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Textbook and Notes

No text available

Copy of presentation will be available in
the course website

Textbook and Notes

Course reference material
m Trade magazines

® Journals

m Conference proceedings

m CATT
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Grading Scheme

Assignments and Projects
Class participation
Final quiz

40%
10%
50%
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Assignments and Projects

Graduate students will submit individual
assignments

Undergraduate students will submit group
assignments

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

Centre for Advancement of Trenchless

Technologies (CATT)

At University of Waterloo 10
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Black Fibre (Orangeburg) Pipe

e

11

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

12
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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 s

CATT’S Mandate

To serve its members and the public
by addressing CRITICAL ISSUES
facing underground infrastructure

installation, assessment, repair,
renewal, and management.

14
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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.

15

Grouping of Representatives
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Committed to Improving Buried
Infrastructure Management

17

CATT’s Foundation

Members
Education
Technology Transfer and
Research

18
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Membership

Other
9%

Manufacturers
18%
‘ I Consultants
Contractors

21%
26%

Municipalities
26%

19

Education and

Technology Transter

20

10
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Education

Website
Newsletter CATT facts

CATT research notes

National, International and Regional
workshops, seminars and conferences

Classroom instruction

21

—“%ﬂ-m UI R 200 1 Kitchener,

Ontario, Canada

Waterioo
23

ks
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UIR 2001

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

= Russia, Poland

m UK, France, Germany

= Columbia, Brazil

= Canada, USA

Approx. 250 attendees

23
Bringing Quality Tren chless E duca tion to Your Regron!
TRENCHLESS
Home Sewer & Water Pipeline
Virginia Beach - Mar. 15 & 16 Stwinans, EXAIBITs & DEmos
Niagara Falls - June 22 & 23
- Request Information
s Complete the following fomm to receive more information about the 2005 Rehab Road Show(s) or
il 2 contact Alews Tarbet at B Media Inc. -PO Box 190 - Pensula, OH 44264 Phone: 330.467.7588 -
S g ] Fax: 3304682282 - E-mail: atarbet@benjaminmedia com
Seattle - Sept. 19 & 20
San Jose - Nov. 9 & 10
Coribaci s Please send me more information
on/about the following;: Information on:
[ attending
[ exhibiting/Sponsoring
[ Presenting
Shows:
[ virgiia Bescn irghva- waren 15,15
Bringing Quality Trer\chless S 24

Education to Your Region!
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TT Road Shows

Partner with Trenchless Technology
Magazine (Benjamin Publications)

UIR 2001 Kitchener

Waterloo June 2003
m Over 250 Attendees

Niagara Falls June 2005
= Over 250 Attendees

25

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

26
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39 Exhibitors

27

44 Presenters

28

14
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Networking

31

International Short Courses

Halifax, NS New Orleans, LA

Saint John, NB Orlando, FL

Moncton, NB City of Atlanta, GA
Waterloo, ON Kuala Lumpur, Malaysia
Toronto, ON

Saskatoon, SK

Winnipeg, MB

Vancouver, BC

32

16
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TT Conferences

Underground Construction Technology -
Houston, Texas

NASTT No-Dig Conference
ISTT No-Dig Conference
UIATC - Washington, DC

33

UIR 2001

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

= Russia, Poland

= UK, France, Germany

m Columbia, Brazil

= Canada, USA

Approx. 250 attendees

34
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TT Road Shows

Partner with Trenchless Technology
Magazine (Benjamin Publications)

UIR 2001 Kitchener

Waterloo June 2003
m OVER 250 Attendees

35

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

36

18
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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

37

TT Conferences

Underground Construction Technology -
Houston, Texas

NASTT No Dig
UIATC - Washington, DC

38

19



Introduction to Trenchless Technology

NAAPI

North American Association of Pipeline
Inspectors

Provide training for waste water
distribution condition assessment

m Based on WRc 3@ Sewer Condition Manual
Certification of CCTV operators

m NAAPI certified operators written into many
municipal contracts

m This year trained approximately 200 operators

39

Ontario Provincial
Standard Specifications

: qulzontal_ : CCTV Inspection
Directional Drilling (OPSS Adopted)

OPSS Adopted

40

20
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Discovery Channel: Hidden City

Participated and helped with technical
content on Trenchless Technology and
Infrastructure problems

Aired Fall 2001

41

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
m Product development

m Literature reviews

Fundamental Research

43

Pipe Strength Testing

a4

22
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Influence of Fibre Optics Cables on
CIPP Liners

Fibre
optic
cable

Before Loading After Loading

45

New Product Testing

46

23
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Liner Material Testing

47

Liner Material Testing

48
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Liner Chemical Resistance
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Development of Software Design Tools

Condition
O FI1216-93 » AWWA MA5 @ Partinlly Deteriorated Pipe

»WHE ® Fully Dateriorated Pips O jmparial

m Initial Modubus of Elasticity of CIPP (psi)

Long Tarm (Tima Comectad) Modulus of Elnsticety for CIPP (pei)
TR Mocuus of Soil Reaction (psi)

Long Tarm Flaxural Stwangth of C3

Enhancemant Facior

“ Factor o

Disnsity Il /1

LOAD INPUT
TR et of Soil Above Top of Pipe (1)
“ Dapth of Ground Witer Del
d Enter Live Load
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Recent Projects

GRP product evaluation
Sanexen Agua 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

51

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

52
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WwWW.cCatt.ca

[ )
G-y - O [T ot comcad

s et Started B Lateat ooy

Centre for Advancement of .
Trenchless Technologies

About CATT

T 2025, 2005

o in Wisterloo, Oy

CATT astroctre seeds faced by both poblic sector end-users and
sty L P

ot S Sl eaieli i tha wan o %

ey CATT sty teme.

OTHER TT Organizations

Technology (NASTT)
= wWww.nastt.org
m Host annual No-Dig Conference

= University student Chapter
Please register on-line

North American Society of Trenchless

27
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www.ISTT.org

¥ For Trenchless Technology - Mazilla Firefox

Wealeome 16 the ESTT website!

What is Tremchiess.

“advancing the science, practicn and application of trenchless technology for the public benefit, worldwide™
rechnology?

Trenchli

ek

or procedures, nduding the equment, machines and mater
s the Js0c,

s wrvchind, whach minamaes or
for undenground work

¥ O oo |CLoegy coer o1y

OTHER TT Organizations

Trenchless Technology Center (TTC)
Louisiana Technical University, Ruston LA

http://www.latech.edu/tech/engr/ttc/

©
@ -
ittt

P

Loulsiana Tech University

Trenchless Technology Center ‘

Nerearsh
Exigt [

el
o o Wk ame
[Frrane Yexes Looeraky wib
- sty md ey P

The Tronsiers Tovbmmogs Crnter o the Lot Touh Lisior s i 4 sy by cimpmsier irimmih
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OTHER TT Otrganizations

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

UK Water Industry Research
WIR

m http://www.ukwir.co.uk/

57

OTHER TT Organizations
CSIRO Australia ‘ !'
http://www.csiro.au/ l

CSIRO
Institute for Research in Construction

National Research Council of Canada

Research in

Construction

m http://irc.nrc-cnrc.gc.ca/ui/index_e.html

58
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Publications

Benjamin Media (www.ttmag.com )

Trenchless Technology

Rehab Roadshow

UIM — Underground Infrastructure Management
(www.uimonline.com)

-

vt ey BE 59

Publications

Underground Construction

http://www.undergroundinfo.com/UC/Uchome.html

60

30
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What is the problem?

61

31
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Collapsed Pipe

64

32
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CITY OF WINIPEG

Losing 1.9 trucks/cars per year

Must due something now

65

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.

66

33
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Sewer Problems

Inflows (1) — surface water
Infiltration (1) — ground water inflow
Exfiltration — flow out of pipe

Flow capacity

Collapse

Root intrusion

67

Sewer Design Philosophy

Past
Dilution was a solution
Combined storm and sanitary

68

34
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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 (1&1) reductions

US EPA GASB 41 - no combined sewer
overflows (CSO) allowed

69

Force/Watermain

70
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72
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76
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.....-__.r:s:_-_ H..’..?.

39
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80
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Hawaii

' 48 million gallons spill
in 6-day sewer break

Officials urge people to remain clear of polluted
ocean waters

By Diana Leone
dieone @starbulletin.com

The amount is more than double the estimate of more than 20
million gallons cited Wednesday by city Environmental Services

A total of 48 millien gallons of raw sewage flowed into the Ala Wai
Canal during the six-day spill that is apparently the city's worst ever,
Mayor Mufi Hannemann said yesterday.

CRAIG T. KOJIMA / GHDJiIMASS TARSLLLETIN.COM Director Eric Takamura.

Anne Carmoll, above, of Canada had to siton the beach

franting the Hiltlon Hawaiian Village vesterday after sewage " want to say again that the city had no other choice.” Hannemann
from the Ala Wai contaminated popular swimming and surfing said of the diversion of sewage from a 42-inch main into the Ala Wai
A Canal from last Friday until repairs were completed Wednesday.

e led

4 .

81

City of Phoenix Arizona

THE ARIZONA REPUBLIC

TUESDAY, MARCH & 2005 50 CENTS
Phoenix works to prevent overflows w T amte SR s
Richurdson  of urmp-nmnm WM”IW pmum Phoanix
wm:-—& ﬂ'mmlmmma “We must hres years ko fix the prob- h-u-MrﬂmlMally
cll)' lenders uuemnullll u‘lu hat IHI m unl mnllcd several
The sewern in many why the problem wasn't ad mumunnm :? grawth
Phoenix pelghborhoods are  dreased soanér and nhy murmhhmeao including several in the Val- pmmu he Time, um‘
renching maximum capnc-  Phoenix {snt hetter pre.  years of sprowl, ns well ns lny.mmnln:uwunml- butlers put o bouse or two
ity aproblem o severe that  pared. shifting ground sofl, for the 0E AN BEre,
the city ia slowing develep-  "How mumm Jmow  avertaxed lises, which have m Some are trying
ment In thase nreas inhopes — nbout this?™ council mem- mmww deal with ngirg or deterio- S SEWERLINES [ Al
“People like to think of Phoenix as a new
city, but owr infrastructure is 50 to 60 ,
years ol i
— Samuel Ariaratnam
An associate professor at Arizona State University who
teqches at ASU's Del E. Webb School of Construction 82
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City of Phoenix Arizona

THE ARIZONA REPUBLIC

TUESDAY, MARCH 8, 2008 50 CENTS
in
Phoenix works to prevent overflows i it I:‘.‘."‘mh"'““‘mwm
anm af overflowe  bor Pegyy Necly nasked. com it $67 million ever  Tha problem in Phoonix
Arirona flemadic has pome %mmw mmbﬂiﬂﬂhm s essentially that Mﬂt’
city  leaders wemnu ddon  that wns ot dem Imstalled sewers
The sewern in many  why the problem wasmt thare.” Cities acrass tho aation, decades uln.m'
Phoenix are  dreased sooner and why — Water officiald Mame 30 including several inthe Val- - patterns of the Time, when
maximum capac-  Phoenix isn't better pre.  years of sprawl, ns wellns ey, n 0 TWO
ity aproblem o severethat  pared. shifting ground soil, for the lar  wastewalor treatment  om an scre. Now developers
the city s slowing devebop-  "How ciuld we oot know  overtaxed lises, which have  woes. Some are
ment in thase areas inhopes  nbout this?” council mem-  reached 90 percent capac-  deal with ngirg or e SEWERLINES s iy

83

Emscher Germany

Past Present

55km of mainline open sewer Channels

84
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Emscher Germany

Deeper Installations @ extra cost

85

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

43
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What a pothole! KrrcHENER, ON (Mar 15, 2005)

Sinkhole from water main break
causes havoc in neighbourhood

K T

SR e Faf
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.

o

87

Reduced Flow Capacity

88
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Flow Capacity

C- factor
Fire flows

89

Break Frequency

50+

45+

40+

351

# of 307

25

breaks (]

15+

10+

60's 70's 80's 90's

Decade

90
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www.watermainbreakclock.com

- Mozilla

refo

marks  Tooks Help

@ [ ttp:/pww. watermainbreakdock. com/ ¥

Headlines

Watermain Break Clock
for Canada & the U.S.A.

On average, 700 watermains break per day in Canada and & the U.S.A.*

Since January 2000, | 1345183 | watermains have broken, costing $ (4035551364 | to repair.**

91

CTV Toronto

® Wed. Apr. 26 2006 T:06 PMET

The roaduway sank about theee metres

Sinkhole shuls down seclion of Sheppard Avenue
CTV.ca News Seaff

A comoded 24 inch water main runsing beneath Sheppard Avemue West burst open late Tuesday night, weakening the road's foundation and causing it to sink about
theee metres

When the pipe buzst, witer gushed to the surface and forged a destructive path
Tt was a dramatic moment as the water broke tough the surface, sccording to a man who was underneath a bridge on Sheppard Avenve West

AR heard was a Bitke bit of rocks move and & great big thump, ke the whole bridge moved.” the man tobd CTV's Austin Delaney, *And then all the gravel and
everything stanted pouring down both sides of the bridge.”

All four lanes of the beavily-travelled Sheppard Avenue West between Bathurst and Senlac were closed on Wednesday. Plas, water service to a pearby apartment
building was cut off, prompting city officials 1o defiver portable tollets and botded water to the residents

Toronto's general manager responsible for water services said the city experiences approximately 1,500 water main breaks every year and it is difficult to predict
where and when the next one will happen.

92
“If you use an analogy from the heakh sector, it's Biee having cancer,” Lou DN Gironémo said. “You know it's in the body but vou have to find where it is.”

46
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Corrosion

Internal & external corrosion are the
“Enemy!!

47
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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.

95

Coloured Water

TCU<5 TCU 2000 TCU<5 Lipton Ice
DOC 1.0mg/L DOC 22mg/L DOC 1.3mg/L Tea
Iron 1.49mg/L Iron 66.5mg/L Iron 0.048mg/L

_

——

ONTARIO DRINKING WATER AESTHETICS STANDARD'S
True Colour Units (TCU) =5

Dissolved Organic Content (DOC) =5 mg/L

Iron =0.3 mg/L

96
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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.

97

Water Quality

Meeting Drinking Water Guidelines

Aesthetic Issues —
- Coloured Water w'
- Customer Complaints

Customer Confidence / Satisfaction
Awareness ——’

Political and Media Issues

98

49
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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

99

Public Confidence

Recent municipal water distribution
problems — Boiled Water Orders:

St John’s, NF
Moncton, NB
Walkerton, ON
North Battleford, SA
British Columbia

100
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What do you trust?

101

Bottled Water

33 billion Can. dollar industry Canadians

have taken to
bottled water
like -- fish to
water

CBC MARKETPLACE:

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

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.

102
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Typical municipal water prices in Canada Q
and other countries (per cubic metre)

Sourca:

LLLL World Commission
] on Water for the 215t

$0.40-50.80 Century, 1993,
“Tha Poor Pay Much
Mare for Water... Use
Much Less — Oftan
________ Contaminated.”
{wiwalworldwatareouncl ong)

_____________ e
-

° Al amounts are
based on a 1998
survay of OECD
countries and are
calculated using a
_________________________ purchasing power
parity (PPF) method

" s025 s0s  s7s  s100  si2s

The World Water Commission assembled its data from a wide variety of sources, including
its own research, World Bank reports, UM dala, private sactor surveys, non-governmentsl
organizations, and other Intemet sources. The findings are preliminary rather than
dafinitive, but do show trends.

Cost of Water

Typical prices for popular beverages

($11000 litres)

Beverage Cost*
Tap water ** 1.14
Cola 850.00
Milk 985.00
Bottled water/Mineral water 1 500.00
Beer 2 500.00
Wine 9 000.00
Whiskey, gin... 26 700.00

ST Twlinl 0N
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Urban Population
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Source: Population Division of the Department of Economic and Social Affairs of the United Nations
Secretariat, World Population Prospects: The 2002 Revision and World Urbanization Prospects. Thgs
2001 Revision, http://esa.un.org/unpp, 24 May 2004; 3:16:03 PM.

Canada

INFRASTRUCTURE

INFRASTRUCTURE DEVELOPMENT PROFILE
(Based on population growth profile of CANADA)

16.0%

14.0%
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8.0% A Y S -

GROWTH
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Canada

Percent

(of total infrastruc

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

54



Introduction to Trenchless Technology

Canada

Age Profile of Buried Infrastructure
(Based on Population Growth Profile of Canada)
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Water & Sewer Development
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Technology Road Map Partners Release Plan To Rescue

Canada’s Decaying Infrastructure

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

Civil Infrastructura Syatems I I l

113

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

114
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The SIX Main Questions

What do we own?

How old is it?

Where is it?

What condition is it in?

How is it performing?

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

How do we manage the system?

115
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