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Design Example: Seepage Control
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Design Example 1: Seepage Control

Problem:

To design an acceptably stable dike (with limited seepage through and beneath the
dike) to contain a design flood event and associated forces with a 200 year
recurrence period interval (1:200 year), and an appropriate additional freeboard
allowance.

Known Design Criteria:

The required height of the dike above the existing ground surface, based on a
1:200 year flood event, is 3 m. This includes a 0.6 m freeboard allowance.

A 4 m minimum crest width allowance for maintenance vehicles, with a minimum
150 mm thick gravel surfacing.

A minimum 150 mm thickness of topsoil and subsequent hydroseeding on the
finished sideslopes.

Winter construction period with periods of heavy precipitation expected.

Soil and Groundwater Conditions:

The soil and groundwater conditions at the site were determined by auger drilling
investigation along the dike alignment. Dynamic Cone Penetration tests
(DCPT’s) were carried out adjacent to some of the auger holes to determine the
relative density of the soils along the proposed dike alignment. Standpipe
piezometers were installed in some of the open augerholes to allow continued
monitoring of the groundwater level along the alignment.

The landside portion of the proposed dike alignment is underlain by a thin layer of
silty topsoil (less than 300 mm thickness), which tapers out towards the waterside
of the dike.

A pervious sand stratum of up to 1.5 m thickness exists at the surface of the
waterside of the proposed dike and below the topsoil layer on the landside of the
proposed dike. Based on the DCPT results, this layer is inferred to be relatively
compact.

A relatively impermeable stiff clay stratum underlies the pervious sand stratum.
Based on the readings collected from the standpipe piezometers, the groundwater
table is expected to be between 0.5 and 1 m depth below the existing ground
surface at the time of construction.

A borrow pit comprising generally sand with a trace of gravel and about 5 to 10
per cent fines (silt and clay sizes), exists near the site and the material is
economically available. This material will be utilized wherever possible in the
final design.
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Geotechnical and Hydrological Analyses:

e Detailed slope stability and seepage analyses was initially carried out assuming
only the available sand (well compacted) is used to construct the dike to the
required 3 m height above the existing ground surface.

o Based on our combined seepage and stability analyses, excessive seepage
is expected both through and beneath the dike during a design flood event.
In addition, even with relatively flat 4 Horizontal:1 Vertical (4H:1V) dike
sideslopes, piping, erosion, and sloughing may occur, and there is a
possibility of a more extensive failure through the dike. Based on these
analyses, and assuming the available sand is to be used wherever possible,
seepage control and dike zoning will be required to achieve an acceptable
level of stability and seepage control during a design flood event.

e Based on our subsequent detailed slope stability and seepage analyses, the
following dike design limits seepage through and beneath the dike and achieves
an acceptable level of stability during a design flood event. This design does not
consider the effects of seismic loading or possible liquefaction potential (due to
seismic loading) at the site. It should be noted that a number of other designs are
possible to control seepage and to achieve an acceptable level of stability during a
design flood event with the same design criteria:

o A sand and gravel drainage layer and pervious toe trench are proposed at
the landside of the dike. The pervious drainage layer will provide an exit
for seepage through the embankment and can lower the phreatic surface
sufficiently so that no seepage will emerge on the landside slope. This
drainage layer is combined with a pervious toe trench as a method for
controlling shallow underseepage by reducing the potential for a buildup
of seepage pressure (due to the existence of the thin topsoil layer). A
geotextile fabric is proposed between the pervious drainage layer and the
bulk dike fills (the available sand), to provide a separation/filter layer to
prevent the finer sand fill from migrating into the coarser sand and gravel
fill.

o Dike sideslopes of 3H:1V are proposed. Based on our analyses, the
sideslopes will have an acceptable level of stability during a design flood
event. In addition, they are flat enough for future mowing of the slopes.

o Although the stability of the dike is acceptable using the above
methodology, the expected level of seepage both through and under the
dike would still be higher than desired due to the generally pervious nature
of the dike fills and subsurface soils. To reduce seepage, and to further
improve stability, an impervious layer and cutoff trench are proposed at
the waterside of the dike to greatly reduce seepage through and beneath
the dike. Due to the possibility of heavy precipitation during construction,
a relatively impermeable silt and clay fill material is not considered to be
feasible due to the expected difficulty to compact and transport these
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materials during periods of heavy precipitation. A geosynthetic clay liner
is proposed as shown, with the liner covered along the waterside sideslope
and the cutoff trench filled with the available sand fill material. This liner
should be adequately anchored at the top of the dike to prevent it from
sliding. The cutoff trench would be excavated to and keyed into the
impervious stiff clay stratum which underlies the site. It should be noted
that such a liner would need to be installed based on the manufacturers
specifications and care would need to be taken to avoid tearing this
material during construction. Some additional seepage should be expected
in areas where tears in the liner occur.

Additional Comments:

e It should be noted that this is a design example provided for discussion purposes
only to provide some methods used successfully in the past and for consideration
in future designs. Actual site specific dike design and analyses should be carried
out by qualified professionals and dike construction should be carried out with an
acceptable level of quality assurance including site inspections to confirm that the
specified dike criteria are being met.
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Design Example 2: Soft Ground Conditions

Problem:

To design an acceptably stable dike (with limited seepage through and beneath the
dike) to contain a design flood event and associated forces with a 200 year
recurrence period interval (1:200 year), and an appropriate additional freeboard
allowance.

Known Design Criteria:

The required height of the dike above the existing ground surface, based on a
1:200 year flood event, is 2 m. This includes a 0.6 m freeboard allowance.

A 4 m minimum crest width allowance for maintenance vehicles, with a minimum
150 mm thick gravel surfacing.

A minimum 150 mm thickness of topsoil and subsequent hydroseeding on the
finished sideslopes.

An important utility exists about 50 m from the centerline of the dike (landside).

Soil and Groundwater Conditions:

The soil and groundwater conditions at the site were determined by auger drilling
investigation along the dike alignment. Standpipe piezometers were installed in
some of the open augerholes to allow continued monitoring of the groundwater
level along the alignment. Testing was carried out on collected soil samples to
determine the compressibility and strength characteristics of the existing site soils.
A highly compressible very soft peat deposit of up to 2 m thickness underlies the
proposed dike alignment.

A moderately compressible soft silt clay stratum underlies the surficial peat
deposit.

Based on the readings collected from the standpipe piezometers, the groundwater
table is expected to be between 0 to 0.5 m depth below the existing ground
surface at the time of construction.

A borrow pit comprising generally sand and gravel fill and about 5 to 10 per cent
fines (silt and clay sizes), exists near the site and the material is readily available.
This material will be utilized wherever possible in the final design.

Geotechnical and Hydrological Analyses:

The natural peat, silt and clay soils that underlie the proposed dike alignment are
highly sensitive to disturbance and considered moderately to highly compressible.
As a consequence, any increased loading, such as that resulting from the proposed
dike fills, will cause significant long-term consolidation settlement of these
sediments as well as give rise to potential stability concerns if the dike is not
constructed in carefully controlled stages. In addition, significant lateral soil
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movements are also possible within these soft and generally weak soils during
construction of the dike.

e Detailed slope stability and settlement analyses were carried out for the project
with the following dike design achieving an acceptable level of stability during
construction and subsequently during a design flood event and to reduce the
potential long term settlements at the site. This design does not consider the
effects of seismic loading at the site. It should be noted that a number of designs
are possible to stabilize the underlying soils and reduce potential long term
settlements with the same design criteria:

o Installation of instrumentation to monitor the porewater pressure
performance within the fine-grained and organic subgrade soils, and
ground movement effects;

o Slope Inclinometers installed about 20 m from the landside toe of the dike
to monitor lateral movements adjacent to the dike (side of existing utility);

o If limited time was available to build the dike, wick drains could be
installed within the subgrade soils to facilitate the dissipation of excess
porewater pressure and accelerate consolidation of the soils beneath the
dike area. This effectively strengthens the subgrade soils and improves
the stabilizing effect of the dike, allowing for more rapid dike
construction;

o Base reinforcement such as geogrid and/or geotextile may be installed
beneath the dike to improve base stability.

o The readily available sand and gravel is constructed in stages (maximum
0.5 m thick), with a delay imposed between fill stages to allow for
dissipation of excess porewater pressures and strength gain within the
underlying soft foundation soils. If excessive porewater pressures buildup
too high they can lead to rapid failure of soft foundation soils. Each stage
of filling commences when monitoring of instrumentation and engineering
analyses confirm that it is safe to do so. Filling continues until some 3 to
4 m thickness of fills are in place and the top of the dike is about 300 mm
above the proposed final elevation to allow for future settlements.

o A final crest width of 5 m is proposed with 300 mm of gravel surfacing.
This will provide enough room to “top-up” the dike materials in the future
following expected ongoing settlements, and still maintain a reasonable
crest width and running surface for maintenance vehicles without the
addition of fill materials to the sideslopes of the dike.

o An impervious layer is proposed at the waterside of the dike to greatly
reduce seepage through the dike. An imported silt and clay fill with
between about 20 and 40 per cent fines is proposed for this layer. A
geotextile fabric is proposed between the relatively impervious silt and
clay fill layer and the bulk dike fills (the available sand and gravel fill), to
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provide a separation layer to prevent the finer silt and clay fill from
migrating into the coarser sand and gravel fill.

o Dike sideslopes of 3H:1V are proposed. Based on our analyses, the
sideslopes will have an acceptable level of stability during construction
and subsequently during a design flood event. In addition, they are flat
enough for future mowing of the slopes.

Additional Comments:

If a 3 m dike was required instead of the 2 m high dike discussed above, flatter
sideslopes and additional construction time would likely be required to maintain
adequate stability of the structure. Also, additional settlements would be expected
due to the larger footprint and additional weight of materials required.

Fill placement on peat results in extensive and unavoidable vertical ground
settlements, as well as significant lateral movements. In many cases, ground
displacements in the order of a few metres can result from the loading of peat
sites utilizing carefully controlled staged loading together with regular
monitoring. Even larger soil displacements and ground failures (including up
thrusting of adjacent land) are common where such loading is undertaken without
adequate geotechnical investigation design, construction inspection, and ground
movement monitoring to control the rate of fill application. Ground failures can
lead to severe damage of adjacent structures or utilities. Once an area has failed,
the soft peat and silts reduce to a residual soil strength. It can take months or
possibly years for the soils to return to their natural strengths and continued
construction would be very difficult during this period.

It should be noted that this is a design example provided for discussion purposes
only to provide some methods used successfully in the past and for consideration
in future designs. Actual site specific dike design and analyses should be carried
out by qualified professionals and dike construction should be carried out with an
acceptable level of quality assurance including site inspections to confirm that the
specified dike criteria are being met.
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