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1 INTRODUCTION 

In recent years, an increased understanding of landfill behavior 
and decomposition processes has led to a changing view in ex-
isting landfill operation methodology from a permanent stor-
age (i.e. dry cell) concept to a bioreactor (i.e. wet cell) concept 
in which the waste is actively digested (Maurer, 1994; Krol 
et al. 1994). Incorporating bioreactor activities in solid waste 
management practices may extend the life of landfills greatly, 
perhaps indefinitely. The most promising approach to bioreac-
tor landfill management utilizes leachate recirculation (Yuen 
et al., 1994). This paper details two full-scale case studies lo-
cated in Florida, where the bioreactor-ready bottom liner sys-
tems were recently constructed and are currently operational. 
One case study took place at the New River Regional Landfill 
(Project 1), located in Union County. The second case study is 
the Aucilla Area Solid Waste Facility (Project 2), located in 
Madison County. 

2 DESIGN ELEMENTS

2.1 General 

The bioreactor-ready bottom liner system was designed and 
permitted in accordance with the U.S. Environmental Protec-
tion Agency (USEPA) and Florida Department of Environ-
mental Protection (FDEP) regulatory requirements and is con-
sidered a double-composite liner system for municipal solid 
waste landfills. The bottom liner system is composed of the 
following elements, listed from the upper-most to lower-most 
component: 
− 60-centimeter (cm) sand drainage layer  
− 7.6-millimeter (mm) high density polyethylene (HDPE) tri-

planar geonet/geotextile geocomposite 
− upper 1.5-mm HDPE geomembrane  
− 7.6-mm HDPE tri-planar geonet 
− lower 1.5-mm HDPE geomembrane  
− 15-cm compacted clayey soil layer  
 Three main characteristics of the bioreactor-ready bottom 
liner design give it uniqueness among existing municipal land-
fill bottom liner designs: (1) the grading plan within the cell; 
(2) the components of the primary leachate collection system; 
and (3) the method in which leachate is conveyed from within 
the lined system.  

Figure 1 provides a conceptual cross-section of the bioreac-
tor-ready bottom liner system, along with a cross-section of a 
traditional, corrugated bottom liner system. 

Figure 1. Conceptual Cross Sections 

2.2 Grading Plan 

The bioreactor-ready bottom liner system is designed such that 
leachate collection lateral pipes (including surrounding gravel 
and geotextile wrap) associated with traditional saw-tooth, or 
corrugated, bottom liner designs are eliminated. The elimina-
tion of collection laterals not only makes the collection system 
components unique (see Section 2.3) but results in the overall 
grading of the bottom liner system to be simplified and easier 
to build. The foundation and liner components of the bioreac-
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tor-ready bottom liner system are constructed at a constant 
slope toward a collection trench located along one edge of the 
landfill cell as shown in Figure 2. The leachate collection 
trench is graded at a 0.5 percent slope (minimum), perpendicu-
lar to the overall grading, to create a low point for leachate 
collection and removal (see Section 2.4). The overall slope of 
the system is typically between 1 percent and 3 percent. It 
should be noted that the determination of slope degree is based 
on site-specific conditions. In both traditional and non-
traditional bottom liner systems, the slope must account for the 
expected long-term settlement of the landfill to assure positive 
drainage throughout the life of the landfill.  

Analyses have been performed to assess the potential waste 
volume of traditional, corrugated bottom liner designs and the 
bioreactor-ready design. Results show that the bioreactor-
ready bottom liner design allows significantly more waste to 
be deposited in the cell due to elimination of corrugations, al-
lowing a single bottom liner slope. Details of these analyses 
are not discussed in this paper. 

Figure 2.  Typical Grading Plan 

2.3 Leachate Collection System 

Leachate collection systems must be designed to maintain a 
depth of less than 30 cm of leachate over a composite liner, in 
accordance with USEPA and FDEP regulations. The hydraulic 
performance of a traditional bottom liner system is mainly 
controlled by the placement of the leachate collection lateral 
pipes. As the distance between the lateral pipes decreases or 
the total number of lateral pipes increases, the hydraulic per-
formance of the liner system increases. This method of in-
creasing the system’s hydraulic performance is very costly and 
has practical limitations. As a result, traditional liner systems 
are typically designed to have only slightly less than the re-
quired 30 cm of head on the liner.  

The bioreactor-ready system features a highly transmissive 
geonet in a configuration that not only allows for the elimina-
tion of leachate collection lateral pipes with gravel/geotextile 
envelopes but also provides increased hydraulic performance, 
which is more suitable for the increased leachate recirculation 
associated with bioreactor operation activities. The top three 
components of the bioreactor-ready liner design (i.e. sand, 
geotextile/geonet geocomposite, and geomembrane) comprise 
the leachate collection system. The primary conveyance com-
ponent of the leachate collection system is a 7.6-mm HDPE 
geonet that is designed to convey leachate at rates sufficient to 
reduce the hydrostatic head on the upper geomembrane to 
much less than the required 30 cm.  

2.3.1 Geonet Properties 
A recent advancement in geonet design has achieved increased 
transmissivity rates by increasing the thickness and reducing 

the compressibility of the geonet structure. The geonet used in 
this bioreactor-ready design was manufactured from HDPE us-
ing a patented extrusion process resulting in a tri-planar struc-
ture. The primary flow plane of the geonet is located between 
the top and bottom secondary flow planes. The vertical ribs, 
comprising the primary flow plane, are constructed to be 
stronger than the inclined ribs of traditional bi-planar geonets. 
Therefore, the tri-planar geonet has the advantages of higher 
transmissivity rates, higher thickness, and higher compressive 
strength (Zhao and Banks, 1997). Geonet flow capacity in the 
field may be reduced due to mechanisms that affect geonet 
properties. Field conditions that may reduce geonet perform-
ance include applied load, applied loading time, and environ-
mental conditions, such as chemical and biological activity 
(Giroud et al. 2000). The bioreactor-ready bottom liner design 
is based on long-term transmissivity test data. (It should be 
noted that long-term refers to the test duration being greater 
than 100 hours.) Reduction factors for intrusion, creep, chemi-
cal clogging, and biological clogging, as specified by Giroud 
et al. (2000), were then applied to the long-term transmissivity 
test values.  

2.3.2 Hydraulic Performance 
The design of a leachate collection system involves the predic-
tion of maximum leachate depth (head) on the geomembrane 
liner. The HELP (Hydrologic Evaluation of Landfill Perform-
ance) Model was used to assess leachate generation rates and 
storage requirements (Schroeder et al. 1994). Two worst-case 
hypothetical operation conditions were modeled to maximize 
leachate generation and support a conservative design. One 
case simulated the worst hydraulic condition in which the en-
tire landfill cell area would be partially filled with solid waste 
to a depth of 4.5 meters (m) with 15 cm of daily soil cover. 
The second case simulated the worst load condition by model-
ing the cell filled to its maximum height. For each case, a 
geonet transmissivity value was calculated, as described in 
Section 2.2.1. HELP model simulations were conducted for a 
5-year simulation period for each case study. Results, includ-
ing both hypothetical conditions for both projects, show the 
maximum peak daily head on the geomembrane liner to be ap-
proximately 0.59 cm. HELP model results and geonet trans-
missivity design values are provided in Table 1. In all cases, 
the maximum expected head value is significantly less than the 
regulatory limit of 30 cm and even less than the design thick-
ness of the geonet, which ensures an unconfined flow.  

Table 1. Maximum Leachate Head Model Results and Geonet Tran-
missivity Design Values 
________________________________________________________
     Design       Maximum  
     Transmissivity     Head  
     cm2/s       cm 
________________________________________________________
Worse Hydraulic Condition 

Project 1   11.9        0.54 
Project 2   11.9        0.65 

Worse Load Condition 

Project 1    6.3        0.48 
Project 2    6.3        0.48 
________________________________________________________

2.3.3 Leak Detection System 
The 7.6-mm geonet overlying the lower 1.5-mm geomembrane 
is the secondary leachate collection and removal system or the 
leak detection system. The leak detection system is designed 
to convey leachate at rates sufficient to limit the maximum 
hydraulic head on the lower liner to less than the 2.5 cm or the 
thickness of the drainage layer, in accordance with USEPA 
and FDEP regulatory requirements. Calculations have demon-
strated that the flow capacity of the geonet greatly exceeds the 
expected leakage rate (Bonaparte et al. 1989; USEPA, 1987). 
Additional calculations, using Darcy’s Law, were conducted to 
predict the amount of head on the lower geomembrane based 
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on the permitted leakage rate and characteristics of the geonet. 
Results show that the expected head on the lower geomem-
brane is far less than the 2.5-cm requirement and design thick-
ness of the geonet, which ensures an unconfined flow.

2.3.4 Leachate Removal System 
Leachate conveyance from within the lined area of the cell is 
achieved via a composite HDPE and concrete precast drop 
inlet box designed exclusively for the bioreactor-ready bottom 
liner system. The leachate collection and leak detection 
(LCLD) inlet is designed to accommodate the separate flows 
of leachate from both the leachate collection system and the 
leak detection system as shown in Figure 3. The LCLD inlet is 
located at the lowest area of the collection trench within the 
lined cell area. Leachate collected in the LCLD inlet is con-
veyed by gravity through connecting pipes below the liner to 
separate leachate collection and leak detection wetwells for 
disposition.

In addition to the LCLD design, the penetration and seam-
ing technique used with the LCLD inlet is unique. The LCLD 
inlet is used in a manner that results in only one penetration in 
each liner system. The LCLD inlet design eliminates the need 
for pipe penetrations and their accompanying boots associated 
with more traditional liner penetrations and seaming tech-
niques. The interior and top surfaces of the LCLD inlet is pre-
cast with a 5-mm-thick HDPE liner, which allows the upper 
and lower geomembranes of the landfill liner system to be 
welded directly to the LCLD inlet. In traditional booted pene-
trations, landfill load compromises the weld around the pene-
trating pipe. By contrast, with the LCLD inlet, the penetration 
is located in the same plane as the liner system, allowing land-
fill loads to act as a reinforcing agent for the penetration 
welds. 

Figure 3. Leachate Collection and Leak Detection (LCLD) 
HDPE/Concrete Precast Drop Inlet 

3 CONSTRUCTION PROCESS 

The hydraulic performance of the tri-planar geonet together 
with an innovative conveyance structure (LCLD inlet) allows 
construction to occur in three basic modules, composed of the 
following main elements: (1) the liner system; (2) the LCLD 
inlet, with connecting pipes and wetwells; and (3) the me-
chanical and electrical systems. A major advancement in 
streamlining bottom liner construction was achieved through 
the newly developed LCLD inlet, which allows the liner and 
mechanical contractors to work independently. With tradi-
tional bottom liner systems, the clay liner and geosynthetic 
components are installed in phases to allow access to the lat-
eral pipe areas. Several processes using multiple contractors 
are occurring simultaneously within the lined area of the cell, 
such as collection lateral pipe welding, gravel installation, and 
geotextile installation. With the bioreactor-ready design, each 
liner component can be installed as a complete layer without 
interruption. The modular construction process and simplified 
grading plan allowed the subgrade and clay liner of both Pro-

ject 1 and Project 2 to be constructed using landfill staff. The 
clay liner was completely constructed and certified before a 
contractor began installation of the geosynthetic components. 
The liner contractor was able to work with virtually no interac-
tion with mechanical/electrical contractors. 

The 5-mm HDPE liner of the LCLD inlet is installed in the 
concrete form at the precast facility and fabricated off site. The 
entire interior and top surfaces of the completed LCLD inlet 
are lined with 5-mm HDPE liner, which acts to protect the 
concrete surface. The HDPE liner on the top surfaces of the 
LCLD inlet also allow the leachate collection and leak detec-
tion geomembranes of the bottom liner system to be extrusion-
welded directly to the inlet structure. In addition to the extru-
sion weld sealing the structure to the geomembrane liners, a 
cap strip is also installed around the geomembrane/inlet inter-
face for additional seal assurance. All welds to the LCLD inlet 
are then vacuum-tested, which is not possible with traditional 
boot-type welds around pipes. 

4 RESULTS 

4.1 System Performance 

The overall performance benefits of the bioreactor-ready bot-
tom liner design over traditional designs include the signifi-
cant increase in the hydraulic performance of the liner system. 
The properties of the tri-planar geonet used in the leachate col-
lection system greatly improve the hydraulic characteristics of 
the liner system. The robust collection system can more easily 
accommodate increased hydraulic loading rates resulting from 
leachate recirculation associated with bioreactor operations. 
Another system benefit includes the associated decrease in 
threat to the environment due to very low expected maximum 
leachate head on the liner. Modeling results show that less 
than 0.6 cm of head is expected on the liner. The potential for 
leakage has been reduced by having only one liner penetration 
and by improving the weld quality with the LCLD inlet de-
sign. The orientation and access of the LCLD inlet results in 
high-quality welds. Welding the penetrated geomembrane to 
the LCLD inlet permits the weld to be tested, which is not pos-
sible with traditional pipe. 

4.2 Construction Duration and Costs 

Replacement of traditional collection laterals with a tri-planar 
geonet liner system has led to reduced construction complex-
ity, duration, and costs. The elimination of lateral collection 
pipes greatly simplifies the grading plan and therefore enables 
grading to be accomplished by landfill personnel and construc-
tion time to be reduced. In addition, the simplicity of the bot-
tom liner system allows owners to perform major elements of 
the construction without risk of impacting their contractors. 
The elimination of lateral collection pipes together with the 
composite HDPE/concrete precast drop inlet, used for leachate 
conveyance from within the lined cell, allows a modular con-
struction process that resulted in a significant decrease in con-
struction duration as shown in Figure 4. The HDPE-lined top 
surface of the drop inlet easily facilitates the equipment that is 
necessary to weld the landfill liner directly to the top surfaces 
of the drop inlet. Significant reductions in project duration 
over traditional bottom liner designs were realized in both pro-
jects. 

In addition to time savings, the bioreactor-ready design has 
proven to significantly reduce construction costs, as shown in 
Figure 5. The modular construction process allows savings to 
be realized by directly hiring individual contractors for differ-
ent project elements, thereby eliminating general contractor 
markup and other taxes and fees passed on to the owner. Addi-
tional savings can be achieved if the facility owner elects to 
perform elements of the work using in-house staff and equip-
ment. In short, the improved bottom liner design allows con-
struction costs for a typical 5-hectare cell to be reduced by as 
much as US $530,000 to US $650,000. 
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Figure 4. Comparison of Construction Duration 

Figure 5. Comparison of Construction Costs 
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6 ADDITIONAL PROJECTS 

Currently, the bioreactor-ready bottom liner system is being 
designed for a 5.7-hectare cell expansion at the Winfield Solid 
Waste Facility located in Lake City, Florida. In addition, the 
second cell expansion (8-hectare) using the new design at the 
New River Regional Landfill has been designed and permitted 
and is currently under construction.  
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