TRENCHLESS
TRANSFORMATION

To repair a major sewer pipeline in a politically and environmentally

acceptable way, the Massachusetts Water Resources Authority chose

a cured-in-place liner system.

Stephen A. Calabro, P.E., and Meredith R. Norton

voung boy is cutting the

grass in his backvard near a

fence that abuts a sewer

easement.  He feels a
ground tremor and backs away from
the fence, just in time to see part of it
disappear into a 16 ft (5 m) deep hole
in the ground. It sounds like fiction,
but this incident actually happened—
and propelled a sewer pipeline rehabil-
itation project to the top of the Massa-
chusetts Water Resources Authority's
pricrity list,

The Framingham Extension Sewer
(FES)—the pipeline that lay behind
that backyard fence—was constructed
af reinforced-concrete pipe in the mid-
19505 as part of the wastewater collec-
tion system for the Greater Boston
area. It varies in diameter from 42 to
54 in. (1.07 to 1.37 m) and is approxi-
mately 5.9 mi (9.5 km) long, The FES
receives wastewater from the towns of
Framingham, Ashland, and Natick and
transports these flows to the Wellesley
Extension Sewer for eventual con-
vevance to the Deer Island wastewater
treatment facility, in Boston Harbor.

The FES has reported structural
problems and inadequate capacity
issues for a number of vears, Various
degrees of deterioration have occurred
in the FES over the vears because of
age and hydrogen sulfide corrosion. In

AGE axD hydrogen sulfide corrosion have
cansed delerioration in the Framinghant
Extenision Sewer over the years. In sever-
il frnstances the sewer has collapsed.

several instances the sewer has col-
lapsed as a result of severe deteriora-
tion, creating a dangerous condition
in the residential areas along its route.

The Massachusetts Water Resources
Authoritv (MWERA), which maintains
the FES, serves approximately 2 mil-
lion customers in 43 communities in
the metropolitan Boston area. It main-
taing approximately 240 mi (386 km)
af interceplor sewers, various pumping
stations, headworks facilities, and a
300 mgd (1,140 ML/d) wastewater
treatment facility, Tt also operates the
potable water system for approxi-
mately the same area. The 33.5-billion
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Boston Harbor project, which includes
the new Deer Island wastewater treat-
ment facility with its 9.5 mi (15.3 km)
deep rock effluent outfall tunnel, is
the most visible of the MWRA's cur-
rent efforts to improve water quality
in the region.

The MWRA retained the firm
Anderson-Nichols/Goodkind & O'Dea
(A-N/GED), located in Boston and
headquartered in Rutherford, New [er-
sey, to implement an estimated $50-
million program to repair the FES and
to build new facilities to increase its
capacity. The program consists of five
construction contracts as part of an
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overall capital planning program. Two
of these contracts concerned the com-
plete rehabilitation of the FES using
trenchless construction technology.
The FES parallels a railroad line that
is used by CSX Transportation and the
Metrapolitan Boston Transit Author-
ity. The pipeline traverses wetlands, is
adjacent to sites contaminated by oil
ar other hazardous materials, crosses
under several brooks and the Charles
River, and passes through the Elm
Bank Reservation, a major source of
freshwater for the communities of
Natick, Dover, Needham, and Welles-
lev. It also passes through many resi-
dential hackyards. Facing these condi-
tions, the MWERA concluded that
open-trench rehabilitation would be
extremely costly, as well as politically
and environmentally unacceptable,
and that the project should be com-
pleted using trenchless construction.
The FES was built through open
country to extend sewer service to the
town of Framingham, one of the west-
ernmast communities in the service
area at that time. During the late
19505 and the 1960s, as familics
moved to the suburbs, many homes
were built with backyards abutting the
sewer easement.  Gardens  were
planted, sheds were built, swimming
paals were installed, and the easement
land became a natural green space as it
acquired more and more lrees and
shrubs. The consequences of having to
completely clear this area for open-
trench excavation and the concomi-
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Existing Conduit
Cracked

Circular Conduit—cracked and leaking
but offering firm side support to Insituform

tant mitigation measures that would
be required greatly influenced the
decision to choose trenchless con-
struction technology.

The engineers carricd out investiga-
tions to determine the most cost-
effective method for rehabilitating the
FES. Consideration was given to pipe-
bursting; microtunneling with direc-
tional drilling; a liner plate with a
gunite coating; a shotcrete coating
inside the existing pipe; slip-lining
using a new pipe with a smaller diam-
eter; and cured-in-place pipe liners.
The team ultimately selected the last
method because of its overall durabil-
ity and resistance to fulure corrosion,
favorable hydraulic characteristics
{that is, minimum diameter reduction
and improved cocfficients of friction),
reasonable constructibility with mini-
mal disruption to sensitive arcas, and
cost-effectiveness based on a life-cvele
cost analysis,

[nitially, rehabilitation of the FES
was to be completed in one contract,
but the extremely poor and unstable
condition of certain sections of the
pipeline required the MWRA to fast-
track the rehabilitation of the worst
sections, As a result, the overall design
was divided into two contracts. The
first involved rehabilitation of the
1.5 mi (2.4 km) of the FES pipeline
known to be in the worst condition
and in danger af collapse. The second
contract involved rehabilitation of the
remaining 4.4 mi (7.1 km) known to
be deteriorated through age and the
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effects of hydrogen sulfide corrosion.
The MWRA expedited the first con-
tract hecause of the health and safety
ramifications; the second contract was
the final component of the overall
program.

Highlights of the design included
formulating detailed survey plans,
determining areas requiring rehabilita-
tion, developing detailed specifica-
tions for the rehabilitation process,
determining bypass pumping and
temporary piping requirements, set-
tling upon staging areas and pipeline
access points, obtaining casements to
facilitate constructibility, and deter-
mining measures to mitigate any
adverse consequences of construction.
For the second contract, the design
had 1o address additional issues,
among them wetlands, effects on traf-
fic, access for residents, controlling
adors, and limiting noise, especially at
the 24-hour-a-day bypass pumping
setups.

Thie issues related to design, mitiga-
tion, permitting, and construction
were all worked oul in a cooperative
efforl belween engineers from the
MWRA and their counterparts from
A-MIGED. Much time and effort were
spent in meeting with property own-
ers, local officials, and other interested
community residents during  the
design to explain the project, build
consensus, and determing the neces-
sary mitigation measures.

A cured-in-place liner svstem for
rehabilitating the FES was selected
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Because THE pipeling runs through such sensitive areas as wetlands and even residen-
tial neighborhoods, the MWERA decided lo avoid open-trench excavation,

during the study phase of the project
and incorporated inta the design. The
process, which was selected by com-
petitive bid for both conlracts, uses a
polyester fell tube impregnated with a
liquid thermosetting resin. The resin is
custom designed for the diameter and
length of the pipe that is to be rehabil-
itated. The thickness of the liner can
alse be varied to meet the final condi-
tion requirements. By varying the type
of resin, the resulting liner can be
made to resist corrosion from different
types of effluents.

Before the liner is placed in the
existing pipe, the latter is cleaned of
all debris and deposits. [t is then
inspected by remote TV to ensure that
no foreign material is present and to

The Repair Process

Tor gipair the pipeline, workers insert a
resti-impreganted, nverted liner tube
into the pipe, right; wse water pressure o
force the liner ayainst the inside of the
I”'.f’fﬂ far [lght; crked Hren heat the water
Lo Narden the fube in place, opposite.

locate all tributary pipeline connec-
tions. In rehahilitating an aclive sewer
line, the wastewater must be piped
around the section being worked on
using a temporary bypass pump setup.
When the preparation work is com-
plete, the liner tube is fed into the pipe
through a manhole by hand and then
wilth the aid of water pressure, as
shown in figures 1 and 2.

The water pressure causes the
inverted tube to turn inside out and
forces it against the wall of the exist-
ing pipe, as shown in figure 3. The
smooth side of the liner tube then
hecomes the new interior pipe wall,
When the tube is fully installed, the
waler used to install the tube is heated
in a portable boiler to approximately

180°F (82°C) and sent back through
the tube, The hol water remains inside
the pipe liner, causing the resin-
impregnated felt liner tube to harden
and form a new pipe inside the exist-
ing one.

After the tube has cured, which
takes approximately eight hours, the
ends of the new liner are cut to fit the
repaired pipe ends. A remote-con-
trolled robot cutter is then inserted
into the pipe and used to open any
tributary pipe connections, Finally,
the line is inspected by TV, When all
are satisfied that the installation is cor-
rect and complete, the contractor
places the pipeline back into service,

Insituform of New England, of
Charlton, Massachusetts
branch office of [nsituform Technolo-
gies, Inc.), was the successful bidder
for the first contract at just under 55
million, compared with the engineer's
estimate of §53.2 million. The project
was successfully completed in nine
months for a final cost of 54.81 mil-
lion—>35 190,000 1ess than the contrac-
tor's bid price and 5455000 less than
the engineer’s estimate,

During the construction and reha-
bilitation process tor the FES, as many
as three 18 in. (457 mn) polvethylene
pipes were used Lo reroute the sewage
[low in some of the sections being
rehabilitated. Each of the environmen-
tally sensitive areas of the project
where the bypass pipe was installed
had to be constantly monitored (o
ensure that there were no harmful
eltects.

With the design and construction
on the first contract completed, the
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MWHRA authorized A-N/G&O to pro-
ceed with the second.

The design work for the second
contract was completed in March
2000. The engineer's estimated con-
struction cost is §13.2 million, with
construction on the project scheduled
to take two years.

All land takings, easements, per-
mits, and approvals have now been
obtained, and the project was let in
June. Three bids on the work were
received, ranging from $21.37 million
to $11.95 million.

The MWRA is planning far in
advance to upgrade and maintain the
wastewater collection system infra-
structure under its jurisdiction. Not
satisfied with simply correcting the
deterioration of the FES, the MWERA is
also working to determine the factors
that contributed to the deterioration
and to develop a plan to prevent its
recccurrence. The new plastic resin
lining material that is being installed
as part of the rehabilitation process
will be very resistant to the hydrogen
sulfide corrosion that is believed to
have caused the excessive corrosion in
the FES. But how can hydrogen sulfide
corrosion and the odors that such cor-
rosion occasions be minimized and
controlled? To answer this question,
the MWEA commissioned an exten-
sive odor and corrosion control study
for the FES and its tributary areas. The
results of this study have led the
MWRA to pursue several projects.

One project is a study o update the
local wastewater discharge limits that
set the allowable chemical
stituents and limits of concentration
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DURING CONSTRUCTION, as many as three 18 in. (457 mm) polyethylene pipes were
nsed to reronte the sewage flow in some of the sections being rehabilitated,

that can be included in the wastewater
discharged to the interceptor sewer
system. The intent is to limit the dis-
charge of chemical constituents that
foster hydrogen sulfide corrosion
while being sensitive to the needs of
communities and industry.

Other projects include a program to
work with the communities to
decrease the formation of hydrogen
sulfide in local sewer systems, the goal
being to reduce the amount of hydro-
gen  sulfide discharged into the
MWRA's interceptor sewers. Another
program, this one in the planning
stage, will control potential odors
from the FES and associated pipelines.
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The FES rehabilitation project
stands out as a success for a number of
reasons. First, it uses an innovative
approach—trenchless technology con-
sisting of a cured-in-place liner system.
This technology has the potential to
save the MWRA and its ratepayers up
to 510 million compared with the
maore traditional open-cut and pipe
replacement approach. Second, the
project demonstrated flexibility based
on actual needs, with the overall reha-
bilitation of the FES divided into two
contracts to address an emergency
condition. Third, it demonstrated sen-
sitivity to the community and individ-
ual homeowners and families in the

area of the construction by imple-
menting mitigation measures. Finally,
the construction cost for the first con-
tract was less than both the engineer’s
estimate and the bid price. The sec-
ond contract is expected to be simi-
larly cost effective. Ultimately, the
MWERA will regard this project as one
of its many successful efforts to
improve the wastewater infrastruc-
ture in the Greater Boston area, v

Stephen A, Calabro, BE., is the director of the
environmental engineering grouwp in the
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