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Background and BaselineBackground and Baseline

 This is a PE discussion (Haxo 1981)
 Composite liners work well (Koerner 

1985)1985)
 High gradients and low heads  result in 

less leakage (Fluet 1987)g ( )
 The properties of a PE start to change at 

a total radiation dose of between 106 and 
107 rads (Charlesby 1960  Edy 1979  107 rads (Charlesby 1960, Edy 1979 , 
Schabel 1981, Carlson, Chnela and 
Lacoste 1991,  Whyatt and Fansworth 
1990 and Nimitz et. al. 2001. )



Geosynthetic Lifetime
(Long-Term Aging)

 ultraviolet
 radiation radiation
 oxidation
 chemical (water and/or  chemical (water and/or 

leachate)
 elevated temperature elevated temperature
 various types of stress



How Long Will PE GM’s Last??How Long Will PE GM s Last??
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Incubated Property Behavior
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Arrhenius Plot for Stage “C” (1/2 Life)Arrhenius Plot for Stage “C” (1/2 Life)
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HDPE Lifetime Estimate 20° C

A A -- Antioxidant DepletionAntioxidant Depletion = 50 to 150 years= 50 to 150 years

B B -- Induction TimeInduction Time = 20 to 30 years= 20 to 30 yearsB B -- Induction TimeInduction Time = 20 to 30 years= 20 to 30 years

C C -- HalfHalf--life Estimates (from GSI & literature)life Estimates (from GSI & literature)

 gas pipegas pipe = 200 years= 200 years
 GSI    GSI    = 500 years= 500 years
 cable shieldingcable shielding = 750 years= 750 yearsgg yy

Total (est.)Total (est.) = 270 to = 270 to ~~ 1000 years1000 years



Lifetime Prediction of HDPE 
at Elevated Field Temperaturesat Elevated Field Temperatures

Field TemperatureField Temperature Stage “A” (yrs.)Stage “A” (yrs.) Stage “B”Stage “B” Stage “C” (yrs.)Stage “C” (yrs.) TotalTotal
Ave. YearsAve. YearsC (deg)C (deg) F (deg)F (deg) Std OITStd OIT HPHP--OITOIT (years)(years) Ref. 1Ref. 1 Ref. 2Ref. 2
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Notes:  Notes:  Stage “A” measured values from G. Hsuan researchStage “A” measured values from G. Hsuan research
Stage “B” estimated values from field samplesStage “B” estimated values from field samples

Stage “C” lit. values from Martin & GardnerStage “C” lit. values from Martin & Gardner(1)(1) and Viebkeand Viebke(2)(2)



Exposed GM Lifetime 
Prediction
 buried lifetime prediction well  buried lifetime prediction well 

researched
 regulators  owners  and designers are  regulators, owners, and designers are 

becoming more acceptable of adequate 
GS durability when soil coveredGS durability when soil covered

 exposed; it is another story...
 full oxygen  UV exposure  and high  full oxygen, UV exposure, and high 

temperatures are fundamental 
differences



Methods of Exposed Lifetime 
Prediction Using Weatherometer

Option “A” –Correlation to World Energy 
Information MapsInformation Maps

Option “B” –Time-Temp.-Superposition; 
then Arrheniusthen Arrhenius

Option “C” –Correlation to Field Failure 
Samples of Similar GSsSamples of Similar GSs



Option “A” – Correlation to World
Energy Information Maps

 incubate sample until halflife is 
reached

 record UV energy in MJ/m2

 obtain UV energy at field sitegy
 ratio approximates field life
 temperature correlation is not  temperature correlation is not 

available
 considered to be very approximate considered to be very approximate



Annual irradiated energy isocurves in “kLy”; where 1 kLy = 1 kcal/cmAnnual irradiated energy isocurves in “kLy”; where 1 kLy = 1 kcal/cm2;2;

ref. Van Wijk and Stoezer, 3IGC, Vienna, 1986ref. Van Wijk and Stoezer, 3IGC, Vienna, 1986j , , ,j , , ,



Option “B” –Time-Temp Superposition; 
then A heni sthen Arrhenius

ASTM D4355 XenonASTM D4355 XenonASTM D4355, XenonASTM D4355, Xenon

ASTM D7238, QUVASTM D7238, QUV



Option “C” – Correlation to FieldOp o C Co a o o d
Failure Samples

 requires actual sample(s) which failed 
in known time in the field

 incubate archived samples in 
weatherometer until failure occurs

 obtain correlation of lab to field times
 use correlation to predict other 

llocations



Polyethylene Weatherometer DataPolyethylene Weatherometer Data
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Exposed Lifetime Prediction Results of 
Selected Geomembranes to Date

TypeType SpecificationSpecification Prediction Lifetime inPrediction Lifetime inTypeType SpecificationSpecification Prediction Lifetime in Prediction Lifetime in 
Texas, USATexas, USA

HDPEHDPE--11 GRIGRI--GM13GM13 > 42+ years> 42+ yearsyy

LLDPELLDPE--11 GRIGRI--GM17GM17 36 years36 years

EPDMEPDM--11 GRIGRI--GM21GM21 34 + years34 + yearsEPDMEPDM 11 GRIGRI GM21GM21 34 + years34 + years

PEPE--RR--11 GRIGRI--GM22GM22 ~~ 17 years17 years

fPPfPP--11 GRIGRI--GM18GM18 33 years33 yearsfPPfPP--11 GRIGRI--GM18 GM18 33 years33 years



Geomembrane Buried Cover 
Performance

60mil HDPE  24” cover soil  strain >100%  GM = barrier60mil HDPE, 24  cover soil, strain >100%  GM  barrier



Geomembrane Exposed Cover 
Performance

60mil HDPE  22 and 16 years  slight increase in density60mil HDPE, 22 and 16 years, slight increase in density



Average Primary Leakage Rates
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Max: 107,460; Min 2,622 & Mean  13,410 lphd

Max: 268; Min 5 & Mean 72 lphdMax: 268; Min 5 & Mean  72 lphd



S  d R d tiSummary and Recommendation

 GM 13 geomembranes work well GM-13 geomembranes work well
 Buried lifetime 100’s of years, exposed GM 

lifetime 40 years plusy p
 Need comprehensive system approach, 

(design, raw material, GM-13, QC/QA, LIS and 
maintenance)maintenance)

 regulators, owners, consultants require 
answers

 Perhaps a double composite cap is in order 
(GM/GCL-GN-GM/GCL)?


