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Introduction  
This document describes the use of LFX drainage 

geocomposites in landfill cell construction.  LFX composites 

are used to replace a significant depth of the basal drainage 

stone and provide flow capacity equivalent to the stone it 

replaces, saving on both void space and primary aggregate. 

Background  

In 2004, an LFX Geocomposite was installed at Pilsworth LFS 

- Cell 12Ci - as part of a basal-leachate-drainage trial (1).  The 

LFX was placed on the cell liner and then overlaid with stone 

drainage and piped drains.  This combined protector and 

drain comprised four components bonded together:  

 An extruded, three-layer, high-density-polyethylene, 
geonet drainage core 

 A woven polypropylene geotextile filter bonded on both 
sides of the net to prevent intrusion 

 A needlepunched, non-woven geotextile on the 
underside to provide membrane protection 

 

 

 

Following on from the success of this five-year trial there is 

now the confidence to allow LFX drains to be deployed on 

all but high-risk sites.  

This document will provide the necessary guidance to allow 

designers to assess the suitability of an LFX product for site-

specific application together with an appropriate worked 

example/template containing all the salient data for 

submission to The Environment Agency for their approval. 

The Environment Agency was consulted in the production 

of this document to assure that it meets with their 

requirements.  

It should be noted that the use of the guidance provided 

within this document is restricted solely to the use of 

GEOfabrics’ patent-protected LFX geocomposites.  

Products claiming to have similar performance 

properties should not be viewed as equivalent. 

 Figure 1: LFX Composite Construction 

Benefits of using Protexia LFX 

Using an LFX composite to replace part of a cells basal 

drainage brings significant benefits:  

 Reduced consumption of primary aggregate  

 Reduced number of truck movements 

 Reduced cost for site operators  

 Increased landfill void space  

 Increased ease and speed of construction  

 Factory produced and quality assured geocomposite  

  

 



Information required for design submission  
The use of LFX composites in the UK is innovative 

and, as such, is subject to detailed scrutiny by The 

Environment Agency.  Design and operational 

issues relating to the performance of these 

products must be addressed and understood. The 

basic requirements are listed below. See Hydraulic 

equivalency calculations (pg 5) for a full 

explanation of the background to the 

methodology. 

There are seven key points that that should be 

addressed.  Note that items 2, 6 & 7 apply to any 

form of protection and are not unique to LFX-based 

designs. 

1. It has been confirmed that the proposed use is 

not where the sensitivity of the landfill site is 

considered to be high in terms of the protection 

of the underlying groundwater, i.e. sites that 

are: 

 on major aquifers 

 within Source Protection Zones I to III 

 below the water table (in any strata where 

the groundwater provides an important 

contribution to river flow or other sensitive 

surface waters) 

 

2. The selection of the LFX grade with respect to 

membrane protection needs to be confirmed using a 

cylinder test carried out in accordance with The 

Environment Agency’s guidance document LFE2: 

Cylinder testing geomembranes and their protective 

materials; 2010. 

 

3. The use of an LFX grade on the side-slopes of the cell 

or perimeter bund will be limited to 300mm above 

the top of the drainage gravel layer.  The top open 

edges of any LFX lengths are to be sealed against 

direct particle ingress; typically using a geotextile 

 

 

 

4. The design should take into account the long-term 

performance of the drainage blanket. The LFX 

grade selected should have drainage characteristics 

equivalent to those of the stone drainage blanket it 

replaces.  It should be demonstrated that the 

leachate system is appropriate for the proper 

management of the leachate within the site by 

calculating a Factor of Safety (FS) for the LFX 

grade’s flow capacity (see Hydraulic equivalency 

calculations) for the application using 

𝑭𝒂𝒄𝒕𝒐𝒓 𝒐𝒇 𝑺𝒂𝒇𝒆𝒕𝒚 (𝑭𝑺) =  
𝑸𝑳𝑭𝑿

𝑸𝒓𝒆𝒒𝒅

 

 

where: QLFX =  residual flow rate in the LFX after 
applying reduction factors 

 Qreqd = flow rate required from the LFX 
 

Note: flow units are m3.s-1 per metre width which 
reduce to m2.s-1 

𝑸𝑳𝑭𝑿 = 𝑸𝟏𝟎𝟎 (
𝟏

𝑹𝑭𝑰𝑵 × 𝑹𝑭𝑪𝑹 × 𝑹𝑭𝒄𝒄 × 𝑹𝑭𝑩𝑪

) 

Where 𝑸𝟏𝟎𝟎 is the lowest LFX flow rate measured 

after 100hrs under simulated conditions.  A Q100 

value of 2.44 x 10-4m2.s should be used (see 

Determination of the base line flow rate – pg8) 

together with the following reduction factors for 

the geonet component: 

 

 RFIN RFCR RFCC RFBC 

Reduction 
factors 

1.5 1.5 2.0 2.0 

 

Qreqd can be derived by first calculating an 

equivalency factor (𝑬): 

𝑬 =  
𝟏

𝟎. 𝟖𝟖 
[𝟏 + (

𝑯

𝟎. 𝟖𝟖𝑳
) (

𝒄𝒐𝒔 𝜷

𝒕𝒂𝒏 𝜷
)] 

where: H =  maximum head of leachate 

 L =  length of the slope 
 β = slope angle   

 



 

Then: 

𝑻𝒓𝒂𝒏𝒔𝒎𝒊𝒔𝒔𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒕𝒐𝒏𝒆 𝒕𝒐 𝒃𝒆 𝒓𝒆𝒑𝒍𝒂𝒄𝒆𝒅 (𝑻𝒔𝒕𝒐𝒏𝒆)
=  𝒌𝒑𝒕 

where: kp  =  coefficient of permeability for the 
stone (1.0 x 10-4 m.s-1) 

 t   =  thickness of stone to be replaced (m) 

 

Giving: 

𝑹𝒆𝒒𝒖𝒊𝒓𝒆𝒅 𝑳𝑭𝑿 𝒕𝒓𝒂𝒏𝒔𝒎𝒊𝒔𝒔𝒊𝒗𝒊𝒕𝒚 (𝑻𝑳𝑭𝑿) =  𝑬𝑻𝒔𝒕𝒐𝒏𝒆 

𝑸𝒓𝒆𝒒𝒅 =  𝑻𝑳𝑭𝑿 . 𝒊 

where: i = basal gradient (usually 0.02) 

 

5. The durability of the LFX composite against chemical 

attack and long-term oxidation has to be demonstrated - 

GEOfabrics provide this data  
(see Protexia LFX durability – pg 10). 

 

6. A leachate head monitoring system should be installed in 

accordance with the requirements of the EA’s TGN02 

Monitoring of Landfill Leachate(2). 

 

7. As a precaution, gravel pads of will be provided adjacent 

to each leachate extraction well to permit retro-drilling of 

a new well and pumping in the event the drainage system 

fails. 

 

Note:  A worked example that can be used as a 

template is available on request from GEOfabrics. 

 

 



Hydraulic equivalency calculations  
Design Function approach  
 
The equation for calculation of transmissivity (T) is derived 
from flow rate (q)(3): 

 

𝒒 =  𝒌𝒑𝒊𝑨 = 𝒌𝒑

∆ 𝒉

𝑳
 (𝑾)(𝒕) 

 

Re-arranging this equation gives: 

𝒌𝒑 =  
𝒒𝑳

∆𝒉𝑾𝒕
 

𝑻 = 𝒌𝒑𝒕 =
𝒒𝑳

∆𝒉𝑾
=

𝒒

𝒊𝑾
 

where: q = flow rate (m2 s-1) 

 kp =  permeability coefficient in the plane (ms-

1) 

 i = hydraulic gradient 

 A = cross-sectional area (m2) 

 Δh = head lost (m) 

 L = length (m) 

 W =  width (m) 

 t = thickness (m) 

  T =  transmissivity (m2 s-1) 
 

The design function approach put forward for the 
application of Protexia LFX products is adopted from 
Koerner(3) and detailed within The Environment Agency’s 
technical report P1-397/TS, p63-64 (Appendix A)(4) is: 
 

𝑭𝒂𝒄𝒕𝒐𝒓 𝒐𝒇 𝒔𝒂𝒇𝒆𝒕𝒚 (𝑭𝑺) =
𝑸𝑳𝑭𝑿

𝑸𝒓𝒆𝒒𝒅

 

 

where: QLFX =  residual flow rate in the LFX after  

applying reduction factors 

   

 Qreqd = flow rate required from the LFX 

 

The flow capacity of the geocomposite is determined 
principally by the geonet drainage core.  However, the 
geotextile protection component also has the capacity to 
accommodate flow.  It is intended that the flow capacity 
of the geocomposite will allow the thickness of the 
overlying stone drainage blanket to be reduced by up to 
50%.  On most sites this will be reduction of between 
300mm and150mm. 

 

 

The normal practice for the minimum thickness of 
drainage aggregate is 300mm, with a minimum 
hydraulic conductivity of 1.0 x 10-4 m. s-1, in accordance 
with Environment Agency guidance.  For the 
geocomposite to show equivalency with these criteria, 
the flow rates of each LFX grade must be compared to 
determine the corresponding factor of safety. 

Geocomposite flow rate (QLFX) 

The guidelines published by The Geosynthetics 

Research Institute (GRI)(5) and The Environment Agency 

(3) prescribe the application of reduction factors to the 

flow rate per unit width derived in the laboratory.  This 

provides a conservative estimate of the allowable flow 

rate.  The following relationship is used to determine 

the allowable flow rate per unit width for the 

geocomposite: 

𝑸𝑳𝑭𝑿 = 𝑸𝟏𝟎𝟎 (
𝟏

𝑹𝑭𝑰𝑵 × 𝑹𝑭𝑪𝑹 × 𝑹𝑭𝒄𝒄 × 𝑹𝑭𝑩𝑪

) 

where:  QLFX =  residual flow rate in the LFX after applying 

reduction factors 

 Q100 =  LFX flow rate after 100hrs of simulated 

conditions 

 RFIN = reduction factor for intrusion 

 RFCR = reduction factor for creep 

 RFCC = reduction factor for chemical clogging 

 RFBC = reduction factor for biological clogging 

 

Reduction factors  

A range of suggested reduction factors are provided 

within The Environment Agency’s report (p64)(4), which 

originate from the reduction factors proposed by 

Koerner(3). 

Application  RFIN RFCR RFCC RFBC 

Primary leachate 

collection (landfill) 

1.5 - 2.0 1.4 - 2.0 1.5 - 2.0 1.5 - 2.0 

Table 1: Reduction factors for determining allowable 
transmissivity (3) 

 

 



The suggested reduction factors for calculating QLFX 
are shown in Table 2.  The suggested figures are 
based on comprehensive testing of both the geonet 
core and the finished composite.   

 RFIN RFCR RFCC RFBC 

Reduction 

factors 

1.5 1.5 2.0 2.0 

Table 4: Suggested reduction factors to calculate QLFX 

Reduction factor for intrusion (RFIN) 

The Environment Agency’s report recommends 

factors of safety for intrusion of textile into the 

geonet of 1.5 - 2.0(4).  This report states that the 

chosen factor is a result of variables linked to the 

structure of the product and the corresponding 

environment in which it is placed.  The Protexia LFX 

geocomposites have been specifically designed 

using a low-extension woven geotextile which span 

over the geonet apertures.  Therefore a factor of 

safety of 1.5 is recommended 

Reduction factor for creep (RFCR) 

The reduction factor for creep is established using a 
modified ASTM D6364 method, in accordance with 
the guidelines within GR1-GC8(7).  The standard 
dictates that the drainage component within the 
geocomposite be subjected to a loading over a time 
period of 10,000 hours, whereby the corresponding 
reduction in thickness (deformation) is measured.  

 
As recommended within GRI-GC8, this reduction 
factor is calculated based on the geonet prior to 
lamination, however, it should be noted that 
GEOfabrics have also performed long-term creep 

tests on the LFX composites.  The percentage loss 

in thickness was found to be less than that of the 
drainage core alone. This is a result of the lamination 
process which reduces the compression potential 
i.e. the compression takes place during the 
manufacturing process. 

The reduction factor for core creep is interpreted in 
accordance with the following (6) (7): 

𝑹𝑭𝑪𝑹 =  [
(𝒕𝑪𝑶/𝒕𝒐𝒓𝒊𝒈𝒊𝒏𝒂𝒍) − (𝟏 − 𝒏𝒐𝒓𝒊𝒈𝒊𝒏𝒂𝒍)

(𝒕𝑪𝑹/𝒕𝒐𝒓𝒊𝒈𝒊𝒏𝒂𝒍) − (𝟏 − 𝒏𝒐𝒓𝒊𝒈𝒊𝒏𝒂𝒍)
]

𝟑

 

 

Where: 

𝒏𝒐𝒓𝒊𝒈𝒊𝒏𝒂𝒍 = 𝟏 −
𝝁

𝝆 ∙ 𝒕𝒐𝒓𝒊𝒈𝒊𝒏𝒂𝒍

 

 

 

where:  RFCR =  reduction factor for creep 

 toriginal =  original thickness (m) 

 tCO = thickness at 100 hrs (m) 

 tCR = thickness at > 100 hours e.g. 10,000hours (m) 

 ηoriginal = original porosity 

 µ = mass per unit area (kg/m2) 

 ρ = density of the formulation (kg/m3) 

 

The main physical characteristics of the geonet used in 
the manufacture of the Protexia LFX composites are 
shown in Table 3. 

Physical 

characteristic 

Test 

Method 

Units Value 

Thickness @ 20kPa ASTM 

D5199 

mm 6.55 

Unit weight ASTM 

D5261 

g/m2 1014 

Table 2: Characteristics for the geonet used to manufacture 

LFX products 

The resultant extrapolated and experimental residual 

thickness of the geonet is shown in Table 4 from which 

the corresponding factor of safety for creep can to 

determined.  

Pressure 

(kPa) 

Temp 

˚C 

Residual 

thickness at 

10,000 hours (%) 

Extrapolated 

residual 

thickness at 30 

years (%) 

200 20 90.05 88.30 

Table 4: Extrapolated and experimental residual thicknesses at 

10,000 hours and 30 years from compressive creep tests on the 

geonet used to manufacture LFX products 

From this information, the corresponding factor of 

safety for creep using the above equation can be 

established. 

Pressure 

(kPa) 

Temp 

˚C 

Reduction 

factor for creep 

(RFCR) at 10,000 

hrs 

Extrapolated 

reduction factor for 

creep (RFCR) at 30 

years 

200 20 1.071 1.149 

Table 3: Extrapolated and experimental reduction factor from 
the compressive creep tests on the geonet used to 
manufacture LFX products 

The results from the creep testing show that residual 
thickness of the geonet provides reduction factors that 
are lower than the recommended minimums (3).  It is 
therefore recommended to adopt a conservative 
approach and a reduction factor of 1.5.  

 



The creep testing performed on Protexia LFX8 (Figure 2) 
should be noted - over 4352 hours at 500kPa and 20˚C 
show a residual thickness of 95%.  This is significantly 
better than the geonet alone and is as a result of the 
laminating process.  As the residual flow capacity is 
directly related to the residual thickness, the higher 
residual thickness actually experienced associated with 
the LFX composites gives a higher degree of confidence 
in the derived creep-reduction factor.  

 

Figure 1: Compressive creep testing performed on Protexia 
LFX8 at 20˚C over 4352 hours. 

Reduction factor for core clogging (RFCC,RFBC) 

There are two main aspects to be considered when 
addressing this issue: 

 biological and physical clogging of the geotextile 
filter 

 physical clogging of the geonet core 
 

Chemical clogging within the depth of the geonet can 
occur with precipitates from highly-alkaline soils, 
typically compounds of calcium and magnesium.  Other 
precipitates can also be envisaged such as fines, from 
turbulent liquid, which must typically pass through a 
geotextile filter.  It is obviously site specific.  

It should be noted that none of the polymers used to 
manufacture the LFX components support biological 
growth. 

A sample of the geocomposite, as used in the Pilsworth 
trial, was left in a tank of leachate at 60°C for two years.  
There was no visible sign of damage to any component 
and little sign of significant bio-fouling when the sample 
was removed for testing.  Tensile testing showed no loss 
in strength in either the woven or needlepunched 
geotextiles.  The permeability of the woven geotextile 
was measured at 18 litres/m²/sec, which compares 
favorably with the initial flow rate of 20 litres/m²/sec. 
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Despite the positive results, a conservative approach 
should be adopted when selecting safety factors due 
the associated risk associated risks.  Therefore, the 
recommended FS for both chemical and biological 
clogging should be 2.0, as used for the Pilsworth trial. 

Determination of the base line flow rate (Q100) 

Q100  is determined by subjecting the entire 
geocomposite to a transmissivity test in accordance 
with 
EN 12958.  An initial test was conducted using Protexia 
LFX8 - the lowest grade within the LFX range.  It can 
be assumed that higher (thicker) grades will have a 
higher flow capacity. 

The test was conducted using soft platens, in a 

standard environment (20 20C, 65 5% RH) with a 
loading of 500kPa and a hydraulic gradient of 1.0 using 
de-aerated water. 

From this test it is recommended that a Q100  value of 

2.44 x 10-4m2.s-1 is used. 

 

 



 

Equivalency with granular blankets  

For the transmissivity of the LFX geocomposite to be 
equivalent to the reduced thickness of drainage aggregate, 
The Environment Agency recommends that the calculated 
design transmissivity be corrected by an equivalency 
factor to take account of the fact that drainage blankets 
are rarely completely saturated because they are designed 
for unconfined flow(4).  In essence, in the case of 
unconfined flow, two leachate drainage layers that have 
different thicknesses cannot have the same flow capacity 
if they have the same hydraulic transmissivity.  To be 
equivalent, the geosynthetic drainage layer should have a 
greater hydraulic transmissivity than the thicker granular 
drainage layer.  

 
The difference is driven by the different hydraulic gradient 
that is developed in the geometries of the scheme.  

The following equation should be used to determine the 
appropriate equivalency factor: 

𝑳𝑭𝑿 𝒕𝒓𝒂𝒏𝒔𝒎𝒊𝒔𝒔𝒊𝒗𝒊𝒕𝒚 = 𝑻𝑳𝑭𝑿 = 𝑬𝑻𝒔𝒕𝒐𝒏𝒆 

 

where: E =  equivalency factor (calculated) 

 Tstone  = transmissivity of the drainage 
stone to be replaced 

and: 

 

𝑬 =  
𝟏

𝟎. 𝟖𝟖 
[𝟏 +  (

𝑯

𝟎. 𝟖𝟖𝑳
) (

𝒄𝒐𝒔 𝜷

𝒕𝒂𝒏 𝜷
)] 

where: H =  maximum head of leachate 
 L =  length of the slope 
 𝜷 = slope angle   

 

Values for equivalency factors with a 0.5m maximum 

head of leachate are given within the report and are 

shown in Table 6. 

Length 

(m) 

Slope of the leachate collection layer 

1 in 100 1 in 50 1 in 3 1 in 2 

15 5.4 3.3 1.3 1.2 

30 3.3 2.2 1.2 1.2 

45 2.6 1.9 1.2 1.2 

60 2.2 1.7 1.2 1.2 

Table 6: Values of equivalency factor (E) for a prescribed 
leachate head of 0.5m (4) 

 

Geocomposite flow rate per unit width 
equivalent to a drainage stone conforming to 
EA guidance (Qreqd) 

For the purpose of comparison with a corresponding 

geosynthetic, a maximum head of leachate within 

the cell design to be 1m over a 1:50 slope.  

Therefore: 

𝑸𝒓𝒆𝒒𝒅 =  𝑻𝑳𝑭𝑿. 𝒊 

 

where: i =  the basal gradient (usually 

0.02) 

 

 



 

LFX Long Term Durability  

Geosynthetics used in civil engineering applications 
are expected to provide one or more functions over a 
given design life.  There are five defined functions(8).  
These are drainage, separation, filtration, protection 
and reinforcement.  The geocomposite’s functions in 
a given application will determine the performance 
properties required, and any assessment of the 
products durability will be based on the degradation 
of these properties over a given time. 
 
There are a number of factors that will help to 
determine the durability of a geosynthetic: its 
physical structure, the polymer, the quality and 
consistency of the manufacturing process, the 
physical and chemical environment in which the 
product is to be placed, the condition in which the 
product is stored and installed, and any loads. 
It is essential that a geotextile performs effectively for 
the required duration of the design, and not just in 
initial conformance testing. 
 
The objective of a durability assessment is to provide 
an engineer with the confidence that the level of 
anticipated degradation will not result in the loss of 
minimum design values before the end of the design 
life. 

Figure 2 Available and required properties as a function of time under two different sets 

of conditions (9) 

A typical durability assessment in line with EN 
13257: Characteristics required for use in the 
construction of solid-waste disposal will consist of a 
number of tests, shown in Table 7, which will allow a 
manufacturer to determine the durability statement 
to be given on a CE declaration. 
 
GEOfabrics can provide a CE declaration stating a 
minimum durability of 100 years for an LFX grade.   
 

Determination of resistance to 

weathering (UV) 

EN 12224 (2000) 

Determining the resistance to 

liquids (acids & alkalis) 

ISO 12960 

(2000) 

Determination of resistance to 

oxidation 

EN 13438 (2000) 

Resistance to microbiological attack 

by soil burial 

EN 12225 (2000) 

Procedure for simulating damage 

during installation 

EN 10722 (1998) 

Table 7: European test methods for assessing the 
durability of geotextile and geotextile-related products 
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