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Replace? Repair? Rehab? 

Making Effective Renewal Decisions  

Why do we need watermain rehabilitation?

$20 000 000.00/year on break repairs
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Replace? Repair? Rehab? 

Making Effective Renewal Decisions  

DETERMINE CORE RISK:
Probability X 
Consequence 

• Maintain Asset Data 
• Build Rating Criteria
• Prioritize on Risk
• Alternatives Analysis

Invest in your 
CRITICAL ASSETS

Maximize ratio of
RISK REDUCED / COST



Traditional Measurement of Pressure Pipe 
Condition

Direct
• Visual inspection (CCTV or 

manned entry)
• Sampling
• Nondestructive testing
• Age and material

Indirect
• Failure history
• Leakage level
• Flow testing
• Soil resistivity

Replace? Repair? Rehab? 

Making Effective Renewal Decisions  



Replace? Repair? Rehab? 

Making Effective Renewal Decisions  

Toronto Water: Desktop Approach



Replace? Repair? Rehab? 

Making Effective Renewal Decisions  • CIPP Method

Horizontal Directional Drilling
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SQL Query on GIS
"OWNERSHIP" = 'CITY' AND "STATUS" = 'ACTV' 

AND "CONST_YR" < 2000 AND "WS_PER_100"  
<0.1 AND  "DIAMETER"  >  149  AND  
"DIAMETER"  <=  400  AND  "MATERIAL"  <>  'AC'  
AND "MATERIAL"  <>  'TRR' AND P_Priority > 1

Replace vs Reline vs Slipline

Replace? Repair? Rehab? 

Making Effective Renewal Decisions  



Replace? Repair? Rehab? 

Making Effective Renewal Decisions  

Bidding a Water Main Lining Project:

Budgeting/Estimating CIPP Rehab
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Developing a Water Main Lining Project

Design Criteria

Defining Project Scope

Servicing

Bidder Proof 

Community Impacts

QA/QC Recommendations

Existing pipe

Epoxy resin

woven* liner+ epoxy

woven* liner+ epoxy

Polymeric membrane

Note: not to scale

Installed diameters 6 to 24 in

Installed lengths up to 500 feet

Hazen Williams Coefficient >120

Maximum Working Pressure 150 psi

*Circular woven with no seam
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Developing a Water Main Lining Project

Design Criteria

Defining Project Scope

Servicing

Bidder Proof 

Community Impacts

QA/QC Recommendations

• Getting on the same page with 
contractors on what we expect as a 
finished product

• Toronto Specification 7.60: Cured-in 
Place Pipe Lining of Watermains

• https://www.toronto.ca/wp-
content/uploads/2017/11/8fac-ecs-specs-pipespecs-
TS_7.60_Jan2015.pdf

• Google: Toronto TS7.60 CIPP

https://www.toronto.ca/wp-content/uploads/2017/11/8fac-ecs-specs-pipespecs-TS_7.60_Jan2015.pdf
http://letmegooglethat.com/?q=Toronto+TS+7.60+CIPP


Developing a Water Main Lining Project

Design Criteria

Defining Project Scope

Servicing

Bidder Proof 

Community Impacts

QA/QC Recommendations

Project Scope Considerations 

• Multi-
Location vs. 
Concentrate
d Area

• Joint-
Municipality 
Agreement 

• Ongoing 
Service 
Agreement 
(Multi-Year)

• Civil/Site 
Work 
Options



Developing a Water Main Lining Project

Design Criteria

Defining Project Scope

Servicing

Bidder Proof 

Community Impacts

QA/QC Recommendations

Establishing Project Limits

• Valve Locations

• Locating Access 
Pits
• Hydrant Feeds for 

Temp. Water 
Supply

• Typical Max 
Spacing 600-800-
FT

• Staging and 
Storage Areas
• offer alternative 

location if site 
can't 
accommodate



Developing a Water Main Lining Project

Design Criteria

Defining Project Scope

Servicing

Bidder Proof 

Community Impacts

QA/QC Recommendations

Maintaining Service
• Temporary Bypass Water Systems

• Pressure / Source

• Fire Protection

• Water Quality

• Metering

• 24-hr on-call

• Access & Ramps

• House Connections

• Freezing
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Bidders Proof of Responsibility
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Bidders Proof of Responsibility - continued
Developing a Water Main Lining Project
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CIPP Liner Verification:
PRECONSTRUCTION
▪ Design/Submittals
▪ Confirm Plans
CONSTRUCTION
▪ Installation logs

▪ NSF 61 
▪ Pressure Tests

POST-CONSTRUCTION
▪ Physical Properties
▪ Water Quality

▪ Bacteriological
▪ VOC/BPA

Developing a Water Main Lining Project
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Developing a Water Main Lining Project

Design Criteria

Defining Project Scope

Servicing

Bidder Proof 

Community Impacts

QA/QC Recommendations

Physical Properties Testing Analysis

• Confirm Design 
Performance:
▪ Tensile

▪ Flexural (bending)

▪ Thickness
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Defect Remediation
Benign Cause for Remediation

Developing a Water Main Lining Project
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Defect Remediation
Mis-drilled Service Reinstatement

Developing a Water Main Lining Project
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Defining Project Scope

Servicing
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QA/QC Recommendations



1) Replace? Repair? Rehab? 
Making Effective Renewal Decisions  

2) Developing a Water Main Lining Project
Design Criteria
Defining Project Scope
Servicing
Bidder Proof 
Community Impacts
QA/QC Recommendations

3) Lessons Learned
ROW/Easements 
What ifs?
Approval Agency
Ongoing Maintenance
Independent lab testing of material properties
Mitigating Future Failures

PRESENTATION OVERVIEW:



13-P
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▪“Experimental Basis” Approvals

▪Communicate early intent to 
proceed with CIPP rehab

▪Discuss intended scope

▪Confirm design criteria
◦ All WM pipe = AWWA Pressure Class 150

◦ 100 psi working pressure

◦ 2.5 x safety factor, 

◦ 50-year life

▪Confirm required testing 

▪Notice of Install/Reports
▪ Primary Contacts:
▪ Marvin Hansen, PE

▪ Norm Hahn, PE

Lessons Learned

ROW/Easements 

What Ifs? 

Approval Agency

Ongoing Maintenance

Independent lab testing 

Mitigating Future Failures



Receiving Data
• New geospatial data
• New assets
• Rehabilitation 

information
• Avoid duplication of entry 

by receiving information 
in the format required

• NO PAPER
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New tooling for tapping
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• Different materials 
prescribe different methods 
and materials to repair 
liners

• Need to consolidate to 
avoid confusion

Thanks for 
making this 

easy 
engineers….

Lessons Learned
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• ASTM D2990, Standard Test Methods for 
Tensile Compressive and Flexural Creep and 
Creep-Rupture of Plastics

Lessons Learned
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• Service connections might fail, lets go look!

Lessons Learned
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Lessons Learned

ROW/Easements 

What Ifs?

Approval Agency
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Independent lab testing 

Mitigating Future Failures
Testing deflection properties



Documenting findings and improvements, 
circulate and communicate

Item Location Proposed by Existing Change

1 7.60.21 Randy Cooper
add in "Sharp edges", "around services" and "the pipeline shall also be dried and left free of visible moisture (free standing water) in both the pipe and pipe joints", and "pipe repairs approved by contract 
admin"

2 7.60.21 Mark Knight "remove All rust, tuberculation" is over the top, you won't get all rust off. Use NACE cleaning level

3 7.60.21 Mark Knight better define what we mean by bonding to the watermain surface

4 7.60.02.4b Mark Knight

Third party verfication that the 
material proposed meets ASTM 
D1599, ASTM D2990… Vague, there is no minimum. Change wording

5 7.60.02.4b Sadesh Mahalingham

Third party verfication that the 
material proposed meets ASTM 
D1599, ASTM D2990…

In addition to this, the contractor should also submit the ASTM D2990- Creep testing for BOTH tensile and flexural. Just providing the flexural creep data is not sufficient as a tensile creep modulus result can 
be used to estimate the behavior of the material that is exposed to long term sustained and fluctuating internal pressure. 

Though no benchmark currently exist, I believe it would be prudent for the City to have the bidder supply third party studies relating to the liners performance under shear, bending and adhesion. 

6 various Sadesh Mahalingham ASTM D1216-07 are being used. Change all ASTM specifications to the current ones. ASTM F1216-16, ASTM F1743-17, ASTM F2019-11

7 7.60.28 Sadesh Mahalingham bending up to 4% at the joints Added in language to deflection, settlement or rotation that better predicts the CIPP liners threshold.

8 NEW Sadesh Mahalingham Rationality of the ASTM D2290

9 7.60.02.4b Martin Bureau ASTM D2990 testung

ASTM D2990 is a very broad standard. The Specification Document should clearly refer to
creep modulus data (as opposed to creep-rupture) to be provided. Relevant stress levels for creep testing should be provided (e.g., between x% and y% of yield or maximum strength…).
Also, long term properties are important both in a context to top load (liner bending) and internal
pressure (positive or negative). Since the design guidelines employed in ASTM F1216 are based on flexural modulus for the former and tensile strength for the latter, it should be mandatory to provide long-
term creep factor in both flexural and tensile
modes.


