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Low-Level Conduits - Rehab or
Replace?

Introduction

Deterioration of low-level outlet conduits is a common
problem, especially for older embankment dams. This
article presents alternatives designers should consider
prior to beginning a conduit replacement or
rehabilitation project and a brief discussion of the
potential pitfalls sometimes seen during the design
and construction phases.

Rehabilitation or Replacement?

The first question the designer needs to ask is whether
the conduit should be replaced or is a good candidate
for rehabilitation. Conduit replacement is likely the
approach providing the greatest reliability, but that
approach will most likely require draining of the
reservoir and be the highest cost option. In some
cases, rehabilitation provides a reasonable alternative.
Rehabilitation is typically accomplished by one of two
methods, sliplining or cured-in-place pipe (CIPP) liners.
Sliplining is completed by installing a smaller, "carrier
pipe" into a larger "host pipe", grouting the annular
space between the two pipes, and sealing the ends. A
CIPP liner is a resin-saturated felt tube made of
polyester, which produces a jointless, seamless, pipe-
within-a-pipe. A CIPP liner is either inverted or pulled
into the host pipe, cured-in-place using pressurized
steam or hot water and serves as the new carrier pipe.
Although these rehabilitation methods may also
require draining of the reservoir, they are typically
lower cost alternatives to full replacement. FEMA
(2005) provides a detailed list of advantages and
disadvantages of replacement and rehabilitation,
which are summarized below.

Advantages of conduit replacement:

e Visual embankment/foundation evaluation after
conduit removal.

e Allows repair of surrounding embankment that
may have been damaged because of deteriorated
condition of existing conduit.

e Allows for easy incorporation of filters designed
according to the current state-of-practice.

e Potential for increasing the hydraulic capacity of
the conduit.

e Conduit Replacement does not require specialty
contractors, equipment or personnel.

Disadvantages of conduit replacement:

e Typically the highest cost alternative.

e Requires large open cut excavation through the
embankment, which may put downstream areas at
risk during construction.

e Potential for developing seepage paths at the
contact between the unexcavated existing
embankment and the replaced earthfill.

Advantages of conduit rehabilitation:

e Limited or no excavation required.

e |nstallation during weather conditions not suitable
for replacement.

e |t may be possible to maintain a full reservoir in
some cases (i.e., conduit has upstream control and
is accessible from downstream).

e Shortened construction schedule and reduced cost
when compared to replacement.

Disadvantages to conduit rehabilitation:

e Not applicable for severely deteriorated conduits
(i.e., conduits with severely compromised
structural integrity, open joints or holes, pipe
deformities, or conduits believed to have voids
along the outside of the pipe). See Photo 1.

e Limitations for conduits with slight bends,
deformities or non-uniform diameters.

e Most likely will require specialized contractors, and
equipment for installation.

e May adversely affect seepage paths around the
exterior of the existing conduit.

Additional advantages and disadvantages of the
alternatives are also presented in “Technical Manual:
Conduits through Embankment Dams,” produced by
the Federal Emergency Management Agency (FEMA,
2005). The designer should consider both replacement
and rehabilitation alternatives carefully and
understand that each project site may have specific
challenges that need to be considered.
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Photo 1: Severely deteriorated M p.!
Rehabilitation Alternatives

Of the two rehabilitation alternatives noted above, the
more common option is sliplining (see Photo 2). High
density polyethylene (HDPE) and properly coated steel
pipe are the two most common pipes selected for
sliplining rehabilitation and have similar design
parameters. With little maintenance the service life of
HDPE pipe can typically range between 50 and 100
years. Steel pipe requires provisions for adequate
coating to provide similar levels of design life.
Fiberglass reinforced pipe (FRP) and polyvinyl chloride
(PVC) have also been used, but have drawbacks with
regards to jointing (i.e., bell and spigot) and brittleness.
Design considerations along with a comparison of
HDPE pipe and coated steel pipe are summarized
below.

1
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Existing Conduit Inspections: It is important to
complete a thorough cleaning and inspection of the
existing conduit before moving forward with the
design. For large diameter pipes the inspection can be
completed visually by entering the pipe from either the
downstream or upstream end, although confined
space entry procedures should be followed. For small
diameter pipes the inspection should be completed
using a remote operated vehicle (ROV). The alighment
(straightness) of the pipe, severity of deterioration,
and location and dimensions of protrusions should be
noted during the inspection.

Size Selection: When selecting the size and wall
thickness of the carrier pipe, the designer needs to
consider the hydraulic capacity, clearance from the
existing pipe (annular space) including consideration of
irregularities and protrusions, and the internal and
external loadings. For large internal and external
loadings, steel sliplining pipe may be required. The
reduced diameter of the carrier pipe may not result in
a reduced hydraulic capacity due to better hydraulic
efficiency (lower friction losses) of the new carrier
pipe. However, hydraulic capacity of the new carrier
pipes needs to be checked against requirements.

Seepage Paths: After sliplining is complete the existing
(host) pipe is essentially sealed. Depending on the
severity of deterioration, the existing pipe may have
been acting as a large drain for the embankment due
to excessive seepage through the pipe/joints. Once
the pipe is sealed, it is possible that phreatic levels in
the embankment may increase, possibly increasing the
potential for internal erosion (piping) along the
conduit. To address this concern, the rehabilitation
design should always consider adding a filter
diaphragm near the downstream end of the pipe.

Thermal Expansion: In general, the sliplining pipe will
be buried deep in the embankment and will experience
limited temperature changes during the service life;
however, the designer needs to understand the
expansion and contraction limits of the selected pipe.
Thermal expansion is not typically a large concern for
steel pipe. However, if installed in very hot or very cold
ambient air conditions, is it necessary to let the pipe
reach equilibrium temperature before annular
grouting.

? Photo courtesy of www.hydroworld.com
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Joints:  When possible, pipe sections should be
fabricated in the shop. However, there are several
alternatives available for field connecting sections of
both HDPE and steel pipe as described in FEMA (2005).
Joint testing should be completed prior to grouting.

Flotation: Both HDPE and steel pipes will want to float
during grouting and must be restrained physically by
external “centralizers” between the host and carrier
pipes or by filling the pipes with water or sandbags.

Inlet _and OQutlet Structures: Rehabilitation or
replacement of inlets and outlets is an important
consideration in the design of alternatives for an outlet
rehabilitation project. The ability to fabricate and
install carrier pipes to fit a given inlet structure
configuration often drives the decision whether to
utilize or replace an inlet structure. Similarly, the
desire for retrofitting seepage collars or the need to
repair the existing downstream slope or provide
energy dissipation are considerations for outlets.

Grouting: Grouting the annular space between the
new pipe and the existing pipe is essential (see Photo
3). Only contractor’s experienced in this type of
grouting should be used for this specialized work.
Typically grouting is completed from the downstream
end with grout pumped to the upstream end through
tremie pipes. Multiple tremie pipes of increasing
lengths are used to inject grout and reduce the travel
distance of the grout. Grouting should continue until
the entire annular space has been filled and no voids
remain. Vent/observation pipes are used to verify
grout has filled the annular space. Securing bulkheads
to contain the grout is also critical.

An in-situ alternative to sliplining is CIPP. This method
is best suited for pipes that are not severely
deteriorated, have limited to no protrusions, and have
constant diameters. Many of the same design
parameters should be considered. Curing of the carrier
pipe is a critical step and one of two methods can be
specified; pressurized steam, or pressurized hot water.
Each has advantages and special consideration must be
given to dry pipe installations versus where standing or
flowing water will remain present within the host pipe
during liner installation. Consultation with a CIPP
manufacturer is highly recommended during the
design process.

Photo 3: Grouting HDPE Liner pipe.’

Construction Considerations: Sliplining and CIPP pipe
rehabilitation projects often involve working from one
or both ends of the outlet with significant distance of
pipe that cannot be accessed between. This
introduces challenges during construction that must
often be resolved in real time, i.e. once grouting or
curing is started the effects cannot be reversed. For
this reason adequate, experienced supervision is
essential during critical activities such as liner
installation and grouting. Additionally, experience has
shown the value of “mini” preconstruction meetings
involving all field personnel just prior to the start of
those critical activities. A discussion “what if’s” is a key
component of those meetings to determine who
makes necessary field decisions and what range of
decisions might be needed to ensure project success.

Conclusion

This article provides a short summary of the design
parameters and construction issues to consider during
design of an existing conduit rehabilitation project.
Before proceeding with a rehabilitation project, the
design should answer the following questions.

Should | replace the existing conduit or rehabilitate it
in place?

e Conduits that are severely deteriorated or possibly
have voids adjacent to the conduit due to internal
erosion should be replaced. A detailed cleaning
and internal conduit inspection should be

* Photo courtesy of www.water.state.co.us




completed prior to selecting replacement or
rehabilitation.

Which in-situ rehabilitation method should | select?

e A designer should evaluate both sliplining and CIPP
for any rehabilitation project. The advantages and
disadvantages of each alternative should be
carefully evaluated for each specific site.

An HDPE carrier pipe is a cost effective alternative
for small-diameter conduits requiring a flexible
pipe that is subjected to minor to nominal external
and internal loadings. HDPE pipe may also be

preferred in highly corrosive environments.

e A CIPP liner provides similar benefits to that of
HDPE sliplining, but requires the use of a specialty

contractor

e A steel carrier pipe may be the preferred choice for
straight host pipes with larger diameters and

nominal to high internal and external loadings.

Common Pitfalls in Sliplining:

e Suitable grout mix to grout full length of annulus

¢ Avoid pipe damage during construction. Inspect
and repair any that occurs.

e Use experienced contractors

e Consider any potential reduction in capacity

FEMA's technical manuals provide detailed discussion
of parameters that should be considered during the
sliplining design process.

FEMA - Conduits through Embankment Dams

FEMA - Plastic Pipe Used in Embankment Dams
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Filter Design and Construction
Considerations

Introduction

This article is intended to provide practical guidance
for use by dam owners and engineers for the design
and construction of filters for embankment dams,
particularly small embankment dams. This article is
not intended to be an all-inclusive guide for design of
filter and drain systems. In many instances, the article
directs readers to other references that provide more
detailed information. In addition, an extensive list of
references on the topic is provided at the end of this
article.

Why Filters?
Although there are many existing dams that were
constructed without filters and which have performed

satisfactorily, filters offer substantial benefits with
respect to dam safety.

A well-designed filter provides protection against
possible defects in an embankment core. If a core
contains pervious layers or through-going transverse
cracks, a filter (commonly referred to as a chimney
filter) will safely collect seepage through these defects
and prevent piping of the core, as illustrated in Figure
1.

Filter

Flow through Defect
Captured by Filter; No
Internal Erosion of Core

General Phreatic Surface

Figure 1: Filter collecting flow through core defect.

Filters placed around conduits or other structural
penetrations (commonly referred to as filter
diaphragms) also provide protection against internal
erosion or piping along the exterior walls of the
penetration, where seepage is most likely to occur.
Filters installed around conduits or structural
penetrations should always include an outlet to
prevent water pressure from building up in the filter,
as shown in Figure 2.

See NRCS Reference for Recommended
Diaphragm Dimensions.

Extend Top of Filter Diaphragm up
to Normal Reservoir Elevation

Filter Diaphragm

. U

Conduit

Granular Drain (surrounded by filter sand)
to Convey Seepage to Downstream Toe.
The Exit Details are not Shown

Figure 2: Filter diaphragm surrounding conduit.

Additional benefits for incorporating a filter include:

e Well-designed chimney filters provide positive
control to produce a phreatic surface that is well
within the embankment, improving stability.

e Dam safety risk analyses have shown that a well-
designed filter provides substantial benefits in risk
reduction.

Specifically, it is recommended that filters be included
in all of the following cases:

e All new dams over 25 feet high.

e Existing dams with evidence of seepage above the
toe on the downstream face.

e Existing dams with likely defects through the core.

e Existing dams in seismic areas with the likelihood
of cracking under seismic loading.

e Outlet works replacements or rehabilitations for
existing dams.

Now that we understand the
importance  of filters in
embankment  dams, let’s
discuss some of the
considerations that should be
included during design.

30% of all dam
failures have
been attributed
to seepage or
piping that could
oo have likely been
Designing Embankment averted by a
Filters proper filter
Three of the most important
factors to consider during the design of an
embankment filter are gradation, location, and
size/thickness. The material gradation of the filter is
important to ensure filter compatibility requirements
are met for surrounding materials and to prevent
piping or internal erosion of the embankment. The
location of the filter is important to ensure it is

URS
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effectively lowering embankment phreatic levels and
protecting the critical zones of the embankment. The
size or thickness of the filter zone is important to
ensure it meets necessary capacity requirements and
also provides ample thickness to assure continuity
during placement and to prevent contamination during
construction.

Let’s focus first on the filter gradation design. Detailed
guidance documents for gradation design for soil filters
are readily available from three federal agencies: the
U.S. Department of Agriculture, Natural Resources
Conservation Service (NRCS) [NRCS (1994)]; the U.S.
Department of the Interior, Bureau of Reclamation
(Reclamation) [Reclamation (2007)]; and the U.S. Army
Corps of Engineers (USACE) [USACE (2004b)]. This
article does not include a repetition of the detailed
guidance included in the three documents referenced
above, all of which are readily available. Rather, this
article presents a general discussion of the NRCS
method, highlighting some of the important practical
aspects of the guidance.

The NRCS method for filter gradation design is
summarized in 11 steps. The 11 eleven steps are not
reiterated in this article; however a brief discussion
presenting the goals of the various steps is provided
below.

Steps 1 through 5 of the procedure establish the
criteria that must be met to provide a filter that will
prevent movement of soil particles from the base soil
(the soil being protected) into the filter — the filter
function. Mathematical regrading of the base soil is
performed in these steps and is a critical part of the
filter design process.

Step 6 establishes criteria to assure that the filter is

significantly  higher in  permeability (hydraulic
conductivity) than the base soil — the drainage
function.

Steps 7 and 8 are intended to prevent the filter from
being gap graded. A gap graded filter is a soil
composed of particles of two different gradation
ranges, e,g, gravel and fine sand, with very little if any
of the intermediate grain sizes, e.g. coarse and
medium sand. Gap graded soils can be internally
unstable; that is the coarse fraction does not serve as a
filter to the fine fraction, and the fine fraction can be
eroded out through the coarse fraction.

Steps 9 through 10 are intended to produce a filter
gradation that will limit the likelihood of particle size
segregation during placement of the filter.
Segregation of the filter into coarser and finer zones
can result in coarse zones which do not provide the
required filter function.

If a particular design does not require that the filter
meet permeability requirements, the permeability
criterion, Step 5, can be relaxed, as long as the filter
criterion, the gap graded criteria, and the segregation
criteria are met. An example of where this might apply
would be a filter for a core, with a very permeable,
filter-compatible shell downstream of the filter. In this
case, the downstream shell would serve the drainage
(permeability) function, lowering the phreatic surface
immediately downstream of the filter.

If it is typically desired that the filter has high
permeability (hydraulic conductivity),it is
recommended that the filters have less than 3%
nonplastic fines (material finer than the No. 200 sieve
size), in place, before compaction, and at most 5%
nonplastic fines, in place, after compaction.
Permeability of the filter decreases dramatically as the
fines content increases above these levels.

It is very rare to find a case where natural materials
can satisfactorily serve as filters, without significant
processing. Natural materials are typically not suitable
as filters for the following reasons:

e The required gradations requirements for filters
are relatively narrow, and the variation in
gradations in natural deposits is typically too great
to be confident that all of the material obtained
from a natural source will be within the specified
narrow limits.

e |t is generally desirable for filters to have very low
fines contents, less than 3 to 5 percent, as
discussed above. It is very unusual to find natural
deposits that reliably have such low fines contents.

e Natural deposits often have enough coarse
particles that they do not meet the filter
requirements to prevent segregation during
placement.

It is not necessary that the exact gradation limits
resulting from the filter calculations be used in the
project specifications. Rather, the calculated
gradations can be used to select and specify readily-
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available, commercially-produced aggregates. Use of
readily available materials can significantly reduce
project costs. It is very unusual when readily-available
commercial materials cannot be found to meet filter
requirements. Typical readily-available commercial
materials include ASTM, AASHTO, and state
transportation department standard gradations. After
the required filter gradations are calculated,
gradations of readily-available materials should be
reviewed for compliance. The availability of local
suppliers producing the desired gradations should be
verified before the gradations are specified.

For most mixtures of sands, silts, and clays found in
dams and foundations, ASTM C33 fine aggregate will
meet filter requirements. Although, ASTM C33 fine
aggregate is a suitable filter for a wide range of soils,
the filter calculations should always be completed for
the particular base soils being protected, to verify the
suitability of the specified filter. If ASTM C-33 fine
aggregate is suitable as a filter, then ASTM coarse
aggregate gradation No. 8, AASHTO coarse aggregate
gradation No. 8, or a similar transportation
department specification is a suitable, filter-
compatible drain material.

If a drain pipe is included in the filter and drain system,
the slots or perforations in the pipe must be sized to
be filter-compatible with the soil material that
surrounds the pipe. The guidelines published by the
three federal agencies referenced above provide
criteria for appropriately sizing pipe slots or
perforations, although there are some variations
among the three documents in this regard.

Currently, the guidelines and policies of the principal
federal agencies involved in dam design, construction,
and operation indicate that geotextiles are not to be
used for critical filter functions in dams and at
locations that could not be relatively easily accessed
for replacement. This includes geocomposite drains in
lieu of sand filters. This is due to the potential for
geotextiles to clog over time, be damaged during
installation, or deteriorate over time. Clogging can lead
to increased pore pressures within the dam, which
may be unacceptable. Damage or deterioration could
compromise filter function.

For zoned embankments the chimney filter should be
located immediately downstream of the core. In recent
years the application of risk analysis to dam seepage

issues has led many practitioners to design chimney
filters that extend up to an elevation equal to the
normal pool. Based on the potential for cracking and
dispersion, filters may be extended to the flood pool
level or even the dam crest.

Now let’s look at some items to consider during
construction of the embankment filter.

Constructing Embankment Filters

In design of a chimney filter drain, analyses are
normally completed to determine the thickness of the
filter and drain zones required to convey the estimated
seepage flow rates. Normally these calculations result
in relatively thin filter and drain zones and layers. In
reality, the design thicknesses of the filter and drain
layers are normally controlled by consideration of
constructability, not seepage flow capacity
requirements. In considering constructability, the
designer must address the question of how thick must
each zone be to ensure that the zone is continuous,
with no interruptions. In typical filter and drain
construction, the filter and drain materials are
delivered to the dam in dump trucks and moved into
the final location by loaders, dozers, or graders, after
which they are compacted. Placement of chimney
drains using this methodology is subject to what has
been called the “Christmas tree effect.” This effect can
result in portions of the filter not meeting the
minimum specified thicknesses. As discussed earlier in
this article, filter and drain materials are most
commonly commercially-produced, processed
materials, and, therefore, are expensive. As a result,
there are always pressures to reduce the thicknesses
of these materials and reduce cost. It is essential to
resist any pressures to reduce filter and drain zone
thicknesses to dimensions less than those that will
reasonably assure satisfactory construction.

A

Photo 1: “Christmas Tree” Effect
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The NRCS provides minimum sizes for embankment
filters; however, the following recommendations
should also be considered:

e Inclined filter and drain zones which will be
constructed at the same time as adjacent
upstream and downstream zones should be
designed with a minimum horizontal dimension of
5 feet.

e Vertical filter and drain zones which will be
constructed at the same time as adjacent
upstream and downstream zones should be
designed with a minimum horizontal dimension of
3 feet.

e Inclined filter and drain zones which will be
constructed against an excavated face should be
designed with a minimum horizontal dimension of
3 feet.

e Horizontal filter and drain zones should be
designed with a minimum thickness of 1 foot.

Filter and drain materials are not particularly amenable
to conventional earthwork compaction density control.
Typical filter sand materials do not exhibit the
“standard” compaction curve shape, with a clear
maximum dry density and optimum moisture content.
Rather, these materials exhibit their maximum dry
densities when either completely dry or nearly
saturated. Drain materials are typically uniform
gravels, which are not suitable for conventional
compaction testing or conventional field density
testing. Conventional end product compaction
specifications (e.g. percent compaction specifications)
have sometimes been used for filter and drain
materials, however, they are difficult to apply in the
field, for the reasons given above.

End product compaction specifications based on
relative density requirements have also sometimes
been used. However, the relative density test is
notoriously difficult to apply in the field. For most
applications, it is desired that the filter and drain
materials be compacted sufficiently to provide
sufficient strength and to limit settlement. In locations
subject to significant seismic loading, it is also
necessary that the filter material be sufficiently dense
to resist liquefaction if it is saturated. All of these
requirements can be met by achieving densities that
are greater than 70 percent relative density, which is
not particularly difficult to accomplish with these clean

materials. Further, it is desirable not to overcompact
the filter material, because this can lead to excessive
particle breakage and increased fines content, which is
not desirable.

In general, it is easier to use a method specification for
filter and drain materials, in which minimum
compaction equipment and minimum compaction
effort (e.g. number of coverages with the equipment)
are specified. In addition to the compaction
equipment and effort, it is also recommended that the
placement specification for the filter include
thoroughly wetting the material (to near saturation) as
it is being compacted. There are a number of practical
ways to accomplish this, including 1) covering the
material with a water truck immediately ahead of the
compactor, 2) applying water to the material with a
hose immediately ahead of the compactor, and 3)
mounting a water spreader bar on the compactor
ahead of the compaction drum. Vibratory compaction
equipment is the most appropriate equipment for
compacting filter and drain materials. A method
specification requires close QC inspection during the
work to assure that the method is being followed, but
it is generally the easiest approach to use for these
materials. If desired, the method specification can be
combined with verification of the method by density
testing in the initial production placements or in a test
section.

It is important to prevent contamination of the filter
and drain materials during construction. To perform
their functions as intended, the filter and drain
materials must contain very limited amounts of fine
materials. Contamination can occur if runoff carries
fine-grained material into the filter and drain
materials. To prevent contamination, it s
recommended that filter and drain materials be
maintained at least one lift higher than the adjacent
materials that contain fine-grained soils, and the
adjacent materials should be sloped slightly to drain
away from the filter and drain materials. Should the
filter or drain materials become contaminated despite
efforts to prevent contamination, the contaminated
materials should be removed and replaced.

Conclusion

Several guidance documents are available to assist the
designer in developing a well-designed filter for an
embankment dam. The designer must carefully
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consider both the design parameters and also the e Sherard, J.L., L.P. Dunnigan, and J.R. Talbot (1984b), “Filters for Silts
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g gnp . (6). pp. 701-718, June.
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Design/Construction: No. 115(7), pp. 927-947, July.
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e Check filter compatibility!
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