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GSE PROVIDES A COMPLETE RANGE OF PRODUCTS AND SERVICES
TO MEET YOUR WATER CONTAINMENT NEEDS
Water is the most precious and protected natural resource
on earth. To meet containment and water treatment regula-
tions, on-site water storage and treatment reservoirs are
recognized as key in treatment facilities. GSE HDPE (High
Density Polyethylene) and LLDPE (Linear Low Density Poly-
ethylene) geomembranes and drainage products are
proven to provide a cost-effective and efficient method of
waterproofing earthen, concrete, and steel lined contain-
ment structures and reservoirs.  
GSE has been providing lining and drainage system solu-
tions to the water and wastewater industries since the early
1980’s.  We offer a complete line of products and instal-
lation services to meet your specific water containment and
treatment needs.

WATER & WASTEWATER CONTAINMENT APPLICATIONS
Thousands of industrial and municipal water and waste-
water treatment facilities have relied on GSE materials,
technology, and installation services in lining system appli-
cations.  Many of the applications include:

• Water storage and treatment lagoons

• Sedimentation basins

• Grit chamber liners and flow control vertical baffles

• Floating covers for anaerobic digestion and odor control

• Geomembrane liners for corrosion protection of concrete structures

• Geomembrane liners to remediate leaking containment structures

• Factory-controlled prefabricated sumps, liners, piping systems, and
pipe penetration connection liners

GSE QUALITY HDPE AND LLDPE GEOMEMBRANES
Polyethylene geomembranes are commercially available in

a range of resin densities.  GSE uses only high quality 
polyethylene resins specially formulated to exhibit 
excellent chemical resistance, UV-resistance, strength, 
durability, and resistance to stress cracking. These 
properties are critical to containment in most water 
and wastewater containment applications. GSE HDPE
geomembranes are best suited for high wear, exposure to
harsh liquid conditions and exposed applications.  GSE
LLDPE geomembranes offer higher flexibility to withstand
large differential settlement conditions.
GSE geomembranes are used extensively in these applica-
tions due to their proven performance as a cost efficient
replacement to conventional clay and concrete lining sys-
tems. And compared to other geomembranes, such as flex-
ible PVC, GSE geomembranes contain no plasticizers or
fillers that may cause premature geomembrane cracking
and reduced service life. 
GSE geomembranes are:

• Rugged and durable 

• Resistant to hazardous and harsh liquids

• Certified for potable water containment

• UV-resistant for exposed liner applications

• Flexible for ease of installation

• Installed quickly when compared to clay and concrete

GSE GEOSYNTHETIC CLAY LINERS PROVIDE AN ECONOMICAL ALTER-
NATIVE TO CONVENTIONAL COMPACTED CLAY LINERS  
For water and wastewater containment lining applications
that require compacted clay liners (CCLs), in addition to
geomembranes, GSE also offers two types of Geosynthetic
Clay Liners (GCLs), Bentofix® Fabric Encased GCLs and 
GSE GundSeal Geomembrane Supported GCLs. GCLs are
commonly used in water and wastewater containment

White Surface HDPE Geomembrane liners utilized for Industrial waste processing ponds.

HDPE liner deployed over concrete in a wastewater treatment aerobic digestor.
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applications, to replace conventional compacted clay lay-
ers and geomembrane/compacted clay composite liners. 
Bentofix® GCL is ideally suited as a replacement for thick
layers of compacted clay by simply rolling out a fabric
encased bentonite layer on flat or sloping areas.
The GSE GundSeal GCL is used as a replacement for a
composite liner, replacing both a low permeability clay
layer along with an impermeable and chemically resistant
geomembrane. Its one product installation saves installa-
tion time as well as improves composite liner hydraulic per-
formance.
Whether the choice is Bentofix® or GSE GundSeal to pro-
vide an economical alternative to your compacted clay
water containment requirements, GSE provides the widest
range, most versatile, and highest quality GCLs in the
world.

REPAIR OF EXISTING LAGOONS AND LINED STRUCTURES
GSE geomembranes are suitable for lining of existing struc-
tures or to retrofit leaking liner systems, such as lagoon clay
liners, cracked and weathered concrete liners, or corroded
steel containment liners.  The liners are simply installed
over a prepared surface above the leaking liner by our
skilled GSE Installation Services or approved installers. 

PREFABRICATED LINING SYSTEMS 
For smaller projects, such as collection sumps, small con-
tainment basins, grit chambers, and vertical flow control
baffles, GSE provides prefabricated geomembrane panels
for the client’s own installation.  GSE Plastic Fabrications is
available to fabricate specialized size and dimensions to
custom fit your containment structure.

SKILLED TURN-KEY INSTALLATION SERVICES
GSE HDPE and LLDPE geomembranes are installed very
rapidly, much quicker than constructing a compacted clay,
concrete, or steel liner system.  GSE provides turn-key con-
struction services through GSE Installation Services.  We
also have an extensive installation distributor network of
approved GSE installers throughout the world.  With GSE
Installation Services or one of our approved installers, you
can be assured of a quality and cost-effective geomem-
brane lining system installation.

ADDITIONAL INFORMATION 
In addition to material supply and installation services,
GSE also provides practical suggestions regarding the con-
struction of water and wastewater containment projects.  If
you have an upcoming project please give us a call.  We
will prepare a scope of work outlining the necessary mate-
rials and installation support for the effective completion of
a specific project.  GSE has a staff of product managers,
estimators, and project managers to assist with your project
from conception through project completion.

HDPE Geomembrane liner utilized as a floating cover above industrial wastewater to facilitate
anearobic digestion and odor control.

GSE GundSeal deloyed as a composite liner in a food processing sludge lagoon.
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The following is a study of high-density
polyethylene (HDPE) geomembrane lin-
ing material that was installed in Colorado,
United States. Specifically, the geomem-
brane is a 100-mil (2.5-mm) HDPE smooth
geomembrane. This geomembrane was pro-
duced using a non-continuous indexing
roller manufacturing process. The contin-
uous extrusion process widely available
today was not in widespread use at the time
the material was manufactured. The mate-
rial was installed by SLT North America
Inc., now GSE Lining Technology.

This material was used to line eight con-
tainment ponds at a steam electric gener-
ating station on the northeastern plains of
Colorado, elevation 4,300 ft. (1,311 m).
Currently plans are being developed to re-

furbish these ponds. Testing was performed
to determine the effect of 20 years of ser-
vice life. Remarkably, the testing showed
that with very few exceptions such as Ox-
idative Induction Time (OIT) and some in-
dividual NCTL specimens, all other phys-
ical properties pass today’s requirements. 

Background
An HDPE geomembrane was chosen to line
each of eight containment ponds at a 500
MW steam electric generating station. Two
of these ponds contain high quality water
for recycling back into the plant systems.
They are 21 ft. (6.4 m) deep and relatively
small (0.75 and 1.5 acres). Three of the
ponds are intermediate quality (IQ) ponds
that contain cooling tower blow-down water.

One of these ponds is 21 ft. (6.4 m) deep
with top dimensions of 430 x 380 ft. (131.1
x 115.8 m) with 3:1 side slopes. Water level
in this pond varies from 5 to 18 ft. (1.5 to
5.5 m). The water has a pH of 8-10. Total dis-
solved solids are about 25,000 mg/l and are
comprised of sodium (5000 mg/l), chlorides
(1,000 mg/l), calcium (700 mg/l) and sul-
fates (15,000 mg/l) among other elements.
This is the pond that was sampled for the
study. The other two ponds are used for bot-
tom ash recovery. The first of these ponds
is 1015 x 877 ft. (309.4 x 267.3 m) with a
depth of 23 ft. (7 m). The second of these
ponds is 410 x 100 ft. (125 x 30.5 m) with
a depth of 12 ft. (3.6 m). Sample material
was removed at the area of a weld in each of
three different locations. By removing the

HDPE geomembrane
after 20 years of service

Testing reveals that most physical properties of 20-year-old

pond liner pass today�s requirements.

Property Test Method Units G M IQ Ponds Evaporation Ponds

13 Exposed Unexposed Exposed Unexposed

Density ASTM D 1505 g/cc 0.940 0.947 0.947 0.947 0.945

Tensile Properties ASTM D 638

Yield Strength Type IV ppi 210 240 248 229 263

Break Strength 2 in./min ppi 280 399 428 349 400

Yield Elongation % 12 17 16 18 18

Break Elongation % 700 962 1011 865 866

Tear ASTM D 1004 Ibf 70 81 79 84 *

Puncture ASTM D 4833 Ibf 180 196 216 207 *

Carbon Black ASTM D 1603 % 2 2.3 2.3 2.2 2.1

OIT (low pressure) ASTM D 3895 minutes 100 37 38 36 35

OIT (high pressure) ASTM D 5885 minutes 400 242 289 263 249

SP NCTL ASTM D 5397 hours 200 448 318 >469 *

Individuals for SP NCTL Exposed (hours) Unexposed (hours)

IQ 1W 352, 415 116, 172, 385, 406, 418

IQ 1E 405, 369, 421, 541, 515 142, 261, 243, 552, 487

IQ 2E 508, 508 *

EP C1 267, 451 *

EP C2 320, 249, >667, >667, >667 *

Individual Specimens Exposed Unexposed

for OIT (minutes) High Pressure Low Pressure High Pressure Low Pressure

IQ 1W 313 27 283 27

IQ 1E 276 49 293 47

IQ 2E 137 36 151 39

EP C1 269 33 232 33

EP C2 257 38 265 37

Table 1. Physical property comparison of current GRI-GM13 requirements vs. aged samples.
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material at the site of a weld, one can test
properties of both the exposed and the un-
exposed geomembrane, i.e., the material
that comprises the overlap for the bottom
of the weld has not been exposed to UV ra-
diation. Material was sampled from the side
slopes and labeled as follows:
• IQ-1E –  East above water level
• IQ-2E –  East intermittent water coverage
• IQ-1W – West above water level

The other three ponds are evaporation
ponds. These ponds take all waste from the
plant, mostly brine waste from the brine
concentrators. As expected, dissolved solids
are very high in these ponds. Two of these
are 14-acre (5.67-ha) ponds and the other
is 10 acres (4 ha) (the one that was sam-
pled). The 10-acre (4-ha) pond and one of
the 14-acre (5.67-ha) ponds are 10 ft. (3
m) deep from the bottom of the liner to the
top of the dike. They have 1 ft. (0.3 m) of
sand on the bottom that was placed when
the liner was installed. Both now have 4 ft.
(1.2 m) of salt sludge in them. Raising the
sides of the pond recently expanded the
third pond by 6 ft. (1.8 m). Samples were
taken as from the 10-acre (4-ha) evapora-
tion pond ‘C’ and labeled as follows:
• EP-C1 – South side above water level
• EP-C2 – West side above water level

Performance
The geomembrane was manufactured in
1980. At that time, the following tests were
performed:
• Density — ASTM D 792
• Tensile strength — ASTM D 638, Type
IV,  2 ipm (51 mm/min.)
• Tensile elongation — ASTM D 638,
Type IV
• Carbon black content — ASTM D 1603

In June 2000, samples of this material were
removed and the testing above was per-
formed. The specimens from the three in-
termediate quality ponds have been aver-
aged together, as have the two specimens
from the evaporation ponds for simplifica-
tion of reporting. For the more critical dura-
bility tests such as OIT and NCTL, the in-
dividual data are also presented.
Unfortunately, the QA/QC certs for this ma-

terial have been
lost throughout the
years so the origi-
nal 1980 test data
are not included in
the tables. Addi-
tional testing, not
yet part of routine
QA/QC testing
some 20 years ago
was also performed
on this geomem-
brane. This testing
includes:
• Oxidative in-
duction time —
ASTM D 3895
(low pressure)
• Oxidative in-
duction time —
ASTM D 5885
(high pressure)
• NCTL – ASTM
D 5397
• Puncture resis-
tance — ASTM
D 4833
• Tear resistance
— ASTM D 1004

Table 1 con-
tains the actual
test values for ex-
posed material,
unexposed mate-
rial and the cur-
rent GRI-GM 13 requirements for the
above tests. For each of the specimens
mentioned previously, samples were tested
from two areas for each of the 5 specimens.
These samples were taken at the site of a
fusion weld, including about 1 ft. of ex-
posed material and at least 6 in. of unex-
posed material. As part of routine fusion
welding for this project, the geomembrane
was overlapped at least 6 in. The flap that
is on bottom as the two pieces are over-
lain and welded is not exposed to either
the solution in the pond or to UV radia-
tion from the sun. The flap that is on top
as the pieces are welded is exposed to both
the pond solution and UV radiation
(when the water level is down). These

samples are labeled in the table as simply
exposed and unexposed. The testing for
the exposed portion was tested using five
replicates for machine and cross direction
(where applicable). For the unexposed
portion, two specimens were tested. The
reason for the variability is that the un-
exposed flap was narrower in many in-
stances and thus there was less material
to test. In order to test as many aspects as
possible, the number of specimens per test
was reduced. 

Analysis
Density

There is no apparent change in density.
The colored density of 0.945–0.947 g/cc is
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Photo 1. Three of the eight lined containment
ponds: An evaporation pond is pictured on the left
side of the photo, while two intermediate quality
ponds are visible on the right.

Photo 2. Desiccated soil can be seen beneath a liner
sample taken above the water line (an exposed sam-
ple).

By Nathan Ivy
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what would be expected for HDPE geomem-
branes in production at the time this ma-
terial was produced and installed.

Tensile values
The specimens that were received for

testing contained surface scratches. These
abrasions likely reduced the tensile proper-
ties somewhat. Even with this being con-
sidered, all tensile properties are above what
is commonly specified for this industry today.
This is to be expected because the geomem-
brane was not subjected to any chemicals
that could be absorbed, affecting tensile
properties. Likewise, the individual ponds
had similar tensile properties within pond
type—no one pond performed especially
well or especially poorly.

Carbon black content
Again, these values

are likely the same
as when the material
was first produced.
Carbon black cannot
leach out of polyethyl-
ene over time.

Carbon black dispersion
All specimens had

very good (A1 classifi-
cation) dispersion.

Oxidative induction time
Both high- and low-

pressure oxidative in-
duction tests were per-
formed on the exposed
and the unexposed ma-
terial. The average OIT
values are contained in
Table 1. The OIT val-
ues seem to be indepen-
dent of the type of pond
or whether the material
was exposed or not. The
one exception to this, as
can be seen from the in-
dividual data below, is
IQ 2E. The only appar-
ent difference between
IQ 2E and the other
ponds is intermittent
water coverage. 

The current require-
ment for OIT is 100 and
400 minutes for low-
pressure and high-pres-

sure OIT, respectively. However, these num-
bers are the result of 20 years of
improvements in antioxidants and resins.
At the time of the manufacture of this ma-
terial, the typical low-pressure OIT values
that could be expected were 50 minutes.
Taking this into consideration, it is obvi-
ous that the stabilizers are still present and
are still doing their job. 

SP NCTL
This test was not even conceived when

this material was produced. This is currently
thought to be one of the best indicators of
long-term performance. The average values
achieved by this 20-year-old material are
still above the common industry require-
ment of 200 hours. Of the 26 specimens that

were tested, only three failed (11.5%) the
current industry specification of 200 hours.
While some individual specimens broke be-
fore 200 hours, others were removed at 667
hours without failure. The variability is wider
than would be expected in current-day pro-
duction. However, surface effects such as ox-
idation and scratches likely contributed to
the variability of the failure times. The av-
erage of the five specimens includes the time
at which the specimens were removed. 

One interesting thing to note about
NCTL performance is that both the average
and individual readings indicate better
NCTL performance for the exposed speci-
mens than for the unexposed specimens.
While many of the unexposed specimens
were too small to perform SP NCTL, the
two specimens for which a comparison is
available, IQ 1W and IQ 1E, indicate this.
Furthermore, of the exposed specimens, the
material in the evaporation ponds demon-
strated superior NCTL performance to the
material in the intermediate quality ponds.
Three of the five evaporation pond speci-
mens did not fail after 667 hours.

Summary
Rigorous modern day testing was performed
on 100-mil HDPE exposed for 20 years to
wastewater from a steam electric generat-
ing station in Colorado. No significant re-
duction in the primary physical properties
was observed (tensile, tear, puncture, car-
bon black or density). The only testing that
indicates some reduction in original prop-
erties is OIT testing. Considering how much
lower these values were at the time of man-
ufacture as compared to modern day
geomembranes, it is obvious that low
amounts of antioxidant are still present in
this geomembrane. While not at the levels
required by current-day standards to ensure
protection, they are still at more than half
the likely level at the time of manufacture.

This study demonstrates that after 20
years, a geomembrane, depending on the
conditions to which it is exposed, can still
perform its desired function. Because
today’s resins, resin stabilizers and manu-
facturing techniques have improved sig-
nificantly over the last 20 years, logic
would dictate that today’s geomembranes
will last even longer.

Nathan Ivy is the geomembrane manager for
GSE Lining Technology Inc.

HDPE geomembrane after 20 years of service

Photo 4. One of the intermediate quality ponds,
drained in preparation for cleaning and sampling.

Photo 3. A sample taken from an area with inter-
mediate water coverage. The soil is more supple
(not desiccated) as can be seen by the footprints.


