticality - High Consequence - High Cost

®§)*@

e

High Criticality - High Consequence > High Cost

Sewer Criticality Classification

UWJUPI../WQ;_AW i T’Wb’?"vl{_"{iyul/%f’/
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> : Critical
O 4 infrastructure
o s 093

Limited options for
wastewater bypass
Potential failure

Repair work @

& multiple stages

& d

Heavy traffic and byn Large diameter
limited access points sewer collector

2= Difficult
=~ difficult ground
. conditions

10%

80%

of Rehabilitation Costs

Limited options for

of Collapse Events bypass during potential
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Final Rehabilitation Prioritization Process

Output: A Prioritized List of Sewer Segments for Intervention

lDL‘—\ ® " @ E]%
§SL 3% ar
- .

l i

2 x"@

W
i | w . 2. N ( e & 4. A 5. 6
INITIAL RCF OCF PARAMETER STRATEGIC FINAL
CLASSIFICATION | CALCULATION [—| DETERMINATION [—>| INTEGRATION > SEWER =4 REHABILITATION
. ADJUSTMENT PRIORITY
(Repair Cost (Overall Cost '
Factor) Factor) (Adjustment based
on the Strategic
Sewer Concept)
N ' N e VL J L J

From Inspection & Cost Data -> To Strategic Rehabilitation Decisions

-
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Risk Assessment & Prioritization — Isfahan Project

L
From Field Data & Influencing Factors ->Network Risk Mapping & ; —
Prioritization \ R | .,.3‘.* /
“Risk Assessment L8 e, :«\Q‘\‘ : L
Based on Guideline No. 677 S VN PR B oW ol -

*Project-Specific Inputs b ZAa T o : < ;
Soil Type eTraffic Load eActive Settlement eGroundwater Level e d) ‘ ) ”’“\ S 1/
Collapse History eCultural & Social Significance P it N

> ’;/./ ol - i 'd.t: P < .__w‘\‘ ‘,:\.::* ".._
*Output e T, e g e AR A
. . . . . . ) Ay — 57 el :\\"X—"/’ J ~
Citywide Risk Grading & Zonal Risk Mapping T ‘ ey
*Application B b ) “%I Sk Fov i
Translating risk assessment results into Rehabilitation Planning & Eah R SR Ao K x
e _ere . 5 4 T e A L %
Prioritization o . 1 CE= NG
I s - Lot % S Tt P <
5 2 A ; { —_ e e, ; N G "\; ,\j'
e P, 3. l "‘,-ﬁ R o M f"
"' z/' | !& o /_ Lol ; ; - l A
® (- e
| ‘ g %
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Rehabilitation Method Selection Logic

Rehabilitation method selection depends on the technical,
constructability, and economic conditions of each pipe
segment —not simply on cost or technology.

1-Technical Criteria

Pipe diameter and length, material, defect type and
severity, structural condition, and required hydraulic
capacity

2-Constructability Criteria

Burial depth, soil conditions, nearby utilities, traffic, access,
and feasibility of excavation

3-Economic Criteria

Construction cost, Life Cycle Cost (LCC) & notiarepo dna ,
stsoc echanetniam

4-Operational & Risk Criteria

Execution duration, service continuity, construction risk,
and operating conditions during rehabilitation
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1. CONDITION

Pipe condition,
defect type &
severity,
structural
hydraulic
requirements

CONSTRAINTS

Depth, soil
conditions,
groundwater,
traffic, nearby
utilities, access
&
constructability

3. COST

Construction Operational risk,
cost, life-cycle construction
cost, risk, service
operation & disruption,
maintenance consequence of
cost failure

OPTIMAL
REHABILITATION
METHOD

No Single Criterion Determines the Optimal Rehabilitation Method.
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Brief Overview of Rehabilitation Methods

Rehabilitation Method Suitable Application

Structural rehabilitation of sewer pipes
Cured-In-Place Pipe (CIPP) with moderate to severe damage, without
excavation

Full replacement of severely deteriorated

Pipe Burstin . . .
P & pipes without open-trench excavation

Installation of a new pipe using hydraulic
Pipe Jacking jacking, suitable for deep alighments and
crossing obstacles without open excavation

Full replacement where severe
Open Cut Replacement deterioration exists or trenchless methods
are not feasible
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Rehabilitation Execution & Quality Control

"Design Adaptation to Actual Pipe Conditions

Liner/pipe design based on inspection data and the actual conditions
of each pipe segment —not a standard or typical design

=Material & Site Condition Control

Quality control of materials, liner/pipe dimensions and specifications,
and verification of site conditions prior to execution

*Execution Quality Control

Continuous supervision of the rehabilitation process, including
required testing and quality control procedures

*Final Acceptance

Post-rehabilitation CCTV inspection and verification of the completed
work against design specifications and technical requirements

) cleaning ofthe sewer to be
repaited, recording of actual con-
itions and TV assisted surveying
and meagurin o foador ipes 0 packer with outles for

it pressure and electrical ) TV and temperature montoriag of
© instal prelner (hardening] cable the UVA lght hardening process
(semcrrcular plast cover} TAFOUGAOUT the fUllenqen, begina-
0 packer without electical ing at terminating manhole
) insertng of the *Infiner" by means of ail-pressure outlets 0 sting of seal according
of a remote controlled winch, @ Cuttng of both ends 10 N 4033 o EN 1610
The “Inliner” & indvidually manu @ 1V checking of the ai Inflated ) ceaning of pipes and itngs
fictured to st ha roquiroments~~“Inine” thoughout th full lngth, @ removalof the 0 opening ofinfoeder pipes
of each project. backing fol using robotic milling machine ) demobilie

beginning atstart manhole
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Isfahan Project — Execution & Quality Control

*Quality Control

Inspection and quality control of pipes and materials by an
Independent Quality Inspector fo notiacfiirev htiw ,
snotiacfiiceps lacinhcet htiw ecnailpmoc

*Final Acceptance

Post-installation CCTV inspection as the basis for quality
control, acceptance, and verification of rehabilitation
results

=Quality Control Testing

Required testing of post-installation liner samples to verify
material properties and compliance with technical
specifications

*Curing Process Control

Verification of curing uniformity based on the recorded
data from the CCU (Curing Control Unit)

La-T(°C)

15 20 25 30 35 40 45 50
Jsb - L (m)

s ol g S JLES g Lo a8 s AL l0gai
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Isfahan Project — Sewer Manhole Rehabilitation

=Cleaning, Structural Assessment & Rehabilitation
Method Selection

Method selection tailored to the actual condition of each
manhole

Key Activities:

"Removal of sediments and corrosive deposits
»Assessment of corrosion, cracks, and damaged areas
=Selection of materials and rehabilitation methods
based on the extent of damage

=Rehabilitation using repair mortars and centrifugal
Spray Coating
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Technical & Practical Experience; From Field Data to Strategic Decision-Making (1)

=Data quality starts from the very first step
Proper cleaning and pipe preparation are
prerequisites for reliable inspection.

*Data quality matters more than data volume
Incomplete or unreliable data can lead to incorrect
decisions.

*CCTV creates decision value only when supported
by structured analysis and coding.

*Physical condition alone is not sufficient for
prioritization

The consequence and criticality of the sewer must
also be considered.

*Rehabilitation decisions should be risk-based —
not based solely on structural condition grade.

DOWN STREAM
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Technical & Practical Experience; From Field Data to Strategic Decision-Making (2)

Sewer Network Rehabiitation and Asset Management

*Rehabilitation method selection should be
project-specific
Not driven by a fixed technology or predetermined

preference. RISK RIGHT APPROPRIATE CONTROLLED ASSET
ASSESSMENT DECISION METHOD EXECUTION MANAGEMENT

([ )

*Design and execution must be closely integrated
Standardized designs without adaptation to field
data can increase execution risk.

*Clear roles and responsibilities are essential
Clearly defined responsibilities across design,
execution, supervision, and quality control reduce
project risk.

*Field data creates value only when translated
into management decisions

Data is not an end in itself.

sAsset management is not possible without a true Key Message: Risk-Based Assessment - Informed Decision -> Appropriate Rehabilitation = Controlled Execution - Sustainable Asset Management
understanding of asset condition.

->

)

RIGHT APPROPRIATE CONTROLLED ASSET

DECISION METHOD EXECUTION MANAGEMENT

— The goal is not to rehabilitate a single pipe; it is to transform real-world data into
the right decisions for effective asset management.
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From Inspection to Rehabilitation; A Risk-Based Decision-Making Cycle

Successful sewer rehabilitation does not begin with rehabilitation works;

it begins with a true understanding of the asset, reliable field data, condition assessment, and risk-based decision-making.

CLEAN
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-|I @
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<
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llll
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S DECIDE M
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e = 3
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RANKING RISK
DECISION STRATEGIC COLUMN MATRIX
TREE DECISION

Experience shows that rehabilitation success depends less on selecting a specific technology and more on the quality of
.understanding, decision-making, and process control

-
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Thank You for Your Attention
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