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APPENDIX 4C

COLLECTION PIPE MATERIALS AND STRUCTURAL REQUIREMENTS

4C.1 COLLECTION PIPE MATERIALS

Pipe that may be suitable for leachate collection systems is manufactured -to meet nationally
recognized product specifications. Some materials are moire appropriate than others for use in a
leachate collection system and the various types of pipe should be evaluated carefully. Various
factors -to consider are:

• Intended use (type of leachate)
• Flow requirements
• Scour or abrasion conditions
• Corrosion conditions
• Product characteristics
• Physical properties
• Installation requirements
• Handling requirements
• Cost effectiveness

No single pipe product will provide optimum capability in every characteristic for all leachate
collection system design conditions. Specific application requirements should be evaluated prior
to selecting pipe materials.

Pipe materials for leachate collection applications fall within the two commonly accepted
classifications of rigid pipe and flexible pipe. Rigid pipe materials derive a substantial part of
their basic earth load carrying capacity from the structural strength inherent in the rigid pipe wall,
while flexible pipe materials derive load carrying capacity from the interaction of the flexible
pipe and the embedment soils. Products commonly available within these two classes are:

1. Rigid Pipe
a. Asbestos-cement pipe (ACP)
b. Cast iron pipe (CIP)
C. Concrete pipe (CP)
d. Vitrified clay pipe (VCP)

2. Flexible Pipe
a. Ductile iron pipe (DIP)
b. Steel pipe (SP)
c. Thermoplastic pipe

• Acrylonitrile-butadiene-styrene (ABS)
• ABS composite
• Polyethylene (PE)
• Polyvinyl chlorine (PVC) d. Thermoset plastic pipe
• Reinforced plastic mortar (RPM)
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• Reinforced thermosetting resin (RTR)

Within the rigid pipe classification, the suitability of cast iron arid concrete pipe for leachate
collection systems is limited by the difficulty of incorporating perforations in the pipe walls and
their susceptibility to corrosion by acidic leachates. The use of asbestos-cement pipe is limited by
its low beam strength. It is also susceptible to attack by acidic leachates. Vitrified clay pipe can
be perforated and is highly resistant to chemical corrosion, but its relatively low beam strength
limits the fill height that can be placed over it. For these reasons, rigid pipes have very limited
use potential in leachate collection systems.

As a group, flexible pipes offer good potential for use in leachate collection systems. Within the
flexible pipe group, however, only certain products are suitable. Ductile iron and steel pipe have
little application for leachate collection systems primarily because of their susceptibility to attack
by acidic leachates. Also, although ductile iron pipe has high load bearing capacity, incorporating
perforations in the pipe walls is difficult. Thermoplastic and thermoset plastic pipe are more
suitable products for leachate collection systems.

Thermoplastic materials are characterized by their ability to be repeatedly softened by heating
and hardened by cooling through a temperature range characteristic for each plastic. Materials
suitable for use in leachate collection systems include ABS pipe, ABS composite pipe, PE pipe,
and PVC pipe. All of these materials are subject to attack by certain organic chemicals, so
compatibility with the leachate must be considered in this selection. ABS is generally not as
resistant to acids as PVC and neither of these two materials has good resistance to concentrated
ketones and esters. Pipes manufactured from any of these materials are subject to excessive
deflection when improperly bedded and haunched, so proper design and construction are
important. With the exception of PVC pipe, these pipes are also subject to environmental stress
cracking. Thermoplastic pipe product design should be based on long-term data.

Thermoset plastic materials, cured by heat or other means, are substantially infusible and
insoluble. The two categories of thermoset plastic materials suitable for leachate collection
systems include RPM pipe and RTR pipe. RPM pipe is manufactured containing reinforcements,
such as fiberglass, arid aggregates, such as sand, embedded in or surrounded by cured
thermosetting resin. RTR pipe is manufactured using a number of methods including centrifugal
casting, pressure laminating, and filament winding. In general, the product contains fibrous
reinforcement materials, such as fiberglass, embedded in or surrounded by cured thermosetting
resin. Pipes manufactured from both of these materials are subject to strain corrosion in some
environments, attack by certain organic chemicals, and excessive deflection when improperly
bedded and haunched. Therefore, leachate compatibility arid proper design and construction are
important when thermoset plastic pipe is used in leachate collection systems.
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4C.1.1 Pipe Perforations

By nature of their intended use, leachate collection lines must be perforated. The size and spacing
of the openings sho ld be determined based on hydraulic considerations. The effects of the
perforations should be considered in the structural design of the leachate collection pipes.

4C.1.1.1 Size and Spacing

A leachate collection line, to function correctly, must be capable of accepting all the leachate
flowing to it through the gravel drainage layer. After the pipe is sized to handle the flow, the size
and spacing of the perforations should be selected. The rate of flow into the leachate collection
pipes through the perforations is dependent on several factors, including the hydraulic
conductivity of the gravel material around the pipe and the head loss due to convergence of flow
to the perforations in the pipe.

W.T. Moody, as cited in U.S * Department of the Interior (1978) determined the theoretical
relationship among the above factors and concluded that increasing the hydraulic conductivity of
the gravel envelope around the pipe was a more effective method for increasing the rate~of flow
into the pipe than increasing the size of the openings. Therefore, the selection of the size and
spacing of the perforations should be based on: consideration of standard perforated pipe
commonly available from manufacturer; bedding and backfill requirements for the particular
installation; and effects on pipe strength. For a given rate of leachate inflow and a perforated
pipe, the minimum required hydraulic conductivity of the gravel envelope around the pipe can be
determined using a procedure similar to that presented in U.S. Department of the Interior (1978).

4C.1.1.2 Effects on Load Capacity

The various design procedures for rigid and flexible pipes and the various pipe performance
limits are based on solid wall pipe. Pacey, et al., as cited in Dietzler (1984) has suggested that the
effect of perforations could be compensated by arbitrarily increasing the earth load on the pipe.
Data presented in Dietzler (1984) indicated the inclusion of typical perforations in'the lover
quarters of 6-inch ABS and PVC pipe has little influence on pipe stiffness and deflection versus
load performance. Others have stated there are indications that perforations will reduce the
effective length of pipe available to carry loads and resist deflection suggest taking the effect of
perforations into account by increasing the load in proportion to the reduction in the effective
length. This later method appears to be an adequately conservative approach. If Lp equals the
cumulative length of the perforations per unit length of the pipe, L, then thelactual load on the
pipe should be increased as follows:

L
Design Load = Actual Load x L-Lp (4C-1)

Methods to determine the actual load are discussed in the following sections.
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4C.2 STRUCTURAL REQUIREMENTS

Leachate collection systems installed underneath a landfill must be designed to withstand the
anticipated height and weight of refuse to be placed over them. It is not uncommon to find
heights in excess of 100 feet. Appropriately, leachate collection systems must be designed for
vertical pressure acting at the base of the landfill, considering the height of the landfill and the
weighted average density of the refuse, daily cover, final cover system, and any superimposed
loads during the life of the landfill. Perimeter collection systems that generally lie outside the
landfill should be designed for the earth loads acting on them along with any superimposed
loads.

The supporting strength of a leachate collection pipe is a function of installation conditions as
well as the strength of the pipe itself. Structural analysis and design of the collection system are
problems of soilstructure interaction. This section presents general procedures for determining
the structural requirements of the pipes in a leachate collection system. Detailed discussions
concerning structural design of pipelines may be found in ASCE and WPCF (1982). The design
procedure for the selection of pipe strength consists of the following:

• Determination of loading condition
• Determination of refuse and earth loads
• Determination of superimposed loads
• Selection of bedding and determination of bedding factor
• Application of factor of safety
• Selection of pipe strength

4C.2.1 Loading Conditions

The load transmitted to a pipe is largely dependent on the type of installation. The common types
of installation conditions are shown in Figure 4C.1 and include trench, positive projecting
embankment, negative projecting embankment, and induced trench. Jacked or tunneled is also an
installation condition, but has little application for leachate collection systems. The difficulty in
controlling the placement of the embankment material greatly limits the potential use of the
induced trench condition for leachate collection systems.

Trench installation* conditions are defined as those in which the pipe is installed in a relatively
narrow trench cut in undisturbed ground and covered with backfill to the original ground surface.
Embankment conditions are defined as those in which the pipe is covered above the original
ground surface or in which a trench in undisturbed soil is so wide that wall friction does not
affect the load on the pipe. The embankment classification is further subdivided into positive
projecting and negative projecting classification. Pipe is positive projecting when its top is above
the adjacent original ground surface. Negative projecting pipe is installed with its top below the
adjacent original ground surface in a trench that is narrow with respect to the pipe and depth of
cover.
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Both the trench condition and either of the embankment conditions may be appropriate in the
design of leachate collection systems. A perimeter collection system may be designed for either
the trench condition or the negative projecting embankment condition, depending on trench
width. Leachate collection systems underneath the landfill would generally be designed for one
of the embankment conditions.

4C.2.2 Refuse and Earth Loads

The methods for determining the vertical load on buried conduits caused by soil forces were
developed by Marston for all of the most commonly encountered construction conditions (ASCE
and WPCF, 1982). The general form of the Marston equation is:

W = CWB2 (4C-2)

where: W = Vertical load per unit length acting on the pipe because of
gravity soil loads

v = Unit weight of the soil

B = Trench or pipe width, depending on installation conditions

C = Dimensionless coefficient that measures the effects of the following
variables:

• The ratio of the height of fill to width of trench or pipe

• The shearing forces between interior and adjacent soil prisms

• The direction and amount of relative settlement between interior and
adjacent soil prisms for embankment conditions

While the general form of the Marston equation includes all the factors necessary to analyze all
types of installation conditions, it is convenient to write a specialized form of the equation for
each of the installation conditions described in the previous subsection.

4C.2.2.1 Loads for Trench Conditions

In the trench condition, the load on the pipe is caused by both the waste fill and the trench
backfill (U.S. EPA, 1983). These two components of the total vertical pressure on the pipe are
computed separately and then added to obtain the total vertical pressure acting on the top of the
pipe.

The waste fill is assumed to develop a uniform surcharge pressure, Of, at the base of the fill. The
magnitude of Qf is given by the expression:
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Qf = (wf)(Hf) (4C-3)
where: Qf = Vertical pressure at the base of the waste fill (lbs/sq ft)

wf = Weighted average density of the waste fill including refuse, intermediate
cover, and final cover system (lbs/cu ft)

Hf = Height of waste fill including cover (ft)

The weighted average density of the waste fill, wf is computed as follows:

wf = (wr)(Hr) + (wi)(T) + (wc)(Tc) (4C-4)
Hf

where: wr = Average in-place wet density of the refuse (lbs/cu ft)

Hr = Height of refuse excluding cover layers (ft)

wi = Wet density of intermediate cover (lbs/cu ft)

Ti = Total thickness of intermediate cover layers (ft)

wc = Wet density of the final cover system (lbs/cu ft)

Tc = Thickness of the final cover system (ft)

Hf = Hr + Ti + Tc

The value of the vertical pressure at the top of the pipe due to the waste fill, Pvf (in lbs/sq ft), is
determined from the following:

Pvf =(Qf)(Cus) (4C-5)

where: Cus = Dimensionless load coefficient that is a function of the
ratio of the depth of the trench, H (measured from the
original ground surface to the top of the pipe) to the
trench width, Bd, and of the friction between the backfill
and the sides of the trench.

The load coefficient, Cus, may be calculated from the following equation or obtained from Figure
4C.2:

Cus = e-2KU'(H/Bd) (4C-6)

where:  e = Base of natural logarithms
K = Rankine's ratio of lateral pressure to vertical pressure
u'= Coefficient of friction between backfill material and the

sides of the trench
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H = Depth of trench from original ground surface to top of pipe
(f t)

Bd = Width of trench at top of pipe (ft)

The product of Ku' is characteristic for a given combination of backfills in natural, undisturbed
soil. Maximum values of Kul for typical soils are listed in Table 4C.1.

Table 4C.1. Maximum Value of Kul for Typical Backfill Soils

Type of Soil Maximum Value of Ku'
Granular Materials Without Cohesion 0.19
Sand and Gravel 0.165
Saturated Topsoil 0.150
Clay 0.130
Saturated Clay 0.110

Source: U.S. EPA (1983)
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The value of the vertical pressure at the top of the pipe due to the trench backfill is determined
from the following equation developed by Marston (see U.S. EPA, 1983):

Pvt = (Bd)(w)(Cd) (4C-7)
where:

Pvt = Value of the vertical pressure at. the top of the pipe (lbs/sq ft)

W = Unit weight of trench backfill (lbs/cu ft)

Cd = Dimensionless load coefficient which is a function of the ratio of the depth
of the trench, H, to the trench width, Bd, and of the friction between the
backfill and the sides of the trench

The load coefficient, Cd, may be computed from the following equation or obtained from Figure
4C.3:

1-e-2Ku'(H/Bd)
Cd =                2Ku' (4C-8)

in which the terms are as previously defined.

The total vertical pressure at the top of the pipe, Pv, is equal to:

Pv = Pvf + Pvt (4C-9)

Pv = (Qf)(Cus)+(B)(w)(Cd) (4C-10)

Based on Marston's formula, the load on a rigid pipe in the trench condition would be:

we = PvBd (4C-11)
or:

wc = (Bd)(Qf)(Cus) + (Bd)
2 (w)(Cd) (4C-12)

where: wc = Force per unit length of pipe (lb/ft)

For flexible pipe in the trench condition, the load as given by Marston's formula would be:

wc = PvBc (4C-13)
or:

wc = (B)(Qf)(Cus) + (Bd)(w)(Cd)(Bc) (4C-14)

where: Bc = Outside diameter of pipe (ft)
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This formula is applicable to flexible pipes only if the backfill material at the sides of the pipe is
compacted so that it will deform under vertical load less than the pipe itself will deform. In this
condition, the side fills between the sides of the pipe and the sides of the trench may be expected
to carry their proportional share of the total load. If this condition does not exist, then the loads
are determined as described below for the embankment conditions.

4C.2.2.2 Loads for Positive Protecting Embankment Conditions

Marston's formula for the fill load on a pipe in the positive projecting embankment condition is:

Wc = Cc
wfBc

2 (4C-15)

where: Wc = Load on the pipe (lbs/ft)

wf = Weighted average density of the waste fill (lbs/cu ft)

Bc = Outside width of pipe (ft)

Cc = Load coefficient

A complete discussion of this load coefficient may be found in the Concrete Pipe Design Manual
developed by the American Concrete Pipe Association (1980)'
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and Gravity Sanitary Sever Design and Construction published by the ASCE and WPCF (1982).
Values of Cc may be obtained from Figure 4C.4.

Table 4C.2. Recommended Design Values of rsd (Positive , Projecting Embankment
Conditions).

Type of Settlement
   Pipe   Soil Conditions Ratio, rsd

Rigid Rock or unyielding foundation +1.0
Rigid Ordinary foundation +0.5 to +0.8
Rigid Yielding foundation 0 to +0.5
Rigid Negative projecting installation -0.3 to -0.5
Flexible Poorly compacted side fills -0.4 to 0
Flexible Well compacted side fills 0

Source: ASCB and WPCF, 1982, p. 178

The fill load on a pipe installed in a positive projecting embankment condition is influenced by
the product of the settlement ratio (rsd) and the projecting ratio (p'). The settlement ratio is the
relationship between the pipe deflection and the relative settlement between the prism of fill
directly above the pipe and the adjacent material. Design values of the settlement ratio is the
vertical distance the pipe projects above the original ground divided by the outside vertical height
of the pipe, and can be determined when the size and elevation of pipe has been established.

In the last three cases shown in Table 4C.2, the settlement ratio may be conservatively assumed
to be zero which results in designing for the weight of the prism of material directly above the
pipe. In such cases, Cc is equal to H/Bc and Marston's formula for the prism load becomes:

Wc = (H)(wf)(Bc) (4C-16)

where: Wc = Load on pipe (lbs/ft)

H = Height of the fill above the pipe (ft)

wf = Weighted average density of the waste fill, including gravel backfill above the
pipe, refuse, intermediate cover, and final cover system (lbs/cu ft)

Bc = Outside diameter of the pipe (ft)

The load on the pipe is also influenced by the coefficient of internal friction of the embankment
material. ASCE and WPCF (1982) recommends the following values of the product Ku for use in
Figure 4C.4.
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For a positive settlement ratio:   Ku = 0.19
For a negative settlement ratio:  Ku = 0.13

4C.2.2.3 Loads for Negative Projecting Embankment and Induced Trench Conditions

The formula for the fill load on a negative projecting pipe is:

Wc = Cn
wBd2 (4C-17)

where: Wc = Load on the pipe (lbs/ft)

w = Density of fill above pipe (lbs/cu ft)

Bd = Width of trench (ft)

Cn = Load coefficient

In the case of induced trench pipe, Bc is substituted for Bd in the preceding equation. Bc is the
outside diameter of the sever pipe which is assumed to be the width of the trench.

A complete discussion of the load coefficient, Cn, may be found in American Concrete Pipe
Association (1980) and ASCE and WPCE (1982). Values of Cn may be obtained from Figure
4C.5.

As in the case of the positive projecting embankment condition, the fill load is influenced by the
product of the settlement ratio (rsd) and the projection ratio (p'). The settlement ratio for the
negative projecting embankment condition is the quotient obtained by taking the difference
between the settlement of the firm ground surface and the settlement of the plane in the trench
backfill which was originally level with the ground surface and dividing this difference by the
compression of the column of material in trench. Values for the negative projecting settlement
ratio range from -0.1 for P' = 0.5' to -1.0 for P' = 2.0' for rigid pipe (American Concrete Pipe
Association, 1980, p. 162). Induced trench settlement ratios range from -0.3 to 05 (ASCE and
WPCF, 1982). The projection ratio for this condition, p' is equal to the vertical distance from the
firm ground surface down to the top of the pipe, divided by the width of the trench, Bd.

4C.2.3 Superimposed Loads

Leachate collection pipes in a landfill may be subjected to two types of superimposed loads:
concentrated loads and distributed loads. Loads of pipes caused by these loadings can be
determined by application of the Boussinesq equations (ASCE and WPCF, 1982).

4C.2.3.1 Concentrated Loads

The formula for load caused by a superimposed concentrated load, such as a

4C-13





wheel load during construction, is given the following form (ASCE and WPCF, 1982):

Wsc =  PF (4C-18)
CSL

where: Wsc = Load on pipe (lbs/ft)

P = Concentrated load (lbs)

F = Impact factor

L = Effective length of pipe (ft)

Cs = Load coefficient

The load coefficient, Cs, is a function of Bc/2H and L/2H, in which Bc is the outside diameter of
the pipe and H is the height of fill from the top of the pipe to the ground surface. Table 4C.3 lists
values of the load coefficients for concentrated and distributed superimposed loads centered over
the pipe.

The effective length, L, is the length over which the average load caused by surface wheels
produces nearly the same stress in the pipe wall as does the actual load which varies in intensity
from point to point. ASCE and WPCF (1982) recommends using an effective length equal to 3
feet for pipes greater than 3 feet long and using the actual length of pipes shorter than 3 feet.

The impact factor, F, reflects the influence of dynamic loads caused by traffic at ground surface.
The impact factors recommended by AASHTO are listed in Table 4C.4 (American Concrete Pipe
Association, 1980).

Various equipment loads that may occur during construction are listed in Table 4C.5.

Loads on pipes resulting from concentrated loads during construction may be greater than the
loads caused by the refuse placed in the landfill. It is important that both construction loads and
long-term loads be considered in determining the maximum load expected on pipes.

4C.2.3.2 Distributed Loads

Superimposed loads distributed over an area of considerable extent such as a truck load during
construction may be determined from the following equation (ASCE and WPCF, 1982):

Wsd = CspFBc (4C-19)

where: Wsd = Load on pipe (lbs/ft)

p     = Intensity of distributed load (lbs/sq ft)

F    = Impact factor
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Bc = Outside diameter of pipe (ft)

Cs = Load coefficient

Table 4C.4 Superimposed Concentrated Load Impact Factors, F.

Height of Cover Impact Factor
0 - 1.0 ft. 1.3
1.1 - 2.0 ft. 1.2
2.1 - 2.9 ft. 1.1
3.0 ft. and greater 1.0

Table 4C.5 Equipment Loads
Operating Ground          Track or

Equipment Weight (lbs) Contact  Wheel Load (lbs)

Caterpillar D-6 32,850 181101 9.011 16,425 Track Load

Caterpillar D-8 81,950 2211x 1016.5 40,975 Track Load

Scrapers, loaded 168,410 Wheel load 45,470 Drive
21/31 cu yd capacity Wheel Load
(631 D)

Compactor Caterpillar 71,429 81 Width 35,715  Roller
825-C Coverage Load

Adapted From: Caterpillar Performance Handbook, 1984

The load coefficient, Cs, is a function of D/2H and M/2H, in which H is the height from the top
of the pipe to the ground surface and D and M are the width and length, respectively, or the area
over which the distributed load acts. Table 4C.3 lists the values of the load coefficients for loads
centered over the pipe. A method for determining the loads on the pipe from offset uniform loads
may be found in ASCE and WPCF, 1982. A typical offset uniform. load would be the waste fill
placed inside and adjacent to a perimeter leachate collection system.
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4C.2.4 Design Safety Factor

The factor of safety for a pipe is defined as the ratio of the maximum performance limit to the
design or service performance limit. The selection of a suitable safety factor is an essential part
of the structural design of leachate collection pipes. The factor of safety should be related either
to an allowable working stress or to a pre-established ultimate failure condition. Factors of safety
compensate for poor construction practice or for inadequate inspection. Properly established
design performance values and adequate factors of safety must be realized in installation and
operation to provide reasonable assurance of long-term leachate collection system performance.

The relationship between safety factors and design performance values is similar for rigid and
flexible pipes. However, there are differences in the design requirements for each type of pipe
and these affect the form of the safety factor associated with each.

4C.2.4.1 Rigid Pipe

Design performance limits for rigid pipes are expressed in terms of strength under load. Testing
is generally used to determine the service strength for rigid pipe. Strengths of rigid pipe are
measured in terms of 1) the ultimate three-edge bearing strength, and 2) the ultimate and
0.01-inch crack, three-edge bearing strengths for reinforced concrete pipe. A safety factor of 1.0
should be applied to the specified minimum ultimate three-edge bearing strength to determine the
working strength for other rigid pipes (ASCE and WPCF, 1982). Common practice is to use a
factor of safety of 1.25 for the ultimate load of reinforced concrete pipe, and up to 1.50 for
vitrified clay.

4C.2.4.2 Flexible Pipe

Design performance limits for flexible pipes are most commonly expressed in terms of
deflection. The design limit varies with different pipe materials and the pipe manufacturing
process. Flexible pipes must be able to deflect without experiencing cracking, liner failure, or
other distress; and they should be designed with a reasonable factor of safety.

Manufacturers should be consulted on the value of the deflection limits for various types of
flexible pipes. The PVC pipe manufacturers suggest limiting the deflection of buried PVC pipe
to 7-1/2 percent. This strain is one-fourth the minimum strain level at which cracking and reverse
curvature reportedly occurs when subjecting PVC pipe to testing in accordance with ASTSM D
2412. To maintain this same factor of safety (FS-4.0) with ABS pipe, the allowable strain for
ABS pipe should be limited to 5-1/2 percent. The high safety factor of 4.0 is intended to
compensate for the long-term effects of creep of the plastic. Dietzler (1984) suggests that
deflections of ABS and PVC pipe should be limited to one-third the deflection at which reverse
curvature of splitting occurs in ASTM D 2412, including a deflection lag factor.
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4C.3 RIGID PIPE DESIGN

For reasons previously indicatedt rigid pipes have limited use potential in leachate collection
systems. In situations where they are used, their structural design should follow the recognized
procedures for the various rigid pipe products available. The design of rigid pipe systems relates
to the product's performance limit, expressed in terms of strength of the installed pipe. When
determining field strength of rigid pipes, it is convenient to classify the installation conditions as
either trench or embankment. For each of these conditions, bedding classes and corresponding
bedding factors have been developed for use in determining and the required pipe strength.

4C-3-1 Classes of Bedding and Bedding Factors

4C.3-1.1 Trench Beddings

Four general classes of bedding for installation of rigid pipes in a trench condition are illustrated
in Figure 4C.6. The bedding factor for each of the classes of pipe bedding are also listed in
Figure 4C.6. Because leachate collection pipes are normally installed with granular material
surrounding the pipe, the appropriate bedding class is usually Class B with a bedding factor of
1.9.

4C.3.1.2 Embankment Beddings

Four general classes of bedding for the installation of rigid pipes in a positive projecting
embankment condition are illustrated in Figure 4C.7. Most leachate collection lines installed in a
positive projecting embankment condition would have Class B or C bedding, depending on the
projection ratio, p, of the actual installation. For pipe installed in a positive projecting
embankment condition, active lateral pressure is exerted against the sides of the pipe. The
bedding factor, Lf, for this type of installation is computed by the equation:

Lf    A   (4C-20)
N-xq

where: A Pipe shape factor

N A parameter that is a function of the bedding class

x A parameter dependent on the area over which lateral
pressure effectively acts

q Ratio of total lateral pressure to total vertical load on
the pipe

For circular pipe, A has a value of 1.431. Values of N for various classes of bedding are given in
Table 4C.6. Values of x are listed in Table 4C.7.
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Table 4C.6 Values of N for Circular Pipe

Class of Bedding           N_____

A (reinforced cradle) 0.421 to 0.505
Aa (unreinforced cradle) 0.505 to 0.636
B 0.707
C 0.840
D 1.310

Adapted from: ASCE and WPCF (1982)

The projection ratio, m, in Table 4C.7 refers to the fraction of the vertical pipe diameter over
which lateral pressure is effective. For pressure acting on the top half of the pipe above the
horizontal diameter, m equals 0.5. Values for q may be estimated by the formula:

q mk H  +  m (4C-21)
Cc Bc     2

where: k Ratio of unit lateral pressure to unit vertical pressure
(Rankine's ratio)

A value of k equal to 0.33 usually be sufficiently accurate. Values of Cc may be found in Figure
4C.4.

Table 4C.7 Values of x for Circular Pipe

Fraction of Pipe
Subjected to Lateral Class A Other Than

____Pressure, m_____ Bedding Class A Bedding
0 0.150 0

0.3 0.743 0.217
0.5 0.856 0.423
0.7 0.811 0.594
0.9 0.678 0.655
1.0 0.638 0.638

Adapted from: ASCE and WPCF (1982)

The classes of bedding for rigid pipes installed in a negative projecting embankment condition
are the same as those for the trench condition. The trench condition bedding factors listed in
Figure 4C.6 should be used for
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negative projecting embankment installations. For leachate collection lines, this would generally
be Class B bedding and a bedding factor of 1.9.

4C.3.2 Selection of Pipe Strength

The design strength of rigid pipes is commonly related to a three-edge bearing strength measured
at the manufacturing plant in accordance with recognized national testing standards. For pipes
installed under specified conditions of bedding and backfilling, the required three-edge bearing
strength for a given class of bedding and design load can be determined from the following:

Required Three Edge = Design Load (lb/ft) x Factor of Safety
Bearing Strength Bedding Factor

(lb/ft)

The strength of reinforced concrete pipe at either the 0.01-inch crack or ultimate load divided by
the internal diameter of the pipe is defined as the D-load strength. The D-load concept provides
strength classification of pipe independent of pipe diameter. The required three-edge -bearing
strength of reinforced concrete pipe expressed as D-load is determined by the following equation:

D-Load = Design Load (lbs/ft) x Safety Factor
(lbs) Bedding Factor x Diameter (ft)

The above equations are applicable to rigid pipes installed in both trench conditions and
embankment conditions. After determining the design load, the selection of the pipe strength
involves applying the appropriate safety factor and bedding factor for the installation conditions
in either of the above equations.

4C.4 FT BLE PIPE DESIGN

4C.4.1 General Approach

Flexible pipes derive the majority of their load supporting ability from the passive resistance of
the soil in side fills as the pipe deflects under load. Because of this resistance, it is important ' to
examine the interaction between the bedding or fill material and the pipe, rather than simply
studying pipe characteristics. The extent to which flexible pipe deflects as installed is most
commonly used as a basis for design since it reflects this interaction. The approximate long-term
deflection of flexible pipe in place can be calculated using the Modified Iowa Formula developed
by Spangler and Watkins (ASCE and WPCF, 1982):

     DlKbWcr
3 ___

Y  = EI + 0.061 E'r3 (4C-22)

where: Y  = Vertical deflection (inches), assumed to approximately
equal horizontal deflection
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D1 =    Deflection lag factor
Kb =    Bedding constant
Wc =    Load (lbs/inch)
r =    Mean radius of pipe (inches)
E =    Modulus of tensile elasticity (lbs/sq in)
I =    Moment of inertia per length (in0n)
E' =    Modulus of soil reaction (lbs/sq in)

The above equation can be rewritten to express pipe deflection as a decimal fraction of the pipe
outside diameter, Bc, and relate it to the vertical stress on the pipe, Pv, as follows:

WC = Pv      = Y(EI + 0.061 E'n3) (4C-23)
Bc Bc(DlKbr

3)

Pipe manufacturers may establish limits for pipe deflection or vertical stress on the pipe (Pv).
Maximum vertical stress is often referred to as critical buckling pressure.

The deflection lag factor, D1, compensates ' for time consolidation of the bedding, which may
permit flexible pipes to continue to deform after installation. Long-term deflection will be greater
with low degrees of compaction of the bedding in the side fills compared to higher degrees of
compaction. Values recommended for this factor range from 1.25 to 1.50 (ASCE and WPCF,
1982), although values over 2.5 have been recorded in dry soil. A deflection lag factor of 2.0 may
be realistic for design of leachate collection pipes if weathering and/or softening of the bedding
material is likely to occur over the life of the landfill or if the bedding material is rounded or may
be placed with minimal compaction (Dietzler, 1984).

Values for the bedding constant, Kb, are listed in Table 4C.8. Spangler's data suggested a Kb
value of 0.10 for pipe embedded in native soil with no bedding and a Kb value of 0.083 for pipe
embedded in gravel up to the spring line. The installation of leachate collection pipes is more
closely represented by the latter case, and a Kb value of 0.083 should therefore be used in lieu of
actual field data.
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Table 4C.8. Values of Bedding Constant, Kb-

Bedding Angle
    (Degrees)___ Kb

0 0.110
30 0.108
45 0.105
60 0.102
90 0.096

120 0.090
180 0.083

Source: ASCE and WPCF (1982)

Values for the soil reaction modulus, El, range from 0 to 3,000, depending on the soil type of the
bedding material and relative degree of compaction (ASCE and WPCF, 1982). The use of a high
value for El is not realistic for leachate collection pipes in many localites (Dietzler, 1984). In a
situation where a rounded river gravel will be used for the bedding material and a high degree of
compaction may be unobtainable in the bedding around the leachate collection pipe, aa realistic
value for E, of 400 may be appropriate (Dietzler, 1984).

The first term in the denominator (EI) of the Modified Iowa Formula is the stiffness factor and
reflects the influence of the inherent stiffness of the pipe on deflection. The second term, 0.061
Eld, reflects the influence of the passive pressure on the side of the pipe. With flexible pipes, the
second term is normally predominant.

After the allowable strain level in the pipe has been determined, the design procedure for flexible
pipes is to perform a trial and adjustment analysis to find a class of pipe that will result in
deflections less than the established limit. There are slight variations in the procedure for the
various types of flexible pipe.

4C.4.2 Selection of Plastic Pipe

The standard test to determine pipe stiffness or the load deflection characteristic of plastic pipe is
the parallel-plate loading test conducted in accordance with ASTM D 2412. The test determines
the pipe stiffness, PS, at a prescribed deflection, Y, which for convenience in testing is arbitrarily
set at 5 percent. The pipe stiffness is defined as the value obtained by dividing the load per unit
length, F, by the resulting deflection at the prescribed percentage deflection:

PS     = F (4C-.24)
Y
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The stiffness factor, SF, in the Modified Iowa Formula is related to the pipe stiffness by the
following expression:

SF    = EI    = 0.149r3(PS) (4C-25)

in which the terms are as previously defined.

For circular plastic pipes, the approximate deflection based on pipe stiffness can be determined
by using the following simplified version of the Modified Iowa Formula:

D1KbWc

Y    = -------------------------- (4C-26)
0.149(PS) + 0.061 E'

The pipe stiffness for the various plastic pipe materials and diameters of pipe may be obtained
from the manufacturer or may be determined by tests performed in accordance with ASTM D
2412.

4C.4.3 Selection of Other Flexible Pipes

Flexible pipes of material other than plastic, such as ductile iron and corrugated metal, have little
potential for general use in leachate collection systems for reasons previously discussed.
However, if they are found suitable for a specific installation, their structural design should
follow recognized procedures for the particular flexible pipe being considered. Procedures for
designing ductile iron and corrugated metal pipes are described in ASCE and WPCF (1982).
Manufacturers of the specific products should also be consulted.

4C.4.4 Bedding Material

Bedding provides a: contact between a pipe and the foundation on which it rests. The total load
that a pipe will support depends on the width of the contact area and the quality of the contact
between the pipe and the bedding material. The influence of the bedding on the supporting
strength of the pipe is a factor that must be considered in the design of a leachate collection pipe.
This section discusses bedding material considerations. More detailed requirements are given in
previous sections of this Appendix.

An important consideration in selecting a material for bedding is positive contact between the
bed and the pipe. A well-graded crush stone or a well-graded gravel are suitable bedding
materials based on supporting strength considerations, and both are more suitable than a
uniformly graded pea gravel (ASCE and WPCF, 1982). Larger particle sizes give greater
stability; however, the maximum size and shape of the bedding material should be related to the
pipe material and the recommendations of the manufacturer. For small pipes, the maximum size
of the bedding material should be limited to about 10 percent of the pipe diameter and, in
general, well-graded crush stone or gravel ranging in size from 3/4 inch to the No. 4 sieve will
provide the most satisfactory pipe bedding (ASCE and WPCF, 1982).
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In addition to providing support, bedding for leachate collection pipes must allow unrestricted
flow of leachate through the bedding into the perforated leachate collection pipes. The bedding
material must also be resistant to attack from the leachate. Redundancy in the design of leachate
collection systems is important to minimize the effects of failures when they occur. One of the
primary ways to provide redundancy is to design the bedding to meet drainage requirements
through the gravel layer alone if flow through the pipe is restricted (Bass, 1984).

A well-graded material with 100 percent passing the 1-1/2 inch clear, square screen openings and
not more than 5 percent passing the No. 50 U.S. Standard Series sieve is recommended for
drainage purposes (U.S. Department of the Interior, 1978). To determine whether the material is
well-graded, the coefficient of uniformity which describes the slope of the gradation curve must
be greater than 4 for gravels and greater than 6 for sands. In addition, the coefficient of curvature
that describes the shape of the curve must be between 1 and 3 for both gravels and sands. These
coefficients are defined as follows:

Coefficient of uniformity, Cu,    = D60 (4C-27)
D10

and
_  (D30)2____

Coefficient of curvature, Cc,     = (D10)(D60) (4C-28)

where: D10, D30, and D Diameter of particles in millimeters passing the 10, 30,
and 60 percent points, respectively, on the base material
gradation curve.

Based on the above criteria for supporting strength and drainage, a bedding material for leachate
collection pipes should be well-graded gravel with the following properties:

Gradation: 100% passing 1-1/2" sieve
5% maximum passing No. 50 sieve

Cu: 4.0 or greater

Cc: 1.0 to 3.0

The actual bedding material should be selected within these limits after consideration of the pipe
material, availability of bedding material, and its resistance to leachate attack.
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Nominal SDR lb. per kg. per
in. in. mm. in. mm. in. mm. foot meter

7 2.44 61.98 0.500 12.70 2.047 3.047
7.3 2.48 63.08 0.479 12.18 1.978 2.943
9 2.68 67.96 0.389 9.88 1.656 2.464

9.3 2.70 68.63 0.376 9.56 1.609 2.395
11 2.83 71.77 0.318 8.08 1.387 2.065

3 3.500 88.90 11.5 2.85 72.51 0.304 7.73 1.333 1.984
13.5 2.95 74.94 0.259 6.59 1.153 1.716
15.5 3.02 76.74 0.226 5.74 1.015 1.511
17 3.06 77.81 0.206 5.23 0.932 1.386
21 3.15 79.93 0.167 4.23 0.764 1.136
26 3.21 81.65 0.135 3.42 0.623 0.927

7 3.14 79.68 0.643 16.33 3.384 5.037
7.3 3.19 81.11 0.616 15.66 3.269 4.865
9 3.44 87.38 0.500 12.70 2.737 4.073

9.3 3.47 88.24 0.484 12.29 2.660 3.958
11 3.63 92.27 0.409 10.39 2.294 3.413

4 4.500 114.30 11.5 3.67 93.23 0.391 9.94 2.204 3.280
13.5 3.79 96.35 0.333 8.47 1.906 2.836
15.5 3.88 98.67 0.290 7.37 1.678 2.497
17 3.94 100.05 0.265 6.72 1.540 2.292
21 4.05 102.76 0.214 5.44 1.262 1.879
26 4.13 104.98 0.173 4.40 1.030 1.533

32.5 4.21 106.84 0.138 3.52 0.831 1.237

7 3.88 98.51 0.795 20.19 5.172 7.697
7.3 3.95 100.27 0.762 19.36 4.996 7.435
9 4.25 108.02 0.618 15.70 4.182 6.224

9.3 4.29 109.09 0.598 15.19 4.065 6.049
11 4.49 114.07 0.506 12.85 3.505 5.216

5 5.563 141.30 11.5 4.54 115.25 0.484 12.29 3.368 5.012
13.5 4.69 119.11 0.412 10.47 2.912 4.334
15.5 4.80 121.97 0.359 9.12 2.564 3.816
17 4.87 123.68 0.327 8.31 2.353 3.502
21 5.00 127.04 0.265 6.73 1.929 2.871
26 5.11 129.78 0.214 5.43 1.574 2.343

32.5 5.20 132.08 0.171 4.35 1.270 1.890

7 4.62 117.31 0.946 24.04 7.336 10.917
7.3 4.70 119.41 0.908 23.05 7.086 10.545
9 5.06 128.64 0.736 18.70 5.932 8.827

9.3 5.11 129.92 0.712 18.09 5.765 8.579
11 5.35 135.84 0.602 15.30 4.971 7.398

6 6.625 168.28 11.5 5.40 137.25 0.576 14.63 4.777 7.109
13.5 5.58 141.85 0.491 12.46 4.130 6.147
15.5 5.72 145.26 0.427 10.86 3.637 5.413
17 5.80 147.29 0.390 9.90 3.338 4.967
21 5.96 151.29 0.315 8.01 2.736 4.072
26 6.08 154.55 0.255 6.47 2.233 3.322

32.5 6.19 157.30 0.204 5.18 1.801 2.680

Weight

Table A-2 (cont'd)
PIPE WEIGHTS AND DIMENSIONS (IPS)

PE3608 (BLACK)

Actual
OD Nominal ID Minimum Wall

 
See ASTM D3035, F714 and AWWA C-901/906 for OD and wall thickness tolerances. 
Weights are calculated in accordance with PPI TR-7. 
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EARTHLOADING 
 

PolyPipe®, due to its flexibility, will deflect when it is buried.  The degree of deflection will depend upon the soil 
conditions, burial conditions, trench width, and the depth of burial.  The degree of deflection of the pipe is limited by 
the soil around its periphery, especially in the lateral direction.  When the soil compacts around the pipe, there is a 
supportive effect from the soil itself, and as compaction occurs, there is soil friction and cohesion over the pipe that 
reduces the direct load on the pipe. 
 
PolyPipe®, as do other flexible conduits, depends on the surrounding soil for support, and has to be considered as 
one component in a pipe/soil system.  The presence of the soil arch and the support derived from the lateral 
movement limitations are highly beneficial to the efficiency of the system.  Therefore, the flexibility of PolyPipe® is 
the major reason for these advantages.  As has been stated, the durability of polyethylene is the reason for its 
resistance to high levels of mechanical abuse, and this is no less true for buried systems where forced deflections 
may occur due to subsidence, washout and settlement. 
     
External loading analysis must be conducted to determine the application's feasibility.  There are two loading 
calculations necessary when designing or engineering below ground applications of PolyPipe®.  These calculations 
are ring deflection and wall buckling.  Wall crushing, calculated using the allowable compressive strength of the PE 
material, is usually not critical when using solid wall PolyPipe®, as ring deflection and wall buckling are 
predominant parameters.   
 
RING DEFLECTION 
 
PolyPipe®, when buried in loose soil conditions, will exhibit the tendency to deflect, called ring deflection.  Listed 
below are the recommended maximum allowable design limits for ring deflection of PolyPipe® for the different 
available Dimension Ratios (DR). 
            

Table C-1 
Design Limits for Ring Deflection 

 
Safe Deflection, % of 

Diameter DR 

32.5 8.0 
26 7.0 
21 6.0 
17 5.0 

                                                                                                                              
Figure C-1 
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PolyPipe®, due to its inherent physical properties of flexibility, resilience and toughness can withstand significant 
deflection without failure.  It can be flattened without causing a fracture of the pipe wall.  However, this condition is 
unacceptable as far as service is concerned.  A deflection of 15% would be acceptable for a butt fused 
polyethylene system, although a reduction in flow would be noted.  It would also be difficult to utilize conventional 
cleaning equipment with this severity of deflection.  Ring deflection resulting in hydraulic flow area reductions 
should be taken into account when engineering the flow characteristics.  Refer to Table C-2 for the percentage of 
area reduction based on percent of ring deflection. 

 
Table C-2 

AREA REDUCTION DUE TO RING DEFLECTION 
 

Ring Deflection, % Area Reduction, % 

2 0.04 
4 0.16 
5 0.25 
6 0.36 
8 0.64 

10 1.00 
12 1.44 
14 1.96 
15 2.25 
16 2.56 

 
In calculating the soil load placed on a buried pipe, the designer must be able to calculate to some degree of 
accuracy the type and condition of the backfill material.  Saturated clay would be more difficult to place and 
adequately compact than would coarse granular material that would not stick together.  It is important in the 
pipe/soil system that the backfill material utilized for haunching and initial backfill (see Installation, Section F, for 
explanation of terminology) be granular and non-cohesive, free of debris, organic matter, frozen earth and rocks 
larger than 1½ inch in diameter.  This material can be described as Class I or II of ASTM D2321 "Angular ¼ to 1½ 
inch Graded Stone, Slag, Cinders, Crushed Shells and Stone or Sands and Gravel Containing Small Percentages 
of Fines, Generally Granular and Non-Cohesive, Wet or Dry."  This material can easily be worked into the pipe 
haunch, and compacted in approximately 4-6 inch lifts. 
 
To determine the ring deflection of externally loaded PolyPipe®, you must first determine the earthload in pounds 
per linear inch of pipe by use of the following modified Marston formula5: 

 
 

 

(17) 
 

 144
DBCW dd ⋅⋅⋅

=
ρ

 
Where = Earthload per unit length of pipe, lbs/in W 

= Trench Coefficient, (dimensionless) (See Figure C-2)  Cd 
Soil density, lbs/ft3  = ρ 

 = Outside diameter, inches D 
= Trench width at top of pipe, feet  Bd 

 
 
 
 
 
 
 
 
 
 
 

                                                           C-2 5 Moser, A.P. Buried Pipe Design.  2nd Edition.  New York:  McGraw-Hill, 2001. PolyPipe 09/08 



Table C-3 
CLASSIFICATION OF BACKFILL MATERIAL 

PER ASTM D2321* 
 

Class Comments 
  
Class I 

 C-3 
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- Angular graded stone, ¼” to 1½”, including a number 
of fill materials that have regional significance such as coral, 
slag, cinders, crushed stone, crushed gravel and crushed 
shells. 

100 - 200 pounds per cubic foot.  Pipe sizes less 
than 10” should limit maximum particle size to ½” to 
¾” for ease of placement.  

  
Class II - Coarse sands and gravel with maximum particle size 
of 1½”, including variously graded sands and gravel containing 
small percentages of fines, generally granular and non-
cohesive, wet or dry. 

110 - 130 pounds per cubic foot.  Pipe sizes less 
than 10” should limit maximum particle size to ½” to 
¾” inch for ease of placement. 

  
Class III - Fine sand and clay gravel, including fine sands, 
sand-clay mixtures, and gravel-clay mixtures. 

140 - 150 pounds per cubic foot.  

  
Class IV - Silt, silty clays, and clays, including inorganic clays 
and silts of medium to high plasticity and liquid limits. 

150 - 180 pounds per cubic foot. 

                                                                                                          
Class V - Includes organic soils as well as soils containing 
frozen earth, debris, rocks larger than 1½” in diameter, and 
other foreign materials. 

Not recommended for backfill except in the final 
backfill zone. 

 
* For further classification of soils the designer may want to review ASTM D2487, "Standard Test Method for 
Classification of Soil for Engineering Purposes." 
 

Figure C-2 
TRENCH COEFFICIENT, Cd 

DEPENDENT ON SOIL TYPE AND DITCH CONFIGURATION 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In general practice, the trench width can be kept to a minimum of six inches per side greater than the pipe diameter 
itself.  Although this may seem narrow in comparison to trenching of conventional materials, it must be noted that 
PolyPipe® can be pre-assembled above ground and later placed into the trench.  The trench width should be 
maintained as narrow as possible as the soil loading on the pipe is a relationship of the trench width. 
 



6The linear deflection of the pipe can be calculated from the following modified Spangler equation : 
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Δ
= Horizontal deflection or change in diameter, inches Where x 

Deflection lag factor, PolyPipe® recommends 1.0 (dimensionless) =  Dl 
 = Bedding constant, PolyPipe® recommends 0.1 (dimensionless) K 
 W = Earthload, lbs/inch (See Equation (17)) 
 = Modulus of elasticity of pipe, 30,000 psi E 
 = Soil modulus, psi E’ 
 = Dimension ratio, (dimensionless) DR 

 
* For further values of K see reference. 
 

6: The percent deflection can be calculated by use of the following formula
 

(19) 
 100⋅

Δ
=

D
xd

 
=  d Where Percent deflection, % 

Δ = Horizontal deflection, inches (See Equation (18)) x 
 = D Outside diameter, inches 
 

Table C-4 
TYPICAL SOIL MODULUS VALUES (PSI) 

 
   

Type of Soil Depth of Cover Standard AASHTO relative compaction 
 

 ft m 85% 90% 95% 100% 
       

Fine-grained soils with less than 0-5 0-1.5 500 700 1000 1500 
25% sand content (CL, ML, CL-ML)  5-10 1.5-3.1 600 1000 1400 2000 
 10-15 3.0-4.6 700 1200 1600 2300 
 15-20 4.6-6.1 800 1300 1800 2600 
       
Coarse-grained soils with fines 0-5 0-1.5 600 1000 1200 1900 
(SM., SC) 5-10 1.5-3.0 900 1400 1800 2700 
 10-15 3.0-4.6 1000 1500 2100 3200 
 15-20 4.6-6.1 1100 1600 2400 3700 
       
Coarse-grained soils with little or no  0-5 0-1.5 700 1000 1600 2500 
fines (SP, SW, GP, GW) 5-10 1.5-3.0 1000 1500 2200 3300 

 10-15 3.0-4.6 1050 1600 2400 3600 
 15-20 4.6-6.1 1100 1700 2500 3800 

 
 

                                                           
6 Plastics Pipe Institute.  Underground Installation of Polyethylene Pipe, 1996. 
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Values of modulus of soil reaction, E' (psi) based on depth of cover, type of soil, and relative compaction.  Soil type 
symbols are from the United Classifications System.  Source:  Hartley, James D. and Duncan, James M., "E' and 
its Variation with Depth," Journal of Transportation, Division of ASCE, Sept. 1987.   

 
WALL BUCKLING 
 
PolyPipe®, when buried in dense soil conditions and subjected to excessive external loading, will exhibit the 
tendency of wall buckling.  As seen in Figure C-3, wall buckling is a longitudinal wrinkle that usually occurs 
between the 10:00 and 2:00 positions.  Wall buckling should become a design consideration when the total vertical 
load exceeds the critical buckling stress of PolyPipe®. 
 

Figure C-3 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Vertical loading can be determined by the summation of the calculated dead load (load resulting from backfill 
overburden and static surface loads) and live load (loads resulting from cars, trucks, trains, etc.). 
 

1BACKFILL LOAD
 

 

(20) 
 

            
Where Pb = Backfill load, psi 
 ρsoil = Backfill density, lbs/ft3 
 H = Height of backfill above pipe, feet 

 
SURFACE LOAD  
 
Surface loads are those forces exerted by permanent structures in close proximity to buried PolyPipe®.  These 
loads can be buildings, storage tanks, or other structures of significant weight that could add to the backfill loading.  
The force exerted on PolyPipe® by structural surface loads can be approximated by use of the following 
Boussinesq17 formulation: 

 
(21) 

 
                    
Where Ps = Surface load on pipe, psi 
 L = Static surface load, lbs. 
 z = Vertical distance from top of pipe to surface load level, feet 
 R = Straight line distance from the top of pipe to surface load, feet 

 
 

Where,                    

                                                           
1 Nayyar, Mohinder L. Ed.  Piping Handbook.  6th Edition.  New York:  McGraw-Hill, Inc., 1992. 
17 Chen, W. F., Liew, Richard L. Y.  The Civil Engineering Handbook.  New York:  CRC Press, 2003.  2nd Edition. 
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(22) 
 

222 zyxR ++=
 

Where = Horizontal distance from surface load, feet (Refer to Figure C-4) x 
 = Horizontal distance from surface load, feet (Refer to Figure C-4) y 
 = Vertical distance from top of pipe to surface load level, feet (Refer to Figure C-4) z 

 
Figure C-4 

RESULTANT SURFACE LOAD 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LIVE LOAD 
 
Live loading can be determined by extracting the load from Figure C-5 for H20 highway loading or from Figure C-6 
for Cooper E-80 loading or by estimating, using available analytical techniques. 
 

 
Figure C-5 

H20 HIGHWAY LOADING 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: The H20 live load assumes two 16,000 lb. loads applied to two 18" x 20" areas, one located over the point in question, 
and the other located at a distance of 72" away.  In this manner, a truckload of 20 tons is simulated. 
 
Source:  American Iron and Steel Institute, Washington, DC 

 
C-6 

PolyPipe 09/08 

 



Figure C-6 
COOPER E-80 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note:  The Cooper E-80 live load assumes 80,000 pounds applied to three 2' x 6' areas on 5' centers, such as might be 
encountered through live loading from a locomotive with three 80,000 pounds axle loads. 

 
Source:  American Iron and Steel Institute, Washington, DC 

 
 

TOTAL EXTERNAL LOADING 
 

Total Load = Live Load + Backfill Load + Surface Load 
 

(23) 
 sblt PPPP ++=

 
Once the external loading on buried PolyPipe® has been determined, it will be necessary to calculate the critical 
buckling stress for contained PolyPipe® to determine if the pipe can withstand the external loading.  The external 
loading capacity, or critical buckling stress, can be determined by the use of the following Von Mises formula:   
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cbP  Where = Critical buckling stress, psi 
Safety factor, PolyPipe® recommends SF=2  = SF 

 = Water buoyancy factor, (dimensionless) Rw 
 = Empirical Coefficient of Elastic Support, (dimensionless) B 

= Soil modulus, (See Table C-4)  Es 
 = Pipe modulus of elasticity, psi  E 
 = Dimension Ratio DR 

 
Where,                   

(25) 
 

 
⎟
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HR w

w 33.01

 
 = Height of water table above pipe, feet Hw 
 = Height of soil cover above pipe, feet H 
    
Note:  Hw must be less than H 
 
and,                    



 

 

(26) 
 

He
B ⋅−⋅+
= 065.041

1

 
Where = 2.718 e 
 = Height of soil cover above pipe, feet H 
 
If the total external loading, Equation (23), is less than the critical buckling stress (Pt < Pcb), then the application 
should be considered safe.  However, if this is not the case (Pt > Pcb), then the required parameters can be 
determined for a safe application from the following variations of the above equation:       
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NOTICE: 
The data contained herein is a guide to the use of PolyPipe® polyethylene pipe and fittings and is believed to be accurate and 
reliable.  However, general data does not adequately cover specific applications, and its suitability in particular applications 
should be independently verified.  In all cases, the user should assume that additional safety measures might be required in 
the safe installation or operation of the project.  Due to the wide variation in service conditions, quality of installation, etc., no 
warranty or guarantee, expressed or implied, is given in conjunction with the use of this material. 
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ATTACHMENT III.5.F 

DRISCOPIPE, INC. 2008.  

POLYETHYLENE PIPING SYSTEMS MANUAL 
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ATTACHMENT III.5.G 

CHEVRON PHILLIPS CHEMICAL COMPANY, LP. 2003.   

PERFORMANCE PIPE ENGINEERING MANUAL.   

BULLETIN: PP 900 
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DriscoPlex™ 2000 SPIROLITE® pipe is manufactured to ASTM F 894, which states that profile 
pipe designed for 7.5% deflection will perform satisfactorily when installed in accordance with 
ASTM D 2321.  Deflection is measured at least 30 days after installation. 
Manufacturing processes for DriscoPlex™ 2000 SPIROLITE® and DriscoPlex™ OD controlled 
pipe differ. Deflection limitations for OD controlled pipe are controlled by long-term material 
strain.  

Ring Bending Strain 
As pipe deflects, bending strains occur in the pipe wall. For an elliptically deformed pipe, the 
pipe wall ring bending strain, ε, can be related to deflection: 

 
MM

D D
C

D
Xf 2∆

=ε  (7-39) 

Where  
 ε = wall strain 
 fD = deformation shape factor 
 ∆X = deflection, in 
 DM = mean diameter, in 
 C = distance from outer fiber to wall centroid, in 
For DriscoPlex™ 2000 SPIROLITE® pipe 

 zhC −=  (7-40) 
For DriscoPlex™ OD Controlled pipe 

 )06.1(5.0 tC =  (7-41) 

Where 
 h = pipe wall height, in 
 z = pipe wall centroid, in 
 t = pipe minimum wall thickness, in 
For elliptical deformation, fD = 4.28. However, buried pipe rarely has a perfectly elliptical shape. 
Irregular deformation can occur from installation forces such as compaction variation alongside 
the pipe. To account for the non-elliptical shape many designers use fD = 6.0. 
Lytton and Chua report that for high performance polyethylene materials such as those used by 
Performance Pipe, 4.2% ring bending strain is a conservative value for non-pressure pipe. 
Jansen reports that high performance polyethylene material at an 8% strain level has a life 
expectancy of at least 50 years.  
When designing non-pressure heavy wall OD controlled pipe (DR less than 17), and high RSC 
(above 200) DriscoPlex™ 2000 SPIROLITE® pipe, the ring bending strain at the predicted 
deflection should be calculated and compared to the allowable strain.  
In pressure pipe, the combined stress from deflection and internal pressure should not exceed 
the material’s long-term design stress rating.  Combined stresses are incorporated into Table 7-
9 values, which presumes deflected pipe at full pressure.  At reduced pressure, greater 
deflection is allowable. 

Bulletin: PP 900  March 2003 Supercedes all previous publications 
Book 2 - Chapter 7 Page 112 ©2003 Chevron Phillips Chemical Company LP 
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1.0 INTRODUCTION 

DNCS Environmental Solutions (DNCS Facility) is a proposed Surface Waste Management 

Facility for oil field waste processing and disposal services.  The proposed DNCS Facility is 

subject to regulation under the New Mexico Oil and Gas Rules, specifically 19.15.36 NMAC, 

administered by the Oil Conservation Division (OCD).  The Facility has been designed in 

compliance with 19.15.36 NMAC, and will be constructed and operated in compliance with a 

Surface Waste Management Facility Permit issued by the OCD.  The Facility is owned by, and 

will be constructed and operated by, DNCS Properties, LLC. 

 
1.1 Description 

The DNCS site is comprised of a 562-acre ± tract of land located south of NM 529 in portions 

of Section 31, Township 17 South, Range 33 East; and in the northern half of Section 6, 

Township 18 South, Range 33 East, Lea County, NM.  A portion of the 562-acre tract is a 

drainage feature that will be excluded from development.  The drainage feature includes a 500-

ft setback and totals 67 acres ±.  The DNCS Facility will include two main components; a 

liquid oil field waste Processing Area (177 acres ±), and an oil field waste Landfill (318 acres 

±); therefore the DNCS Facility comprises 495 acres ±.  Oil field wastes are anticipated to be 

delivered to the DNCS Facility from oil and gas exploration and production operations in 

southeastern NM and west Texas.  The Site Development Plan provided in the Permit Plans, 

Sheet 3, identifies the locations of the Processing Area and Landfill facilities.   
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2.0 SUMMARY 

19.15.36.14 NMAC Specific requirements applicable to Landfills: 
D.  Liner specifications and requirements. 

(1) General requirements. 
(a) Geomembrane liner specifications. Geomembrane liners shall consist 
of a 30-mil flexible PVC or 60-mil HDPE liner, or an equivalent liner approved 
by the division. Geomembrane liners shall have a hydraulic conductivity no 
greater than 1 x 10-9 cm/sec. Geomembrane liners shall be composed of 
impervious, geosynthetic material that is resistant to petroleum hydrocarbons, 
salts and acidic and alkaline solutions. Liners shall also be resistant to 
ultraviolet light, or the operator shall make provisions to protect the material 
from sunlight. Liner compatibility shall comply with EPA SW-846 method 
9090A. 

 
19.15.36.17 NMAC Specific requirements applicable to evaporation, storage, treatment, 
and skimmer ponds: 
B. Construction, standards. 

(3) Liner specifications.  Liners shall consist of a 30-mil flexible PVC or 60-mil 
HDPE liner, or an equivalent liner approved by the division.  Synthetic (geomembrane) 
liners shall have a hydraulic conductivity no greater than 1 x 10-9 cm/sec.  
Geomembrane liners shall be composed of an impervious, synthetic material that is 
resistant to petroleum hydrocarbons, salts and acidic and alkaline solutions.  Liner 
materials shall be resistant to ultraviolet light, or the operator shall make provisions 
to protect the material from sunlight.  Liner compatibility shall comply with EPA SW-
846 method 9090A. 

 
Geosynthetics have a proven track record in a variety of civil engineering applications, 

primarily over the past 30 years.  Fluid Containment design provides a unique opportunity to 

incorporate a range of engineered materials that exceed the equivalent performance of soils.  

The design of the DNCS Facility includes several examples of geosynthetics and plastics 

deployed for their superior characteristics, usually applied in conjunction with soil layers: 

• Geomembranes (flexible membrane liners) provided as barrier layer in the primary and 
secondary liner system (Attachment III.6.A). 

• Geotextiles serving as cushioning layers and as filters to maintain flow (Attachment 
III.6.B). 

• Geonets deployed as drainage layers and in leak detection systems (Attachment 
III.6.C). 

• Geosynthetic clay liners (GCLs) employed as secondary composite layers for liners 
(Attachment III.6.D). 

• The use of HDPE (High Density Polyethylene; Attachment III.6.E) and PVC 
(Polyvinyl Chloride; Attachment III.6.F) piping systems.   
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Geosynthetics are selected in the design process for their performance characteristics in the 

project’s environmental setting.  These materials must be able to withstand the physical forces 

that they will experience, as documented in this section.  Attachment III.6.A includes recent 

research results that indicate the functional longevity of HDPE liners in similar installations is 

in the hundreds of years. 

 
This section provides demonstrations, as required by 19.15.36.14.D.1 and 19.15.36.17.B 

NMAC that the geosynthetic components are compatible with the fluids to be contained within 

the cells and basins.  The attached compatibility documentation includes published reports and 

test results; and is further endorsed by industry experience and proven installations by the 

design engineer.  For the performance criteria of both soil and geosynthetic components to be 

achieved, they must be constructed in strict accordance with the Permit Plans (Volume III.1) 

and the Liner Construction Quality Assurance (CQA) Plan, (Volume II.7) of this Application 

for Permit.  

 
Table III.6.1 provides an index of compatibility data provided for each of the prescribed 

geosynthetic materials and their function in the engineering design.   
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TABLE III.6.1 
Geosynthetic Applications and Compatibility Documentation 

DNCS Environmental Solutions 
 

MATERIAL FUNCTION ATTACHED REFERENCE DOCUMENTATION 

HDPE 
Geomembrane 

Primary and secondary barrier 
layer for landfill liner. III.6.A 

Geomembrane Lifetime Prediction: Unexposed and Exposed Conditions 
Chemical Compatibility of Poly-Flex Liners 
Chemical Resistance Table Low Density and High Density Polyethylene 
NSC, Contaminant Solutions for Industrial Waste; HDPE 
Geomembrane 
Liner Longevity Article: Geosynthetics Magazine, Oct/Nov 2008 

Geotextile Filter layer around leachate 
collection piping. III.6.B 

Amoco Technical Note No. 7, Chemical Resistance of Amoco 
Polypropylene Geotextiles 

Amoco Technical Note No. 14, Geotextile Polymers for Waste 
Applications 

Geonet Drainage layer between primary 
and secondary liner  III.6.C Evaluation on Stress Cracking Resistance of Various HDPE Drainage 

Geonets 

GCL Secondary layer in composite 
liner.   III.6.D 

The Effects of Leachate on the Hydraulic Conductivity of Bentomat 
Bench-scale Hydraulic Conductivity Tests of Bentonitic Blanket 
Materials for Liner and Cover Systems (Thesis by Paula Estornell) 

HDPE Pipe Solid and slotted piping, leachate 
collection system and GCCS. III.6.E 

Chemical Resistance of Plastics and Elastomers Used in Pipeline 
Construction 
Driscopipe Engineering Characteristics 
Plexco Chemical Resistance Information 

PVC Pipe Solid and slotted piping, leachate 
collection system and GCCS. III.6.F Certainteed - PVC Chemical Resistance 

  Acronyms used: 
 GCL: Geosynthetic Clay Liner 
 FML: Flexible Membrane Liner 
 PVC: Polyvinyl Chloride 
 HDPE: High Density Polyethylene 
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HDPE GEOMEMBRANES REFERENCE DOCUMENTATION 
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CHEMICAL COMPATIBILITY 
OF POLY-FLEX LINERS 

Chemical compatibility or resistance as applied to geomembranes is a relative term. Actually 
compatibility would mean that one material will dissolve in the other such as alcohol in water or grease 
in gasoline. An example of incompatibility would be oil and water. In liners it is undesirable to have the 
chemicals dissolve in the liner hence the term compatibility is the reverse of what is normally meant in 
the chemical industry. In the strictest sense and from a laboratory prospective, chemical compatibility, 
as the term applies to this industry, would imply that the chemical has no effect on the liner. On the 
other hand, from an engineering prospective, chemical compatibility means that a liner will survive the 
exposure to a given chemical even though the chemical could have some effect on the performance of 
the liner, but not enough to cause failure. Therefore, one must understand and define chemical 
compatibility for a specific project.  

Generally polyethylene will be effected by chemicals in one of three ways. 

1. No effect—This means that the chemical in question and the polyethylene do not interact. The 
polyethylene does not gain (lose) weight, swell, and the physical properties are not significantly 
altered. 

2. Oxidizes (cross linking)—Chemicals classed as oxidizing agents will cause the polyethylene 
molecules to cross link and cause irreversible changes to the physical properties of the liner. 
Basically it makes the liner brittle. 

3. Plasticizes—Chemicals in this classification are soluble in the polyethylene structure. They do 
not change the structure of the polyethylene itself but will act as a plasticizer. In doing so, the 
liner will experience weight gain of 3-15%, may swell by up to 10%, and will have measurable 
changes in physical properties (i.e. the tensile strength at yield may decrease by up to 20%). 
Even under these conditions the liner will maintain its integrity and will not be breached by 
liquids, provided the liner has not been subjected to any stress. These effects are reversible 
once the chemicals are removed and the liner has time to dry out. 

Aside from the effect that chemicals have on a liner is the issue of vapor permeation through the liner. 
Vapor permeation is molecular diffusion of chemicals through the liner. Vapor transmission for a given 
chemical is dependent primarily on liner type, contact time, chemical solubility, temperature, thickness, 
and concentration gradient, but not on hydraulic head or pressure. Transmission through the liner can 
occur in as little as 1-2 days. Normally, a small amount of chemical is transmitted. Generally HDPE 
has the lowest permeation rate of the liners that are commercially available. 

As stated above chemical compatibility is a relative term. For example, the use of HDPE as a primary 
containment of chlorinated hydrocarbons at a concentration of 100% may not be recommended, but it 
may be acceptable at 0.1% concentration for a limited time period or may be acceptable for secondary 
containment. Factors that go into assessment of chemical compatibility are type of chemical(s), 
concentration, temperature and the type of application. No hard and fast rules are available to make 
decisions on chemical compatibility. Even the EPA 9090 test is just a method to generate data so that 
an opinion on chemical compatibility can be more reliably reached.  

A simplified table on chemical resistance is provided to act as a screening process for chemical 
containment applications.  

Poly-Flex, Inc. • 2000 W. Marshall Dr. • Grand Prairie, TX 75051 U.S.A. • 888-765-9359 
© Poly-Flex, Inc. • All Rights Reserved
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CHEMICAL RESISTANCE INFORMATION 
 

CHEMICAL CLASS
 CHEMICAL 

EFFECT
PRIMARY CONTAINMENT 
(LONG TERM CONTACT)

SECONDARY CONTAINMENT 
(SHORT TERM CONTACT)

  HDPE LLDPE HDPE LLDPE

CARBOXYLIC ACID 1     
   - Unsubstituted (e.g. Acetic acid)  B C A C
   - Substituted (e.g. Lactic acid)  A B A A
   - Aromatic (e.g. Benzoic acid) A B A A

ALDEHYDES 3     
   - Aliphatic (e.g. Acetaldehyde) B C B C
   - Hetrocyclic (e.g. Furfural)  C C B C

AMINE 3  
   - Primary (e.g. Ethylamine)  B C B C
   - Secondary (e.g. Diethylamine) C C B C
   - Aromatic (e.g. Aniline)  B C B C

CYANIDES (e.g. Sodium Cyanide) 1 A A A A

ESTER (e.g. Ethyl acetate) 3 B C B C

ETHER (e.g. Ethyl ether) C C B C

HYDROCARBONS 3     
   - Aliphatic (e.g. Hexane)  C C B C
   - Aromatic (e.g. Benzene)  C C B C
   - Mixed (e.g. Crude oil)  C C B C

HALOGENATED HYDROCARBONS 3  
   - Aliphatic (e.g. Dichloroethane) +A4  C C B C
   - Aromatic (e.g. Chlorobenzene) C C B C

ALCOHOLS 1     
   - Aliphatic (e.g. Ethyl alcohol) A A A A
   - Aromatic (e.g. Phenol)  A C A B

INORGANIC ACID  
   - Non-Oxidizers (e.g. Hydrocloric acid) 1 A A A A
   - Oxidizers (e.g. Nitric Acid) 2 C C B C

INORGANIC BASES 
    (e.g. Sodium hydroxide)

1 A A A A

SALTS (e.g. Calcium chloride) 1 A A A A

METALS (e.g. Cadmium) 1 A A A A

KETONES (e.g. Methyl ethyl ketone) 3 C C B C

OXIDIZERS (e.g. Hydrogen Peroxide) 2 C C C C

Chemical effect (see discussion on Chemical Resistance) 

1. No Effect--Most chemicals of this class have no or minor effect.  
2. Oxidizer--Chemicals of this class will cause irreversible degradaton.  

Page 1 of 2Chemical Resistance Information
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3. Plasticizer--Chemicals of this class will cause a reversible change in physical properties. 

Chart Rating  

A. Most chemicals of this class have little or no effect on the liner. 

Recommended regardless of concentration or temperature (below 150° F). 

B. Chemicals of this class will effect the liner to various degrees. 
Recommendations are based on the specific chemical, concentration and temperature. 
Consult with Poly-Flex, Inc. 

C. Chemicals of this class at high concentrations will have significant effect on the physical properties of the liner. 
Generally not recommended but may be acceptable at low concentrations and with special design considerations. 
Consult with Poly-Flex, Inc. 

This data is provided for informational purposes only and is not intended as a warranty or guarantee. Poly-Flex, Inc. assumes no responsibility in 
connection with the use of this data. Consult with Poly-Flex, Inc. for specific chemical resistance information and liner selection. 
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CHEMICAL RESISTANCE INFORMATION

CHEMICAL COMPATIBILITY OF POLY-FLEX LINERS

Chemical compatibility or resistance, as applied to geomembranes, is a relative term. Actual compatibility 
would mean that one material dissolves in the other such as alcohol in water or grease in gasoline. An example 
of incompatibility would be oil and water. In liners it is undesirable to have the chemicals dissolve in the liner, 
hence the term compatibility is the reverse of what is normally meant in the chemical industry. In the strict-
est sense and from a laboratory perspective, chemical compatibility, as the term applies to this industry, would 
imply that the chemical has no effect on the liner. On the other hand, from an engineering perspective, chemi-
cal compatibility means that a liner survives the exposure to a given chemical even though the chemical could 
have some effect on the performance of the liner, but not enough to cause failure. Therefore, one must under-
stand and define chemical compatibility for a specific project.

Generally polyethylene is effected by chemicals in one of three ways.

1. No effect—This means that the chemical in question and the polyethylene do not interact. The poly-
ethylene does not gain (lose) weight or swell, and the physical properties are not significantly altered.

2. Oxidizes (cross linking)—Chemicals classed as oxidizing agents cause the polyethylene molecules to 
cross link and cause irreversible changes to the physical properties of the liner. Basically they make the 
liner brittle.

3. Plasticizes—Chemicals in this classification are soluble in the polyethylene structure. They do not 
change the structure of the polyethylene itself but act as a plasticizer. In doing so, the liner experiences 
weight gain of 3-15%, may swell by up to 10%, and has measurable changes in physical properties 
(e.g. the tensile strength at yield may decrease by up to 20%). Even under these conditions the liner 
maintains its integrity and is not breached by liquids, provided the liner has not been subjected to any 
stress. These effects are reversible once the chemicals are removed and the liner has time to dry out. 

Aside from the effect that chemicals have on a liner is the issue of vapor permeation through the liner. Vapor 
permeation is molecular diffusion of chemicals through the liner. Vapor transmission for a given chemical is 
dependent primarily on liner type, contact time, chemical solubility, temperature, thickness, and concentration 
gradient, but not on hydraulic head or pressure. Transmission through the liner can occur in as little as 1-2 days. 
Normally, a small amount of chemical is transmitted. Generally HDPE has the lowest permeation rate of the lin-
ers that are commercially available.

As stated above chemical compatibility is a relative term. For example, the use of HDPE as a primary contain-
ment of chlorinated hydrocarbons at a concentration of 100% may not be recommended, but it may be 
acceptable at 0.1% concentration for a limited time period or may be acceptable for secondary containment. 
Factors that go into assessment of chemical compatibility are type of chemical(s), concentration, temperature 
and the type of application. No hard and fast rules are available to make decisions on chemical compatibility. 
Even the EPA 9090 test is just a method to generate data so that an opinion on chemical compatibility can be 
more reliably reached.

A simplified table on chemical resistance is provided to act as a screening process for chemical containment 
applications.
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CHEMICAL RESISTANCE INFORMATION

                 PRIMARY CONTAINMENT   SECONDARY CONTAINMENT
CHEMICAL CLASS CHEMICAL (LONG TERM CONTACT) (SHORT TERM CONTACT) 
 EFFECT                 HDPE          LLDPE                HDPE           LLDPE
CARBOXYLIC ACID 1

  - Unsubstituted (e.g. Acetic acid)  B C A C 
  - Substituted (e.g. Lactic acid)  A B A A 
  - Aromatic (e.g. Benzoic Acid)  A B A A

ALDEHYDES 3 
  - Aliphatic (e.g. Acetaldehyde)  B C B C 
  - Hetrocyclic (e.g. Furfural)  C C B C

AMINE 3 
  - Primary (e.g. Ethylamine)  B C B C 
  - Secondary (e.g. Diethylamine)  C C B C 
  - Aromatic (e.g. Aniline)  B C B C

CYANIDES (e.g. Sodium Cyanide) 1 A A A A

ESTER (e.g. Ethyl acetate) 3 B C B C

ETHER (e.g. Ethyl ether)  C C B C

HYDROCARBONS 3

  - Aliphatic (e.g. Hexane)  C C B C 
  - Aromatic (e.g. Benzene)  C C B C 
  - Mixed (e.g. Crude oil)  C C B C

HALOGENATED HYDROCARBONS 3

  - Aliphatic (e.g. Dichloroethane) +A4  C C B C 
  - Aromatic (e.g. Chlorobenzene)  C C B C

ALCOHOLS 1 
  - Aliphatic (e.g. Ethyl alcohol)  A A A A 
  - Aromatic (e.g. Phenol)  A C A B

INORGANIC ACID 
  - Non-oxidizers (e.g. Hydrochloric acid) 1 A A A A 
  - Oxidizers (e.g. Nitric Acid) 2 C C B C

INORGANIC BASES (e.g. Sodium hydroxide) 1 A A A A

SALTS (e.g. Calcium chloride) 1 A A A A

METALS (e.g. Cadmium) 1 A A A A

KETONES (e.g. Methyl ethyl ketone) 3 C C B C

OXIDIZERS (e.g. Hydrogen peroxide) 2 C C C C

Chemical Effect (see discussion on Chemical Resistance)

  1.  No Effect—Most chemicals of this class have no or minor effect. 
  2.  Oxidizer—Chemicals of this class will cause irreversible degradation. 
  3.  Plasticizer—Chemicals of this class will cause a reversible change in physical properties.

Chart Rating

  A.  Most chemicals of this class have little or no effect on the liner. 
       Recommended regardless of concentration or temperature (below 150° F).

  B.  Chemicals of this class will affect the liner to various degrees. 
       Recommendations are based on the specific chemical, concentration and temperature. 
       Consult with Poly-Flex, Inc.

  C.  Chemicals of this class at high concentrations will have significant effect on the physical properties of the liner. 
       Generally not recommended but may be acceptable at low concentrations and with special design considerations.  
       Consult with Poly-Flex, Inc.

The data in this table is provided for informational purposes only and is not intended as a warranty or guarantee.  Poly-Flex, Inc. assumes no 
responsibility in connection with the use of this data. Consult with Poly-Flex, Inc. for specific chemical resistance information and liner  
selection.





































NSC

HIGH DENSITY POLYETHYLENE (HDPE) GEOMEMBRANE

Over the past five years, the geomembrane industry has experienced nunierous changes.
Factors such as the increased concern for the environment; new products in the
marketplace; and the push for tighter governmental control over the environment have all
played a significant role in revolutionizing the geosynthetic industry.

Today, the most widely used geomembrane in the waste management industry is High
Density Polyethylene (HDPE). HDPE offers superior performance by maintaining the
highest standards of durability.

FEATURES AND BENEFITS

National Seal Company's HDPE geomembrane is manufactured on a computer contr91led,
flat sheet extruder using virgin, first quality, high molecular weight polyethylene. This
precess guarantees a materia.l thickness of ±5% from target, the most stringent quality
control available in the industry. NSC also guarantees the minimum average thickness of
our liner will be greater than or equal to the nominal thickness. HDPE is available in 40
(1.0mm), 50 (125mm), 60 (l.5mm), 80 (2.0mm), and 100 (25mm) mil thicknesses.....

./ .

1,"-- { [ChemiCal Resistance - Often the chemical resistance of the lin~r is the most critical aspect . . .::"
"- i( of the design process. HDPE is the mo~t chemically resistant of all geomembranes. Typical.. ..t;.-;

landfillleachates pose no threat to a liner made of HDPE. _ _. " ... , '':~:._
{

Low Permeability - The low permeability of HDPE provides assurance that groundwater
will not penetrate the liner; rainwater will not infiltrate a cap; and methane gas will not
migrate away from the gas venting system.

'Ultraviolet Resistance - HDPE has excellent resistance to ultraviolet degradation. - NSC
adds carbon black which provides UV protection. Plasticizers are never used in NSCs
geomembranes so there is never a concern about volatilization of the plasticizer which can
be .caused by lJV exposure.

APPLICATIONS:

f ; i

\ --

I l
I

Landfill (primary and secondary containment)
Landfill caps
Lagoon liners
Pond liners
Floating covers
Secondary containment for above ground

storage tanks

Retention ponds for mining applications
Wastewater treatment facilities
Potable water reservoirs
Tank linings
Canal linings
Heap leach pads
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II
Ii
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!I.,28.0
1.5

2110
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2700
166
1870
115
1590
98
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105

o
420
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60 mil

HDPE GEOMEMBRANE
PHYSICA.L PROPERTIES

The properties on this page are not part of NSC's 'Manufacturing Quality Control program and are not induded on
the material certifications. Seam testing is the responsibility of the installer and/or COA personnel.

PROPERTIES METHOD UNITS MINIMUM'

Multi-Axial Tensile Elongation GRI, GM-4 percent 20.0
Critical Cone Height GRI, GM-3, NSC mod. em 1.0
Wide Width Tensile ASTM 04885

Stress at Yield psi 2000
Strain at Yieid % 15.0

Brittleness Temp. by Impacf ASTM 0746 °C -75
Coef. of Unear !hermal Exp.2 ASTM 0696 °C·1 1.5 X 10-1

ESCR, Bent" Strip ASTM 0 1693 hours 1500
Hydrostatic Resistance ASTM 0751 psi 450
Modulus of Elastidty ASTM 0638 psi 80,000
Ozone Resistance ASTM 0 1149, 168 hrs PjF P
Permeabilrtf ASTM E 96 em/sec' Pa ·2.3x10-14

Puncture Resistance FfMS 101, method 2065 ppi 1300
Ibs 78

SoU Burial Resistance2 ASTM 0 3083, NSF mod. % change 10
Tensile Impact ASTM 01822 ft Ibs/in2 250
Volatile lOSS2 ASTM 0 1203, "PI. percent 0.10
Water Absorption2 ASTM 0 570, 23°C percent 0.10
Water Vapor Transmission2 ASTM E 96 . g/day· m2 0.024....

.. ....... .... ...... ,"'. .~.,_. '''.... ...• _.' . _. _ ,. ...__ .__..... ._ ...._ ... ~:.-.01 __•_... ....:... ..:._......... _...:'; -.'_ ... - ., ..... ',-.. -," ...,

SEAM PROPERTIES METHOD UNITS MIN1MUM1

~hear Strength ASTM 0 4437, NSF mod. psi 2000
ppi 120

Peel Strength ASTM 0 4437. NSF mod. psi 1500
(hot wedge fl:lsion) ppi 90

Peel Strength ASTM 0 4437. NSF mod. psi 1300
(fillet extrusion) ppi 78

STANDARD ROLL DIMENSIONS

Length 1110 feet Area 16,650 ff
Width 15 feet Weight 5,OOOIbs

This Information contained herein has been compiled by National Seal Company and is, to the best of our knowledge, true and accurate. All
suggestions and recommendations are offered without guarantee. Final determination of suitability for use based on any Information pro..-lded,·
is the sole responsibility of the user. There is no implied or expressed warranty of merchantability of fitness of1he product for the contemplated
use.

NSC reserves the right to update the information contained herein in accordance with technological advances in the material properties.

-.__.. ,_ .._.._. _.__ .._-_._-- .--
--.-..-.---.---.------=..:..--.-:.:.::....:.-:.--=-..:.-.::.:::::~...:..::.:.:...:::..::.:::=:.: .. ::.-: .._...:..-.:::~::-_:..::.:7:'::'.:._":..-: : .... :--:.-.. :..-::.:~ ..• ;._:.
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HDPE GEOMEMBRANE

QU.liLITY CONTROL SPECIFICATIONS

60 mil

National Seal Company's High DenSITy Polyethylene (HOPE) Geomembranes are produced from virgin, first quality,
high molecular weight resins and are manufactured specifically for containment if} hydraulic structures. NSC HOPE
geomembranes have been formulated to be chemically resistant, free of !ea.chab!e additives and resistant to ultraviolet
degradation.

The following properties are tested as a part of NSC's qualITy control program. Certified test results for properties on
this page are available upon request. Refer to NSC's Quality Control Manual for exact test methods and frequencies.

·AIl properties meet or exceed NSF Standard Number 54.

RESIN PROPERTIES METHOD UNITS MINIMUM1 TYPICAL

Me!t Floll.' !nde0 .A.STM D 1238 ("1/1 () min 0.50 0.25

I
:;j/ .- ......

Oxidative Induction Time ASTM D 3895. minutes 100 120
AI pan, 200°C, 1 atm 02

SHEET PROPERTIES METHOD UNITS MINIMUMt TYPICAL
:"

• '.' -. '.'~ • • 1.1

Thickness ASTM 0 751, NSF mod.
o' •• " .....~ __ • ..,......... ', •.,..v_

Average mils 60.0 61.5
.,. "'.:!?'

Individual mils 57.0 59.7
....)

DensITy ASTM 0 1505 g/cm3 0.940 0.948
. Carbon Black Content ASTM 0 1603 percent 2.0-3.0 2.35

Carbon Black Dispersion ASTM 0 3015. NSF mod. rating A1,P:2.,81 A1
Tensile Properties ASTM 0 638

Stress at Yield psi 2200 2550
ppi 132 157

Stress at Break psi 3800 4850
ppi 228 298

Strain at Yield 1.3" gage length (NSF) percent 13.0 16.9
Strain at Break 2.0" gage or extensometer percent 700 890

2.5" gage length (NSF) percent 560 710
Dimensional Stabilitf ASTM 0 1204, NSF mod. percent 1.5 0.4
Tear Resistance ASTM 0 1004 ppi 750 860

Ibs 45 53

Puncture Resistance ASTM 0 4833 ppi 1800 2130
Ibs 108 131

Constant Load ESCR, Single Point GRI, GM-5a hours 200 >400

, This value represents the minimum acceptable test value for a roll as tested according to NSC's Manufacturing
Qualtty Control Manual. Individual test specimen values are not addressed in this speciiication except thickness.

2 Indicates Maximum Value
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How I(.ng will my liner last?
IWhat is the remaining service life of my HDPE geomembrane?

By Ian D. Peggs, P.E., P.Eng., Ph.D.

Introduction

I n his keynote lecture at the GeoAmericas-2008 conference
last March, Dr. Robert Koerner (et al., 2008) of the Geo

synthetic Institute (GSI) reported the ongoing Geosynthetic
Research Institute (GRI) work to make the first real stab at as
sessing the service lives of high-density polyethylene (HDPE),
linear low-density polyethylene (LLDPE), reinforced PE,
ethylene propylene diene terpolymer (EPDM), and flexible
polypropylene (tPP) exposed geomembranes.

The selected environment simulated that of Texas, USA, in
sunny ambient temperatures between ~7°C (45°P) and 35°C
(95°P). Of course, an exposed black HDPE geomembrane in
the sun will achieve much higher temperatures, probably in
excess of 80°C (l76°P).

I do not know what the temperature would be at 150-300mm
above the liner (for those still specifying this parameter), but
it is quite immaterial. The only temperature of concern is the
actual geomembrane temperature.

The lifetimes are shown in Table 1, but it must be recog
nized that these data are for specific manufactured products
with specific formulations. The "greater than" notation indicates
that laboratory exposures (incubations) are still on-going, not

that some samples have failed after the indicated time period.
The PE-R-1 material is a thin LLDPE, so it might be expected
to be the first to reach the defined end of life; the half-life-the
time to loss of 50% of uniaxial tensile properties.

It is interesting to note that HDPE-l and LLDPE-1 are
proceeding apace, but it would be expected that the LLDPE-l
would reach its half-life earlier than HDPE-l. However, this
does not automatically follow. With adequate additive formula
tions, perhaps LLDPE could be left exposed and demonstrate
more weathering resistance than some HDPEs. This dem
onstrates the fact that all PEs, whether HD or LLD, are not
identical-they can have different long-term performances
dependent on the PE resin used and the formulation of the sta
bilizer package. However, such differences are not evident in the
conventional mechanical properties such as tensile strength/
elongation, puncture and tear resistances, and so on.

The two fPPs are performing well. However, there had also
been an tPP-l, one of the first PP geomembranes that did not
perform well. This was due to a totally inappropriate stabilizer
formulation. That particular product lasted 1.5 years in service. In

Final Inspection continued on page 44

, . ,. . ,
I

Predicted Lif
I

HDPE-1

LLDPEE-1

EPDM-1

PE-R-1

GRI-GM13

GRI-GM17

GRI-GM21

GRI-GM22

>28 years (Incubation ongoing)

>28 years (Incubation ongoing)

>20 years (Incubation ongoing)

:::::17 years (reached halflife)

fPP-2

fPP-3

Table 11 Estimated exposed geomembrane lifetimes

GRI-GM18 (temp. susp.)

GRI-GM18 (temp. susp.)

>27 years (Incubation ongoing)

>17 years (Incubation ongoing)

Ilan Peggs is president of I-CORP International Inc. and is a member of Geosynthetics magazine's Editorial Advisory Committee.
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I Final Inspection I

Final Inspection continued from page 56

... it should be possible to monitor the condition of the liner to obtain
afew years o'f notice for impending expiration.

the QUV weatherometer, it lasted 1,800
light hours at 70°C (l58°F). Therefore,
the lab/field correlation is that 1,000
QUV light hours is equivalent to a
0.83yr service life under those specific
environmen1tal conditions.

At another location in Texas, Ko
erner/GRI found l,OOOhr of QUV ex
posure was equivalent to 1.1 year actual
field exposure. Consequently, for Texas
exposures GRI is using a correlation of
IOOOhr QUV exposure as equivalent to
Iyr of in-service exposure. Clearly, the
correlation would be different in less
sunny and colder environments.

The failed fPP-I liner was replaced
with a correctly stabilized fPP that, sub
sequently, performed well.

While estimated correlations might
be made for other locations using histori
cal weather station sunshine and temper
ature data, there is no question that the
best remaining lifetime assessments will
be obtained Ulsing samples removed from
the field installation of interest.

A lifetime in excess of 28yr, dem
onstrated for a recently-made HDPE
geomembrane, is comparable to the pres
ent actual service periods ofas long as 30
35yr. However, actual lifetimes ofas low as
~15yr have al,so been experienced.

Do service lifetimes now exceeding
30yr mean that we might expect to see an
other round of stress cracking failures as
exposed liners finally oxidize sufficiently
on the surface to initiate stress cracking?

This would be frustrating after re
solving the early 1980s problems with
stress cracking failures at welds and stone
protrusions when the liners contracted at
low temperatures, but it is the way end
of-life will become apparent. And will
that be soon or in another 5-20 years? It
would be useful to know.

44 Geosynthetics I October November 2008

So how can we evaluate the condi
tion of our exposed liners in a simple
and practical manner to ensure they will
continue to provide adequate service
lifetimes and to get sufficient warning of
impending expiration?

For each installation, a baseline needs
to be established, and changes from that
baseline need to be monitored.

Aliner lifetime evaluation program
Rather than be taken by surprise when
a liner fails or simply expires, it should
be possible to monitor the condition of
the liner to obtain a few years of notice
for impending expiration. One can then
plan for a timely replacement without
the potential for accidental environmen-

tal damage and undesirable publicity.
A program of periodic liner-condition
assessment is proposed.

For baseline data, it would be useful
to have some archive material to test, but
that is not usually available. Manufactur
ers often discaTd retained samples after
about 5 years. Perhaps facility owners
should be encouraged to keep retained
samples at room temperature and out
of sunlight. The next best thing is to use
material from the anchor trench or else
where that has not experienced extremes
in temperature and that has not been
exposed to UV radiation or to expansion/
contraction stresses.

Less satisfactory options are to use
the original NSF 54 specifications, the
manufacturer's specifications, or the
GRI-GM13 specifications at the appro
priate time of liner manufacturing. The
concern with using these specifications is
that while aged material may meet them,
there is no indication of whether the
measured values have significantly de
creased from the actual as-manufactured

values that generally significantly exceed
the specificatiion.

A final option for the baseline would
be to use the values at the time of the first
liner assessment.

The first liner condition assessment
would consist of a site visit during which
a general visual examination would be
done together with a mechanical probing
of the edges of welds. A visual examina
tion would include the black/gray shades
of different panels that might indicate
low carbon contents.

A closer examination should be done
using a loupe (small magnifier) on sus
pect areas such as wrinkle peaks, the tops
and edges of multiple extrusion weld
beads, and the apex-down creases of
round die-manufactured sheet.

The last detail is significant because
the combination of oxidizing surface and
exposed surface tension when the liner
contracts at low temperatures and the
crease is pulled flat can be one of the first
locations to crack. The apex-up creases
do not fail at the same time because the
oxidized exposed surface is under com
pression (or less tension) when the crease
is flattened out.

Appropriate samples for detailed lab
oratory testing will be removed.

It may be appropriate to do a water
lance electrical integrity survey on the
exposed sideslopes, but this would only
be effective on single liners, and on dou
ble liners with a composite primary liner,
a conductive geomembrane, or a geo
composite with a conductive geotextile
on top.

Asampling and testing regime
A liner lifetime evaluation program should
be simple, meaningful, and cost-effective.

While it will initially require expert
polymer materials science/engineering
input to analyze the test data and to de
fine the critical parameters, it should
ultimately be possible ~o use an expert
system to automatically make predictions
using the input test data.

Small samples will be taken from deep
in the anchor trench and from appropriate

I
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FigQre 11 Standard stress rupture curves for five HDPE geomembranes
(HsLlan. et al. 1992)

Figure 21 Stress rupture curves showing third stage (Brittle no AO)
oxidized limit. (Gaube, et al. 1985)

Figure 31 Stress crack initiated by extruder die line at stone protl"usion

eA'Posed locations. Potential sites for future
sample removal by the facility owner for
future testing \1\Till be identified and marked
by the expert during the first site visit.

The baseline ample(s) will be tested
as follows:

Single-point stre cracking resis
tance (SCR) on a molded plaque by
ASTMD5397

• High-pressure oxidative induction
time (HP-OIT) by ASTM D5885

• Fourier transform infrared spectros
copy (FTIR-ATR) on upper surface
to determine carbonyl index (CI) on
nonarchive samples only
Oven aging/HP-OIT (GRI-GM13)
UV resistance/HP-OIT (GRI
GM13)

The exposed samples will be tested
as follows:
• Carbon content (ASTM D1603)

Carbon dispersion (ASTM D5596)
• Single-point SCR on molded plaque

(ASTM D5397)
Light microscopy of expo ed sur
face, through-thickne s eros sec
tions, and th.in microsections (-15
IlJD thid ) as neces ary
HP-OIT on O.5-mm-thick exposed
surface layers from basic sheet and
from sheet at edge of extruded weld
bead (ASTM D5885), preferably at a
double-weld bead

• FTIR-ATR on expo ed surface to
determine CI
Oven aging/HP-OIT on 0.5mm sur
face layer (GRI-GM13)

• UV resistance/HP-OIT on 0.5 111m

urface layer (GRI-GM13)
Carbon content i done to ensure

adequate basi UV protection. Carbon
dispersion is done to ensure uniform
urface UV protection and to evaluate

agglomerates tbat might act as initiation
sites for stress cracking.

HP-OIT is used to assess the remain
ing amount of stabilizer additives, both in
the liner panels and in the beet adjacent
to an extrusion weld. Most stress crack
ing is observed at the edges of extrusion
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I Final Inspection I

from the full thickness of the geomem
brane is used it could show a significant
value of OIT, implying that there is still
stabilizer present and that oxidation is
far from occurring. However, the surface
layer could be fully oxidized with stress
cracks already initiated and propagating.
A crack will then propagate more easily
through unoxidized material than would
initiation and propagation occur in un
oxidized material.

The fact that the HP-OIT meets a cer
tain specification value in the as-manu
factured condition provides no guarantee
that thermo- and photo-oxidation pro
tection will be provided for a long time.
Stabilizers might be consumed quickly or
slowly while providing protection. They
may also be consumed quickly to begin
with, then more slowly, or vice versa.
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"VA RAll\lhrtpor.Jn

GREATER INFLOW AREA THAN PIPE
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•

•
•

•
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weld beads in the lower sheet, so it is
important to monitor this location.

While standard OIT (ASTM D3895
at 2000 e) better assesses the relevant sta
bilizers effective at processing (melting)
and welding temperatures, the relevant
changes in effective stabilizer content dur
ing continued service, including in the
weld zone, will be provided by measure
ment of HP-OIT. There will be no future
high temperature transient where knowl
edge ofS-OIT will be useful. It is expected
that the liner adjacent to the weld bead
will be more deficient in stabilizer than
the panel itself. Therefore, S-OIT is not
considered in this program.

Note that HP-OIT is measured on
a thin surface layer because the surface
layer may be oxidized while the body of
the geomembrane may not. If material

ICK RAlI\I [ORPDRAnOI\l
Alf'Port: Road • Monroe. NC' IIB.... O. UBA

00 411.WICK· 704 113 - ROO' Felt 704 -a 110
www.amarloenwlak.aom· In merlo nwlok.Dam www.geosntheticbarriers.com
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IFinal Inspection I

weld bead

heat affected zone (HAZ)

Figure 41 Schematic of microstructure at extrusion weld

~5,OOO/hr-clearlyconfirming that all
HDPEs are not the same. Some are far
more durable than others.

At the end of service life, at some
level of OlT, there will be a critically oxi
dized surface layer that when stressed,
such as at low temperatures by an up
wards protruding stone, or by flexing
due to wind uplift, will initiate a stress
crack on the surface that will propagate
downward through the geomembrane, as
shown by the crack in Figure 3.

This crack, initiated at a stress concen
trating surface die mark, occurred when
the liner contracted at low temperatures,
and tightened over an upwardly protrud
ing stone. The straight morphology of the
crack, and the ductile break at the bot
tom surface as the stress in the remaining
ligament rose above the knee in the stress
rupture curve, are typical of a stress crack.
Note the shorter stress cracks initiated
along other nearby die marks.

Stress cracks are preferentially initi
ated along the edges of welds because
the adjacent geomembrane has been
more depleted of stabilizers during the
high temperature welding process. Thus,
under further oxidizing service condi
tions, it will become the first location to

microstructural interface

heat affected zone (HAZ)

stress cracking might be initiated. For
those familiar with the two slope stress
rupture curve (Figure 1) where the brittle
stress cracking region is the steeper seg
ment below the knee, there is a third ver
tical part of the curve (Figure 2) where
the material is fully oxidized and fracture
occurs at the slightest stress. This is what
will happen at the end of service life.
But first note the times to initiation of
stress cracking (the knees in the curves)
in Figure I-they range from ~lO/hr to

unonented re-so[jdified
material

Hence, the need for continuing oven
(thermal) aging and UV resistance tests.
These two parameters, assessed by mea
suring retained HP- OlT, are critical to
the assessment of remaining service life.

Oven (thermal) aging and UV resis
tance tests p<erformed in this program
will provide an extremely valuable data
base that relates laboratory testing to
in-service performance and that will fur
ther aid in more accurately projecting
in-service performance from laboratory
testing results.

Special considerations
Because we do not know, by OlT mea
surements alone, whether the surface
layer is or is not oxidized (unless OlT is
zero), and since we do not yet know at
what level of OlT loss there might be an
oxidized surface layer (the database has
not yet been generated), FTlR directly
on the surface of the geomembrane is
performed using the attenuated total
reflectance (ATR) technique to deny or
confirm the presence of oxidation prod
ucts (carbonyl groups).

Following the practice of Broutman,
et al. (1989) and Duvall (2002) on HDPE
pipes, if the ratio of the carbonyl peak at
wave number 1760 cm-1 and the C-H
stretching (PE) peak at wave number
1410 cm -1 is more than 0.10, there is a
sufficiently oxidized surface layer that

Figure 5 ITypical off-normal angle of precursor crazes (left) and stress crack (right) at edge of
extrusion weld.
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" " I ' '1 '1

Side wall exposed 54

Side wall concrete side 81

~~-

Lower launder exposed 16

LowE~r launder concrete side 145

time in Texas, USA

71

Table 21 S-OIT values on solution and concrete liner surfaces (Peggs, 2008).

be oxidized to the critical level at which
stress cracks will be initiated under any
applied stress. In addition, the geometri
cal notches at grinding gouges and at the
edges of the bead increase local stresses
to critical levels for SC to occur.

I also believe that an internal micro
structural flaw exists between the origi
nally oriented geomembrane structure
and the pool of more isotropic melted
and resolidified material at the edge of
the weld zone, as shown schematically in
Figure 4. Most stress cracks occur at an
off-normal angle at the edge of the weld
bead that may be related to the angle of
this molten-pool to oriented-structure
interface (Figure 5). It is also known that
stress increases the extraction of stabiliz
ers from polyolefin materials.

With all of these agencies acting syn
ergistically, it is not surprising that stress
cracking often first occurs adjacent to
extrusion welds.

Looking ahead
With the first field assessment test results
available to us, and the extent of changes
from the baseline sample known, removal
of a second set of samples by the facility
owner (at locations previously identified
and marked by the initial surveyor), will
be planned for a future time, probably in
2 or 3 years.

Why 2 or 3 years? In an extreme chem
ical environment, extensive reductions in

S-OIT of studded HDPE concrete pro
tection liners in mine solvent extraction
facilities using kerosene/aromatic hydro
carbon/sulfuric acid process solutions at
55°C (131°F) have been observed on the
solution and concrete sides of the liner
(Table 2) within 1 year (Peggs 2008). But
it is unlikely that such rapid decreases will
be observed in air-exposed material.

With this second set of field samples,
and with three sets of data points, practi
cally reliable extrapolations of remaining
lifetime can start to be made.

It is expected that a few years of notice
for impending failures will be possible.

The key point to note in making these
condition assessments is that, while all
HDPE geomembranes have very similar
conventional index properties, they can
have widely variable photo-oxidation,
thermal-oxidation, and stress-cracking
resistances. Therefore, some HDPEs are
more durable than others.

Thus, while one HDPE geomembrane
manufactured in 1990 failed after 15 years
in 2005, another HDPE geomembrane
made in 1990 from a different HDPE
resin (or more correctly a medium-den
sity polyethylene [MDPE] resin), and
with a better stabilizer additive package,
could still have a remaining lifetime of 5,
20, or 30 years.

So, keep a close eye on those exposed
liners and we'll learn a great deal more
about liner performance and get notice of

the end of service lifetime. And if owners
can retain some archive material from
new installations, so much the better.
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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
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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
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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.



FINAL REPORT

LABORATORY TESTING OF BENTOMAT

Prepared for

American Colloid Company
One North Arlington

:1500 West Shure :Drive
Arlington Heights, Illinois 60004-1434

Prepared by

GeoSyntec Consultants
Geomechanics and Environmental laboratory

1600 Oakbrook Drive, Suite 565
Norcross, Georgia 30093

GeoSyntec Consultants Project Number: GL1614

31 July 1991

TR-101A



GeoSyntec Consultants

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
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EPA 9100 COMPATIBILITY TESTING
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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



Ta
bl

e
2.

4
R

es
ul

ts
of

H
yd

ra
ul

ic
C

on
du

ct
iv

ity
Te

st
s

on
C

la
ym

ax
@

'P
er

m
ea

te
d

w
ith

W
at

er

E
lf

e
cH

vo
H

yd
ra

u
lic

B
ac

kp
re

ss
ur

e
D

ia
m

et
er

01
S

tre
ss

:
C

on
du

ct
iv

ity
S

ou
rc

e
of

In
fa

rm
al

lim
...

.
P

er
m

ea
m

el
e[

lia
lm

al
lo

o?
P

er
m

ea
nt

W
at

er
S

am
pl

e
(I

n,
)

(p
sI

)
,

•..
lc

m
Ls

l
C

le
m

C
or

p.
lit

er
at

ur
e

..
.

.
.

O
ea

lre
d

W
at

er
..
.

.
.

2
)(

10
-1

0

C
he

n-
N

or
th

er
n

(1
98

8)
F

le
x.

W
al

l
'Y

oo
;

-.
2.

5
3.

5
2

x
10

-9
:

G
oo

S
er

vl
ce

s
(1

98
83

)
F

le
x,

W
al

l
Ye

s
;

':
D

ea
lre

d
Ta

p
W

at
or

2.
8

2
9

4
x

10
.1

0

G
e
o
S
e
r
v
l
c
~
s

('1
9B

ge
)

F
le

x:
W

al
l

Ye
s:

.:
:

De
a1

.re
d

Ta
p

W
at

er
2

.8
3

0
B

)(
10

-1
0

.
Y

es
;

"
e

x
10

.1
0

O
eo

S
er

vl
ce

s
("

19
ag

e)
F

le
x.

W
al

l
,:'.,

D
ea

ire
d

Ta
p

W
af

er
2

.8
3

0
.,

O
eo

S
er

vl
ce

s
1[

19
a9

c)
I

F
le

x,
W

al
l

'
V

es
)'

.
j
D

ea
lre

d
Ta

p
W

al
er

:2
.8

3
0

3
x

10
-1

0
~
.

'::i
.

O
eo

S
er

vl
ce

s
(1

9
B

9
c)

i
F

le
x.

wa
r

V
es

;;
:!D

ea
lre

d
Ta

p
W

at
er

:2
.8

3
0

7
x

10
-1

0

S
ha

n
(1

99
0)

F
le

x.
W

al
.

t-
b

;"
D

ls
tll

le
d

W
at

er
,4

.0
2

2
x

10
-9

S
ha

n
(1

9
9

0
)

I
F

le
x.

W
al

l,
~
;
'

Ta
p

W
al

er
4

.0
2

2
X

10
-9

S
ha

n
(1

99
0)

,
fl

e
x.

W
al

l
t-h

:.
"

D
is

til
le

d
W

al
er

4
.0

5
1

)(
10

-9
..

S
ha

n
(1

99
0)

F
le

x.
W

al
l

i'
b

:
.

Ta
p

W
at

er
4

.0
5

8
x

10
.1

0

S
ha

n
(1

99
0)

I

F
le

x.
W

al
l

f\
b~

D
is

til
le

d
W

al
er

6
)(

10
.1

0
i

4
.0

1
(]I

,
.

,
J\b

;
2

(I
3

)(
10

-1
0

S
ha

n
(1

99
0)

,
F

le
x.

W
al

l
D

is
til

le
d

W
at

er
4

.0

S
ha

n
(U

np
ub

.)
,

F
le

x.
W

al
i

V
~

Ta
p

W
at

er
1

2
2

2
X

10
-9

G
M

S
er

vl
ce

s
(1

99
0b

)
F

le
x.

W
al

l
Ye

s.
O

ea
lre

d
W

al
or

·.
3

0
3

)it
10

.1
0

09
0S

yn
to

o
(1

99
0a

)
.

fl
ex

.
W

al
l

Ve
s

D
ea

lre
d

W
at

er
·

.
LI

D
2

J(
10

-9

G
eo

S
yn

ta
c

(1
99

0a
)

F
le

x.
W

al
l

Ve
s

D
ea

lre
d

W
at

er
·

.
1

.5
4

x
10

-9
'"(D

i
l • ~

,
:

:,1
.

i
t;

-.:
..,

,~
..

i
"'":;.

/



10. 8

..-
(f)-E
(.J-
>---->--(.J

~
10. 9"C

c
0
U

c-"-~
m....

"C
>-
:I:

" 10 ·,10

l'

til Chen-Northern (1SB8)

.. GeoServices (1988a)

IlII GeoServices (1989<1)

.. Shan (1990)

• Ge~rvie.ss (1S9Ob)

t'l GeoSyntec (1900a)

". II

10

Effective Confining Stress (psI)

100

30

"'

r
\.

Fig.- ,2.5 Results of Hydraulic ConquctivityTests
onCtaymax®-Pe"rmeated with Water

, .
I

/



T
ab

le
2.

5
H

yd
ra

ul
ic

C
on

du
ct

iv
ity

of
C

la
ym

ax
®

P
er

m
ea

te
d

w
ith

~ -A
.

3
0

3
0

3
0

3
0 5 5 5 5 5. 5 5 5 3
0

1
7

.4 5

V
ar

io
us

Li
qu

id
s

E
ff

e
ct

iv
e

H
yd

ra
U

lic

S
lr

es
s

C
on

du
ct

!v
H

y

~
(e

m
/s

)

a
)(

10
.1

0

2
X

10
.1

0

2
X

10
-1

0

4.
j(

10
-1

0

1
l(

10
-1

0

9
x

10
.1

0

9
X

10
-1

0

:3
x

10
.1

0

9
l(

10
-1

0

1
x

10
-1

0

8
JIC

10
-n

1
x

10
.9

e
lC

10
.9

1

5;
J(

10
.8

~I
X

10
.5

5
l(

10
.5

7
)It

10
-1

0

2
x

10
.1

0

3
x

10
.9

1.
5

2.
5

1.
6

2.
2

0.
2

3.
1

2
.2 2
4 4 5
.4 4.
3

1.
6

1
.8 1.
7

P
or

e
V

ol
um

es

01
flo

w

~

;~ ,::
i

.~
::~

p
e

rm
e

a
n

t
lk

lu
k
L

J
:
i
~
d
r
a
l
l
o
n

LI
Q

uI
d

&
m

ag
e

le
ac

ha
te

;:
Se

w
ag

e
le

ac
ha

te

P
ap

er
P

ul
p

S
lu

dg
o

ta
p

e
r

P
ul

p
S

lu
dg

e

S
im

ul
at

ed
S

oa
w

at
er

S
im

ul
at

ed
S

ea
w

at
er

la
n

d
lll

l
le

ac
ha

te
(l

an
df

ill
le

ac
ha

te

A
sh

·F
III

le
a

ch
a

te
iA

sh
·F

ill
le

a
ch

a
te

,
D

ie
se

l
Fu

el
'

i"
,W

at
er

Je
t

Fu
el

,
~,

W
at

er

~a
de
d

G
as

ol
in

e
i,

W
at

er

50
%

(V
ol

)
M

e'
th

an
ol

f.:.
W

a
le

r

H
ep

ta
M

l;.
.:

W
a

le
r

,S
ul

lir
lc

A
ci

d
P

,'
,W
at

~r
f

..
-:

."

0.
01

N
C

aS
O

Jj
:'

i..
',.:

W
a
l
~
r

,
0.

5
N
Ca

C~
2

;,
.

:,
W

a
te

r

50
0/

4
(V

ol
)

M
e

lh
a

n
o

l
;

50
%

M
et

ha
no

l
:'.

M
et

ha
no

l
!,

'
',M

e
th

a
n

o
l

,
H

ep
ta

ne
,

'.
t:

"i
,H

e
p

ta
n

e

M
et

hy
l,

Te
rti

ar
y

Bu
ty

l
E

th
er

;:'
D

es
Ire

d
W

at
er

So
i'u

tlo
n'

fro
m

G
io

ld
m

ln
o

,S
bl
~1
I0
n

fr
om

G
ol

dm
ln

e
'

,
la

nd
III

I
lc

ac
ha

to
",

~.
D

ea
lre

d
W

at
er

S
TS

C
on

su
lla

nt
s

(1
9B

B
b)

st
s

C
on

su
lta

nt
s

(i
9

aa
c)

G
eo

S
er

vl
ce

s
(1

98
8b

)

S
T

S
C

on
su

lta
nt

s
(1

98
9a

)

S
T

S
C
o
n
s
u
n
a
n
t
~
t

(1
98

9b
)

G
e

o
S

e
N

lc
e

s
(1

9B
9c

)

G
eo

S
G

rv
lc

es
(i

9
8

9
c)

G
eo

S
or

vl
ce

s
(i

g
a

g
e

)

S
ha

n
(1

99
0)

S
ha

n
(1

99
0)

S
ha

n
(1

99
0)

S
h

a
n

(1
99

0)

S
ha

n
(i

9
9

0
)

S
ha

n
(U

np
ub

lis
he

d)

S
ha

n
(U

np
ub

lis
he

d)

S
ha

n
(U

np
ub

lis
he

d)

G
eo

S
er

vi
ce

s
(1

$J
O

a)

K
lo

hn
19

0n
of

f
l:1

99
0)

O
oo

sy
nU

oc
(1

99
ib

)

S
ou

rc
e

of
In

fo
rm

al
lim

.-

-.
~



... :_- - , ,

32

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

2:20 P.~.

736.00 e:.g/L

15,000 r-g/J.

1,500 =.g/L

2/9/89

Total Fe

Tot~l ~lkalinity

Chlorido

GRAB 'p11

lll& :Par4mct~'l' eM C • (Dg/L)

0.05 Nt (Nickel) 1.44 ::.g/L

0.01 Zn(Zinc) 5 ..45 e.g!

Phenols

0.01 silver 0.03 ':!g/L

*

3011

3015

3130

3013

interferonce

0,10 tlgIL

G,n welL
<\17 m~

.38 1 888. rug /L
60,831 tl1t,(T.

69,\ mg(L

Loe - AW

10c - ~&t'l.'

.f.(Pbo apho3'u g)

f.d~Cadmlum)

Cr(ChrofT\1ut:l)

Su(Copper)

.£,.n( CYI\Ii~ de)

!2 (l.0.:Jd)

£9f}---
1,.sS

~ .E.orametct" '.

('), \ 0-

0.01--..
OIOS-..
0.02----

<:.';:r" .

i
i
I

~-:---------_-------___Jl-------~~~ (0 ri gin 0 f S c (! d :

ANALytICAL RESULTS

,;;C;..:O:.;.;f\~.c.,:.,.~(m~g:L.:/...::L~) __ ....._~

LA!ORA-rORY

S~::.1p 1e re c el.v ed by: _,· ........_}~o/P ......p.----~-- D.:l t: e :

C~~rJcc~rtltic5 of Notel
-------+---~~--~-~~~~~-'--------

.\.
~ :
II , ....

" ,-w·
.\"

b:
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ATTACHMENT III.6.E 

HDPE PIPE REFERENCE DOCUMENTATION  

  

P:\FILES\542.01.01\PermitApp\Volume III\III.6-CompDoc\DNCS-III.6-CompDoc_Nov 2013.docx 






































































































































































































