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Presenter
Presentation Notes
The subject of sustainability within the Geosynthetics industry is ever evolving.  It seems every industry has it’s own definition of how present this to their audience.  When I went down the rabbit hole looking for current definitions, I started on the ASCE site which started with a 3 scroll screen and ended with a 12 part drop down menu. The nice big picture definition was this. 

ASCE and its members are dedicated to ensuring a sustainable future in which human society has the capacity and opportunity to maintain and improve its quality of life indefinitely, without degrading the quantity, quality, or the availability of natural, economic, and social resources.

To simplify, for the context of this group today, and in terms of geomembrane applications, how can the products we manufacture, provide, and install - enhance the sustainability of a project? 


For geomembranes, stakeholders have an impact on the environment when we extract raw materials, manufacture, install, and use and dispose of our products.  So in the context of Geomembranes in construction, survivability of the installation process and longevity or lifecycle of the products are significant factors toward sustainability.  Because a long lifecycle product delays the frequency of the replacement and manufacturing cycle, thus uses fewer resources, and costs less than a material that needs replacement at shorter intervals. 


The following slides provide an overview of how longevity has contributed to sustainability in a long serving geomembrane system.



ASCE and its members are dedicated to ensuring 
a sustainable future in which human society has 

the capacity and opportunity to maintain and 
improve its quality of life indefinitely, without 

degrading the quantity, quality, or the availability 
of natural, economic, and social resources.

Presenter
Presentation Notes
The practice of sustainability within the Geosynthetics industry is ever evolving.  When I went down the rabbit hole looking for current definitions, I typically aim to see things through the Lense of those who specify our materials, the civil PE’s.  So I started on the ASCE site definition which had a 3 scroll screen and ended with a 12 part drop down menu on the subject of sustainability.  Sifting through this content, This is what I found for a high level definition from ASCE

ASCE and its members are dedicated to ensuring a sustainable future in which human society has the capacity and opportunity to maintain and improve its quality of life indefinitely, without degrading the quantity, quality, or the availability of natural, economic, and social resources.

So a very 30,000ft view statement here equating to the desire for quality with thoughtfulness toward future generations

To simplify, for the context of our FGI group, and in terms of geomembrane applications, how can the products we manufacture, provide, and install - enhance the sustainability of a project? 


For geomembranes, project stakeholders have an impact on the environment when we extract raw materials, manufacture, install, and use and dispose of our products.  So in the context of Geomembranes in construction, survivability of the installation process and longevity or total lifecycle of the products are significant factors toward sustainability.  Because a long lifecycle product delays the frequency of the replacement and manufacturing cycle, thus uses fewer resources, and costs less than a material that needs replacement at shorter intervals. 


The following slides provide an overview of how longevity has contributed to sustainability in a long serving EIA geomembrane system.



• First Commercial product 
introduced in 1970’s. 

• Preceeded by 
geomembranes lacking 
weathering and chemical 
Resistance.

• Pioneer EIA’s formulated to 
specifically have long term 
outdoor exposure and high 
chemical resistance.

• Manufactured primarily as a 
reinforced, coated fabric 
product.

• Same formulation currently in 
service worldwide.

EIA Geomembranes
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Presentation Notes
EIA, or Ethylene Interpolymer Alloy geomembranes , were first formulated in the 1970’s filling a need in the industry to provide geomembranes with longer outdoor exposure life and better resistance to hydrocarbons.  Additionally, no products were available at the time that would perform as a barrier in the prescence of elevated temperatures.  EIA ‘s met that challenge, and are manufactured primarily as a reinforced coated fabric  The first products retain the proven formulation and continue to be used throughout the world.


 



• One of the Oldest installations 
of (EIA) geomembrane

• Great Onyx Job Corps 
Center, Mammoth Cave, 
Kentucky USA

• Pond based wastewater 
treatment system

• Installed in 1984
• Continuous operation 

EIA Geomembranes
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Presentation Notes
This presentation details the oldest continuously operated EIA installation worldwide.  
Located at Mammoth Cave National Park in Kentucky, USA; 

The geomembrane was installed in 1984 into a 2-pond wastewater system and has been in operation since that time.  This long service life has demonstrated that properly designed and installed geomembranes systems demonstrate themselves as sustainable construction materials.  
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Presentation Notes
This installation was initiated due to a planned expansion of the facility at Mammoth Cave to upgrade the wastewater treatment system.  Originally, the only treatment was solids separation and anaerobic treatment in an Imhoff Tank, which is similar to a septic tank.  The upgrade retained the Imhoff Tank followed by two impoundments. Both were lined and floating diversion baffles constructed from the same material were installed in both impoundments.  



Impoundments
• Pond 1: 100’x 200’ (30 m x 

61m) 
• Pond 2: 300’x200’ (91m x 61m)
• Elevated berms, approx 10’ 

3 m) depth
• 3:1 slopes
• Submerged inlets, overflow 

effluent structures
• Optional Bypass lines 
• Discharge to tributary of 

Kentucky’s Green River

Mammoth Cave National Park

Presenter
Presentation Notes
Pond 1, shown in this photo, had a higher level of aeration and Pond 2 was larger, serving as both treatment and a seasonal storage impoundment to accommodate the seasonal discharge regulation on the facility operating permit.  The perimeter berms were elevated and were at a 3:1 slope.  Inlets were submerged and discharges were weir discharges within concrete structures.  



Geomembrane
• Geomembrane; 30mil 

Reinforced EIA 
• Field panels approx. 15,000 SF 

(1,400 sm)
• Field seams hot air welded
• Perimeter trench anchoring
• Exposed geomembrane, no 

cover
• Seam layout independent of 

slope direction

Mammoth Cave National Park

geomembrane 
seam

Presenter
Presentation Notes
An Atlanta-based engineering firm under contract to the National Park Service designed the facility upgrade and specified a 30mil EIA as the containment barrier.  A second manufacturing step was employed to create field panels approximately 15,000 sf each.  Field welds were accomplished using self propelled hot air equipment, which was widely used for thermoplastic geomembranes at that time.  Standard perimeter anchoring trenching was used .  Inlet piping was sealed with pipe boots (below water level) and the geomembrane was secured to the concrete weir structures with batten strips.  Because the seam strength of the material equaled that of the sheet, panel and sheet layout was simplified as seams perpendicular to slopes were possible.  No protective cover was used.




Post Installation 
• Next 39 years 

operational with no 
significant events.

• Water level seasonally 
modified as 
storage/discharge 
occurred.

• Minimal facility 
maintenance with 
exposed 
geomembrane.

• Perimeter edges 
protected.

Mammoth Cave National Park
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The next 39 years of service for the geomembrane were routine. The water level was lowered seasonally which allowed the operators to inspect the liner, with minimal maintenance required.  To protect the exposed liner at the top of the slope, entering the anchor trench, wooden boards were placed in a manner which protected the membrane from grounds maintenance equipment and any other surface intrusion (top photo).  This system was implemented early in the life of the facility and ultimately transitioned to continuous concrete blocks (lower photo).  No doubt this protective system has contributed to the lack of damage, and longevity of the geomembrane.



Geomembrane sampling
• 32nd year of operation
• Field sample retrieved
• Top of slope facing 

north, pond 2, sheet 
sample

.

2016 Geomembrane Evaluation
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In 2016, the manufacturer of the geomembrane worked with the facility operators to obtain a sample of the in-situ lining material in order to assess the performance and need for replacement.  At this point the liner was 32 years into service.  A sample location was selected above the water line on the exposed berm facing north due to accessibility and ability to gauge UV/thermal resistance. The ability of the aged material to be secured with replacement patching was an unknown at the time.  The test sample was simply cut from the sheet and a patch was applied using new EIA sheet material. 




2016 Geomembrane Evaluation
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The physical testing of the geomembrane sample indicated good property retention after 32 years of exposure.  While the sample was taken above the water line, it also was not shielded, or buffered from weathering, including thermal swings.  The test values are compared to current specifications for this product, with the exception of Trap Tear which is based on the spec at the time of installation..  All specifications for this product are minimums so actual test values are typically higher than specification.  The slight thickness and weight increases are indicative of a likely heavier than 30 oz/sq yd weight at the time of production.. 



Geomembrane Testing
• Physical properties retained
• Inspection of geomembrane 

below water level showed 
no distressed or damaged 
areas.  No evidence of leaks

2016 Geomembrane Evaluation

Base Fabric

Polymer 
Coating

50X magnification
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A laboratory 50x magnification of the test sample is shown  here, which gives some insight into the construction of the coated fabric geomembrane, notice the skrim in white, then the adhesive layer creating a molecular bond to the skrim. Top and face coat, and notice the thickness has been maintained (BILL------NOTE THE MEASUREMENT ON THIS PHOTO SHOWS A THICKNESS OF 29.9 MILS WHILE THE LAB REPORT SHOWED 34.4 MILS, WHICH IS LIKELY JUST ERROR IN ESTABLISHING THE LIMITS OF THE PHOTO MEASUREMENTS.)
The test sample was simply cut from the sheet and a patch was applied using new sheet material. The old material was cleaned thoroughly and a hot air weld was applied.  The old material thermally fused well and welded to the new material which was heated simultaneously.  A crude hand pull in a peel mode indicate a film tearing bond.  Engineers onsite noted the ease of welding material even after 32 years of exposure.

The facility operator lowered the water level in both ponds at the time of this sampling.  An inspection of the geomembrane revealed no damage, visible deterioration of leakage

.  The knitted base fabric is shown in one plane but does not give a full representation of the way the weft inserted knit gives high stability to the composite membrane.  Further, a representation from an out of plane view would illustrate little strike through adhesion, but rather direct bonding between the base fabric and the polymer.



42 years of Longevity at Mammoth 
Cave
Chemical/Environmental Resistance
• Broad Chemical Resistance
• UV Resistance, Low CTE
Survivability
• Physical properties:  Yield Tensile, 

Seam Strength = Sheet, Puncture
• Prefabrication: Optimal layout

Geomembrane Sustainability
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Presentation Notes
Longevity of the geomembrane system at Mammoth Cave has occurred  dependent on two broad performance categories of the Geomembrane system.:  Chemical/Environmental Resistance and Survivability.  Chemical/environmental resistance is demonstrated through broad chemical resistance, along with high UV stability and negligible thermal expansion contraction.
Survivability  is defined through the high physical properties of the material.  Note that low maintenance requirements also kept disturbance to a minimum.



Pond 1                                                                   Pond 2                          
P

Mammoth Cave National Park

1984

2024
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Presentation Notes
We continue to check on this facility, Seaman representatives visited in 2024.  And at this timethe Park service has not implemented  plans for replacement.  Can we it make it to 50!!




Thank you!
Chris Knirk 

Geomembrane Sustainability through Longevity – 
42 Plus years of Continuous Service


	EIA Geomembrane Sustainability through Longevity – 42 plus years of Continuous Service
	ASCE and its members are dedicated to ensuring a sustainable future in which human society has the capacity and opportunity to maintain and improve its quality of life indefinitely, without degrading the quantity, quality, or the availability of natural, economic, and social resources.
	EIA Geomembranes
	EIA Geomembranes
	1984 WWTP Expansion
	Mammoth Cave National Park
	Mammoth Cave National Park
	Mammoth Cave National Park
	2016 Geomembrane Evaluation
	2016 Geomembrane Evaluation
	2016 Geomembrane Evaluation
	Geomembrane Sustainability
	Mammoth Cave National Park
	Geomembrane Sustainability through Longevity – 42 Plus years of Continuous Service

