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Why is calculating the expected leak rate from a 
landfill lining system important?

Przydated, G., Kanownik, W. 2019



Where we started - Giroud and Bonaparte 1989

“All liners leak”, stated by Giroud & Bonaparte (1989a) at the beginning of 
their paper. This should not be construed as meaning that there is no way to 
safely store liquids/waste. In fact, recognizing that all liners may leak is the 
first step to the safe design of liquid containment systems. 



Looked at both single geomembrane on a pervious base, and single 
geomembrane on a low permeability base, or a composite lining system. 
The paper determined the leak rate due to permeation through an intact 
geomembrane, or “coefficient of migration”. This value is very low, as 
geomembranes are very good at limiting flow though them.

• Leak rate also directly proportional 
to head of leachate on the liner

• All examples going forward 
assume 300 mm, or thickness of a 
leachate collection layer

• This is also only on the landfill 
base, side slopes will reduce head 
and thus leak rates



Leak rate with defects, on permeable base

The paper defined frequency and 
size of holes to be used in the 
calculation, which are still used as 
the basis for the calculations today

• One hole per Acre = 2.5 holes per 
hectare (10,000 m2)

• 1 cm2/11.3 mm dia. (Large) for 
calculations to size the 
components of the lining system

• 3.1 mm2/2 mm diam. (Small) for 
calculation of the lining system 
performance



Augmented in 1997, looking at leaks through 
geomembranes in double liner system



Key point of this work, limit head on 
secondary, to limit leakage through lining 
system, so higher drainage capacity in 
secondary leachate collection layer is 
critical.



GRI White Paper # 15, published 2009, produced a 
summary of expected leak rates, and takes 
account of impact of composite lining system



Use Darcy on this leak rate to calculate leak rate to environment

Introduced concept of poor/good contact of geomembrane to Compacted Clay Liner. 
Good contact means limited area for leak to impact CCL. 

Rowe, 2021



The next evolution – Rowe 2012

Published in 2012, this paper summarised work on geomembrane wrinkles and their 
impact on leakage rates.  The research was undertaken as “the calculated 
leakage through holes in a GM in direct contact with a clay liner is typically 
substantially smaller than that actually observed in the field”

The paper also introduces the concept of interface transmissivity, so how a leak can 
spread under a hole in the geomembrane in a composite lining system.



The significant step forward this paper highlighted was the impact of wrinkles 
on leak rate calculations, the cause behind the discrepancy between 
calculated and field measured leak rates





CCL assumes uniformly mixed and compacted clay, GCL assumes intact 
GCL layer.  Both can however be impacted by desiccation from exposed 
conditions, waste generated liner temperature increase, and GCL overlaps 
and panel serration due to shrinkage.  



Field validation of leak rate including allowance for 
wrinkles

Published in 2019, this paper examines the likely number and size distribution 
of holes, based on completed Electrical Leak Location surveys on constructed 
facilities and double-lined facilities with monitored leak detection layers. 





Dr. Robert Koerner stated “field damage dwarfs 
manufacturing imperfections!”

GSI Webinar Series Quality Control and Quality Assurance of Geosynthetics in Solid and Liquid Waste Containment Systems



Exposed geomembrane ELL

LEAK LOCATION SERVICES, INC.

Exposed geomembrane testing, 
picks up small defects/weld 
pinholes



Examples of holes in exposed geomembrane 
testing

Gilson-Beck. 2019

GeoQ. pers. comm. 2026



Covered geomembrane ELL (dipole)

Covered geomembrane testing, 
picks up post cover layer 
installation damage

TRI Australasia



Examples of holes under covered geomembrane 
testing

Gilson-Beck. 2019



Conclusions

New Zealand landfill design standards are effects based, so realistic leakage rates 
need to be used as inputs to groundwater models, for examination of possible 
impacts. Wrinkles in the geomembrane need to be considered in the calculations.

Good design is critical to limit the leak rate by keeping head build up on liner system 
low (good drainage), keeping the base area small, and limiting tension in the liner.

Managing installation is also critical for liner system performance, ensuring good 
contact, limiting wrinkles, testing welds, and providing good CQA supervision 
during all stages of construction.

Electrical Leak Location surveys need to be incorporated into landfill construction 
CQA practice to reduce leak rates.

With good design, and good CQA practice, acceptable leakage rates can be 
achieved to provide protection of the environment.
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