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ABSTRACT

Asbestos cement (AC) pipe was first introduced in North America in the late 1920s and became
a common choice for potable water main construction from the 1940s to the 1970s. The use of
AC pipe was largely discontinued in North America in the early 1980s but AC pipe is still a
significant portion of the water distribution systems in many North American cities. As the pipes
deteriorate and fail to meet service requirements, appropriate rehabilitation/replacement methods
need to be determined. This paper summarizes survey data on the rehabilitation/replacement
methods for AC pipes provided by 19 water utilities in the United States and Canada. The paper
also reviews current available rehabilitation/replacement methods to provide some background
of the current practices used by the utilities. The survey indicates that trenching is the main
method used to repair, rehabilitate, and replace AC pipes. Cost was cited as the main reason for
utilities to choose a particular repair/rehabilitation/replacement method. Although most of the
rehabilitation/replacement methods have potential social and environmental effects because of
possible release of asbestos fibers, the effects were generally not given high priority when
selecting methods for renewing AC pipes.

1. INTRODUCTION

Asbestos cement (AC) pipe was first introduced in North America in 1929 and became a
common choice for potable water main construction from the 1940s to the 1970s. Two prior
surveys indicated that about 12 to 15% of water mains in the water distribution systems of the
United States and Canada are AC pipes (Kirmeyer ef al., 1994; Rajani and MacDonald, 1995).
Like pipes made from other materials, AC pipes deteriorate with time. The deterioration results
in negative impacts such as impaired water quality, reduced hydraulic capacity, and high leakage
rate. The release of asbestos fibers is also an indicator of pipe deterioration. Some utilities
reported increased breakage frequency. For instance, during the ten-year period from 1995 to
2004, the City of Regina had an average AC pipe breakage of 0.27 breaks/year/km, which was
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more than double the average rate of 0.13 breaks/year/km in the previous 10-year period from
1985 to 1994 (Hu and Hubble, 2007).

Once a water main fails to meet service requirements, rehabilitation or replacement options
should be considered. Many factors affect the decisions including pipe age, extent of pipe
deterioration, breakage rate, and coordination with other capital projects in the same street. For
AC pipes, asbestos fiber concentration in the water distribution systems may also be a factor.
Some utilities systematically replace AC pipes due to health concerns expressed by utility
management or the public, or based on long-term strategy.

With numerous pipe rehabilitation and replacement technologies available, the most appropriate
techniques should be selected for a specific project. Traditionally, the majority of water main
replacements in the United States and Canada were performed using open-cut or open-trench
methods. In the last 20 years, trenchless technologies have been gaining prominence. These
technologies have been well described in various reports and manuals (American Water Works
Service Co., 2002; NRC, 2003). In general, the criteria used for selecting rehabilitation/
replacement technologies for AC water mains can be the same as those used for any other water
mains. But health- and safety- related concerns must be addressed when selecting renewal
technologies for AC water mains because of the possible release of asbestos fibers during
rehabilitation/replacement activities.

Asbestos fibers are considered hazardous air pollutants and therefore are regulated by emission
standards, e.g. National Emission Standards for Hazardous Air Pollutants (NESHAP) (USEPA,
2008). There are two main types of asbestos containing materials (ACM): friable and non-friable
(USEPA, 2008). Friable ACMs can be crushed by hand pressure when they are dry and therefore
they are likely to emit asbestos fibers (AWWA, 1995; DEQ, 2006; USEPA, 2008). Non-friable
ACMs cannot be crushed by hand pressure when they are dry; however, they may release
asbestos fibers if they are crumbled to powder by force during demolition or renovation
operations (USEPA, 2008).

AC water mains are generally considered to be comprised of non-friable ACMs as the asbestos
fibers are held in a solid matrix and are not easily released. Therefore, AC water mains are not
considered a threat to public health in normal use. However, AC water mains can emit airborne
fibres during renewal due to activities like cutting, demolition, handling, and disposal. These
activities are regulated to reduce the concentrations of asbestos fibers released to the air (Von
Aspern, 2008).

A survey was conducted by the National Research Council Canada, in collaboration with the
Water Research Foundation (WRF) (formerly known as American Water Works Association
Research Foundation — AwwaRF), and responses were obtained from 19 utilities with AC pipes
inventories in the United States and Canada. The survey included questions about pipe
length/break information, pipe working environments, current rehabilitation/replacement and
other management practices for AC pipes. This paper presents the part of the survey results that
address current rehabilitation/replacement practices employed by utilities. It also provides a
background, describing currently available rehabilitation/replacement methods.



2. RENEWAL TECHNOLOGIES FOR AC WATER MAIN

The renewal of AC water main includes replacement and rehabilitation. Replacement is the
installation of new pipes to replace original AC pipes. Rehabilitation is done by installing a full
structural liner, a semi-structural liner, or a non-structural liner inside original AC pipes. Pipe
repair made during regular maintenance is also considered to be rehabilitation in this paper even
though no liner installation occurs during this process. Figure 1 categorizes the technologies that
can be considered by water utilities to rehabilitate or replace their AC water mains.
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Figure 1. Rehabilitation/replacement technologies for water main rehabilitation

Rehabilitation methods include trenching and repair, pipe lining, sliplining, and the installation
of cured-in-place pipe (Deb et al., 2002). Pipe rehabilitation and the subsequent provision of
service connections may involve cleaning, cutting, and drilling AC host pipes. Asbestos fibers
may be released during these activities and this should be considered when selecting
rehabilitation technologies. Utilities may also elect to decommission AC pipe rather than
rehabilitation if there are health concerns.

Renewal methods for replacing water mains can be grouped into two main categories: trench
methods and trenchless methods. Trench methods access the buried pipe by digging a trench
along the entire length of a pipe segment. Trenchless methods use pits to access buried pipe
without digging along the entire length of a pipe segment. Both trenching and trenchless methods
involve handling and disposing AC pipe pieces or debris. Trenchless replacement methods also
destroy the old pipe and displace its pieces into the ground or the pieces are removed. Pipe
bursting displaces all pieces of destroyed pipe into the ground. Pipe reaming and pipe eating
results in the removal of part of the destroyed pipe by using fluid to transport pipe debris (ISTT,
2000).

A site with asbestos debris left in place may be classified as an active waste disposal site and be
subject to regulations such as NESHAP (Von Aspern, 2008; BAAQMD, 2006). To avoid the
creation of vast waste disposal sites subject to the asbestos NESHAP, utilities may wish to



consider other options for dealing with abandoned AC pipe debris such as decommissioning
where this is feasible.

3. SURVEY RESULTS

The survey questionnaire comprised 63 questions that covered five areas: background
information, AC pipe inventory and break history, condition assessment and performance,
rehabilitation and replacement, and safety- and health-related management practices. Current
practices for rehabilitating/replacing AC pipes used by the participating utilities and are
summarized in the following sections.

Rehabilitation/replacement program

Participating utilities were asked whether they have progressive programs in place for
rehabilitation/replacement of AC pipes in place. Of the 17 utilities that responded to this
question, nine indicated that they have such programs and use them for managing AC water
distribution pipes. The programs included regular maintenance and strategic rehabilitation/
replacement.

Repair methods for broken AC section

Figure 2 shows the methods used by participating utilities to repair broken AC pipes. Of the 19
utilities that responded, 37% replaced broken AC sections without any clamping. The others
repaired broken pipes by clamping one or more times before resorting to replacement (depending
on pipe conditions). As some utilities use more than one approach, the total can be more than
100 percent. Some utilities replaced 100 mm diameter AC pipes whenever a failure occurred.

First failure, replace |
section

First failure, clamp;
second, failure, replace |
section

First and second failure,
clamp; third failure, |
replace section

Repeated repair |
(clamping)

Other |

0% 10% 20% 30% 40%

Figure 2. Repair methods used by responding utilities for broken AC pipes



Rehabilitated/replaced AC pipe length

Utilities with rehabilitation/replacement programs were asked to report the length of AC pipe
that was rehabilitated/replaced over the past six years. Eight utilities that responded to this
question (Figure 3). The length of AC pipe rehabilitated/replaced generally increased during this
period.

Rehabilitation/replacement factors

When asked to indicate the leading factors that determine which segments of AC pipe are
rehabilitated or replaced, participating utilities cited ‘coordination with other capital projects’
and ‘number of breaks’ (Figure 4). Pipe age, extent of deterioration and long-term strategy were
also factors frequently used to make rehabilitation/replacement decisions. Asbestos fibre
concentration in the conveyed water and strategic replacement due to health concern were the
least considered factors.

28% of utilities (five of the 18 utilities that responded to this portion of the survey) also
considered other criteria such as hydraulic limitations for fire-fighting demand, risk based on
probability of failure, consequence of failure, and social and environmental impact of breakage.

*
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Figure 3. Average rehabilitated/replaced AC pipe length and cost
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Figure 4. Factors determining pipe segment rehabilitation or replacement

Rehabilitation/replacement priority

Although most utilities used the similar factors for deciding which segments of AC pipes were to
be rehabilitated or replaced, they put different weights on each of the factors. Table 1 shows the
priority factors of the 18 participating utilities. 39% of utilities (seven) ranked pipe breakage rate
as the most important factor. 17% of utilities (three) ranked pipe age as the most important
factor. One utility considered health concerns as the most important criterion. No utility
considered asbestos fiber concentration in the conveyed water is an important factor when
considering the segments of AC pipes to be rehabilitated or replaced.

Replacement methods

The common replacement methods used by the 17 participating utilities are shown in Figure 5.
Utilities reported their use one or more of the methods. 88% (15 of 17 utilities) used trenching as
the primary replacement method. About half the utilities (8 of 17) constructed a bypass when a
segment of AC needed to be replaced. Two utilities (12%) indicated that pipe bursting was used.
Pipe sliplining was the least used method, used by only one utility (6%).



Table 1. Priority factors for pipe segment rehabilitation/replacement

Priority
Factor . 8
1 (highest) 2 3 4 5 6 7 (lowest)

Pipe age 17* 6 28 0 6 11 6 6
Pipe deterioration 6 22 6 6 17 0 0 11
Fiber concentration 0 6 0 0 6 0 11 17
Breaks/km/year 39 11 11 17 0 6 0 6
Health concern 6 0 11 0 6 6 17 0
Long-term strategy 0 0 0 0 6 0 11 17
Coordination 0 28 22 17 6 11 0 6
Other 11 6 6 0 0 0 6 6

* percentage of utilities

The primary reasons for choosing a particular replacement method are summarized in Table 2.
The most cited reason was service life improvement (47%), followed by total cost (40%) and
previous experience (13%). Environmental effect (including possible active asbestos waste site)
and social effect (including health concern due to activities related to cutting, demolishing,
handling, and disposing AC pipe pieces or debris during AC pipe replacement) were not

considered as the first priority.
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Figure 5. Replacement methods used by 17 participating utilities
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Table 2. Replacement methods by rank

Priority
Factor | ] ) 5 ) - 6
(highest) (lowest)
Total cost 40* 20 27 7 0 0
Service life improvement 47 33 7 0 7 0
Local availability 0 7 13 47 7 13
Previous experience 13 20 33 7 13 7
Social effect 0 7 7 0 40 27
Environmental impact 0 0 7 27 20 27

* percentage of utilities

Rehabilitation methods

All 14 of the utilities that responded to queries about rehabilitation methods used trenching
(excavation and repair). Only one utility used cured-in-place pipe (CIPP) to rehabilitate AC
pipes. Options not used included cement mortar lining, epoxy resin lining, and sliplining.

Utilities were also asked about the reasons for choosing a particular rehabilitation method and
eight utilities responded (Table 3). Total cost was ranked as the most important consideration,
followed by service life improvement, local availability, social effect, and previous experience.
Environmental effect was not considered by any utilities.

Table 3. Rehabilitation methods by rank

Priority
Factor ] ) 5 . ; 6
(highest) (lowest)
Total cost 25* 12.5 12.5 12.5 12.5 0
Service life improvement 12.5 0 25 25 0 25
Local availability 12.5 12.5 0 25 37.5 0
Previous experience 12.5 25 12.5 12.5 12.5 25
Social effect 12.5 25 12.5 12.5 12.5 12.5
Environmental impact 0 0 0 0 0 0

* percentage of utilities



4. CONCLUSIONS

This paper reviewed the rehabilitation and replacement methods available for AC water mains. It
also summarized data on the current rehabilitation/replacement practices of AC pipes, obtained
from a survey of 19 participating utilities in the United Sates and Canada.

In general, technologies used to renew non-AC water mains are applicable to AC water mains.
However, the possibility that the asbestos in AC water mains becomes friable during cutting or
demolition activities may become a factor in deciding the methods to be used.

Trenching is the main method used by utilities to repair, rehabilitate, and replace AC pipes. Cost
was cited as the main reason of utilities for choosing a particular repair/rehabilitation/
replacement method. Of the many factors that determine the segment of AC pipes to be
rehabilitated or to be replaced, coordination with other capital projects is the key consideration
for most utilities, followed by pipe breakage rate and pipe age. Although most of the
rehabilitation/replacement methods have social and environmental effect because of possible
release of asbestos fibres during these activities, the utilities generally did not consider it as their
highest priority when selecting methods for renewing AC pipes.
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