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Technical
Note No.7

Chemical Resistance of Amoco Polypropylene Geotextiles

i "

Amoco woven and nonwoven geotextiles are
manufactured from polypropylene with ultra violet
stabilizing additives. The excellent chemical resis
tance of Amoco polypropylene geotextiles is one
of the qualities which has established Amoco as a
leading producer of geotextiles for use in the
waste containment industry. This technical note
addresses the chemical resistance of polypropy
lene with a focus on recent testing programs
which have clearly demonstrated the durability of
Amoco fabrics in a variety of chemical environ
ments.

Are polypropylene geotextiles durable in the .
chemical environment of landfillieachates?

Yes, Of the polymers used to manufacture.geotex
tiles, polypropylene exhibits the greatest resis
tance to chemical attack. In fact, polypropylene is
the polymer of choice for such commonly used
products as landfill liners, synthetic grass for ath
letic fields, outdoor carpeting, battery cases,
bleach bottles, antifreezejugs, washing machine
agitators, and thousands of other commonly used
items that are routinely exposed to chemical envi
ronments. Polypropylene is stable within a pH
range of 2to 13, making one of the most stable
polymers.

Polypropylene geotextiles have been found to be
durable in a wide range of chemical environments
(Bell, et. a!., 1980; Haxo, 1978, 1983; Pucetas, et.a!.,
1991; Tisinger, et. al., 1989). Research has found
both woven and nonwoven polypropylene geotex
tiles to be non-biodegradable and resistant to
commonly encountered soil-bound chemicals,
landfill achates, mildew, and insects.

How is the chemical resistance of polypropylene
geotextiles determined?

Numerous laboratory test programs have subject
ed polypropylene to severe chemical environ-

ments such as solutions of organic solvents, oils,
organic acids, and inorganic acids. The laboratory
tests are generally performed in accordance with
ASTM 0543, "Standard Test Method for
Resistance of Plastics to Chemical Reagents."
These test programs have found polypropylene to
exhibit superb chemical resistance.

In the ASTM 0 543 procedure, the specimens are
immersed in a concentrated chemical solution at
a specified temperature for a specified exposure
period. This test method exposes the polypropy
lene to etremely harsh conditions which are con
siderably more severe than those encountered in
most civil engineering applications.

The chemical compatibility of geotextiles with
leachates is determined by EPA Test Method 9090
(EPA 9090), "Compatibility Test for Wastes and
Membrane Liners. "This was the laboratory
method used in the Amoco geotextile test pro
grams reported in this technical note, Geotextile
samples are immersed in a constant temperature
leachate bath for four months. At the end of each
month samples of the fabric are removed and sub
jected to physical testing. Changes in properties
may indicate chemically imposed degradation.

Have Amoco geotextiles been proven to be
chemically resistant!

Four laboratory testing programs have been per
formed to evaluate the chemical compatibility of
Amoco geotextiles with landfillieachates. The
tests exposed both Amoco woven and nonwoven
products to hazardous and municipal waste
leachates,

In all testing programs there was no indication of
geotextile degradation due to exposure to landfill
leachates. The test results are summarized in the
remainder of this technical note,

L~==-~==~~------------_···_····_'· __·'·_'-' .
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Hazardous waste leachate

A laboratory testing program was performed in
1989 to evaluate the chemical compatibility of
Amoco geotextiles with a hazardous waste
leachate. The program included EPA 9090 testing
of 4ozlyd2 and 8 ozlyd2 nonwoven specimens,
The testing exposed the geotextiles to leachate
in both the laboratory and in a leachate collec
tion sump at a hazardous waste landfill.
Test evaluation incorporated detailed
microstructural analyses which are not typically
incorporated into chemical resistance testing
programs. Methods included differential scan
ning calorimetry, thermal gravimetric analysis,
and infrared spectrophotometry. These analyses
were performed to identify any changes in the
microstructure of the geotextile due to immer
sion in the leachate,
The results of this testing program found the
geotextile microstructure remained intact,
stable, and unchanged (Tisinger, et. al., 1989).

Municipal waste leachate

The chemical resistance of Amoco geotextiles to
municipal solid waste leachate was evaluated in
three laboratory testing programs, The first pro
gram, completed in 1990, included EPA 9090 test
ing of 16 oz/yd2 nonwoven geotextile specimens.
The second test program, performed in 1992,
tested specimens of 8oz/yd2 nonwoven geotex
tile, The third program, completed in 1993, evalu
ated the chemical resistance of ahigh strength
woven geotextile, The testing programs evaluat
ed changes in physical properties of the speci
mens, including specimen dimensions, thick
ness, grab tensile strength and elongation, punc
ture resistance, burst strength, and tear
strength. In all cases there were no measurable
changes in physical properties of the specimens
after exposure to the leachate,

Are the results of these tests applicable to
Amoco geotextiles which have not been
similarly tested?

Yes, All Amoco geotextiles are equally resistant
to chemical degradation because they are all
manufactured using the same polymer and
additives. This conclusion is supported by the
test results, which demonstrated no difference
in chemical resistance for different types of
Amoco geotextiles. The information in this
technical note, therefore, is considered to be
applicable to all Amoco geotextifes regardless
of weight, thickness, or strength.
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Amoco Fabrics and Fibers Company

What types of polymers are used to
manufacture geotextiles?

Virtually all geotextile fibers are made from
either polypropylene or polyester polymers.

Are these polymers used in a100%) pure form?

!he manufacture of geosynthetics usually
mcludes the addition of stabilizers and other
additives that are blended with the base
polymer. The additives constitute a minor
fraction of the polymer mixture.

Additives are used primarily to counteractthe
effects of oxidation, to which many synthetic
polymers are sensitive. Oxidation can cause a
reduction in material properties such as
strength and elasticity. The main sources of
oxidation are heat/temperature (thermal
oxidation) and ultra violet (UV) radiation from
sunlight (photo-oxidation). Manufacturers of
geosynthetics add avariety of proprietary
additives during production to make the
polymers more stable againstthermal and UV
degradation (see Amoco Technical Note No.9).

Should designer specify polypropylene or

polyester for geotextiles used waste

applications?

The type of polymer used in the fabrication of
the geotextile is not a relevant design
parameter. The specifications should be
developed to focus on the required physical
propert~es of the geotextile relative to strength,
hydraulic performance, and chemical
compatibility and durability. These elements
are addressed in detail in the Amoco Waste
Related Geotextile Guide Specifications.

Does the type of base polymer affect the
chemical resistance of geotextiles used in
landfills?

Geotextiles in landfills are exposed to
leachates, which are generally dilute solutions
of chemicals. The geotextile must be resistant
to degrading in this chemical environment.
Chemical resistance of geotextiles to
leachates is evaluated in the laboratory using
EPA Test Method 9090 (EPA 9090). The results of
such testing on polypropylene and polyester
have proved both polymers to be relatively inert
and durable in various chemical environments
of hazardous and nonhazardous waste landfills
(referto Amoco Technical Note No.7).

Of the polymers used to manufacture
geotextiles, polypropylene exhibits the greatest
~esistance to chemical attack. Polypropylene is
mertto most chemicals except for some highly
concentrated solvents. Geotextiles are not
expected to be exposed to such solvents in
waste applications, where the associated
leachates typically contain only trace to very
low concentrations of solvent constituents.

Polyester exhibits comparable chemical
compatibility. However, unlike polypropylene,
polyester is subject to hydrolysis in aqueous
environments such as landfillieachates.
Hydrolysis is a process in which water-based
solvents or water alone causes the polymer
chains to break. This can result in a reduction
in the mechanical properties of the polymer.
Despite this characteristic, the results of EPA
9090 testing on polyester do not show an
impact from hydrolysis.



effect does polymer type have on the
resistance of geotextiles used in landfills?

There are only slight differences in the UV
stability of various geotextile polymers. From a
construction perspective, these differences
have no impact on the selection of geotextiles
for landfill applications. Regardless of the
polymer type, it is importantto limit exposure of
the geotextile to potentially damaging UV
radiation.

In landfill applications, geotextiles are usually
covered by soil layers and waste soon after
construction. Their exposure to UV radiation
therefore generally occurs only during
construction. Regardless of polymer type,
exposure of the fabrics to sunlight during
installation should be limited in accordance
with the project specifications (see Amoco
Waste-Related Geotextile Guide
Specifications).

On some landfill side slopes, the geotextile
might be left exposed for an extended time
before being covered with soil. In these cases,
the geotextile must be protected from UV
radiation by alternative methods, regardless of
whether the fabric is manufactured of
polypropylene or polyester. Alternatives include
covering the geotextile with a sacrificial
geotextile layer or opaque plastic sheet. The
sacrificial layer would be removed prior to
placing soil cover.
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the performance of Amoco geotextiles in
landfill applications been verified?

Yes. In fact, the excellent chemical resistance
of Amoco polypropylene geotextiles is one of
the qualities that has established Amoco as a
leading supplier offabrics to the waste
containment industry.

Laboratory testing programs have been
performed specifically to evaluate the chemical
compatibility of Amoco polypropylene
geotextiles with landfilileachates. In all test
cases there were no measurable changes in
the physical properties of the Amoco
geotextiles after exposure to leachates. Also,
unlike polyester, polypropylene does not
undergo hydrolysis. Amoco Technical Note No.
7 provides detailed information regarding the
chemical compatibility test conditions,
procedures, and results.

Amoco Fabrics and Fibers Company, Waste-Related Geotextile
Guide Specifications.

EPA Method 9090, "Compatibility Test for Wastes and
Membrane Liners," Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, Environmental Protection
Agency, EPA 530/SW-846, 1988.
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and Fibers Company, Atlanta, GA, July 1993.
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PRODUCT DATA SHEET

AT THE CORE:
A 275 mil thick TenDrain 

geonet heat-laminated on 

one or both sides with a 

nonwoven needlepunched 

geotextile.

GSE TenDrain 275 mil Geocomposite
GSE TenDrain geocomposite consists of a 275 mil thick GSE TenDrain geonet heat-

laminated on one or both sides with a GSE nonwoven needle-punched geotextile. 

TenDrain 275 is comprised of a tri-planar structure consisting of middle ribs that provide 

direct channelized flow, with diagonally placed top and bottom ribs.  The geotextile is 

available in mass per unit area range of 6 oz/yd2 to 16 oz/yd2. TenDrain 275 geocomposite 

provides high transmissivity under high and low loads.

Product Specifications  
Tested Property Test Method Frequency Minimum Average Roll Value(1)

Geocomposite 6 oz/yd2 8 oz/yd2

Transmissivity(2), gal/min/ft, (m2/sec)  
Double-Sided Composite 

ASTM D 4716 1/540,000 ft2

24.2 (5x10-3) 24.2 (5x10-3) 

Ply Adhesion, lb/in ASTM D 7005 1/50,000 ft2 0.5 0.5

Geonet Core(1,3) – GSE TenDrain

Geonet Core Thickness, mi ASTM D 5199 1/50,000 ft2 275 275

Density, g/cm3 ASTM D 1505 1/50,000 ft2 0.94 0.94

Tensile Strength (MD), lb/in ASTM D 7179 1/50,000 ft2 75 75

Carbon Black Content, % ASTM D 4218 1/50,000 ft2 2.0 2.0

Creep Reduction Factor(4) GRI-GC8 per formulation 1.2 1.2

Compressive Strength, psf ASTM D 6364 1/540,000 ft2 60,000 60,000

Geotextile(1,3)

Mass per Unit Area, oz/yd2 ASTM D 5261 1/90,000 ft2 6 8

Grab Tensile Strength, lb ASTM D 4632 1/90,000 ft2 160 220

Grab Elongation ASTM D 4632 1/90,000 ft2 50% 50%

CBR Puncture Strength, lb ASTM D 6241 1/90,000 ft2 435 575

Trapezoidal Tear Strength, lb ASTM D 4533 1/90,000 ft2 65 90

AOS, US sieve(1), (mm) ASTM D 4751 1/540,000 ft2 70 (0.212) 80 (0.180)

Permittivity, sec-1 ASTM D 4491 1/540,000 ft2 1.5 1.3

Water Flow Rate, gpm/ft2 ASTM D 4491 1/540,000 ft2 110 95

UV Resistance, % retained ASTM D 4355
(after 500 hours)

per formulation 70 70

NOMINAL ROLL DIMENSIONS(5)

Roll Width, ft 12.75 12.75

Roll Length, ft
Double-Sided Composite 200 200

Roll Area, ft2 Double-Sided Composite 2,550 2,550

NOTES:

•	(1)	All	geotextile	properties	are	minimum	average	roll	values	except	AOS	which	is	maximum	average	roll	value	and	UV	resistance	is	

typical	value.	Geonet	core	thickness	is	minimum	average	value.	

•	(2)	Gradient	of	0.02,	normal	load	of	7,000	psf,	boundary	condition:	plate/sand/geocomposite/geomembrane/plate,	water	at	70°F	for	

1	hour.

•	(3)	Component	properties	prior	to	lamination.

•	(4)	10,000	hour	creep	test	under	10,000	psf	at	70°F	temperature.

•	(5)	Roll	widths	and	lengths	have	a	tolerance	of	±1%.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve 
built a reputation of reliability through our dedication to providing consistency of product, price 
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow  
us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution.

For more information on this product and others, please visit us at 
GSEworld.com, call 800.435.2008 or contact your local sales office.

This	 Information	 is	provided	for	 reference	purposes	only	and	 is	not	 intended	as	a	warranty	or	guarantee.	GSE	assumes	no	 liability	 in	connection	with	the	use	of	 this	 Information.	
Specifications	subject	to	change	without	notice.	GSE	and	other	trademarks	in	this	document	are	registered	trademarks	of	GSE	Environmental,	LLC	in	the	United	States	and	certain	
foreign	countries.	REV	24OCT2013
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THE EFFECTS OF LEACHATE ON THE
HYDRAULIC CONDUCTIVITY Of BENTOMAT®

Compatibility testing was performed to determine the effects of solid waste landfill leachate on the
permeability of Bentomat over a prescribed time period. Testing was performed in accordance with United
States Environmental Protection Agency (USEPA) Method 9100, as provided in SW846.

Hydration of specimens was conducted using de-aired tap water for approximately 48 hours. Saturation
was also conducted using de-aired tap water until a minimum B value of 0.95 was achieved. Following
hydration and saturation, baseline hydraulic conductivity was performed using water. After the baseline
hydraulic conductivity was established, the permeant was switched to leachate. Testing continued for an
additional 30 days to allow a sufficient number of pore volumes to permeate the specimen to establish a
hydraulic conductivity with leachate.

Results show that the hydraulic conductivity of Bentomat was unaffected when permeated with this
leachate.

TR-101A
Revised 12100

1500 W. Shure Drive. Arlington Heights, IL 60004. USA. (847) 392-5800. FAX (847) 577-5571 /www,CETCO,com
A wholly owned subsidiary of AMCOL International

The information and data contained herein are believed to be accurate and reliable, CETCO makes no warranty of any kind and accepts
no responsibility for the results obtained through application of this information.
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2. TEST PROCEDURES

2.1 Task 1: EPA 9100 Compatibility Testing

Compatibility testing on the Bentomat was performed to measure the
effect of leachate on the hydraulic conductivity of the mat product over
a prescribed period of time. Testing was performed in accordance with
the United states Environmental Protection Agency (USEPA) Met~od 9100 SW
846, Revision 1, 1987. The test conditions for Task 1 were as follows:

• Testing was conducted using flexible-wall triaxial permeameters,
as shown in Photograph 2.1-1.

Three replicate samples of the Bentomat were tested.

• Each sample was trimmed to a diameter of 2.8 in. (70 mm) and
assembled in the following test configuration (from bottom to
top): porous stpne/filter paper/sand 1ayer/Bentomat/sand 1ayer/
fi 1ter· paper/porous stone. .

Hydration and saturation of the samples using de-aired tap water
was conducted at an effective stress of 2.0 psi (14 kPa) for a
time period of approximately 48 hours .. Satur~tion was defined
as a minimum Skempton's B-parameter of 0.95.

Consolidation of the saturated test samples was performed at an
effective stress of 5.0 psi (35 kPa). Pore-water displacement
was monitored until primary consolidation was complete.

• To determine the baseline hydraulic conductivity, the samples
were permeated using de-aired tap water. The average hydraulic
gradient used for baseline permeation was approximately 50. For
this testing program, initial hydrqtion and saturation was

GLl614 /GEL91 066 3 91.07.31
. ,
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conducted using de-aired tap water. Hydration with leachate may
or may not yield different results.

4 P,fter establ ishing the basel ine. hydraul ic conduc~ivity, the
permeant was switched to the 1eachate. Because Df the slow
permeat ion rat8s and the object iye to increase the vol ume of
leachate in contact with the Bentomat, the sand layer was
replaced on all samples by an Amoco 4516 geotextile after
approximately three weeks of testing. Permeation of the samples
with the leachate continued for an addit"ional 30 days. The
hydraulic conductivity of the sample was monitored and reported
daily during this period.

• Permeation of the test specimens with the leachate was initially
conducted at an average hydraulic gradient of approximately 50.
I n order to increase fl ow through the Bentomat duri ng the
prescribed time period, the average hydraulic gradient was
increased to approximately 160. -

• Because the final hydrated thickness of the Bentomat is unknown
until the completion o~ testing and for comparison of the test
data, the hydraulic conductivity was calculated using 0.4 in.
(1.0 em) for the Bentomat. These values were used in all
calculations of hydraulic conductivity in Tasks 1 through 7.
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TABLE 3.1-1

EPA 9100 COMPATIBILITY TESTING
BENTOMAT SPECIMEN CONDITIONS

American Colloid Company

Sped men, No. 1 Specimen No. 2 Specimen No. 3
Parameters

Initial Final Initial Final Initial ,Final

Thickness, in. 0.29 0.39 0.33 0.43 0.28 0.36

Diameter, in. 3.01 3.14 3.19 3.30 3.11 3.18

'Dry Mass, 9 30.8 24.4 38.3 31.4 34.4 26.1

2Mass/Area, 1b/ft2 '1.37 1.00 1. 54 1.16 1.44 1.05

Water Content, % 18.8 I1b .1 15.7 169.4 10.9 167.4

Notes: The dry mass i ncl udes the dry weight of the benton ite and the
geotextiles bonded to the specimen.

2 The mass/area is determined using the dry mass of the material
normal ized with respect to the cross-sectional area of the test
specimen before drying.

9 ~ .06.27
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EPA 9100. COMPATIBILITY TESTING
BENTO MAT SAMPLE #EL005
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EPA 9100 COMPATIBILITY TESTING
BENTOMAT SAMPLE #EL005
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EPA 9100 COMPATIBILITY TESTING
BENTOMAT SAMPLE #EL005
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3.1 Task 1: EPA 9100 Compatibility Testing

3.1.1 Test Results

The physical conditions of the three Bentomat specimens, measured
before and after the tests,· are summarized in Table 3.1-1. Graphical
presentations of the hydraulic conductivity as a function of elapsed time
are presented in Figures 3.1-1, 2, and 3. Graphical presentations of the
hydraul i c conductivity as a funct ion of the volume of 1i quid passed·
through the specimens (i.e., pore volumes) are presented in Figures 3.1
4, 5, and 6.

3.1.2 Observations

Because of the low hydraulic conductivity of the bentonite mat, and
in order to maximize the volume of leachate through the mat, the sand
layer in each test was replaced by an Amoco 4516 geote~tile during that
test. This generally occurred shortly before the permeant was switched
from water to leachate. In many cases the data indicated erratic
behavior for a short time after the switch, but. the hydraulic
conductivities eventually became consistent.

All specimens were initially permeated at a hydraulic gradient of 50.
The resulting hydraulic conductivity measurements were somewhat variable.
The hydraulic gradient was subsequently increased to 160 after
approximately five days of testing. The test results tended to stabilize
after the gradient increase. The average hydraulic. gradients that were
used for the remainder of each test after the initial increase gradient
is indicated on each figure.

In all cases, the data presented in the tables show that each
specimen swelled in thickness and in diameter, and that each specimen
experienced an apparent loss of mass. The effluent water however, was
not Visibly cloudy in any of the tests.

G~l61~/GEl91066 13
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GeoSyntec Consultants

In each figure, a transition from water to leachate is indicated.
The variability in the test results near this transition is likely the
result of disturbance due to leachate injection and removal of the sand
layer. Within a short period of time, the test results stab\lized.
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aid in maintaining a 6- to 9-in-wide overlap during

installation.

2.1.2 Available laboratQry Test Data of the Hydraulic

Prooerties of Bentomat®

2.1.2.1 BentQmat® EermeatioD wjth Water

J & L Testing Company (1990) conducted flexible-wall

hydrau lie conductivity tests on 6-in (150-mm) diameter

samples of Bentomat® containing either untreated granular
.~

bentonite ("CS" grade) or high-contaminant-resistant bentonite

("S8"· grade). Test conditions and results are summarized in

Table 2.2. .The duration of the tests was not reported. Figure
- .' . -. .... . - . '. .

.. 2.2 presents· the relationshfp· between hydr.aulie conductivity '"
• ", ••"", ~"""-"""""~"""'-'~-'-"'"''''~ •.-- ••••. - ••••-- , ·.,.··.".~._ ••.••• _4 : ••• ~ ,:-..,.,••••_ _. '.~•••••~ ••: •• , .•••••_ ••••••• ~.~: ••~ :"."' • .,.'-"•••• ;._:.:~•• _., ••• ":,,'.,,.,~~.~._

and ·ma.ximum .effective stress. Hydraulic conductivities ;.

ranged from 6 x 10-10 cmfs to 6 x 10-9 cm/s.

.-

2. i .2.2 .. BentQm..al® Permeation with Chemical Leachates

GeoSyntecConsultants (1991 a) pe"Morme·d com·patibllitY

tests on' Bentomat® in flexible-wall permeameters in order -t9

measure the effect of \andfiH leachate on the a.lternative

barrier material. Three 2.8~in (70-mm) diameter replicate

samples V'ere. permeated 1\ist with de-aired water (under an

effective stress of 2.0 psi (14 kPa) and a hydraulic gradient of

about 50) and then with leachate (under an effective stress of
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Table 2.2 Summary of Results of Hydraulic Conductivity Tests on
Bentomat® (J.&L 'Testing Company, 1990)

Stress (psi) Hydraulic
Maximum Conductivity

Glade of Bentonite- .c..eJ1 HeadwaterTajlwaterEffectiye (cm/s)

High-Contaminant- 50 42.2 41.8 8.2 2.1 :x 10- 9

Resistant ('"8S") 50 44.6 39.4 "10.6 7.5 x 10.10

50 47.2 .:36.8 .... 13.2 5.8 :x '0- 10 f.. . ~ --... " •••••••••.•.••.. -0. ,.at
-t._

• ',. ",,,,,., " ••,- - •••••. #"!"l-o~.~ ••.

.. .

5.6 x 10. 9Untreated Granular 50 42.2 41.8 ·8.2

Bentonite ("CS-) 50 44.6 39.4 10.6 1.1 XiO·9
50 47.2 36.8 13.2 9.8 x 10- 10

..
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Fig. 2.2 Results of Flexible-WaH Hydraulic
. Conductivity Tests on Bentomat®·

(J&L Testing Qo~pany, 1990)
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5.0 psi (35 kPa) and an average hydraulic gradient of

approximately 160). The s~eady~state hydrauUc conductivity,

after two' months of testing and .2.3 pore volumes of flow, was

approximately 2 x 10-9 cm/s using the de-aired water and

. app roximately 2.5 x 10-9 cm/s using the landfill leachate. The

results seem to indicate that Bentomat® sampies that have

been hydrated first with de-aired water will have very little

increase in hydraulic conductivity after ···theintroduction of

Jandfrll leachate.

2.1.2.3 Effects of Desiccation on 8entQmat® .. : .•..

GeoSyntec Consultants (1991 a) condueted'a flexlbie'':'wall
. -...". . ... ",. - ':~. :;~:''':''~..;'.~:'.', .~. -.. .... '; .., ~ ~ .. ., .",

hydraUlic conductivity test on a 2.8-in(70-mrn) sample of
. " _ "_. .. '.-'"

Ben to m a t® that had undergone 4 desiccation cycles. . Each

cycle involved· first permeating' the' sample with' de-aired

water (using an effective stress of 5.0 psi (34 kPa). and. an

average 'hydraulic gradient of apprOXimately 25) then

desiccating the sample for two weeks in a 400C (1040 F) oven.

Th is procedure was repeated 4 times. The steady-state

hydraulic' conductivity, measured after each cycle, ranged

sporadically bet'Neen 1 x 10-9 cmls and 3 j( 10-9 em/s. The

results show little effect of desiccation on the hydraulic

conductivity of Bentomat®.

'/I
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2.2.2 Available Laboratory Test J)ata on the Hydraulic

.properties of Claymax®

2.2.2.1 Claymax® permeatioo with Water

Literature published by the James Clem Corporation lists

2 x 10-10 cm/s as the hydraulic - conductivity of Claymax@

permeated with - de-aired water. A summary of published

measurements of the hydraulic conductivity of Claymax® to

water is given in Table 2.4. Results are plotted in Fig. 2.5 in

terms of hydraulic conductivity versus effective confining

stress. The results show that the hydraulic conductivity to

water varies -from 'just under ·-about:1 - x 10-8 - cm/s at low_

- effective- stress to just -above- 1 x 10- 1 0 ·cm/sat'high
'. - .. : ~ "":'\:'." .'.:'! ,. , ~ .

effective stress.

2.2.2.2 Claymax® Permeation with Various-Liouid -and Chemical _

J,.eachates

The information -available . concerning hydraulic

conductivity of Claymax® permeated wi~h liquids -other than

water is summarized in Table 2.5. All of the test specimens

that were hydrated with water and then permeated with

chemicals maintained a hydraulic conductivity S 1 x 10- 8

~mls, even for compounds such as diesel fuel a!,d heptane that

would normally be very aggressive to soil liner materials.

Brown, Thomas, and Green (1984), for example, found that the
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hydraulic conductivity of a compacted, micaceous soil was 1

to 4 orders of magnitude higher to kerosene, di.esel fuel, and

gasoline than it was to water. The inconsistency of results

reported in Table 2.5 to the ~esearch conducted by Brown and

~is co-workers may be related to either a small cumulative

pore volumes of flow in the tests on Claymax@ or application

of a high compressive stress to the test' specimens. The

cumulative pore volumes of flow of permeant liquid was not

reported in many of the test referenced in Table 2.5; in many

cases. there was probably an insufficient quantity of flow to
- =-- .". '-"0 • ~ • •

. determine the· .full effects of ,the peqneant .1iquids. (n some
.' ._. _.' • ._::: ._ '.- . '::,._c • -. ~~~ ..:~:.. :",;:,: •. " . -. '. •

tests,'~'a ·.Iarge·effective confining stress· .Was .used.. Broderick
. . .'..... . ~.y. ,;~. . "..-:;' ~. .':

and .Daniel (1990) -found that one compacted clay was.

vulnerable to signific'ant alteration·s in hydraulic conductivi~y

when ,compressive stresses were .'~-.-5-....1a. p~i (34 - 69 kPa) but

did not undergo' an increase in hydraulic conductivity when ·the

speci~ens were permeated ~ith· ~6ni'pressi~e str~ss·es larger·

than 5~"10 10 .psi (34 to 69 kPa): Brown and his co-workers'

applied no compressive stress to their test specimens.

Tests on specimens of Claymax@ that were hydrated

with the same liquid as the -eventual permeant liquid (rather

than water) ,showed mixed results. For leachates, a paper pulp

sludge, and simulated seawater, the hydraulic conductivity

was found to be < i x: i 0-9 em/s. However, the significance of

".
i,

.... -",

f
- \ -
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these results is questionable because the duration of the tests

was short, the cumulative pore voiumes of flow was not

reported, and the applied compressive stress was not reported..' . -.

In as-yet unpublished tests by Shan, markedly different

r~sults were obtained when Claymax@ was not prehydrated

with water. . Shan found that when dry Claymax@ was

permeated directly with a 50%. mixture of water and methanol,

with pure methanol, or with heptane, the bentonite did not

hydrate even after several pore v91umes of flow, and the

hydraulic' conductivity did not drop below 1 x 10-6 cm/s. Shan

used a compre.ssive stress of 5 psi (34 kPa). Thus, with

co f!centrated organi.c ';liquic:l~, ·~the conditions .of .hydration . '.'" ",

appear'.to play a~ imp~rt:~nt .;ole 'in ·detenni~in·g'ihe~bili·ty·of·..,:, .. ,":; ....,,:j;:~~:;,: ...;:
,the bento~itic.blanket. to, _~.~$$ist.,.. the del'eterious .action· of . " •.... ;.~.

. .

organic chemic.al.s. The bentonite appears to be mor'e ,.

chemically resistant ,if hydrated withfr~sh water before

exposure to concentrated organic chemicals.

2.2.2.3 ,Effec1s of Desiccation on Claymax@

The effects of desiccation were investigated by

GeoServices (1989d).· Three hydrated samples of Claymax®

were placed .. , in·a temperature$. and -humidity-controlled

chamber. The chambers operated on a timed cycle to simulate
. .

day and night conditions. The temperature and humidity during
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thick HDPE g8omebrane. was the material tested during this

study.

2.3.2 Available laboratory ils1 Data pf the Hydraulic

properties of Paraseal and Gundseal

2..3.2.1 .Esrasesl Permeation with Water

Pittsburgh Testing Labo'ratory' (1985) conducted a

hydraulic conductivity test on a 2.5-in (64-mm) diameter

sample of Paraseal. A 15-ft (4.6-m) head of water was

applied 10 the sample. which was soaked for 5 days prior to

permeation. A single, falling-head test was performed, which

yielded a hydraulic conductivity reported to be. 4 x ,0-; 0

. cm/s.. ' Further .. details of the test procedures are not available.
- . . '. ~ . ,. .'.

., ·However, because the. direction. of flow .was ~appareTitly t~E~~gh<o:: ...
····"~········· ..··w••,.··"

'. the 'HDPEmembrane, 'the test may have provided a measure'of

sidewa1\ leakage rather than flow.through the' material.

2.3.2~2 Gundseal Permeation wah Chemical Leachates

The hydraulic conductivity of Gundseal perm~ated with

landfl'lI leachate was measured by GeoSyntec Con?ultatlts

(1991c). A grid of O.12-iT'\ (3-mm) diameter holes on 0.3 in

(0.75 cm) centers were drilled into the Gundseat test samples

. in order to'effectively' test . the bentonite Portion of the

Gundseal product. Three 2.8-in (70-mm) diameter samples
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were placed in flexible-wall permeameters and subjected to

an effective stress of 5.0 psi (35 k?a). The test specimens

were permeated. first with de-aired water then with leachate..
The average hydraulic gradient applied during permeation with

de-aired water was 50. The hydraulic gradient was increased

10 230 duiing permeation with .the leachate in order to

increase flow through the Gundseal. The average hydraulic

conductivity of the punctured Gundseal specimens was 1 x 10

9 cm/s for both the de-aired water and the leachate after

approximately '1.2 pore. volumes .. of flow. The hydraulic
. .

conductivity .o~ the .pr~hyd~a.ted.be,n.tC!.nite appear~d. un,affected ,.

by the introduction of the leacbate .- , .' .. . .-. ~ .. '" .. ~ ~., -'..........•..- , .. ~ _ .. ,' ~.::..;.::::;:~~t;~;.::.l.:.,.:. ;:;.
.. .- -.- ... -. .,;- ~ .

2.3.2.3 Effects of Desiccation on Gundseal

GeoSyntec Consultants (1991 c) measured the hydraulic

co nductivity of a sample. ..?,t. Gund~e,al ~hat had unde:gone ·4

desiccation cycles. The 2.S-in (70-mm) diameter sample was

punctured with small holes in the same grid pattern as the'

samples described previously. The test sample was permeated

with de-aired water in a flexible-wall permeameter under 'an

effective stress of 5.0 psi (34 kPa) and ,an average hydraulic

gradient Of 215 in order to determine hydraulic conductivity.

The sample was removed from the permeameter.· subjected to a

0.4 psi (3 kPa) confining stress, and placed in an oven for two

.';. ·,,-~·~...l:'~!':::-~: .~~-~ .~
i~' .. ~ .. ~. t ... . ",.

:~
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2.5 Summary of HydrauHc properties of BentQrnat® 1

Claymax®. and ParaseaJ/Gundseal

Table 2.10 is an abridged summary of· the hydraulic

conductivity data of 8entomat~, Claymax® t and

Paraseal/Gundseal. The table includes results from tests

.conducted by GeoSyntec (1991 a,b,q), GeoSyntec (1990b), a.nd

Shan (i 990). Results from hydraulic conductivity tests

conducted by other laboratories have not been included in Table

2. i 0 in order to present the information in a simplified and

consise form.

-. :,.-: =-- : ;". _4._ -••~ _. • .... ......
..,

- #-'--,"". »,....~-••

• -_ ,. - •••••• " ••••••.~, -" "- -. ..~••• , -y~ • -"-

, ,',

.., 'Y:
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HYDRAULIC CONDUCTIVIri AND COl\fPATIBILlnr TESTING OF CLAYMAX
BALTIMORE COUNTY LANDFILL PROJECT

TOWNSON, MARYLAND
.,..

SCOPE OF SERVICES

STS was to perform two hydraulic conductivity tests on sections of Claymax liner

material in conjunction with a six inc.h sand layer utilizing Ieachates .as the hydration

medium and the permeants. The Claymax specimens were supplied to STS by Clem

Environmental and the leachate specimens were obtained from L.A. Solamen. Inc. All

testing materials were delivered to our Northbrook Testing Facility.

Test Equipment

-.-. ~

The equipment used in the compatibility study was a triaxial compression penneameter.

This equipment incorporates the use of a flex3blernembrane, :preve'nting sidew~11 seepage.'
. . -...-. ~' .. ' , , .'".. ~ ' ' .' ~ .. -'~""'.,. '''-.- ·········_·::.. ·.·,:·~:;·;.:, ..,~ ·~.:.~.'~I:.:: __.".,... ~.

back pressure to facilitate specimen saturation small diameter. burettes ..making

measurement of small volumes of collected penneant possible and. the syst~m is closed

preventing the permeant from being exposed to the surrounding air.

Specimen Construction

Each of the specimens, utilized ·throughout the testing progni..m, consisted of an

approximately six inch cylindrical column of silica sand on top 'of which a" circular

section of Claymax was placed. The orientation of the Claymax to the sand provided for

permeant flow initiated through ll1e .. sand followed by the Claymax section. The

directional flow of the permeant. is similar to those conditions found in the field

applications.



Clem Environmental Corporation
STS Project No. 25868-XH
May 11.1989

Once the specimens we~e assembled. a Dex1ble rubber membrane was used to encase th"e

specimens while sealed in the trii'Uial penneameter chamber.

Test Procedures

. After its initial construction and placement in a triaxial compression penneameler each

of the specimens is backpressure saturated. To aide in specimen saturation, carbon

dioxide gas was allowed to flow freely through the test specimen. inundating the voids

in the sand and dry Claymax. The use of this carbon dioxide gas has been accepted as a

procedure to aide in specimen saturation: 'The carbon dioxide gas will go into solution

more readily than nonnal atmospheric air.' Once it was detem1ined that the carbon

dioxide gas had completely inundated the voids of the test specimen, the permeants were

allowed to free flow through the test specimen first saturating the silica sand and then

the' Claymax section. For this study, the leachates were utilized both as a set

"hydrating me.diu~··.. and asthe··actual·· pei-rriearit' for . the hydraulicconductiYity

'·";·determiocltion. :::;'.~~ ...:;:".:~.:;.~;.. ..... ~... ~ -.~ .. ~..:.. p,.... .......•... . •

, .. ', .. -., '~... : .,.-'.-..... , . ;,...

Two leachates were used during the study. The first was labeled Parkton Landfill and

the second labeled as Eastern Sanitary Landfill. It is the understanding of STS

Consultants l1i'~'t the two leachates were a municipal landfill leachate and contained such

I things as heavy metals. phenals, cyanide, copper, phosphorus and other substances.

Once the leachate had fully hydrated the test specimen, the specimen was allowed ·to

stand for a 24 hour hydration period. Following the hydration period. the backpressure

saturation techniques were implemented to complete the saturation procedures. This was

accomplished by simultaneously increasing the cell and back press,jres~ in increments

while ma~ntaining a pressure differential of 0.125 kilograms per square centimeter

(KSC). Pressures were inctimentally increased until obtaining testing pressures of

4.125 KSC cell pressure and 4.00 KSC back pressure.

-2-
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Specimen saturation was ~onsidered complete when a Skempton's Pore Pressure B-parameter

of 0.95 or greater was obtained. The "B" parameter is simply a ratio of an increase in

pore water pressure to a simultaneous increase in confining pressure. When full

specimen saturation was determined, penneant now was initiated through the boltom of

the test specimen, allowed to now through the top of the test specimen and collect In 2.

calibrated burette.. The test was performed utilizing two separate gradients. The

initial gradient consisted of an application of a h.ydraulic head of one foot. The

second- gradient .was applied as a hydraulic head equivalent to 35 feet..

During the entire test. penneant volume versus time measurements were recorded and lhe

hydraulic conductivity of the test specimen at the tW9 gradients was determined. .The

(est was allowed to continue until it had been determined that a minimum of three pore

volumes of pore fluid had passed through the test specimen. Once this had occurred 2.nd

steady state flow had been established. the test was temiinated.

......... -".-

Laboratory·,Test Resulls :

As a result of the testing as outlined above. the Claymax' section utilizing the Parkton

Landfill Leachate, as the permeant, obtained ~ydrauIic conductivity values of 2 x 10 - 1 C

centimelers per second (cm/sec) fo~ a hydrau~jc' h~ad of one foot and 4 x 10 - 1 0 em!see

for a hydraulic he~'d of 35·.feet. .TheClaymax section exposed to .~he Easte.m.Sanilar:··

Landfill leachate obta1n hydraulic conductivity values of 3 x J0 -10 cmlsec utilizing ;:

hydraulic head of 1 foot and 4 x 10 - 10 emlsec utilizing a hydraulic head of 35 feet.

A summary of specific specimen characteristics and final hydraulic conductivity \c.lues

is attached to this report.

-3-
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STS Consultants ltd.

STS PROJECT NO. 25868-XH

PROJECT Baltimore County

. Landfill Proj ect

DATE 4-24-89

Su~~RY OF HYD~~UlIC CO~DUCTIVITY TESTS

Permeant

Sample 1\0.

C'lassificztion

v Unit
~ht .(pcf)

"Water Content
(7.)

Diameter
(em)

Length
(em)

Saturation
B Value

Hydraulic
Conductivity
k (cm/sec)

Parkton Landfill

1

'Claymax with
611 Silica Sand

51.6

Dry

7.028' "

0.568

0.97

, 1 it. 2 x 10 -10

35 it. 4 x 10 -10

Ezstern Sanitary Landfill

2

Claymax ,,-'ith
'6" Silica Sand

62.5

Dry

7.026

0.616

0.99

1 ft. 3 x 10 -10

35 ft. 4 x 10 -10

. - ..• ..">, •
.- ...~ .... '~·'_~~,·I. ,"~~ •."....,.



~-_·~ ... 'l~·"f ill'll.. TO. CO.

Dc'nnj~ F. RumullJlC'n
C",l/,.')· 1:~H'"ti~,

,
eALTIHO~E COUKTY:
\-!J\STEWATER MONI10RING A.'W ANALYSIS OIVIS10t'l.
IHDI,I$'l'RIA1 DISCH RCif: CO:iTXOL PROCRM!

SrViPLIl-lC/ANALYSr fO[l.'1 SClmplc 110.:

Rev:12/87

9 01110

Day8 Cove Road

~ndulltry Na~e:

.. 0.-. _...._ .. _'. .... ~ ..

EASTERN SANITARY ~~DflLt F~cll1ty No.:
I -----
i

LllBChl1te. pi t

Telephone : - ~~- --+-l Re q Vn ~ c.d by: .....~P_.;...,...;;p.,;.h~i~l~l;:;.i.l,.,p.:=.s_~~ _

I
Sp~~tal tn~tru~Cion3: STD 5, mct~ls, Tota alkalin~ty & Chloridr.~

Finish _-__........._~ _

2\1$1 n j dnrk brown

~ I
!

Sc..n =,,;;..1;../1:-;8~/~B+~ ~l...;,.O~; ,;,;..,20~a..,;.'..;,;.m.;...
I

T.E. R>,~n j
i
I

,
1 q\la'!;'t ~ duk gr<!.y;

;
Cooled wlth ice

FH.LD

DACO ~nd Ti~e of S~~pling:

Sampled by: :P. Phillips,

Type of S':l!T.plo: Crab
----'::;..,:..-::.,:::....--,------.;-----------------~----

S ;\~P 10 l' SHe ing.ll: __NI,.;.'u(6u.- _

SJcple Ch~rbcteris(ics:
~--"-_'"\_I.o.I.Ll,.........-.u.:I.l..I..!:::......:;~.,.L..1,.-L....::(...)u..:c..L-.:e....t..,...;.;::.::=...::..:..:--=-=.::::..:.:.:.~-- ~_

PrC5crV3eive~ Added:

._-
11:50 ~.m •D~to: 1/18/89 Tlrn~:

-~-~

.
t:J.>?, 1'Ek··

lJ:S() i1;m.

." _._ "' __'_" ••••_., •.• , ~_ ." ". • ••••••••1. ., ...... ~ ••,. ,. -'••

O~tc: 1/18/89 Tr~A:-----

I
I

. ~
LABORh'l'ORY

S~~ple recctved by:
-..,............----~---

C~~r~cccrl~~~ca of NQ~~:

Cone. (rnJ~/U

.noL
Cod~

.sO!..2
5013

?-O}f:!
S006

3007

;'008...
I.

'-.
3009

I
I

AN'\L'ttlC~I.. RESULTS

BDL l'llr.tmet:er Cone. (me!t.) !
Cild~-

pH 6.3 3011--MD 122 fJ\gfL 3015--COD ~40 !DS/I. 3130-rss 123 mp'/L 3013

roc - ,..&V

FOG - )Je 0- ft
t .......

F(Phof.lpbnl'us) 2.52 mg/L

0.01 Cd (Cadmlul'l1) DDL
O.O~ Cr(Chramium) tsDL-
0,02 Fu(CoPEC;E) QrQ4 mg/L.--- ,

CnCCynnidc).
0.10 Pb (L~~lJ) 0.36 rn~/L'

!J21. P:lrllll\HH

~ Nt (Njcke1)

0,01 21'\ (7.inc)
,.. UibooJL4I

]\lenoh
.Q.:.Ql S! h tl r

GRAn pH

Totl11 .Fe

Tncnl alkalinity-Chlodrlc

0.0:5 1l1[;/r.

DDL

3.88 Ill~/L

350 n'g!L

80 mg/L



Dennis F. RlI;;:mul;s()n
Cf'Jflt.r l--'Xt""Cli(j",C'

i Rl;'v:12/R7
BALT1MOK£ COVH1~

WASTEWATER HO~ITORI~C ~~D ~~ALYSIS blVl~10H

lNDVSTRIJ..L 01 S,HARGE CONTROL PRoeM-\.\

SAHPL1HC/AHAL.YpS FOR..~\ S;;llJ1plQ Ho.: 9 02104
I

In.clJ5try 1{e.::Ie:

Addre n:

.....-,....:;P~AR:::.:.K:.;T,.;O~N:.....- ~ •• F~d ti c: y No. I

Requuted by:

Alknlinity! Chluride, Metals

f

'Telephone : ~ ~I--

bA~~li~~ SLCQ Location: CAll d3 \l" I) _--.-~_~_~_+' _
I

SpcdQl lnstruc;doolll p}l, 'DOD, COD, 'J'SS,
I
!

fHL::J

Time: 2:20 P.H.

_.......;2::,.:/...:9:,:..'/..::;.8..;..9 'F In i ch

~

~

D;llll ;Ir.11 Titne of Sampling:- Start

S""':' Il:n hy: __ 1:1, MilCh # 11. Kromer

!)'P/\ 0: Sal";'.p;e: Cl'~b

-----------7-----------------~----
S~~~1cr Stttingsl

S~:plc ChQ~a~~~ii$tics:

Pre~o,v6tive~ Acd~d~

Co~ents ~nd Ob~trVA~ion&:

lJelivored to Lab by: ·_-_··.....l·D~K~!l..._l_E;.,.I.M~ ~------Patel 2/9/89
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ATTACHMENT III.6.E 

HDPE PIPE REFERENCE DOCUMENTATION  

  






































































































































































































