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EXECUTIVE SUMMARY 
 
The initial response leakage rate (IRLR) is the rate of measured leakage in a double-lined 
landfill that requires investigation and potential mitigation.  The action leakage rate (ALR) is the 
rate of measured leakage in a double-lined landfill that requires investigation and potentially 
advanced remedial efforts possibly leading to closure of the landfill. 
 
This white paper explores the following three methods for specifying an IRLR and ALR:  the 
Environmental Protection Agency (EPA) Method based on capacity of the leak detection layer; 
the Quality Based Action Leakage (QBAL) Method based on Giroud’s equation for calculating 
flow through defects; and the Hydrologic Evaluation of Landfill Performance (HELP) Method 
based on leachate generation modeling software.  Note that method names were assigned by 
the authors for ease of reference. 
 
Based on a review of these three methods, the QBAL Method is recommended for specifying 
the IRLR and ALR.  The IRLR and ALR specified using the QBAL Method are consistent with 
several permitted and permit-pending IRLR and ALR at existing and proposed double-lined 
landfill facilities in the southeastern United States.  The IRLR and ALR specified using the QBAL 
Method are approximately two orders of magnitude greater than the average measured leakage 
at several existing double-lined landfill facilities. 
 
INTRODUCTION 
 
Landfills which incorporate a double-liner system have an upper primary geomembrane and a 
lower secondary geomembrane, separated by a leak detection zone that is used to collect and 
convey leakage from the primary geomembrane.  Performance of double-lined landfills indicates 
that a small rate of flow into the leak detection zone is ordinary; however, a relatively high rate 
of flow may indicate that the integrity of the upper geomembrane has been compromised or is of 
sub-standard quality. 
 
The Environmental Protection Agency (EPA) recognized the need to evaluate leakage rates in 
double-lined landfills and addressed this issue in 1992 by promulgating revisions to Title 40 of 
the Code of Federal Regulations (CFR) Part 264, pertaining to hazardous waste landfills.  The 
EPA required the approval of an Action Leakage Rate (ALR) and the development of a 
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Response Action Plan detailing investigative and remedial measures taken should the ALR be 
exceeded.  The EPA defined the ALR as: 
 

“the maximum design flow rate that the leak detection system (LDS) can remove 
without the fluid head on the bottom liner exceeding 1 foot.”  40 CFR Part 
§264.302 

 
Furthermore, the EPA recommends that the ALR should have an “adequate safety margin” to 
allow for uncertainties in the design including subgrade slope, construction, and other factors. 
 
The Response Action Plan provides the requisite procedures to be followed should the ALR be 
exceeded.  Such procedures typically include notification of the regulatory authority, confirming 
measurements by cleaning and calibrating measurement equipment and pumps, increased 
monitoring, and attempts to identify the source of the leakage.  Should ALR exceedances 
continue, the EPA recommends remedial measures up to and including: 
 

“Determin(ing) whether waste receipt should cease or be curtailed, whether any 
waste should be removed from the unit for inspection, repairs, or controls, and 
whether or not the unit should be closed.”  40 CFR Part §264.304 

 
A landfill owner benefits from a relatively high ALR by decreasing the likelihood of ALR 
exceedances and potential interruptions in landfill operations and/or early landfill closure; 
however, the specified ALR must be reasonably low to satisfy regulatory stakeholders 
and to reflect industry standards for the quality of a geomembrane installation. 
 
The EPA does not require the development of an initial response leakage rate (IRLR); 
however, an IRLR benefits the landfill owner by potentially allowing the owner to identify 
and correct an issue before exceeding the ALR.   
 
Coal combustion residual (CCR) landfills are not regulated as hazardous waste and 
therefore are not regulated under 40 CFR Part 264.  Several sites have existing 
Operations and Maintenance Plans as approved by state regulatory agencies address 
IRLR, ALR, and a Response Action Plan, indicating accountability for leakage rates at 
the state level. 
 
THREE METHODS FOR SPECIFYING IRLR AND ALR 
 
Based on a literature review the following three methods were identified for specifying the IRLR 
and ALR:  the Environmental Protection Agency (EPA) Method based on capacity of the leak 
detection layer, the Quality Based Action Leakage (QBAL) Method based on Giroud’s equation 
for calculating flow through leaks, and the Hydrologic Evaluation of Landfill Performance (HELP) 
Method based on leachate generation modeling software. 
 
Environmental Protection Agency (EPA) Method 
 
The EPA provided a method for specifying an ALR in the preamble to the 1992 promulgation of 
rules pertaining to hazardous waste landfills.  Specifically,  
 

“The owner or operator must propose an action leakage rate based on 
calculations of the maximum flow capacity of the leak detection system design so 
as not to exceed one foot (30.48 cm) head on the bottom liner”  [Ref. 1] 



 
 

 
Based on this description the ALR is a function of the flow capacity of the leak detection 
system with the performance requirement of maintaining 30.48 cm (one foot) of head or 
less on the secondary geomembrane.   
 
Methodology 
 
The EPA [Ref. 1] recommended using Darcy’s Law for non-turbulent flow through saturated 
media to estimate the capacity for conveying flow originating through a defect in the primary 
geomembrane: 
 
Q = k*h*tan α *Bavg         (Equation 1) 
 
Where: 
 
Q = flow rate in the leak detection system; 
k = hydraulic conductivity of the drainage medium; 
h = head on the primary geomembrane; 
α = slope of the leak detection system; and 
Bavg = average width of the flow in the leak detection system, perpendicular to the flow. 
 
A safety factor of 2 [Ref. 1] is then used to calculate the ALR: 
 
ALR = Q / 2          (Equation 2) 
 
The EPA does not suggest a method for specifying the IRLR; however, the IRLR can be 
assumed to be less than the ALR. 
 
Benefits and Limitations 
 
The benefits of the EPA Method are that it provides a simple way of specifying an ALR that has 
been suggested by a federal regulatory entity.  The EPA Method has previously been used to 
specify an IRLR and ALR for several existing facilities. 
 
The main limitation of using the EPA Method is that it estimates an action leakage rate based on 
the capacity of the leak detection system and does not account for the size and frequency of 
defects in the primary geomembrane.  Thus, a higher ALR can be obtained by using a thicker or 
more permeable leak detection drainage material.  Also, the ALR is dependent on site-specific 
designs and product performance; therefore, the ALR may vary from site to site and may need 
to be modified following selection of a specific leak detection material. 
 
Quality Based Action Leakage (QBAL) Method 
 
The QBAL Method is based on methodology presented by Giroud and Bonaparte [Ref. 4] for 
estimating the leakage rate through defects in a geomembrane and assumptions on defect size 
and frequency.  The ALR is then defined based on the leakage per defect and defining an 
acceptable geomembrane performance based on defect density. 
 
 
 



 
 

Methodology 
 
According to Giroud and Bonaparte [Ref. 4], flow to a leak detection layer is governed by size 
and frequency of defects in the geomembrane and is formulated as: 
 
Q = CB*a*√(2g*hw)         (Equation 3) 
 
Where: 
 
Q = leakage through a geomembrane defect; 
CB = dimensionless coefficient = 0.6; 
a = area of a geomembrane defect; 
g = acceleration of gravity = 9.81 m/s2 (32.2 ft/s2); and 
hw = head of water on the defect. 
 
The action leakage rate is then calculated as follows: 
 
ALR = N*Q          (Equation 4) 
 
Where: 
 
N = the number of defects representing substandard geomembrane performance. 
 
The QBAL Method is a function of defect area “a” and number of defects “N”.  Giroud and 
Bonaparte (1989) reference a defect diameter of 2 mm [Ref. 4] resulting in a defect area of 
0.0314 cm2.   
 
The user’s manual for the Hydrologic Evaluation of Landfill Performance (HELP) program [Ref. 
4] provides a relationship between the size and number of installation defects with an area of 
1cm2: 
 

Installation Quality
Defect Density

(N per acre)
Defect Density

(N per acre)
Frequency
(percent)

Excellent up to 1 up to 2.5 10
Good 1 to 4 2.5 to 10 40
Fair 4 to 10 10 to 25 40
Poor 10 to 20 25 to 50 10

Table 1 - Installation Quality

 
 
Modern materials and sufficient construction quality assurance is anticipated to provide an 
installation quality of good to excellent; thus, measured leakage consistent with up to 10 defects 
per hectare is assumed to be tolerable.  Measured leakage consistent with estimated flows from 
12.5 or more defects is assumed to indicate installation quality which is unsatisfactory; thus, an 
“N” value of 10 is recommended for use in calculating the ALR using the QBAL Method. 
 
  



 
 

Benefits and Limitations 
 
The benefits of the QBAL Method is that it links the ALR to a geomembrane quality standard 
and is not a function of site-specific design conditions, allowing for standardization of ALR 
across multiple sites. 
 
The limitations of using the QBAL Method are that it lacks historical precedence for specifying 
an ALR and involves assumptions as to the size and frequency of defects which is subject to 
interpretation. 
 
Hydrologic Evaluation of Landfill Performance (HELP) Method 
 
The HELP Method is based on leakage rates as calculated using the EPA’s HELP model 
software. 
 
Methodology 
 
The Hydrologic Evaluation of Landfill Performance (HELP) is a numerical model developed by 
EPA to conduct water balance analyses of landfill facilities [Ref. 4].  The HELP model calculates 
head on the primary geomembrane accounting for a variety of variables including precipitation, 
temperature, thickness and hydraulic conductivity of the waste, the time span considered during 
modeling, and other factors.  Leakage through the primary geomembrane is then calculated 
using the equation presented by Giroud and Bonaparte [Ref. 4]. 
 
The ALR would be specified from the HELP Method using the EPA’s recommended safety 
factor of 2 [Ref. 1] as follows: 
 
ALR = 2*Q          (Equation 5) 
 
Where: 
 
Q = estimated leakage results from HELP modeling. 
 
Benefits and Limitations 
 
The benefits of the HELP Method is that it uses widely accepted and available software to 
specify a site-specific ALR and was used to specify the ALR for at least one existing facility in 
the American southeast. 
 
The limitations of the HELP Method are that it essentially uses the same method for calculating 
leakage as the QBAL Method with the main difference being that the head on the primary 
geomembrane is calculated instead of the permissible maximum head condition of 30.48 cm  
(one foot).  HELP Model inputs could be manipulated to match the permissible maximum head 
condition of 30.48 cm (one foot); however, such models would be of dubious accuracy and 
relevance. 
 
RECOMMENDED METHOD FOR SPECIFYING IRLR AND ALR 
 
Based on a review of the three methods presented, the authors recommend using the QBAL 
Method for specifying ALR with a defect area “a” of 0.0314 cm2 and a defect density of 10 



 
 

defects per acre.  Based on these parameters the ALR can be specified as shown in the 
following table: 
 

Method
Hydraulic Head

{h}
(m)

Area of a 
Defect

{a}
(cm2)

Number of Defects 
per Hectare

{N}

Flow - QBAL 
Method

{Q}
(liters per day 

per defect)

Action Leakage 
Rate
{ALR}
(lphd)

QBAL Method 0.3048 0.0314 10 398 3,981

Table 2 - ALR as Calculated Using QBAL Method

 
 
The authors recommend specifying an ALR of 3,981 liters per hectare per day (lphd) (421 
gallons per acre per day) and an Initial Response Leakage Rate (IRLR) equal to 75 percent of 
the ALR, or 2,985 lphd (316 gpad). 
 
CURRENTLY PERMITTED/PROPOSED IRLR AND ALR 
 
The recommended IRLR and ALR were compared to the IRLR and ALR of several existing and 
proposed double-lined landfill facilities in the American southeast as shown in the following table 
and graph: 
 

Location
IRLR

(lphd)
ALR

(lphd)
QBAL Method 2,985 3,981

Site 1 2,805 4,675
Site 2 (proposed) 2,805 4,675

Site 3 2,805 4,675
Site 4 2,805 4,675
Site 5 757 1,318

Site 6 (proposed) 1,010 2,020

Table 3 - Comparison to Currently Permitted/Proposed IRLR/ALR

 
 



 
 

 
 
The proposed IRLR and ALR are generally consistent with currently permitted IRLR and ALR. 
 
MEASURED LEAKAGE 
 
Measured leakage was analyzed from 4 permitted landfill sites and compared to the proposed 
IRLR and ALR. Leakage was evaluated on a monthly basis.  Figures 2 through 5 present the 
measured leakage at 4 sites. 
 



 
 

 
 

 
 
 



 
 

 
 

 
 
 
 



 
 

The measured leakage rates are summarized in the following table: 
 

IRLR
(lphd)

ALR
(lphd)

Average
(lphd)

Maximum
(lphd)

Site 1 2805 4675 23 445
Site 3 2805 4675 3 42
Site 4 2805 4675 9 42
Site 5 757 1318 33 70

Table 4 - Measured Leakage and Comparison to Proposed IRLR and ALR

Location
Proposed Measured Leakage

 
 
The proposed IRLR and ALR are approximately one order of magnitude greater than the 
maximum measured leakage and two orders of magnitude greater than the average measured 
leakage.  Note that leakage rates are reported on a per-month basis which normalizes 
potentially anomalous daily events. 
 
DISCUSSION 
 
The leakage through the primary geomembrane is typically calculated assuming the permissible 
maximum head condition of 30.48 cm (one foot).  The authors recommend designing the 
capacity of the leak detection system utilizing the ALR with a safety factor of 2, consistent with 
EPA recommendations [Ref. 1].   
 
The use of a geocomposite drainage layer in the leak detection zone with capacity as 
recommended indicates that, for leakage up to twice the ALR, the head on the secondary 
geomembrane would be less than or equal to the thickness of the geocomposite.  The thickness 
of a geocomposite is commonly 0.76 cm (0.3 inches) or less; thus, the driving head on a 
potential leak in the secondary geomembrane would be relatively small compared to the 
maximum allowable 30.48 cm (one foot of head).   
 
An item that should be noted is that during the construction of landfill liner systems and 
operations of landfill cells, Bonaparte and Gross compared calculated estimated action leakage 
rate using the Giroud and Bonaparte (Ref. 4.) to multiple landfills using a geomembrane upper 
liner underlain by a sand layer or a geonet that were constructed with construction quality 
assurance oversite. Landfills that utilize a CQA procedure demonstrated a lower actual leakage 
rate compared to the calculated ALR from Giroud and Bonaparte. Landfills that did not 
implement a CQA procedure exhibited leakage rates upwards of the EPA limit of 935 
liter/hectare/day (100 gallons per acre per day). 
 
CONCLUSIONS 
 
The authors recommend the QBAL Method and proposed parameters based on the following: 
 

1. The ALR is a function of the integrity of the primary geomembrane. 
2. The ALR is standardized across sites and geographic regions. 
3. The ALR is simple to calculate and understand. 
4. The ALR is consistent with the currently permitted ALR at several existing facilities in the 

American southeast. 
5. The ALR is significantly greater than currently measured leakage, indicating a relatively 

low risk of exceedance. 
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