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CONDITION MONITORING (CM) OF 
LINERS AND COVERS 

•  GIVES A ‘SHAPSHOT’ OF THE PRESENT CONDITION OF THE MATERIAL 

•  PROVIDES A BASELINE FOR FURTHER STUDIES 

•  PROVIDES A BASIS FOR ESTIMATION OF RESIDUAL LIFETIME 

•  PROVIDES ‘EARLY WARNING’ FOR PLANNING FOR REPLACEMENT 

•  ALLOWS TRACKING OF ASSET PERFORMANCE 
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MECHANISM OF ADDITIVE LOSS 
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UV Light 

chlorine 



C-SECTION ON COVER TO ACCESS 
LINER 
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RETAINED PROPERTIES 

• THE ACTUAL VALUES OF THE TESTS ARE 
NOT CRITICAL RATHER IT IS THE % 
RETAINED PROPERTIES THAT ARE 
IMPORTANT FOR LONG-TERM 
MONITORING. 
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SAMPLES REQUIRED 

IN ORDER TO COMPARE AND CONTRAST THE RESULTS OF THE TESTING 
THE FOLLOWING SAMPLES ARE PREFERRED: 

•  LINER SAMPLES FROM ABOVE THE WATERLINE (NORTHERN ASPECT) 

•  LINER SAMPLES FROM ABOVE THE WATERLINE (SOUTHERN ASPECT) 

•  LINER SAMPLES FROM BELOW WATERLINE 

•  ANCHOR TRENCH SAMPLES (NO UV, HEAT OR LIQUID EXPOSURE) 

•  RETAINED LINER SAMPLES FROM ROLLS REMAINING ON SITE 
(OPTIONAL) 
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MINIMUM SAMPLE SIZE  
(POSTAGE STAMP) 

S-OIT x 2 

HP-OIT x 2 

CARBONYL 

180 DEGREE 
BEND 
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NOTE: THIS SAMPLE CAN BE THE EDGE FLAP OF A WELD THAT IS EASILY REMOVED 



LARGER SAMPLE (A4 SIZED) 

•  A4 SIZED SAMPLES ALLOW: 

•  TENSILES FOR TENSILE 
STRENGTH & ELONGATION 

•  MELT FLOW INDEX (MFI) 

•  TEAR (UNREINFORCED OR 
REINFORCED) 
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EQUIPMENT USED FOR OIT METHODS 
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TYPICAL OIT SCAN 
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EQUIPMENT USED FOR CARBONYL 
INDEX 
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REFERENCE 1 - UNOXIDIZED HDPE 
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Carbonyl Region 

Internal Reference Peak 



REFERENCE 2 - MODERATELY OXIDIZED 
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Carbonyl products 



REFERENCE 3 - SEVERELY OXIDIZED HDPE 
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Carbonyl products 



EXAMPLES OF SEVERE SURFACE 
OXIDATION OF A LINER 
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180 DEGREE BEND TEST CAN SHOW 
PRESENCE OF MICROCRACKING 

17 



CONCEPTUAL SERVICE LIFE OF 
POLYOLEFIN GEOMEMBRANES 
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WHERE IS THE LINER IN ITS SERVICE LIFE? 

•  THE TEST RESULTS ALLOW ONE TO DETERMINE WHERE IN THE 
OVERALL LIFETIME CURVE THE LINER IS AT PRESENT. 

•  SEE NEXT FIGURE. 
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S-OIT 
HP-OIT 

CARBONYL 
INDEX 

MELT FLOW 
INDEX 

% 
ELONGATION 

180 DEGREE 
STRAIN 

LIFETIME CURVE FOR POLYOLEFINS 
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CONGO RED 
TEST 

UV/VIS 
SPECTRUM 

K NUMBER 
VISCOSITY 

% 
ELONGATION 

180 DEGREE 
STRAIN 

LIFETIME CURVE FOR PVC-BASED LINERS 
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EFFECT OF S-OIT AND HP-OIT LEVELS 
ON GEOMEMBRANE FAILURE TIME 

22 From Ewais et al. 2014a  



QUESTIONS THAT CONDITION 
MONITORING CAN ANSWER 

•  HOW MUCH OF THE ANTIOXIDANTS HAVE BEEN DEPLETED SO FAR? 

•  HOW MUCH OF THE STABILIZERS HAVE BEEN DEPLETED SO FAR? 

•  WHAT LEVEL OF SURFACE OXIDATION HAS OCCURRED? 

•  HAVE THE PHYSICAL PROPERTIES BEEN AFFECTED YET? 

•  DO THE MECHANICAL PROPERTIES SHOW GREATER THAN 50% LOSS 
OF INITIAL PROPERTIES? 

•  HAS THE MATERIAL REACHED ITS ‘END OF LIFE’? 
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RANKING LEVEL OF DEGRADATION 
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Stress 

WATER TREATMENT 
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LIFETIME ASSESSMENT (REL) 
 

•  RESIDUAL ESTIMATED LIFETIME IS IMPORTANT SO 
FACILITY OWNERS CAN TRACK PERFORMANCE OF 
THEIR LINER AND COVERS SYSTEMS AND PLAN 
FOR REPLACEMENT. 

• OH&S IMPLICATIONS FOR PERSON WALKING ON 
COVERS FOR MAINTENANCE 

•  EPA IMPLICATIONS FOR CRITICAL CONTAINMENT 

•  ’EARLY WARNING’ OF FAILURE 29 



ARRHENIUS  

e.g.  
30 deg.C 
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