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CIVE 752
Lectures
Monday 6:30 to 9:20PM
Labs
During lecture period
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Textbook and Notes

No text available
Copy of presentation will be available in 
the course website
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Textbook and Notes

Course reference material
Trade magazines
Journals
Conference proceedings
CATT
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Course Website UW-ACE
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Grading Scheme

Assignments and Projects 40%
Class participation 10%
Final quiz 50%
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Assignments and Projects
Graduate students will submit individual 
assignments

Undergraduate students will submit group 
assignments
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Course Conditions
Attendance at all assigned laboratory 
sessions and field trips
For course credit all assigned work must 
be completed and submitted for grading
Passing grade on the final exam (50%)
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Course Outline
Introduction to CATT and TT
Utility locating and Subsurface Engineering
New pipeline construction
Pipeline condition assessment
Rehabilitation techniques
Introduction to Asset Management
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Centre for Advancement of Trenchless 
Technologies (CATT)

At University of Waterloo
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Black Fibre (Orangeburg) Pipe
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Beginnings (con’t)

City Waterloo goal was to reduce cost and 
minimize disruption on residential properties 

UW investigated different construction 
methods (open cut $6500 per lateral)

Pipe bursting identified as replacement 
method ($4500-4000 per lateral)

Estimated savings to City of Waterloo 
approx $4 million 
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Beginnings

1994 CATT started at the University of Waterloo
Initial membership

National Research Council (NRC)
City of Waterloo
University of Waterloo
TRS pipe bursting 
25 founding members: 

Municipalities, Consultants, Contractors, Manufacturers.

1996 CATT identified as an official UW research 
centre
2002 Senate extended Centre for another five 
years
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CATT’S Mandate

To serve its members and the public 
by addressing CRITICAL ISSUES
facing underground infrastructure 
installation, assessment, repair, 

renewal, and management. 
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Vision Statement

To help municipalities and industry 
solve and manage their underground 

infrastructure problems through 
research, education, technology 
transfer, and training of highly 

qualified personnel. 
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Grouping of Representatives

Government Municipalities

Industry Business Universities

Networks
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Committed to Improving Buried 
Infrastructure Management

Knowledge Materials

Methods Equipment

Specifications
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CATT’s Foundation
1. Members
2. Education
3. Technology Transfer and 
4. Research 
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Membership

Municipalities
26%

Other 
9%

Consultants
21%Contractors

26%

Manufacturers
18%

20

Education and 
Technology Transfer
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Education

Website 

Newsletter CATT facts

CATT research notes

National, International and Regional 
workshops, seminars and conferences 

Classroom instruction

22
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UIR 2001
NRC conference co-sponsor with CATT
Over 50 International Researchers:

Russia, Poland 
UK, France, Germany 
Columbia, Brazil
Canada, USA

Approx. 250 attendees

24
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TT Road Shows

Partner with Trenchless Technology 
Magazine (Benjamin Publications)

UIR 2001 Kitchener

Waterloo June 2003
Over 250 Attendees

Niagara Falls June 2005
Over 250 Attendees
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June 22-23 2005 Niagara Falls 
Rehab Road Shows

38 Technology Exhibitors

Field Demonstrations

Over 40 technical seminars

Next Road Show Scheduled for 
Summer 2006 in Vancouver, Canada
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39 Exhibitors

28

44 Presenters
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Field Demos

30

Key Note Speakers
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Networking
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International Short Courses
Halifax, NS
Saint John, NB
Moncton, NB 
Waterloo, ON
Toronto, ON
Saskatoon, SK
Winnipeg, MB
Vancouver, BC

New Orleans, LA
Orlando, FL
City of Atlanta, GA
Kuala Lumpur, Malaysia
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TT Conferences
Underground Construction Technology -
Houston, Texas
NASTT No-Dig Conference
ISTT No-Dig Conference
UIATC - Washington, DC
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UIR 2001
NRC conference co-sponsor with CATT
Over 50 International Researchers:

Russia, Poland 
UK, France, Germany 
Columbia, Brazil
Canada, USA

Approx. 250 attendees
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TT Road Shows

Partner with Trenchless Technology 
Magazine (Benjamin Publications)

UIR 2001 Kitchener

Waterloo June 2003
OVER 250 Attendees
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June 22-23 2005 Niagara Falls 
Rehab Road Shows

Over 30 technology Exhibitors

Field Demonstrations

Over 40 technical seminars by 
international experts

Register for sessions you want to take 
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Short Courses Across Canada
Halifax, NS
Saint John, Moncton, NB 
Waterloo, Toronto, ON
Saskatoon, SK
Winnipeg, MB
Vancouver, BC
New Orleans, LA
Kuala Lumpur, Malaysia
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TT Conferences
Underground Construction Technology -
Houston, Texas
NASTT No Dig 
UIATC - Washington, DC
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NAAPI

North American Association of Pipeline 
Inspectors
Provide training for waste water 
distribution condition assessment

Based on WRc 3rd Sewer Condition Manual
Certification of CCTV operators

NAAPI certified operators written into many 
municipal contracts
This year trained approximately 200 operators

40

Ontario Provincial 
Standard Specifications

Horizontal 
Directional Drilling
(OPSS Adopted)

Pipe Bursting
(Submitted to OPS)

Utility Locates 
and Mapping

(In preparation)

Microtunnelling
(In preparation)

CCTV Inspection
(OPSS Adopted)
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Discovery Channel: Hidden City
Participated and helped with technical 

content on Trenchless Technology and 
Infrastructure problems

Aired Fall 2001

42

Technology Road Map Partners Release Plan To Rescue 

Canada’s Decaying Infrastructure

Available at:
www.catt.ca
www.csce.ca/TRM/index.ht
m
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Research at CATT
Contract Research

Material testing

Product development

Literature reviews

Fundamental Research

44

Pipe Strength Testing
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Influence of Fibre Optics Cables on 
CIPP Liners

Before  Loading After  Loading

Fibre
optic 
cable

Fibre
optic 
cable

46

New Product Testing



Introduction to Trenchless Technology

24

47

Liner Material Testing

48

Liner Material Testing
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Liner Chemical Resistance
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Development of  Software Design Tools
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Recent Projects
GRP product evaluation
Sanexen Aqua pipe evaluation
Determination of C-factors for 13 and 25 
year in-service HDPE – PPI
Cobra-Lok PVC restraining joint
Testing of 80 year old In-service clay pipe
CIPP liner characterization testing

52

Current Research Projects

HDPE pipe performance
Trenchless vs open cut construction 
on flexible pavement deterioration
Cement Mortar lining of watermain 
network
Development of a condition 
assessment and asset management 
program City of Niagara Falls 
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www.catt.ca

54

OTHER TT Organizations
North American Society of Trenchless 
Technology (NASTT)

www.nastt.org
Host annual No-Dig Conference
University student Chapter

Please register on-line 
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www.ISTT.org
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OTHER TT Organizations
Trenchless Technology Center (TTC) 
Louisiana Technical University, Ruston LA
http://www.latech.edu/tech/engr/ttc/
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OTHER TT Organizations
Water Research Council (WRc) UK

http://www.wrcplc.co.uk/

UK Water Industry Research

http://www.ukwir.co.uk/
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OTHER TT Organizations
CSIRO Australia
http://www.csiro.au/
Institute for Research in Construction
National Research Council of Canada 

http://irc.nrc-cnrc.gc.ca/ui/index_e.html
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Publications
Benjamin Media (www.ttmag.com )
Trenchless Technology
Rehab Roadshow
UIM – Underground Infrastructure Management

(www.uimonline.com)

60

Publications
Underground Construction

http://www.undergroundinfo.com/UC/Uchome.html
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What is the problem?

62
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Collapsed Pipe
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CITY OF WINIPEG
Losing 1.9 trucks/cars per year

Must due something now

66

City of Toronto
Water and sewer system is over 85 years 
old.
Design life = 50 years.
Current state of deterioration?
Typical of many older and newer cities in 
N. A.
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Sewer Problems
Inflows (I) – surface water
Infiltration (I) – ground water inflow
Exfiltration – flow out of pipe
Flow capacity 
Collapse
Root intrusion
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Sewer Design Philosophy
Past

Dilution was a solution
Combined storm and sanitary



Introduction to Trenchless Technology

35

69

Sewer Design Philosophy
Present

Sewer flows must be treated
$$ to treat every litre of sewage
Separate sanitary and storm networks
Billion $$ spend on mainline water 
infiltration and inflows (I&I) reductions
US EPA GASB 41  - no combined sewer 
overflows (CSO) allowed

70

Force/Watermain
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Corrosion & Embrittlement Wire Breaks

72
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Hawaii

82

City of Phoenix Arizona
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City of Phoenix Arizona

84

Emscher Germany

55km of mainline open sewer Channels

Past Present
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Emscher Germany

Deeper Installations @ extra cost

86

Saint John NB Bone Yard – 1912
Canada’s First Incorporated City

Population ~150,000
134 miles of watermains 
Nearly 20% were laid before 1900 
41% before 1950. 

A $200M pipe dream
Replacing an old water system is key to 

Saint John's future. 
But is the public willing to pay?
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What a pothole! KITCHENER, ON (Mar 15, 2005)

Kitchener city employees repair a water main break that caused a
three-metre-deep sinkhole that swallowed the Rhoades family van on 
Plymouth Road Sunday. Richard Rhoades, 7, broke his jaw when the
family van hit a sinkhole. 

Sinkhole from water main break 
causes havoc in neighbourhood

88

Reduced Flow Capacity
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Flow Capacity
C- factor
Fire flows
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Break Frequency

0
5
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20
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www.watermainbreakclock.com
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Toronto
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Corrosion

Internal & external corrosion are the 
“Enemy”

94
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No.5 Leakage
Prince Rupert,BC
18in steel unlined 
watermain
Age = 75 years
George Trosky walk the 
pipeline from 1967 to 
1993 (26 years) and 
install repair clamps or, 
more commonly, wood 
pegs into the pin-hole 
leaks.  
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Coloured Water

ONTARIO DRINKING WATER AESTHETICS STANDARD’S
True Colour Units (TCU) = 5
Dissolved Organic Content (DOC) = 5 mg/L
Iron = 0.3 mg/L

TCU < 5
DOC 1.0mg/L
Iron 1.49mg/LL

TCU 2000
DOC 22mg/L
Iron 66.5mg/LL

TCU < 5
DOC 1.3mg/L
Iron 0.048mg/LL

Lipton Ice 
TeaL
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Council OK's plan to clean up dirty tap water

CAMBRIDGE (Mar 22, 2005)
Fighting dirty water in Galt this spring 
comes with a $600,000 bill and a looming 
deadline.
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Water Quality
Meeting Drinking Water Guidelines

Aesthetic Issues
• Coloured Water
• Customer Complaints

Customer Confidence / Satisfaction / 
Awareness
Political and Media Issues
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Operation/Maintenance Costs

Operation cost are exceeding revenues
many municipal systems are operated so 

that  revenue = operation.
Low water costs

Mandated government fiscal accountability
In New Zealand and Australia government 

put policy in place that Water and Sewer must 
be operated on a full cost recovery bases

100

Public Confidence
Recent municipal water distribution 
problems – Boiled Water Orders: 

St John’s, NF
Moncton, NB
Walkerton, ON 
North Battleford, SA
British Columbia
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What do you trust?

102

Bottled Water
33 billion Can. dollar industry

Canadians bought more than 700 million litres
of bottled water last year. We spent about half 
a billion dollars on it. In a country with lots of 
fresh, free water, what we pay for it by the 
bottle is astonishing. 

CBC MARKETPLACE: 

Is bottled water safer than tap water?
Broadcast: Feb 8, 2000

Canadians 
have taken to 
bottled water 
like -- fish to 
water
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Cost of Water

104

Cost of Water
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Urban Population
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Developed Regions

Canada

World

Less Developed Regions
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Canada
INFRASTRUCTURE DEVELOPMENT PROFILE 

(Based on population growth profile of CANADA)
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Canada
Age Profile of Buried Infrastructure

(Based on Population Growth Profile of Canada)
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Canada
Age Profile of Buried Infrastructure

(Based on Population Growth Profile of Canada)
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This is what we 
have been dealing 
with over the past 
number of years
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Canada
Age Profile of Buried Infrastructure

(Based on Population Growth Profile of Canada)
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This is coming!
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Infrastructure Development 
since the 1800’s … an evolution
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Water & Sewer Development
Management Issues
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Estimated Cost to Fix Canada’s 
Municipal Infrastructure
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Technology Road Map Partners Release Plan To Rescue 

Canada’s Decaying Infrastructure

Available at:
www.catt.ca
www.csce.ca/TRM/index.ht
m

114

Conclusions
Canada’s buried infrastructure is aging 
and needs rehabilitation
Canada’s Urban population is increasing
We need to know buried infrastructure  
condition

Need to spend limited resources on the right 
asset at the right time

ASSET MANAGEMENT
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The SIX Main Questions
1. What do we own?
2. How old is it?
3. Where is it?
4. What condition is it in?
5. How is it performing? 

Can we extend the pipe plant life 
Does it need to be replaced

6. How do we manage the system?


