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ABSTRACT: This paper presents a case history of using a geotextile/tri-planar geonet/geotextile composite as a 
capillary barrier layer to mitigate groundwater under a compacted clay liner. The site constraints for this new 
municipal solid waste cell placed the planned bottom of the cell below the natural ground water table. A geosyn-
thetic drainage net composite was selected as a capillary break layer based on its ability to maintain a void and its 
long-term transmissivity under the anticipated load. The general contractor placed the geocomposite at the bot-
tom of the cell excavation. The required compacted clay liner was constructed on top of it, in lifts, to a final com-
pacted depth of 600mm. The installation of the drainage geocomposite presented no significant challenge to the 
construction of the compacted clay liner. Project construction photos are also included in the paper. 

1   INTRODUCTION 

As the old fill area of the Lyon County landfill neared 
capacity, a cost effective and environmentally sound 
expansion option that would provide the County with 
a new landfill cell that would last for several years 
was needed.  Due to geographical constraints and a 
relatively shallow groundwater table, the County 
looked to an innovative expansion design that in-
cluded a landfill cell constructed with its base sitting 
below the ground water table to solve its expansion 
needs.  Although the influx of water was considered 
to be low, the problem of exposing the compacted 
clay layer to excessive moisture or ever saturated 
conditions would greatly compromise the integrity of 
the compacted clay layer, and reduce the effective-
ness of the liner system over the design life of the 
cell. A geosynthetic drainage net composite was se-
lected as a capillary break layer to control the inward 
gradient of groundwater.

A Capillary barrier is designed to cut off the conti-
nuous upward movement of water. Coarse sand and 
gravel have been traditionally used as barrier mate-
rials. The use of geotextile materials as capillary bar-
riers (Henry, 1996) has been attempted, but laborato-
ry and field-testing showed that typical geotextiles 
are not suitable for use. Utilizing a drainage geocom-
posite made with an internal structural geonet with 
two filtering geotextiles laminated to each side (top & 

bottom) of the geonet may provide the necessary 
break to the capillary rise. The geocomposite will 
succeed as a capillary break only if the top and bot-
tom geotextile do not come in contact with each oth-
er, thus providing a void space to break the capillary 
action from drawing water past the bottom of the 
geocomposite. The following describes this engineer-
ing challenge and its solution using geosynthetics. 

2   BACKGROUND OF THE ENGINEERING 
     CHALLENGE 

The Lyon County Regional Sanitary Landfill is lo-
cated near Marshall, in the southwest region of Min-
nesota.  It is located on 130 hectares, of which the 
Landfill footprint and associated facilities encompass 
approximately 40 hectares. The region is popular for 
its large parks and lakes, making protection of its wa-
ters all the more important.  The need for a long-
lasting and effective geosynthetic liner system was 
paramount for the expansion.  A ground water drai-
nage layer would be constructed beneath the compo-
site liner clay barrier, as shown in Figure 1.
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Figure 1. Typical IGS design 

A key design consideration when planning the land-
fill expansion was a cell that would maximize the 
new cell’s footprint.  To do this, the landfill cell bot-
tom was designed to sit below a shallow ground wa-
ter table, giving the cell more capacity, and ultimately 
a longer life. The sub-ground water design was to be 
managed with an inward gradient system (IGS) that 
would incorporate a composite liner system. 

This type of design would divert ground water into 
the IGS, which is more permeable than the surround-
ing clay area, creating an engineered hydraulic trap. 
According to Rowe et al. (1997), the advantages to 
this type of design include, “substantially greater at-
tenuation of any contaminants that do migrate 
through the primary liner.”, and that “since fluid can 
be injected and withdrawn from the hydraulic control 
layer, it is possible to control the concentration of 
contaminant in the layer, and hence the impact at the 
boundary, in the event of a major failure of either the 
liner or the primary leachate collection system.” This 
concept is depicted in Figure 2.

Figure 2.  IGS water table draw down

The IGS system consisted of a geotextile, triplaner 
geonet, geotextile geocomposite installed on a pre-
pared subgrade through the entire base of the cell.  
The maximum anticipated flow rate to enter the cen-
trally located IGS sump accepting ground water was 
approximately 0.9 liters per minute.  This was calcu-
lated based on existing hydrogeologic data from the 
Landfill, expansion design extent, the IGS design, 
known site aquifer parameters and applying U.S. 
Geological Survey’s MODFLOW modeling soft-
ware.4 This flow rate represents the amount of water 
expected to be dewatered from below the liner system 
until the waste depth necessary to counterbalance the 
upward buoyant force from the ground water. The 
geonet would drain the intercepted ground water into 
an underdrain sump, located beneath the proposed 
leachate collection. The underdrain sump area would 
consist of overlying geotextile filer and washed ag-
gregate backfill.  One centrally located sump would 
discharge the collected water out of the cell to either a 
treatment pond or to a nearby wetland, depending on 
whether the collected water showed leachate conta-
mination or not. 

The critical design factors considered were the re-
quired flow rate and the material’s ability to maintain 
a sufficient open pore space or void thus maintaining 
an effective capillary break. 

3  GEOCOMPOSITE CAPILLARY BREAK 

To assess the capillary break effectiveness of a tri-
planar geonet, laboratory tests for both wet and dry 
boundary conditions have been developed. 

3.1 Capillary barrier test: wet condition 
The boundary conditions and materials used for the 
wet testing (listed as bottom to top) were as follows: 
- Tap water: 1.5 liters; 
- Neoprene of 15 mm simulating the real behavior     

of the natural soil 
- Geotextile 250 g/m² (with size larger than trial 

area)
- Geonet specimen  
- Geotextile 250g/ m² taped to top side of geocom-

posite
- Neoprene of 30 mm 
- Steel plate of 250 x 250 mm 
- Load cell 

The neoprene of 15 mm thickness was placed into a 
steel box. The 250 g/m² geotextile, cut larger than the 
neoprene to allow the geotextile overhang material so 
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as to sit in the water, was then placed. Tap water was 
added so only the overhang portion of the geotextile 
was wetted. Due to capillarity phenomena, the water 
in the box rose through the geotextile and saturated. 

A 355 x 355mm sample of tri-planar geonet was 
then prepared with geotexlile on both sides to form a 
geocomposite (figure 3) and placed in the box on top 
of the large geotextile.  Then another two layers of 
neoprene, overall thickness of 30 mm, was placed on 
top. (figure 4) 

Figure 3. Sample of tri-planar geonet and geotextile 

Figure 4. Test setup 

A static load of 200 kPa was applied for durations 
of 24 hours and 100 hours respectively. This ex-
tended testing duration is important in understanding 
the compressive creep phenomena of the geonet. Af-
ter 24 hours, the tri-planar geocomposite was 
checked, and the lower geotextile was fully wet, 
while the upper geotextile was dry. Therefore, the tri-
planar structure of the geocomposite had demonstrat-
ed capillary barrier effectiveness. Observation of the 

geocomposite after the 100 hour test duration showed 
the same results. Even though the bottom geotextile is 
completely saturated (figure 5), the top geotextile is 
completely dry (figure 6). 

Figure 5. Bottom geotextile is completely saturated 

Figure 6. Top geotextile remains completely dry 

3.2. Capillary barrier test dry condition 
Another trial test to confirm the capillary barrier effi-
ciency was performed in a dry condition using neo-
prene (soft boundary condition), aluminum sheets and 
a simple electric currency metering device. The trial 
procedure was developed to take advantage of the 
electrical conductivity characteristic of the aluminum.  
This procedure utilized the unbound geocomposite 
components, geocomposite core structure and geotex-
tiles, in order to incorporate the aluminum sheets be-
tween the geotextile and the geonet core structure.  
When a load was applied and subjected to simulated 
field conditions, the geotextiles and aluminum sheets 
would deform and intrude into the flow voids. Due to 
the conductivity of the aluminum the electric current 
change could be measured to determine if the upper 
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and lower geotextiles came in contact with each oth-
er. 

The boundary conditions and the materials used for 
the dry condition (listed as bottom to top) were as fol-
lows:
- Neoprene of 15 mm simulating the real behavior 

of the soil 
- Geotextile
- Smooth Aluminum Sheet
- Geonet
- Smooth Aluminum Sheet
- Geotextile
- Neoprene of 30 mm
- Steel plate of 305 x 355 mm
- Load cell

The sample of tri-planar geocomposite was 355 mm 
x 305 mm, but the load area was 250 mm x 250 mm.  
Two rectangular smooth pieces of Aluminum of 100 
mm x 300 mm were placed in the central area be-
tween the lower/upper geotextile and the geonet core 
structure. A simple electric device, or “meter”, was 
attached to the smooth aluminum sheets to calculate 
any electric current change caused by contact be-
tween the aluminum sheets. Neoprene, 15 mm upper 
and 30 mm lower, were used to simulate the behavior 
of soil boundary conditions. A static load of 200 kPa 
was applied for a 100 hour duration and the electric 
current change was measured. 

After 100 hours, the result on tri-planar geonet was 
negative.  The meter registered a value of 1, the same 
as before loading, which indicates that the upper and 
lower geotextile did not touch.  

Studies at US Army Cold Regions Research and 
Engineering Laboratory, Henry and Affleck (1998), 
also concluded that the tri-planar geocomposite tested 
was an effective capillary barrier.  

4.  CONSTRUCTION 
The geocomposite capillary barrier (GCB) was placed 
at the bottom and up the slope of the excavated cell 
prior to the placement of the compacted clay liner. In-
stallation of the GCB does not require any specialized 
technicians or equipment thus the general contractor 
was able to utilize their own labor force. A represent-
ative of the GCB manufacturer was onsite during the 
start of the installation and intermittently throughout 
the project to offer assistance and ensure proper in-
stallation techniques were followed. The GCB was 
shipped to the site on rolls and are simply unrolled 
over the prepared subgrade. The cores of adjacent pa-
nels are connected with plastic ties. The top and bot-

tom geotextiles were overlapped and heat sealed in 
place to prevent soil from migrating into the geonet 
core (figure 7). The clay liner was placed in lifts di-
rectly onto the GCB and compacted without any dif-
ficulties (figure 8).  The liner system cross section in-
cluded in the design plans is shown as figure 9. 

Figure 7. Installation of the geocomposite capillary barrier 

Figure 8. Placement of the compacted clay liner 

Figure 9. Cross section of liner system 

5  CONCLUDING REMARKS 
The inward gradient design provided the best solution 
to the long term plans and environmental responsi-
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bilities of the landfill. The ability of the tri-planar 
geocomposite to maintain a void under the designed 
loads provides the required capillary barrier to main-
tain the integrity of the compacted clay liner and to 
rapidly collect influx of groundwater and transport it 
to the sump so it from where it could be pumped to a 
treatment area or released to a nearby wetland.
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