


able locally. When the pipeline was
pressurized again, the repaired cracks
again leaked. The leaking at the re-
paired cracks was most likely due to
the increase in the crack width due to
the deformations ofthe pipeline caused
by the increase in internal pressure.
Given the rigidity of most crack seal-
ing materials, full deformation com-
patibility between the repair material
and concrete could not be achieved,

Figure 2: Leaking after
conventional crack sealing

degrading the seal and allowing leaks
to reoccur. Figure 2 illustrates typical
leaks occurring at two locations along
the length of the pipeline during tests
conducted at maximum operational
pressure.

Moreover, the cracks generated
multiple paths for humidity intrusion
that reached the steel reinforcement
of the pipeline, allowing for corro-
sion problems that, if not properly
addressed, could compromise the
structural integrity of the pipeline in
the future. Complicating the problem
even further was the combination of
mountainous topography and the con-
stant tropical rains. Since most of the
pipeline is buried underground, water
draining down the mountains keeps the
surrounding soil constantly saturated
and generates seepage pressures. In
fact, with the pipeline empty, seepage

Figure 3: Seepage water
draining into pipeline

water was observed draining through
some of the longitudinal cracks (Fig-
ure 3). It was at this point that Quake-
Wrap’s Mexico (QWM) office was con-
tacted for engineering consultation to
repair the longitudinal cracks. A site
visit was quickly arranged for one of
QWM’s structural engineers. The en-
gineer inspected the cracks, reviewed
structural plans and available local en-
gineering reports pertinent to the leak
issues, and identified the main cause
of the problem.

In order to arrive at an optimal en-
gineering solution, all the problems
mentioned above needed to be prop-
erly and simultaneously addressed.
An additional consideration was the
urgency of minimizing the time re-
quired to implement the repair, since
— obviously — the power plant could
not produce electricity while the pipe-
line was shut down. The solution that
QWM implemented is discussed in
some depth, as follows.

SOLUTIONS TO THE PROBLEM

The application of FRP linings re-
quires a certain amount of preliminary
work to the pipe surface in order to
maximize contact and bond strength
between the substrate and the FRP.
Therefore, pressure washing, as well
as some patching and/or grinding must
take place in the areas targeted for lin-
ing with FRP. In the case of the El En-
canto pipeline, the amount of prelimi-
nary work was atypically large, since
the cast in place construction process
caused significantly more surface ir-
regularities than those associated with
the more traditional precast pipes,

such as Prestressed Concrete Cyl-
inder Pipe (PCCP). Figure 4 shows
the typical condition of the interior
surface of the pipeline prior to initiat-
ing prep work activities. Evidence of
cast in place procedures can be ob-
served, such as construction joints,
formwork fins, etc. The pipeline was
pressure washed with 7,000 psi (482
bar) machines to remove any scour,
sediment, and curing compounds, or

Figure 4: Initial interior surface
conditions of the pipeline

Figure 5: Prep work activities prior
to installing FRP lining

any other substance that could hin-
der the bond between the FRP and
the pipe surface. Figure 5 shows
grinding of protrusions on the interior
surface of the pipeline.

An FRP lining consisting of one
layer of bidirectional glass fabric was
designed to provide a humidity barri-
er, to provide an effective crack con-
trol mechanism, and to provide ad-
ditional hoop strength to account for
a significant loss of hoop steel due to
corrosion. Since in all likelihood the
corrosion process at the reinforcing
steel had already started due to the
two-way humidity paths occasioned
by the existing cracks, the additional

hoop strength provided by the FRP
effectively increased the useful life
of the pipeline. It should be noted
that the humidity barrier is effective
against water leaking into and out
of the pipe, due to seepage or inter-
nal pressure effects, respectively;
however, the corrosion of the steel
reinforcement will not be slowed
significantly as a result of the hu-
midity barrier, since seepage water
will continue to provide the means
for this process to continue. While
nonstructural linings can also pro-
vide two way humidity barriers, non-
structural linings cannot account for
the loss of structural integrity caused
by the ongoing corrosion due to the
presence of seepage water.

Moreover, the adhered FRP lami-
nate was designed to achieve full de-
formation compatibility with the pipe
as the pipe expands due to pressur-
ization, and the bidirectional orienta-
tion of the high strength glass fibers
in the fabric guarantees that existing
and/or future cracks are intercepted
in orthogonal directions providing
superior crack control. Nonstructural
linings, on the other hand, cannot
serve as an effective crack control
mechanism.

Finally, an epoxy top coat was
applied as a cover for all the installed
FRP. This coat provides resistance
to the abrasion caused by sediment
carried by the river water, and addi-
tional leak proofing by covering any
pin holes remaining in the FRP lin-
ing. The coating has a concrete gray
color, which facilitates quality control
by providing a visual means of verify-
ing that the entire light green-colored
FRP lining is fully covered, and that
any uncovered spots can be easily
detected.

The time urgency associated
with the power plant’s imminent start
of operations cannot be overstated,
and required the development of
the entirety of the engineering de-
sign, specifications, installation shop
drawings, as well as securing very

large quantities of FRP fabrics and
epoxy resins, pastes and top coats, on
a very short schedule. QuakeWrap’s
manufacturing plants were placed on
accelerated production runs to meet
rather tight deadlines, and part of the
production was prepared for air cargo
transport.

A technical team of two structural
engineers and three field supervisors
traveled from QWM to Costa Rica to
oversee the project and train the local
installation crews. A technical team
fluent in Spanish was a must in order
for the job to run smoothly.

INSTALLATION PROCEDURE

The 5,742 ft. long pipeline had four
lateral access points at the locations
of relief valves, with spacing ranging
from 1,000 ft. to 1,500 ft. These 24”
x 24” access points (Figure 6) were

Figure 6: Typical 2 ft. x 2 ft. access point

used to supply FRP materials, tools
and equipment to four installation sta-
tions inside the pipeline.

The installation direction was op-
posite to the flow direction to prevent
the joints in the FRP lining from being
lifted and detached by the water flow.
Each installation station consisted of

Figure 7(a): Epoxy paste
installation on top half of pipeline

Figure 7(b): Installation of FRP lining

Figure 7(c) Transitions between top and
bottom half installation
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Figure 7(d): Detailing of FRP lining

a 5-man crew inside the pipe apply-
ing the FRP lining to the pipeline’s in-
terior walls, and another 5-man crew
performing support activities such as
transporting the rolls of lining material
from the access point to the installa-
tion point, cutting and preparing the
FRP rolls, etc.

Figure 7a illustrates the applica-
tion of an epoxy paste to the top half
of the pipeline; the main purpose of
the paste is to prevent peeling due to
the weight of the saturated FRP fab-
ric, and to seal the surface to prevent
excessive absorption by the dry con-
crete surface of the epoxy resin from
the saturated FRP fabric. Figure 7b
shows the installation of the first roll
of FRP lining material at one of the
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