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The design_ of geonets in landfil
leak-detection Systems

in which geonets serve, their use in

waste-containment leak-detection sys-
tems (LDSs) probably is their most natural.
These systems must provide two important
functions in liner structures:

O F ALL THE VARIED APPLICATIONS

1. Allow leakage from an overlying pri-
mary liner system to be monitored
(hence the term LDS)

2. Minimize the head acting on an
underlying secondary liner system.

While most regulatory attention is focused
on the first role, the latter actually is more
important for environmental protection.
This paper reviews the natural role of a
geonet in LDS systems, presents the equa-
tions required for their proper design, and
reviews construction and operational con-
siderations.

LDS-design objectives
The LDS system must be designed to
satisfy the following objectives:

 provide rapid detection of a major
breach in the primary liner system (a
maximum detection time of 24 hours
commonly is required)

* limit the head acting on the secondary
liner to less than the LDS thickness.

Unfortunately, regulators commonly
focus on the first objective and on the
leachate quantity drained by the LDS sys-
tem. However, it is important to remember
that the second objective will be met, re-
gardless of flow rate, if the LDS is not sat-
urated. This is ensured by defining an ac-
tion leakage rate (ALR) that is less than the
saturated flow of the LDS.

If the ALR is exceeded, then the facility
must implement supplemental efforts to
limit the generation of leachate in the
refuse and/or increase the rate of its re-
moval from the primary collector system.
Leachate generation can be reduced by
minimizing the size of the active working
face and by increasing runoff from interim
covers that use tarps. The removal rate can
be advanced by increased or continuous
operation of leachate-recovery pumps.

Leak-detection design

Geonets provide the most efficient
material for rapid detection of leaks
in an overlying liner system. Be-
cause of limited field capacity and
high transmissivity, the geonet min-
imizes the time lag between leak oc-
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Figure 1. Geocomposite thickness under a range of normal loads.
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currence and detection time. LDSs con-
structed of sand or gravel have significant
liquid-storage potential that can delay leak-
age detection in the primary liner.

Travel time

The travel time of liquids that drain
through the LDS is estimated by assuming
that the system is saturated. Given this as-
sumption, the apparent velocity of flow in
the drainage net. v, can be estimated from
Darcy’s Law as follows:

Equation 1: Q= kIA = (kt)lw = ylw

= VA = vwt

or Equation 2: v = wl/t

where W is the transmissivity of the geonet,
A is the cross sectional area of the net (A
=w X t, where w is the width, and t is the
thickness, of the geonet or geocomposite),
and I is the flow gradient. The thickness of
the geonet or geocomposite is determined
under design load (at least twice the antic-
ipated service load). Figure 1 presents the
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Figure 2. Common landfill-cell profile.
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curve of thickness for a geocomposite
under a range of normal loads.

The drainage geonet’s design transmis-
sivity must be obtained from laboratory
transmissivity-test data (ASTM D 4716),
which typically is provided by the manu-
facturer, and divided by a factor of safety
(typically 10.0). For the LDS, the product
of the long-term reduction factors for intru-
sion, compressive creep, biological and
chemical clogging proposed by R.M. Ko-
erner is 4.7~16 (1997). The recommended
safety factor of 10 is equal approximately
to the average value of the above range.

The transmissivity test must be per-
formed with normal loads and boundary
conditions that replicate field-service situ-
ations. For LDS testing, the lower boundary
of the geonet typically is the geomembrane.
The upper boundary is either another ge-
omembrane or a filter-fabric/soil-barrier
layer that forms part of a composite-pri-
mary liner system. In the case of a compos-
ite primary, the upper boundary in the trans-
missivity test must include both the filter
geotextile and a soil layer to properly sim-
ulate intrusion into the upper boundary and
the resulting loss of transmissivity.
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The true velocity of flow, Vi, is cal-
culated by dividing the apparent velocity
by the porosity, n, of the geonet. Because
of the volume of flow space occupied by
the drainage-geonet ribs, v e actually is
greater than the apparent velocity calcu-
lated above. Here, porosity is the volume
of the voids divided by the geonet’s total
volume. Typical porosity values for
geonets range from 0.3 to 0.8.

Figure 2 (p. 20) shows a common land-
fill-cell geometry, or profile, The maximum
travel time, T, for this system can be calcu-
lated by applying Equation 2 as follows:

Equation 3: T =T + Ty =

LI/V] + L2/V2

or Equationd4: T=L/{yI}/yn;} +
Lo/ [wo In/tons)

where the transmissivities, Y, are ob-

tained from a manufacturer’s chart such as
Figure 3 (p. 22); the geonet’s thickness is
obtained from a manufacturer’s chart, such
as the example in Figure 1; the geonet
porosity, n, is provided by the manufac-
turer; and I is the flow gradient in the field.

All geonet properties should be deter-
mined at normal loads that reflect field-
service levels.

For the conditions on Figure 2, we can
assume that the following properties reflect
field-service conditions for the geonets rep-
resented on Figures 1 and 3:

* | =3.2x 10"mY/sec,

¢ yp=18x10"mYsec (FS=10),

* nl=n2=0.6,

* t) =tp=.006 m at a design normal

load of 750 kpa (15,000 psf).

By using these values, the travel time
for the example cell is determined to be
approximately 16.7 hours. This analysis
1s conservative, since our goal in the next
design phase will be to ensure that the
LDS does not become saturated.

Action leakage rate

The ALR is a fraction of the flow rate that
would be generated if the LDS became
saturated. For the geometry of the example
used above, the saturated-flow rate can be
calculated by modeling the LDS as one-
fourth of a confined aquifer drained by a
fully penetrating well. Therefore, the max-
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Figure 3. Manufacturer-supplied transmissivity chart

age rate.

imum saturated flow into the LDS sump
can be estimated as follows:

Equation 5:
Q=025x[2m wAh/ln(R/Rsump)]
(McWhorter and Sunada 1981)

where Ah is the head loss (2.8 m), R is the
radius of the drain field (100 m), and Rsump
is the radius of the sump area (0.5 m). The
0.25 factor reflects that only one- fourth of
an equivalent circular field drains to the
sump. Maximum saturated flow into the
LDS sump on Figure 2 then can be esti-
mated as follows:

Equation 6:
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Photo 1. The geonet in the LDS of this landfill not only
ensures rapid leak detection, it actually lowers the leak-

Q=0.25x[2n3.2 x 10*x
2.8/In (100/0.5)] =2.65 x 10r
* m¥/sec

or approximately 6040 gal-
lons per day. For the 4.8-acre
cell, this amounts to 1260
gal/acre/day (gad). The ac-
tual value selected for the
ALR must be less than the
estimated maximum satu-
rated flow into the LDS
sump. If the value is too low,
the facility will risk being
forced into a heightened
monitoring/operational mode
or even facing closure each
time the ALR is exceeded.
Picking a value that is too
high will increase the cost of the LDS re-
covery-pump system, since it must be sized
to handle the ALR-flow rate. Typical ALR
values range from a low of 20 gad for liner
systems with a composite-primary liner to
as much as 200 gad for those that include
only a single primary liner.

Recent studies sponsored by the U.S.
Environmental Protection Agency (EPA)
show that, for systems with a composite-
primary liner that includes a compacted-
clay liner and a geomembrane, actual peak
flows measured in LDS systems range
from 0114 gad initially and drop to 0~63
gad during cell operation (Othman et al.
1998). For systems with a composite pri-

mary liner that includes a GCL, the flows
measured in LDS systems range from 0-86
gad initially to 0-15 gad during operation.
These flows can include construction water
draining from the LDS and pore water from
the consolidating primary clay liner, in ad-
dition to leakage through the primary liner.
The results indicate that most LDS systems
currently installed are not saturated and ef-
fectively are limiting the head acting on the
secondary liner system.

The same study clearly showed the value
of a composite primary liner in lowering
flow rates to the LDS. Those cells with only
a geomembrane primary liner had a range of
peak initial-flow rates to the LDS of 0-367
gad and operational peak-flow rates of
0-254 gad. Limited post-closure data indi-
cates a significant drop in the long-term flow
rate to the LDS after placement of the final
cover. This study also demonstrates the need
to actually calculate the ALR, rather than
using “rules of thumb” to set it.

Head-reduction design

The LDS’s most important environmental
role is to limit the head acting on the sec-
ondary composite-liner system. As discussed
in the previous “Designer’s Forum” (August,
GFR, pp. 21-23), the leakage through a pen-
etration, Q (m*/sec), in a geomembrane can
be estimated with the following equations
(Giroud et al. 1992):

for good contact, Equation 7:
09 0] _ 024

Q=021h a k

for poor contact, Equation 8:

09 0.4, 0.4

Q=115h"a k

where a is the area of individual
penetration (m?) in the geomembrane com-
ponent of the barrier, k is the permeability
of the soil component of the barrier system
(ny/s), and h (m) is the head acting on the
barrier. Be aware that this equation is valid
only with the above SI units.

The area of penetration is limited by a
comprehensive construction-quality assur-
ance (CQA) program. In liner systems, the
permeability typically is less than
1 x 107 cm/sec. Therefore, the designer’s role
is limited to ensuring that the head acting on
the secondary barrier system is minimal.

For municipal solid-waste landfills, Re-
source Conservation and Recovery Act
(RCRA) Subtitle D limits the allowable head
to less than 30 cm. With standard CQA and
a 1 x 107 ciy/sec liner system, this implies
typical liner leakage of approximately 0.84
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gad (assuming good contact and six penetra- Defects. Geotextiles and Geomembranes. Landfills. Draft document prepared for

tions at 1 cm? each per acre). The data pre- (vol. 11, no. 1, pp. 1-28). U.S. Environmental Protection Agency,
s Koemer, R. M. 1998. Designing with National Risk Management Laboratory,
sented by] Othman et all_'f‘"d'c.atesbmlat ma;’.y Geosynihetics, 4th ed. Upper Saddle River, Cincinnati.
primary liners are performing below this N.1.: Prentice Hall. Zhao, A. and G.N. Richardson. 1998.
level, which is no doubt due to poor  McWhorter, D.B. and D.K. Sunada. 1981. Composite Drains for Side Slopes in
liner/clay contact and the impact of ge- Ground-Water Hydrology and Hydraulics. Landfill Final Covers. GFR. (vol. 16, no. 5,
omembrane wrinkles (1998). Fort Collins, Colo.: Water Resources June/July), pp. 22-25.
The addition of an LDS system allows Publications. pp. 116-120. Zhao, A. and G.N. Richardson. 1998. Lateral-
: P ; Othman, M.A., Bonaparte, R., Gross, B.A., Drainage Systems Over Landfill Barrier
the dc:,:;gneir to tllllmlttltlhet:.e skxgn heafdtttlo and D. Warren. 1998. Evaluation of Liquids Systems: Flat Slopes. GFR. (vol. 16, no. 6,
something less than the thickness of the Management Data for Double-Lined Aug.), pp. 21-23.

geonet component. For a typical geonet, this
means that the maximum head acting on the
geomembrane is less than its thickness of
approximately 8 mm. If the field conditions
originally considered in Equation 7 are ap-
plied and this value is substituted into the
equation, the predicted total leakage is re-
duced to less than 0.03 gad.

The elimination of wrinkles in the liner
system obviously is of great importance in
LDS construction. A wrinkle that may be
acceptable in a single composite-liner sys-
tem with an allowable 30 cm head clearly
is not acceptable beneath a LDS system that
is trying to achieve a 6-mm maximum
head. Therefore, the CQA program for
LDS systems must provide decisive mea-
sures to minimize geomembrane wrinkling.
Typically, such measures include limiting
the amount of liner that is allowed to be in-
stalled before placement of the geonet and
primary liner system. This forces the con-
struction of the full liner-system section
across the facility, as opposed to the current
practice of layered construction.

Summary

Geonets provide the correct balance of low
water-storage capacity and high-flow trans-
missivity for the design of LDS systems. Con-
trary to its name, the leak-detection system
goes well beyond monitoring the performance
of the primary liner system. The systermn’s abil-
ity to reduce the head that acts on the sec-
ondary liner system, thereby lowering the
leakage rate, should be considered its more
important role. Its capacity to do so even when
subjected to significant leakage from the pri-
mary liner system must be recognized.

This role is particularly important since, for
political reasons, it is almost impossible to
empty a waste-containment cell once it is
completed. Therefore, the designer’s emphasis
should be on preventing future leaks and not
simply on detecting them. Geonets are essen-
tial for accomplishing this goal. Gt
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