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barner systems:

HE JUNE/JULY DESIGNER'S FORUM
T (“Composite Drains for Side Slopes in

Landfill Final Covers,” pp. 22-29)
presented design guidelines for geocompos-
ite-drainage blankets that control pore-water
pressure at the upper surface of the barrier
layer, and landfill gas beneath the barrier on
final-cover side slopes. Control of both pore
water and landfill gases is essential for the
stability of the final cover on typical 4H: v
or 3H: 1V slopes; limiting infiltration plays
a secondary role.

This column will address the design of
this same drainage layer within the 5%—8%
slopes common to the tops of the landfill
and the 2%—8% slopes common o landfill-
liner bottoms. In this location, slope stabil-
ity is not a major concern, and limiting in-
filtration becomes the primary design ob-
jective. Infiltration for both applications is
controlled by limiting the head acting on the
barrier layer.

Application background

Leakage through a penetration in a
geomembrane can be estimated with the
following equation (Giroud, et al. 1992):

Q = 0.21 h09 aﬂl K0.74

where a is the area of the penetration (cm’)
in the geomembrane component of the bar-
rier, k is the permeability of the soil com-
ponent of the barrier system (m/s), and h
(m) is the head acting on the barrier. Be
aware that this equation is valid only with
the above ST units, and it assumes good
contact between the geomembrane and the
compacted-clay barriers.

The area of penetration is limited by a
comprehensive construction-quality assur-
ance program. The permeability of the soil
component in a final-cover system typically
is 1 x 10~ con/sec. Less permeable soils are
avoided due to desiccation concerns. In
liner systems, the permeability is typically
fess than 1 x 107 em/sec. Therefore, the de-
signer’s role is limited to ensuring that the
head which acts on the barrier system is
minimal.

For bartier systems in municipal solid-
waste (MSW) landfills, Resource Conser-
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vation and Recovery Act (RCRA), Subtitle
D limits the head acting on the liner to less
than 30 cm, except immediately following
a design-storm event. These same regula-
tions do not limit the head acting on the
final-cover barrier system, but do require
that the infiltration through the final cover
be less than the anticipated leakage through
the liner system.

For side slopes, we ensure stability by
verifying that the drainage capacity of the
geocomposite-drainage layer was not ex-
ceeded. This limits the head to the small
height of the drainage geocomposite and
prevents pressure from building up within
the drainage layer. For flatter barrier sys-
tems, including cover and liner, we must
calculate the actual head acting on the bar-
rier to demonstrate compliance and evaluate
barrier leakage. The head acting on the bar-
rier system is calculated using relationships
developed by McEnroe (1993) for lateral-
drainage layers.

The maximum head acting on the liner
system is a function of the transmissivity of
the lateral drainage layer,'V, the horizontal
spacing of perforated drainage pipes within
the lateral drainage layer, L, the slope of the
barrier system, @, and the impingement
rate, r, of liquid that vertically enters the lat-
eral-drainage layer. The sawtooth-liner ge-
ometry assumed in McEnroe’s solution is
shown on Figure 1 (p.22). Three impinge-
ment conditions are evaluated by McEnroe:

e Case !: r/ksin.?a > 0.25—The slope/
transmissivity capacity of the drainage
layer controls the mounding height,
as appropriate for flatter slopes.

e Case 2: r/ksin.’o, = 0.25—A balance
exists between the impingement rate and
the slope/transmissivity capacity of the
drainage layer.

e Case 3: r/ksin.’0. < 0.25—The impinge-
ment rate controls the mounding height,
as appropriate for typical side slopes.

Here, k is the permeability of the

drainage layer. These three cases also are
shown on Figure . Note that Cases 2 and
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Photo |. Geonet-composite drainage
systems limit infiltration on the flatter
slopes of landfilt final covers.

3 also can be used to model a liner on an in-
finite slope that has collector pipes uni-
formly spaced down it. Case 1 conditions
for the infinite slope require the slope length
to be taken as the actual distance between
the pipes, 2L.. A more thorough discussion
of McEnroe’s analysis is given by McBean,
et al. (1995).

To simplify this evaluation for flatter
slopes common to landfills, McEnroe’s
work can be reduced to the simple chart
presented on Figure 2 (p.22). It represents
Case 1 conditions, with the exception of
the 8% slope lines, which are Case 3 con-
ditions. This indicates that the transition be-
tween ““lat slopes” and “side slopes” typ-
ically occurs at a slope of approximately
8%.

McEnroc’s equations were developed for
natural-drainage layers with a thickness that
greatly exceeds that of a geocomposite-
drainage layer. Their application to
drainage-geonet composites makes the as-
sumption that the “head” acting on natural-
drainage layers will be the same as pressure
acting in the geocomposite-drainage layer,
i.e., that Darcy’s Law is applicable. Be
aware that McEnroe’s equations are based
on a “free drainage” condition-i.e., the col-
lection system has to be designed ade-
quately so that there is no backwater effect
over the barrier layer.

Figure 2 presents the minimum perme-
ability for a 30-cm-thick drainage layer to
limit head to less than 30 cm for the indi-
cated uniform-inflow rates. Two distinct in-
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flow rates have been evaluated:
. 10 ci/sec (12 in./year) represents
lypical Hydrologic Evaluation of
Landfill Performance (HELP)-model
infiltration rate for a final cover in non-
arid or semi-arid portions of the country.

e | x 10" cr/sec is the typical permeab-
ility for a vegetative layer; therefore, it
represents the seepage velocity if the
final cover becomes saturated, i.e., unit
gradient case.

These rates are discussed in greater
detail below.

The design value of inflow must be this
minimum k value multiplied by a factor of
safety that reflects clogging and long-term
performance concems. For final covers, we
recommend a minimum factor of safety (FS)
of 8, while for leachate-collection systems,
we recommend a minimum factor of safety
of 20 to reflect the high clogging potential
and high compressive creep under large nor-
mal loads. The above two safety factors are
close to the sum of a drainage-safety factor
of 2 and the product of reduction factors pro-
posed by R. Koerner (1997).

¢--yice loading

'y_ imost significant unknown for the de-
signer to evaluate is the impingement rate
or inflow of liquid that vertically enters the
lateral-drainage layer. For cover systems in
non-arid regions, this impingement rate can
be taken as the permeability of the vegeta-
tive- layer system. This reflects an assump-
tion of saturation and the resulting vertical
flow gradient of one.

For the impingement rate of liquid that
vertically enters the lateral-drainage layer
over the liner system, we must estimate the
drainage rate of leachate draining from the
waste. Two methods exist for making this
estimate:

1. The U.S. Environmental Protection
Agency’s (EPA) HELP model

2. Empirical rates based on historic
leachate-generation rates.

The HELP model is limited in that it does
not readily allow the operational/post-closure
transition life of a landfill to be modeled—
i.e., the geometry of the landfill model re-
mains the same throughout the entire eval-
~=tion analysis. Because of this limitation,

Jirical rates commonly are used to eval-
uate the three key phases in the life of the lat-
eral-drainage layer: during active placement

of the waste, after placement of interim
cover, and afier placement of the final cover.

Values for these phases can be estimated
from regional landfill-service records, if
available, and published typical leachate-
generation values. It should be noted that re-
cent evaluation of actual leachate-generation
rates has shown that the HELP model can
provide very good approximations to actual
conditions (M.A. Othman et al., 1998).

Published typical leachate-generation
values for non-arid regions show rates of
1200-2000 gallon/acre/day (gad), or an im-
pingement velocity of 1.3-2.2 x 10
cm/sec during active placement of waste,
200-600 gad once 12-in. of interim cover
is placed, and 50—150 gad after placement
of the final cover. The authors confirmed
the reasonableness of these values through
discussions with state solid-waste regula-
tors in Florida, New York, North Carolina,
and Virginia. (Comments from other states
or operators would be greatly appreciated.)

Leachate-generation rates will be af-
fected dramatically by the degree of
leachate/stormwater separation inherent in
the facilities-design and operational prac-
tices. The leachate-generation rates refer-
enced above reflect typical design and op-
erational efforts. Facilities that employ
supplemental “rain sheets” may have less
leachate, while those that are poorly de-
signed and operated will have significantly
more. The design is conservative for long-
term flows if it is designed properly for
short-term operational flows.

The reader by now should understand
the basis for the two impingement rates as-
sumed in Figure 1. The 1 x 10* cm/sec rate
represents the impingement rate for a sat-
urated final cover. The 1 x 10 cm/sec im-
pingement rate approximately represents

Impingement, r
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Figure |. Sawtooth-liner geometry for
McEnroe’s final solution.

the infiltration into a final cover if it does
not become saturated, or a leachate-collec-
tion system during initial waste placement.

Implications for gepcomp-
OSIEE- rainage pr%ductsp

Figure 2 can be used to define the typical
range of transmissivities required for geo-
composite-drainage products for typical
landfill applications. For final-cover appli-
cations where saturation is assumed, the
range of minimum permeabilities is approx-
imately 0.1-0.8 cm/sec. This represents re-
quired transmissivities of 2.4-19 x 107
m¥sec (ES = 8.0). If final-cover saturation
can be avoided, the required transmissivities
drop dramatically to approximately 2.6-18
x 10° m¥sec (FS = 8.0). The impact of
cover saturation is quite significant.
Drainage composites in leachate-collection
systems must be designed for both increased
normal loads and increased clogging poten-
tial. Assuming FS = 20, the range of trans-
rmissivities required for the leachate-collection
systemns are 6-47.5 x 10? m¥sec for an im-
pingement rate of 1 x 10~ cm/sec, and 6.5-45
x 10~ m¥sec for an impingement rate of

Minimum permeability - 30 cm mound
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Figure 2. Minimum permeability for a 30-cm thick drainage layer to limit head to less

than 30 cm for given uniform-inflow rates.
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Figure 3. Laboratory transmissivity test data.

1 x 10 cm/sec. Based on the actual im-
pingement rate, leachate-collection systems
may require a very high capacity flow under
high normal loads—a tough application.
High-flow drainage composites or a com-
bination of geocomposite with natural soil
drains will be necessary in this case.

Design examples

Figure 2 can be used to quickly calculate the
design transmissivity of a geocomposite-
drainage component. For example, deter-
mine the required transmissivities for a geo-
composite-drainage layer in a final cover
with a 6% slope and pipe spacing of 35 me-
ters. Assume typical infiltration—i.e., HELP
model-and saturation.

From Figure 2, the minimum required
drainage-layer permeabilities for the two
cases are 0.0016 cm/sec and 0.16 cm/sec,
respectively. With an overall safety factor of
8, the design permeabilities are 0.0128
cm/sec and 1.28 cm/sec respectively.

Required transmissivities, ‘P, are calcu-
lated by assuming an equivalent 30-cm
thick drainage layer such that ¥ =k x thick-
ness. The required transmissivities are 3.84
x 10° m*/sec and 3.84 x 10 m?/sec, respec-
tively.

The normal load acting on the geocom-
posite-drainage blanket in this application
is typically less than 25 kPa (500 psf). The
geocomposite drain is selected according to
laboratory transmissivity-test data, as shown
on Figure 3. Care must be taken to ensure
that the laboratory transmissivity tests utilize
the correct range of normal loads (and seat-
ing time if creep is a concern) and the cor-
rect testing-boundary conditions that sim-
ulate field installation.

The transmissivity value under 25 kPa
and gradient of 6% is 5.1 x 10 m*/sec >
3.84 x 10* m¥sec. The design for the com-
posite drain is acceptable.

In the second design example, determine
the required transmissivity of a geocompos-
ite as a primary leachate-collection layer
over the liner with a 4% slope and pipe

spacing of 55 m. The minimum permeabil-
ities are 0.0036 cim/sec and 0.36 cm/sec for
an impingement rate of 1 x 10 cm/sec and
1 x 10° cm/sec, respectively. Required
transmissivities, assuming an equivalent
30-cm thick drainage layer, are 2.16 x 10
* m?sec and 2.16 x 102 m*/sec, respectively.
The normal load that acts on the geocom-
posite-drainage blauket in this application
is assumed to be 750 kPa (15,000 psf).
Under the above normal load and a 4%
gradient, the transmissivity determined
from Figure 3 is 3.2 x10° m%/sec. Therefore,
if the design impingement rate is 10*cm/sec,
the product represented by Figure 3 does not
meet the flow requirement. An alternative
product with higher flow capacity or a
combination of high-flow geocomposite
augmented by natural drainage soil may
be needed. GrRt

Aigen Zhao, Ph.D, PE, is technical direc-
tor of Tenax Corp., Baltimore. Gregory
N. Richardson is principal of G.N.
Richardson & Assoc., Raleigh, N.C.
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