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ABSTRACT

This report presents the status of Pacific Northwest Laboratory's program
through the end of FY83 assessing the performance of synthetic liners used in
uranium tailings ponds. Synthetic liner failure mechanisms, impoundment
design, installation, and inspection techniques are presented from information
collected from consultants, mill operators, and the synthetic liner industry,
Progress is reported on laboratory tests on accelerated aging of liners, physi-
cal properties of aged materials, and non-destructive examination of seams.
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SUMMARY

The objective of this study is to provide a database to support U.S. Nuclear
Regulatory Commission (NRC) licensing of uranium tailings leachate isolation
impoundments., This objective is being accomplished by determining the effec-
tiveness of design, installation, and quality assurance practices associated
with uranium mill tailings impoundments with flexible membrane liners, The
program includes testing of chemical resistance and physical performance of
liners, leak detection systems, and seam inspection techniques.

This report presents the status of the program through September 1983, The
report addresses impoundment design, installation, and inspection techniques
used by the uranium milling industry. To determine the relative successes of
these techniques, information has been collected €rom consultants, mill
operators, and the synthetic liner industry. Progress in experimental tasks on
chemical resistance of liners, physical properties of liners, and non-
destructive examination of seams is reported.

The following are major accomplishments during fiscal year 1983:

e Case histories for failures of impoundments with synthetic liners were
compiled through analysis of available literature and discussions with mill
operators and specialists in the liner industry., From this work a variety
of failure mechanisms were ranked according to frequency of occurrence,
From this ranking, quality assurance efforts can be concentrated in the
areas of design and construction that are most critical for proper perfor-
mance of the pond.

Liner aging columns were designed and built, Exposure tests with high
density polyethylene and polyvinyl chloride samples in a simulated tailings
environment were completed. Chemical tests showed that very little
chemical degradation of the high density polyethylene had occurred afte-

18 weeks of exposure at elevated temperatures. Physical tests showed a
slight increase in tensile strength and tear resistance, and no loss of
seam strength or puncture resistance on aged samples. Physical and
chemical tests on the polyvinyl chloride liner samples are underway.

Seam inspection techniques were evaluated and an experimental program
investigating novel nondestructive seam inspection techniques was
completed, The study successfully demonstrated two systems capable of
nondestructive examination of seams for lack of bond, A pulse-echo
ultrasonic device worked well on field seams of nonreinforced materials,
An ultrasonic impedance plane technique that works well on both reinforced
and nonreinforced geomembrane seams was demonstrated, Both devices were
tested in the laboratory and under field conditions.

Leak detection systems were evaluated for uranium tailings and evaporation
ponds, Experiments with three alternative systems were 11so conducted.
The ;esults of the leak detection work have been published (Myers et al,
1983).




1.  INTRODUCTION

Uranium milling operations produce spent leachate, either acidic or basic,
which has been traditionally disposed by a combination of seepage and evapora-
tion from ponds or pits. Current environmental regulations require the use of
synthetic liners to prevent migration of contaminants from ponds to the ground-
water, Polymeric pond liners being used to meet regulations are prone to a
variety of failure modes due to improper design, installation, and operation.
Because of concern for proper performance of ponds with synthetic membrane
liners (or geomembranes), the Pacific Northwest Laboratory (PNL) was contracted
by the U.S. Nuclear Regulatory Commission to provide information required to
support licensing of active uranius m*11 impoundments with synthetic membrane

liners.

PNL has compiled data on impoundments with flexible membrane liners and has
undertaken an experimental program to provide the required database. This
report discusses failure mechanisms which have been identified and ways to
avoid these mechanisms. Design and installation practices at existing lined
uranium mill ponds are reported, The findings of an experimental task investi-
gating seam inspection techniques are presented, Finally, the status of accel-
erated aging tests with synthetic liners and physical performance tests with
these aged liners 1s reported.



2. CONCLUSIONS AND RECOMMENDATIONS

Failure mechanisms which have been identified for impoundments with synthetic
membrane liners can be avoided or their freauencies reduced at uraniun mill
tailinys ponds. Proper design, installation, and quality assurance procedures,
which are discussed in the report, can assure high quality impoundments.

The most common liner failure mechanism is faulty seams. Two nondestructive
techniques (ultrasonic impedance plane and pulse-echo ultrasonics) can be used
to inspect field seams with more reliability than presently used methods.
Implementation of these devices is recommended to reduce the frequency of
faulty seams.

Failure mechanisms which have been reported or observed at uranium mill ponds
with geomembranes in the U,S. include gas uplift, sloughing of soil covers, and
bank deformation. Gas uplift can be entirely avoidea by the vent systems
described in this report. Sloughing of soil covers can be reduced by using
clay-silt soils on banks with 33% or less slopes, and bank deformation can be
reduced by proper drainage and by designing the impoundment with narrow
dimensions in the direction of prevailing winds, Means to reduce the occur-
rence of other failure mechanisms are described in this report,

Based on accelerated aying tests in a simulated uranivm tailings environnent,
high density polyethylene appears to be a suitable liner meterial for uranium
mill tailings ponds containing acidic leachate., No significant chemical or
physical changes in the material were observed after 18 weeks of exposure at
elevated temperature., Tests with other liner materials are still in progress.



3. LINED [MPOUNDMENT FAILURE MECHANISMS

To better document recent experience with synthetically lined impoundments, PML
subcontracted with Woodward-Clyde Consultants, a firm with broad experience 1n
investigations of impoundment failures. The consultant provided information on
lined liquid impoundmnent failures, ranked the frequency of failure nechanisms
and reported on means to avoid these failures. PNL engineers also have per-
formed an extensive literature search and talked with uranium mill operators,
This section reports the findinys on failure mechanisms, especially as they
apply to uranium tailings ponds.

The subcontractor on this progect provided outlines of failure imechanisms at

29 lined, liquid impoundments. Kays (1977) has also reported impoundment fail-
ure mechanisms. In discussions with uranium mill operators, PNL researchers
identified failure mechanisms which have occurred at U.S. mills with geomem-
branes. These failure mechanisms, listed in Table 1, have been yrouped into
six cateyories. Mechanisms in each category are briefly described and avoid-
ance methods are discussed,

Table 1 Failure mechanisms of impoundnents lined with yeomembranes

Failure of Geomembrane Gas ana Liquid Damage
Manufacturing defects Gas uplift
Weatheringy Wind
Physical Waves
Chemical Liguid uplift
Mechanical Overtopping

Detective Installation Geotechnical Problems
Storaye Slope instability
Transportation Sloughing cof cover material
Placement Subsidence
Seaminy Differential settlement
Appurtenances Expansive clays

Placement of cover materials
Uther Failure Mechanisns

Damaye by Contact

Vandalism
Puncture Seismic activity
Veyetation
Sh cks




When examining these mechanisms, note that many are interrelated and one may
lead to another, Etventually catastrophic failure of the impoundment may
result. It should also be noted that some liner materials are prone to certain
problems more than others, Therefore, when selecting a geomembrane and design-
ing a pond, a designer must address important mechanical properties of the
liner in addition to its chemical resistance,

Failure mechanisms are rated according to their relative frequency based on
experience in designing and inspecting lined impoundments and landfills,
conferences and publicétions on the subject, and interviews with designers and
installers. In order of declining frequency, the most commonly occurring mech-
anisms are listed in Table 2,

Table 2 Failure Mechanisms in Order of Declining Frequency

Seaming

Shocks and errors during placement
Connections to appurtenances

Puncturing by cover materials and anomalies
Liquids in support soil - slope instability, subsidence, bank
erosion by waves, underpressures

Wind

Lack of knowledge about mechanical properties
. Degradation by chemicals

. Localized subsidence, cracks

10. Transportation, storage

I11. Uplift by gases

12. Slope and cover movements

13. Delamination, blistering

14, Vandalism

15, Vegetation

16. Animals

17. Pinholes

-

D=l o (S N
-

3.1 Failure of The Geomembrane

Manufacturing defects include nonuniform selvage, pinholes, insufficient ply
adhesion, and chemical defects., Selvage is the nonreinforced edge of a
reinforced material that is required to prevent absorption of liquid (wicking)
between plies of a geomembrane, Apparently the selvage width is difficult to
maintain in the factory. Nonuniform selvage can cause seaming difficulties
because a selvage that is too wide will result in seams without any scrim,
which are very weak, In contrast, a selvage that is too narrow can expose the
scrim and cause wicking between plies, leading to delamination,

Pinholes are usually the result of recycling of liner scraps with scrim in the
factory, a practice that has largely been eliminated, Pinholes may also be



caused by dust in the factory, Leakage due to pinholes is minor compared to
leakage created by higher-frequency failure mechanisms,

Insufficient ply adhesion is a manufacturing problem for reinforced mate-
rials, Periodic destructive tests at the factory are the best way to monitor
ply adhesion,

Chemical defects are inconsistencies in the chemical composition of a geomen-
brane, Since these defects are difficult to monitor or control, chemical and
physical testing at the factory are the best ways to check the chemical consis-
tency of a liner,

Weathering refers to chemical and physical changes in a liner as a result of
sunlight, temperature, humidity, and soil contact, Common weathering problems
include ozone deterioraticn of buty! rubber under tension, loss of plasticizers
in polyvinyl chloride by heat and soil absorption, and ultraviolet degradation
of polyvinyl chloride. A designer must take weathering characteristics into
account in liner selection and impoundment design,

Physical failure mechanisms include shrinkage, thermal expansion and contrac-
tion, and delamination and blistering, Polyvinyl chloride is the liner most
prone to shrinkage, Reinforced liners do not experience this problem, Poly-
vinyl chloride shrinkage problems can be minimized by manufacturing techniques
that do not allow tension during manufacturing, In the field the polyvinyl
chloride sheets should not be stretched, but should be installed with slack.

High density polyethylene has a thermal expansion coefficient that is an order
of magnitude higher than other geomembranes, This material is prone to bulge
or ripple when heated by solar radiation, The expansion, coupled with its
relative stiffness, can create stresses that can damage the liner, especially
at seams, A high density polyethylene installer states that to avoid problems
created by thermal expansion and contraction, seams should be made when the
material is not expanded (at night if necessary). The stresses which occur at
seams during subsequent expansion will not be a problem if the peel strength of
the seam is adequate. Expansion can be reduced by using a soil cover,

Delamination of a reinforced liner across the width of a panel will result in
geomembrane failure., The potential for leaks by this mechanism is highest at
corners of a pond, where the distance between panels is small, To reduce this
potential, all slant seams (seams with cuts at an angle to the scrim) should be
covered with a cap strip. Ply adhesion tests will indicate the relative
resistance of liners to delamination, After installation of reinforced liners,
all seams and patches should be examined to assure that no scrim is exposed,
because exposed scrims can lead to wicking and delamination, Exposed scrims
should be painted with an appropriate material,

Blistering is a rare problem in which a localized delamination or gas bubble
exists between two plies of a liner, Because the blister does not grow, it is
not a very serious problem, Chemical failures of geomembranes have become
relatively uncommon because of increased information on chemical compatibility.
There are unique situations, however, in which chemical damage may occur, For



example, evaporation of water from a pond containing trace hydrocarbons, which
are harmless in a dilute state, may leave concentrated hydrocarbons that can
damaye the liner, Spillage ot seaming solvents, gasoline, or oil can also
damage a liner during construction of an impoundment, Adhesives used for
seaming which are incompatible with the chemicals to be held in the impoundment
can lead to failure of the seams, Chemical compatibility is also addressed
later in this report in the discussion of various types of liners and in the
section on accelerated liner aging,

Mechanical failures are due to stresses on the liner, Giroud and Goldstein
(1982) state that liners can be divided into two categories according to their
mechanical properties, The first category comprises liners with high tensile
strength and low elongation, such as reinforced geomembranes and a few nonrein-
forced, stiff geomembranes with 10 to 20% elongation, This class of liners is
recomnended where high stresses are expected, such as sites with steep slopes
or sites where gas uplift may occur, The second category is geomembranes with
low tensile strength but large elongation (nonreinforced elastomers), which are
applicable at sites where subsidence and differential settlement may be a
problem,

3.2 DNefective Installation

Geomembrane failures due to defective installation include storage and trans-
portation damage, placement damage, faulty seams, connections to appurtenances,
and placement of cover materials,

Improper storage can cause problems for certain geomembranes. Membranes
sensitive to ultraviolet radiation should be stored in the dark, [n hot cli-
mates plasticizers will migrate from polyvinyl chloride, Chlorosulfonated
polyethylene will cure at elevated temperatures, causing embrittlement or adhe-
sion of adjacent layers, [f these materials are at hot sites, air conditioned
storage is advisable,

With regard to transportation both from manufacturer to fabricator and from
fabricator to the site, there is potential for damage by crates, nails, fork-
lifts, and other machinery, This problem can be avoided by monitoring trans-
portation activities and by inspecting the geomembranes. Damage during place-
ment includes shocks and installation under tension., Polyvinyl chloride is
particularly prone to the latter problem because of its shrinkage tendency., If
installed initially under tension, subsequent shrinkage will create more ten-
sion that can lead to failure, Folyvinyl chloride liners should therefore be
installed with slack or wrinkles, This practice, however, does make seaming
more difficult,

The most frequent failure mechanism listed previously in this section was
faulty sgams, Field seams are typically made at 6-m intervals; therefore, a
30,000 (20 acre) pond has roughly 13 km (8 miles) of field seams, Thus



there is a critical need to attain high-quality field seams in a liner, Causes
of faulty seams obtained from information provided by consultants and from Kays
(1977) include:

improper adhesive system
defective adhesive

surface contamination

improper tack development before closure
moisture or high humidity
improper temperature

inadequate contractor experience
improper layout

solvent evaporation from adhesive
lack of necessary bonded width
unbonded edges

three-layer seams

seams of two different materials.

Some of these problems are self-explanatory and can be avoided by propar qual-
ity assurance requirements and enforcement of these requirements, However,
some less obvious design techniques that can contribute to more successful
seaming are discussed,

The layout of a pond should not have sears perpendicular to the slope of the
embankment, |[f subsidence of a dike or sloughing of a cover or dike occurs, a
perpendicular seam is stressed more than a seam parallel to the slope,

Seaming of three layers of material is very undesirable and should be avoided
if possible, Where this is not possible, the triple seam should be covered
with a patch,

Seaming two different kinds of materials together is difficult, We are aware
of sites where polyvinyl chloride was seamed to chlorinated polyethylene, The
polyvinyl chloride aged, shrunk, and cracked at the seams, The practice of
using different materials in one pond is not recommended for this reason,

Several materials, particularly butyl rubber, ethylene-propylene-terpolymer and
ethylene-propylene-diene monomer, are prone to seam defects called
“fishmouths." These are <reated when unequal tensions in two sheets being
seamed cause the sheet with lower tension to pop up at intervals along the
sean, When fishmouths form they must be cut out and patched.

Because seaming is such an importaent factor in building a successful pond,
quality control efforts should be maximized during field seam fabrication and
inspection, This project investigated fiela seam inspection techniques, and
results of that investigation are discussed in a subsequent section, Because
factory seams have also been faulty, quality control at the factory durinyg
seaming may be necessary in the overall quality control plan,

Failures frequently occur at connections to submerged appurtenances (such as
concrete structures or steel pipes) in lined liquid impoundments, I[f a uranium
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Conformance to Anomalies

Material selection should also be based on the ability of materials to conform
to expected anomalous features in the impoundment, These anomalies have been
identified, as well as the important physical properties of liners. The
response of liners when stressed over rocks is addressed in the final

of this report,

Anomalies that may be present at uranium tailings ponds include rocks in
subgrades, drainage pipes, other structures, and folds., In addition, localize
subsidences and differential settlements may stress the liner, The material
chosen for an impoundment should have mechanical properties which are suitable
for the conditions that are expected. For some of these anomalies, we have
listed in Table 5 the physical properties of the liner that are the most
important in resisting failure. The use of geotextiles under and above a

to reduce the probability of failures by most anomalies has been documented
(Giroud 1982; Collins and Newkirk 1982).

It has sometimes been suggested that folds or wrinkles in a liner reduce
problems associated with shrinkage or subsidences, Folds or wrinkles do not
appear to damage the liner, but they may make seaming more difficult, Due to
the large forces on a liner in a filled impoundment, wrinkles or folds will not
appreciably reduce the stresses created by subsidence unless the subsidence
occurs directly below a fold.

4.4 Effects of Liner Storage

Improper storage, transportation, and handling of the geomembrane have been
discussed earlier in this paper as factors that may contribute to failure of
lined impoundment Some handling and storage procedurr.s recommended by manu-
facturers have been collected., Two materials that require special storage
procedures are polyvinyl chloride, which can suffer from ultraviolet damage,
and chlorosul fonated polyethylene, which vulcani.es in heat,
incompatible with seaming solvents (Williaus 1982),

",\r‘(){,x‘( )f]<l 4 ‘]"l"w

Table 5 Liner properties that are important for resisting
failure due to stresses created by subgrade anomalies

Importani Liner Property

Rocks Puncture resistance
Differential settlement Elongation
Subsidences Elongation

Pipes, structures Tensile strength
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and installation procedures practiced by industry, particularly the urar

milling industry.

tion, compaction,

Areas addressed in this section include soil type,

tolerances, soil sterilization, liner vent systems,

detection systems, and liner protection systems,

S0i1

Type, Gradation, and Compaction

Subyrade preparation procedures investigated at seven sites are listed in
Table 6. The soil used in the subgrade is primarily dictated by the site, leak

detection system

requirements, and native soils in the area, Either a sand or

a geotextile that can conduct gases is required under the liner, Compaction of

the base to greater than 90% of the maximum dry density 1s the general
tolerance of 03 m is recommended by Small (1980

tice. A grading

rac-

v

Table 6 Subgrade preparation procedures practiced at some uranium mills

(evaporation)

2
(evaporation)

3

3
(evaporation)

4
(evaporation)

6
(tailings)

/
(tailings)

Remove 0.3 m of topsoil from site; grade to tolerance of
$£0.03 m: tes. subgrade permeability; install drain network;
cover with pea ,fdel.

Scarify 0.3 m of natural soil; recompact to 100% standard
Procter density p‘dlﬁﬂ within optimum to +2% moisture content:
measure permeability; install drain network; install ]

coarse sand.

Grade slope at 2.5% to center lowline; iumgdat to
mum lir] f]png\ty at Upt]'m“n moisture:; steri
and reroll; install geotextile,

11ze

Excavate: remove roots, brush, loose earth, and rocks; scarify
0.15 m; bring to optimum moisture; ¢ ompact to 95% maximum dry

density.

Excavate to approximate grade; trench for leak detection
drains; inspect for open cracks and seal with grout; install
drains; place clay in 0.15-m 1ifts; compact,

Excavate pond; add sand where needed; sterilize sand where
needed: sterilize surface; roll surface.

Clear vegetation: remove s0oil] with organic constituents: com-
‘ J > ) ’
pact to 95% of maximum dry density.




5.2 Soil Sterilization

Soil sterilization is *fequﬂn'Tv practiced prior to installation of the liner

tc prevent germination of seeds in the soil and subsequent liner damage.
14
1 d

practice should be continued and procedures shou
sterilant manufacturer's recommendations.

be followed according t

Organic matter in the soil may decay and produce gases under the liner, Fo

this and other previously discussed reasons, a liner vent system is neces-

sary. The removal of soils with high organic content is desirable, Removal

root systems and surface plants 1s mandatory.

5.3 Liner Vent Systems

v

Liner vent systems are required for releasing gases trapped beneath liners

evaporation ponds, as previously discussed in the section on failure mechan-

the

of

n

isms., They are not as critical at tailings ponds where the force of tailings

will prevent gas uplift. However, proper venting can eliminate problems we

observed at one tailings pond, where trapped gases caused the uncovered liner
slopes to bulge. At another uranium mill, "whales” or gas uplifts on a covered

evaporation pond have occurred due to 1mproper venting,

Two successful liner vent systems have been demonstrated at uranium mills,
Baldwin (1983) describes a vent system using a geotextile under the liner,
this site the geotextile was an economical alternative to placement of a

At

pervious sand layer, Sand layers and pipe drains have been used successfully
at several evaporation ponds. Sand layers are generally 0.15-m deep. San
layers and geotextiles also provide a smooth surface that should protect liners
from puncture on the bottom side. Problems associated with sand layers include

‘,(1’1:1

1oss of sand by wind prior to liner installation and potential erosion of

(piping) in the subgrade., Kays (1977) recommends a 3% subygrade slope where

+4

jas

evolution 1s expected., Vents should be placed at 15-m intervals just below the

crest of the embankment. Thick plastic nets that transmit gases are an
alternative to pipes for gas venting.

.4 Leak Detection

S 4

Leak detection systems used at uranium mill ponds consist of groundwater

wonitoring wells, lysimeter wells, drain systems, and combinations of these
three systems, The drain system (if required) adds to the subgrade require-

ments of a pond,

The most recently constructed lined uranium mill ponds use a drain system
requires a base soil with a permeability

'S

whg. h

two orders of magnitude lower than

the

soil directly below the liner, At many sites the compacted native soil meets

these requirements, Perforated polyvinyl chloride pipes (2.5-cm to 15-cm
dia,),
permeable sand or gravel layer directly below the liner,

Test data from this type of leak detection system have been reviewed by Ph
The systems will collect a small fraction of fluid, thereby indicating a

all draining to a common sump, are placed at 12-m intervals in a 15-




leak. For construction of this type o. system, a subgrade slope between 2 and
4% is recommended. This type of drain system will also vent gases and relieve
any liguid underpressure created by groundwater., Additional work on novel leak
detection systems was performed during this program, and results are reported
by Myers et al. (1983).

5.5 Soil Covers for Liners

Functions of liner covers include protection from ultraviolet radiation, wind
uplift, gas uplift, wave damage, foot traffic, ice damage, animal traffic,
vandalism, and floating debris. Haxo (1980) states that a cover may reduce the
rate of chemical degradation of a liner by reducing available surface area and
providing a diffusion zone for reactants to penetrate.

Some problems associated with soil covers for synthetic liners include slough-
ing of the liner cover and puncture during placement. Of course, one disadvan-
tage of liner covers is tre additional cost that is incurred during installa-
tion., At an evaporation poud (with no tailings), location and repair of leaks
are more feasible if there is no soil cover.

Two uranium mills have experienced s'oughing of their covers; however, no liner
damage due to sloughing has been reported, The construction characteristics of
these covers are listed in Table 7. The sloughing that has occurred is
attributed, respectively, to a rapid snow melt and very heavy precipitation
that resulted in saturation of the cover material,

To prevent puncture of the liner, the soil cover must be free of large rocks
and sharp particles., Cover materials should be screened to remove large
particles. A geotextile can be placed over the liner prior to installation of
an earth cover to reduce puncture potential,

Table 7 Characteristics of soil covers at lined uranium tailings ponds

Liner Type of Soil Depth, m Slope (v:h) Sloughing
HDPE alloy Sand + cohesive spray 0.6 1:3 yes
CSPE Clay-silt 0.3 113 yes
CSPE Sand + cohesive spray 0.3-0.46 1:3 no
PVC Clay-silt 0.6 1:3 no
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From the data collected on liner covers, the following conclusions are made:

1. For evaporation ponds, liner soil covers are not desirable from a leak
location and repair standpoint,

2. For polyvinyl chloride lTiners, soil covers are necessary because polyvinyl
chloride is not resistant to ultraviolet radiation. For other liner mate-
rials, the designer will have to rely on manufacturer's data on
ultraviolet resistance to determine the necessity of covers for
ultraviolet radiation protection,

3. If no s0il cover is used, wave damage to the embankment is possible.

4, If a soil cover is used, cohesive cover materials are recommended to
minimize wind and water erosion and sloughing potential,

5. Weather is a factor in the design of covers, Where there is a possibility
of water saturation of the exposed cover material, conservative choices of
the cover material and the slope are required. Cohesive sprays may be
warranted,

6. If a pond is built without a cover, the importance of other design and
operation parameters increases, Some of these are prevention of animal
trespass, removal of floating debris, gas venting, and prevention of
van¢  sm,

7. A maximum slope of 1 vertical to 3 horizontal should be used on ponds with
covers (Haxo 1980; Small 1980).

Other guidelines for soil covers concern actual installation procedures,
Watersaver (1982) recommends 1-m deep access roads into the pond for heavy
equipment, Bulldozers should always operate on layers at least 0.3-m thick,
Sharp turns by haulers and dozers should be avoided because of the potential of
rupturing or pinching the liner, Materials should be pusned up a slope start-
ing at the bottom of the pond. Heavy equipment should not be operated on wet
cover materials.

The use of heavy equipment on liners or covered liners is controversial, To
reduce the puncture potential, weight limits of the equipment can be imposed
and tracked vehicles or vehicles with large tires can be used, Again, geotex-
tiles on the top and under the liner will reduce risk of puncture (Collins and
Newkirk 1982).

Small (1980) states that a 0.45-m thick soil layer should always be used and
s0il moisture should be at or below optimum moisture content to promote
compcct;on. Some mills, however, have used covers only 0,3-m deep (see
Table 7).

21



6.  NONDESTRUCTIVE INSPECTION TECHNIQUES FOR SYNTHETIC LINER SEAMS

Because faulty seams are a frequent mecharism for failure of lined ponds ,
improved inspection of seams is one of the most productive leak avoidance mea-
sured. In this section, techniques presently used for seam inspection at field
installations are evaluated and results of a testing program on several novel
techniques are presented,

6.1 Results

Several nondestructive testing techniques previously available are adequate for
finding unbonded areas of seams if an unbond is along the top edge of a seam or
if it extends across a seam, forming a leak. These techniques (air lance,
vacuum chamber, and pick test) will work on any liner material encountered in
this research including both nonreinforced and reinforced materials, The pick
test is quickest and requires the least operator skill, while the other two are
more difficult but yield better information regarding the extent of an unbond.
It is important to note that none rf these three techniques is capable of
detecting an unbond contained wholly within a seam, or even one that is along
the edge of the bottom side of a seam.

Conventional pulse-echo ultrasonic testing is currently used to assure seam
quality by one installer of lap-welded, high density polyethylene geomem-
branes. Our research shows that ultrasonic testing can be used to inspect any
of the nonreinforced liner materials we examined except for fillet-welded, high
density polyethylene. Equipment costs for the pulse-echo technique are sig-
nificantly higher than the three previously described methods, and the operator
skill required is comparable to the vacuum chamber test,

The most significant result of this work is discovering that the ultrasonic
impedance plane technique can be used to find unbonds in seams made from almost
all of the materials investigated. This technique is unique among acoustic
methods in that unbond detectibility is not degraded by the scrim in reinforced
materials., The ultrasonic inpedance plane instrument is capable of detecting
unbonds as small as 6 mm in diameter regardless of location in the seam, Dur-
ing a field demonstration, most of the seams with detected flaws were cut from
the material for destructive analysis., These pieces all showed either voids or
greatly reduced peel strength in the areas detected by the ultrasonic impedance
plane instrument. When properly calibrated, this instrument requires less
operator skill than pulse-echo ultrasonic testing and is slightly faster, On
76 mm-wide seams, our inspection rate reached 1 m of seam per minute using a

10 mm-dia transducer mounted in our transducer holder, The equipment we used
for this technique is even more expensive than the pulse-echo equipment, Even
though we found many seam flaws during the field demonstration, very few would
have been considered of rejectable size according to acceptance criteria fol-
lowed by most liner installers, However, due to the frequency of seam fail-
ures, acceptance criteria may need to be increased to reduce the occurrence of
this type of failure,
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6.2 Seam Samples

During the laboratory ghase of this research, four types of liner material were
studied: polyvinyl chloride, high density polyethylene, chlorinated polyethyl-
ene, and chlorosul fonated polyethylene. Of these four materials, the chlorin-
ated polyethylene and chlorosulfonated polyethylene were reinforced with
loosely woven polyester scrim, Thickness of the materials was between 0.76 and
0.91 mm except for some of the high density polyethylene, which was 1.5-mm
thick,

Among commercial liner installers, seam acceptability is determined by the
minimum well-bonded width at any point along a seam's length, For reinforced
materials (chlorinated polyethylene and chlorosulfonated polyethylene), the
minimum acceptable bond width for field seams is typically 4.1 cm at all points
along a seam, The seams are usually made with 7.6 c¢cm of overlap, so any unbond
or combination of unbonds is acceptable as long as the unbonded dimension per-
pendicular to the seam length is less than about 3.5 cm, For nonreinforced,
adhesive-bonded materials such as polyvinyl chloride, the minimum acceptable
bond width must be 5 c¢cm, Many installers overlap polyvinyl chloride by 10 cm
to result in a nominal safety factor of 2, One insta{ler of high density poly-
ethylene considers 1 cm the minimun bond width for thermally welded seams., In
actual field seams, the most likely causes of unbonds are areas without suffi-
cient adhesive, dirt inclusions, incorrect bonding temperature, and bubbles
caused by trapped gases.

Seam samples, each about 0.5-m long, were prepared by a commercial liner
installer using that installer's appropriate field seaming procedure for each
type of material, Some of the seams were made with no intentional defects
(unbonds), but most of them were intentionally flawed., The defect types
included sand, moisture, lack of glue, and masking tape, The masking tape was
used to make carefully sized deiects of from 3.8- to 0.95-cm dia spots and
0,63- and 0,34-cm wide strips, (Figures D.1 through D.3 in Appendix D show
sketches of the glued seam samples and their defects,) All seams were nomin-
ally 7.6-cm wide, Migh density polyethylene is welded rather than glued in
field installations, so some samples of two types of field welds were procured
from high density polyethylene installers for this research, The two weld
types were lap welds and fillet welds, and some of these also included inten-
tional defects such as moisture, sand, and poor welding technique,

During the field demonstration phase of this research program, we had the
opportunity to perform tests on many seam and material types in addition to the
four tested during the laboratory phase, The field demonstration was carried
out in cooperation with a U.S. Bureau of Reclamation QUSBR) research project
sponsored by the U,S. Environmental Protection Agency s Municipal Environmental
Research Laboratory, The USBR research program involved 21 field seams and

16 factory seams made of various polymer materials supplied by 12 manufac-
turers, We tested 15 seams including ones made from polyvinyl chloride, rein-
forced and nonreinforced chlorinated polyethylene, chlorosulfonated polyethyl-
ene (6 x 6, 1000-d and 10 x 10, 1000-d scrims), polyolefin, and high density
polyethylene, [ach seam was about 24-m long, but we tested about 3 m of
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welding parancters cannot guarantee a good bond, this technique is useful
because any violation of the parameters assures a poor bond.

Pulse-Echo Jltrasonics--This technique involves transmitting an ultrasonic
pulse of energy into the seam and interpreting the returned echo on a time-
based cathode ray tube, A well-bonded area would produce an echo later in time
than an unbond because the ultrasound pulse would have traveled round trip
through two sheet thicknesses, whereas at an unbonded area the echo returns
after a round trip through only the top sheet thickness (see Figures 4a and
4b), To assure good bonding throughout a seam, the entire surface area of the
seam must be scanned with a transducer, Pulse-echo ultrasonic testing is cur-
rently being used by one high density polyethylene installer, and our research
indicates that the technique works equally well on all the nonreinforced mate-
rials that we tested, such as polyvinyl chloride and elasticized polyolefin,

The following seam quality testing techniques are not currently employed by
geomembrane installers, but were investigated as part of this research,

Infrared Video--An infrared video camera system allows the detection of seam
areas that are at different temperatures, One characteristic that would cause
temperature differences is heat transfer differences resulting from areas that
are not intimately bonded, An infrared inspection would then consist of view-
ing the length of each seam while lookiny for areas that are cooler than most
of the seam, This technique worked only marginally in the lab, and in the
field too many effects besides bond quality would tend to mask the temperature
differences caused by a poor bond., Two likely masking effects are moist areas
unaer th2 liner and nonuniform contact between the liner and the substrate,
This technique was field tested by the Bureau of Reclamation (Morrison et al,
1981) with similar results.

Proprietary Acoustic Instruments--Four different commercial instruments using
acoustic principles were tried on the seam samples, While each instrument was

unique in some ways, they had several features in common, Each operated at
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Figure 4 Sketches of a typical pulse-echo ultrasonic screen display for
a) a well-bonded seam and b) a faulty bond of nonreinforced

material
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When inspecting a seam with this instrument, the operator scans the transducer
over the seam area while watching transducer position and the prohe alarm
light., If a preset adjustable threshold is exceeded, the 1ight glows, which
alerts the operator to look at the screen, He can then determine from the dis-
played dot position what the condition of the bond is in the area beneath the
probe, If the area is unbonded, the flying dot will be in the vicinity of the
calibration dot corresponding to an unbond condition, [f the probe is somehow
not acoustically coupled to the test piece (lack of liquid couplant, rough sur-
face, etc.), the flying dot will be in the vicinity of the stored dot corre-
sponding to an uncoupled transducer, Watching the alarm light while moving the
probef the operator can mark the boundaries of the unbonded area with a grease
pencil,

The probe used with this instrument is very similar to a conventional ult-a-
sonic transducer, except that it operates at a lower frequency than most and
has a built-in, alarm triggered, light-emitting diode, Several probes are
available for the instrument, but we had access to onlv one for this research.
The probe used was 95-mm diameter with a frequency range from 160 to 185 kHz.
We operated it at about 167 kHz, A liquid couplant is reqiired with this
instrument to get the ultrasound energy through the specimen/transducer inter-
face, We found tap water to be a good couplant and used it in our experiments,

5.5 Field Demonstration

The second phase of this rese2rch was demonstration of a nondestructive testing
technigue in the field on actual field seams. We criginally planned to ¢g» to a
field installation in progress, but we gained severa! advantages by participat-
ing in an EPA-sponsored research experiment that is being carried out by the
USBR in Denver, Colorado., In the USBR project a commercial geomembrane
installer was contracted to fabricate field s2ams cn a variety of materials,
One major advantage to participating in this experiment w2s that we were
allowed to remove sections of the seams after nondestructive testing so that
they could be destructively evaluated in the USsR l.ooratories. This helped
greatly in establishing the validity of the technijues demonstrated, Another
advantage was that we were able to compare the p.rformance of six testing tech-
niques on certain seams (air lance, vacuum, pici, visual, pulse-echo ultra-
sonics, and ultrasonic impedance plane analysii). The third benefit was the
large assortment of materials that we were able *o test, including field seans
of the four materials that were considered in the laboratory phase of our
research, Our testing was carried out on a loose sand floor over hard packed
dirt inside an open metal building.

At the USBR laboratories we demonstrated a conventional pulse-echo ultrasonic
unit and the instrument that operates on the ultrasonic impedance plane prin-
ciple, The pulse-echo instrument was a Krautkramer-Branson USL-38, while the
ultrasonic impedance plane instrument was an NDT Instruments Bondascope 2100,
For these demonstrations, the pulse-echo frequency was between 5 MHz and 15 MHz
and the ultrasonic impedance plane frequency was 167 kHz. Two types of
couplant were used to help transmit ultrasonic energy into the materials: gel
couplant for pulse-echo and tap water for ultrasonic impedance plane testing,
The gel couplant was also used between two liner layers to simulate a good bond
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is a transparent block that has a water supply line attached to it, A cavity
around the transducer retains water so that adequate acoustic coupling is
assured at all times, The holder allows observation of the alarm light and is
mor: comfortable for the operator to nold, so it helped increase the ultrasonic
impedance plane inspection rate while preventing false alarms fron lack of
couplant,

6.6 Reyuirements for Implementation

In order for the ultrasonic impedance plane technique to become most usetul for
the yeomembrane industry, several areas should be investiyated further,

Several installers mentioned a desired inspection rate of 2 to 3 n per minute,
which is about twice as fast as was achieved at the field demonstration, A
yood way to speed up inspection would be to develop a transducer wide enouygh to
test the entire seam width in one pass. The feasibility of this approach was
established by other researchers that used a predecessor to the ultrasonic
impedance plane instrument, having found that a wide transducer worked well for
bond inspection,

Our calibration procedure was convenient; however, on a few materials at the
field demonstration it led to ambiguous results because not all dot addresses
encountered during inspection had been previously accounted for during calibra-
tion, Using carefully made seam samples with known defects like our laboratory
control samples would be a likely place to start this work,

Many seams need to be tested both nondestructively and destructively to arrive
at acceptance criteria that correlate ultrasonic impedance plane test results
with actual seam peel or tensile strengths, Sets of the correlations would be
needed for each liner material to be inspected,

He were limited to only one ultrasonic impedance plane transducer for this
research, althouygh several are available, It would be helpful to try the
others in order to optimize the instrument/transducer combina!ions for each
material, In particular, a transducer of a different frequency and diameter
may eliminate the sometimes ambiguous results created by wider-spaced scrims,

To record inspection results, hardware could be developed that would make a
hardcopy (such as a strip chart) of each seam inspection as it occurs,

Finally, the ultrasonic impedance plane instrument could be adapted for moni-
toring the quality of factory seams in the manufacturing plant, The instrument
performed well on factory seams at the field demonstration, although an auto-
mated inspection would be desirable for process control,

30



7. ACCELERATED AGING TESTS

The objective of these tests is to predict the long-term (20-year) performance
of liner materials in a uranium tailings pond, This is being accomplished by
aging liners under conditions typical of an actual tailings impoundment and by
using elevated temperatures to accelerate degradation reactions, By measuring
the chemical and physical changes in the liner we will try to develop a
correlation between the amount of aging and the changes observed in physical
properties,

This task is about half complete, High density polyethylene and polyviny)
chloride liners have been aged and are beinyg examined, Chlorosulfonated poly-
ethylene liners are presently being aged. Exposure of chlorinated polyethylene
samples will conclude the aging studies, The following discussion inc{udes
aging analysis, experimental procedure, and results to date,

7.1 Aging Analysis

Schnabel (1981) defines polymer degradation as changes in physical properties
caused by reactions involving bond scission, Degradation may be caused by
chemical, photochenical, biological, thermal, mechanical, and r diation mechan-
isms, For geomembranes the first three mechanisms are of importance, Our
study is examining long-term chemical degradation processes, In addition to
polynmer degradation, there may be reactions that crosslink the polymer, thereby
changing physical properties., This possibility 1s also being investigated,

Chemical degradation mechanisms outlined by Schnabel (1981) include solvolysis
(breaking of bonds between carbon and non-carbon atoms in the main chain in a
liquid phase), metathesis (breaking of carbon-carbon double bonds), oxidation
(direct one-step ligquid reactions and autoxidation chain reactions with
molecular oxygen), and dissolution mechanisms, All of these reactions may be
important for liners in acidic uranium tailings ponds,

Carbonyl groups are the principal products of oxidation of polyethylene (Myers

1952). Oifferential infrared spectroscopy can be used to analyze for carbonyl

formation in liners, as reported by Buelt and Barnes (1983)., Infrared spectro-
scopy may be used to quantify end groups (Schnabel 1981). This technique will

be important in analyzing oxidation reactions and scission products,

Molecular weight determinations may be used to quantify scission and cross-
linking reactions, while differential scanning calorimetry can reveal changes
in crystallinity,

The kinetics of aging reactions are analyzed by classical chemical methods,

The liners are aged under identical conditions (pressure, leachate composition,
pH). The three columns (described in the next subsection) are operated at 18,
48, and 78°C, The column at 1B°C represents an average yearly temperature

15 ¢m below the sofl, which would vary from site to site, The rates of reac-
tion at each temperature are measured by chemical analysis, Because the other
conditions of the columns are identical for any reaction observed, rate
constants are directly determined from observed rates:
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Ky = Ry/C

where K. is a rate constant at temperature (°C), R, is the measured rate at the
same te‘ptraturo. and C is a constant, The rate canstant is a function of tem-
perature according to the Arrhenius equation (Perry 1969):

K = A.‘E/Rr

where A is a constant, E is the reaction activation energy, T is temperature
(°K), and R is the gas constant, A plot of the lagarithm of the rate constant
as a function of reciprocal temperature will yield a line with a slope equal to
E/R. An example of such an analysis is reported by Myers (1952), who deter-
mined an activation energy for the oxidation of polyethylene in air equal to
16,000 cal/g-mole,

The activation energy 1s used to determine how much aging was simulated,
Assuming that an activation energy of 16,000 cal/g-mole was determined in an
experiment, the amount of aging at 78°C compared to non-accelerated exposure at
18°C is determined by calculating an aging factor equal to:

r
Ao (- a0

18

The aging factor multiplied by the length of exposure equals the amount of
aging simulated, In the example, the aging factor is 113, so in an 18 week
exposire, the effects of 2040 weeks (39 years) of aying on physical properties
would be simulated,

There are two potential limitations to this type of analysis, First, there is
a possibility of multiple parallel reactions and the subsequent determination
of several activation energies, Second, the diffusion of components such as
plasticizers from the liner would not necessarily follow the Arrhenius equa-
tion, and therefore plasticizer effects may not correlate with the physical
property changes observed,

Biggs (1953) states that diffusion of molecular oxygen limits reactions at
depths greater than 5 mm for polyethylene, For this reason we analyze carbonyl
formation as a function of depth in the iner, This is done by microtoming
25-micron layers of aged liner and examining the chemical changes in each
layer, (The microtome procedure is discussed in Appendix A,)

7.2 Column Description

Three test columns were assembled according to the schematic of Figure 7, The
columns are made of 0,61-m (24-1n,) stainless steel pipe, The columns are
heated or cooled by fluid circulatlnr in copper colls around the column exter-
for, Insulation helps maintain the liner at the desired temperature across the
diameter of the column, The column at 18°C is cooled by a heat pump, The
other columns are heated by fluid circulating from heated drums,
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Figure 7 Schematic of accelerated aging column

A press on top of the column is used to load the sand above the liner, The
simulated depth of tailings provides some stress that may affect aging, The
loading on the press is checked weekly and 1s equivalent to 2,3 m (7.7 ft) of
tatlings,

Afr pressure 1s maintained at 5 kq/cu7 (8 to 9 psig), simulating a ligquid head
of 6 m (20 ft) of water., The column pressure 1s hled weekly and repressurized
to keep the oxygyen concentration at 71%,

7.3 Experimental Proceaure

Liners with seams cut to fit in the test column are covered with a 25-cm layer
ot fine silica sana (particle size <210 um) to simulate tailings, Seventy
11ters of stnulated leachate is added to the column, The leachate composition
is given in Table H, The columns are then sealed and slowly heated (over

2 days) to desirea operating temperatures, The column presses are loaded and
air pressure 1s applied to the column, After checking for leaks, the columns
are insulated,

Columns are maintained at the designated temperature for 1¥ weeks, Hormal
operations include continuous temperature recording and daily monitoring of pH,
Hyuia level, and air pressure, The column presses are loadec weekly and
locked into position, The leachate 1s circulated on weekdays for several hours
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Table 8 Simulated leachate composition

Concentra-

Component tion, ppm Form Added Quantity Added, g
Hp0 .- Hp0 75,600
Al 1000 Al,504+18H,0 935
As 3 Asy04 3.3
Ca 500 CaC04/CaClye2H,50 63/46.5
cl 300 see Ca
Co | CoCIZ-BHZO 0.3
cr 3 Cro, 0.44
Cu 5 CuS04+5H,0 1.9
b 2215 F050‘07H20 834
K 20 K,C04 2.7
Mg 700 MgS04e 7H20 537
Mn 100 MnS04eHp0 23
Mo 5 (NHg ) gM07024+4H0 0.7
Na 376 see Si
NH3 500 (NHg)» S04 139
N1 3 N1S04+6H20 1.0
P 30 H3P0q4 (85%) 8.5
Se 20 Hy5€0, 2.5
Si 230 Nay51045H,0 132.0
v 1 Vo0g 0.14
In 10 InS04+ W0 3.3

each day, providing operators with pH data, |[f the pH rises above 2.5, opera-
tors add concentrated sulfuric acid to maintain the pH between 2.0 and 2.5,

The columns are disassembled after 18 weeks at the specified temperatures,
First, the tops of the columns are removed and the leachate is sampled and
drained, Then the simulated tailings are removed from the vessel, Next the
Iiner s removed, labeled, and rinsed, Liners are stored in plastic bags In
the dark unti] ready for testing,
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Samples are cut from the liner for physical and chemical tests, The cutting
must be arranged so that seamed samples are available for tests of shear
strength and anomaly conformance,

Samples are microtomed to a thickness of 25 microns for subsequent chemical
analysis., These samples are handled with rubber gloves and tweezers and stored
in an inert atmosphere in the dark to prevent any additional reactions,

7.3.1 Physical Testing
We have used or plan to use the following tests in this project:

e sean strength (shear)

e tear strength

e ply adhesion (reinforced samples)
e elongation and tensile strength,

the procedures are modified ASTM (American Society for Testin? Materials)
methods in most cases, as recommended by the National Sanitation Foundation

(see Appendix 8 for procedures).
7.3.2 Results

The first series of chemical and physical tests to determine the effects of
exposure were with high density polyethylene samples, The results of these
tasts are discussed here,

The daily conditions in the columns were monitored and plotted (see

Appendix C), The average conditions over the 18 week period of exposure are
listed in Table 9, The leachates from the columns were sampled near the begin-
ning and at the termination of the tests, The leachate composition varied
slightly between the columns due to increased corrosfon of the stainless steel
as the temperature rose, Apparently 316 stainless steel, which is recommended
for dilute sulfuric acid, is not totally compatible with the mixture of mate-
rials in the leachate, A Teflon lined column might prevent this problem,

Table 9 Average exposure conditions of high density polyethylene samples

- - — - ——

Temperature,
b - pH Pressure, psig
Column 1 14 2.22 8.29
Column 2 a 2,27 8.38
Column 3 18 2.4 8.35%




The results of tests with the differential scanning calorimeter are shown in
Table 10. The crystallinity appears to be a function of the temperature to
which the liner was exposed., B8illmeyer (1971) presents data indicating that
polymer crystallization does not follow Arrhenius kinetics,
a molecular reorganization, not a reaction,
would expect an increase in mechanica) properties,

Crystallization is

With increasing crystallinity we

The results of differential infrare. spectroscopy in ihe carbonyl absorbing
The:» data show that changes in the carbonyl
concentration in high density polyecthylene are insignificant following an

18 week exposure in acidic leachate at all the temperatures tested, [t appears
that either oxidation rates are e<tremely low for high density polyethylene in

regfon are shown in Figure 3,

Table 10 Results of differential scanning calorimetry on virgin and
aged high density polyethylene samples

. ——— —————— - — o —

Sample Depth, .m AMF, cal/g Crystallinity, %
Virgin 18 35.51 51.9
36 35.61 52.1
51 35.69 52.2
17 36.14 52.8
18°C 33 34,39 50.3
51 35.24 51.5
74 35.96 52.6
97 35,29 51.6
48°C 18 36.4 53.2
36 36.49 53.3
53 36.31 53.1
71 36.57 53.5
39 36.88 53.9
107 36.23 53.0
127 37.00 54.1
18°C 20 37.87 55.4
41 39,00 57.0
58 39.19 57.3
76 39,14 57.2
| 23 37.18 54.4
| 38 36.99 54,1
| 53 37.74 55.2
| 4 37.60 55,0
| — n
|
|
| 36
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Table 11 Results of shear tests on fillet-welded lap
of virgin and ayed high-density polyethylene

Force, N/m

Table 12

Sanple Yield Stress
Virgin 18,0
Aged at 18°C 16,1 ¢ 0,7
Aged at 48°C 18,3 ¢ 0,1
Aged at 78°C 18,5 + 0.9

(a) A1l samples yielded at

locations other than the seans.

The results are averayes of

three tests.

See Appendix B

for test procedures.

?gims

Results of tear tests on virgin ana ayed
high density polyethylene

Sample Tear Force, N
Virgin 139 2 9
Aged at 18°C 135 ¢ 3
Aged at 48°C 147 ¢ 6
Aged at 78°C 149 ¢ 10
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The ability of a geomembrane to conform to an anomalous subgrade is an

important feature in subgrade design and specification, Anomalous features
o

such as rocks, ruts, cracks, and structures can po

1 X
[ tially puncture the liner

Materials which are more prone to rupture or perforate when stressed will
r,\_.:l“r'ﬁr‘». Q'Ktrd care 1n t)y‘.g]v],;!;r‘w’qg 0_9 the s Ih‘jrd ‘.,..

Infortunately there is no accepted standard test available to measure the liner
resistance to failure by anomalous subgrade features, Illustrating this point,

{ickey (1969) states that in testing liners over a rock subgrade, the best

performer was polyvinyl chloride, followed by ethylene-vinyl acetate copolymer,

chlorinated polyethylene (reinforced), and polyethylene, However, in Elmendorf

puncture resistance tests, the four materials were ranked in a different

yrder: polyvinyl chloride, reinforced chlorinated polyethylene, polyethylene,
and ethylene-vinyl acetate, The difference in apparent puncture resistance is
apparently due to different stress rates and concentrations in the two tests,

R1go (1978) has studied the phenomenon of failure geomembranes over anomalous
features. In his analysis, one mode of failure is perforation over a sharp
point, and the second is bursting between two high points, He has tested yeo-
iembranes with pressure over rocks and found nonreproduciple results due to
shifting of rocks. His test procedure consisted of increasing pressure by

1 kg/cm® increments in 15 seconds and then holding at constant pressure for

45 seconds. Pressure is again increased using these increments and intervals
until the membrane bursts.

The Bureau of Reclamation (Frobel 1981: Hickey 1969; Morrison et al, 1981) has
investigated failure of geomembranes over rocks in both the laboratory and the
field. Thgir laboratory test device is automated to increase pressure by

).15 kg/cmé every 4 hours.
Experimental

we have constructed a device operating on the same principle as the previously
discussed systems, A schematic of the device is shown in Figure 9. The tester
1s made of 0.25-m pipe flanges and pipe caps. To prevent shifting of rocks
between tests, an epoxy glue was poured over rocks in the tester, forming a

conglomerate piece without affecting the surface features, The rock size




/\> TO AIR SUPPLY

Figure 9 Schematic of anomaly conformance test device

ranged between 19 and 38 mm in diameter, Some rocks were round and some were
sharp. A mixture of round and crushed rock in the size range of 19 to 38 mm is

used in the test device,

The following test procedure is used:

1.

2.

Place membrane in tester, If the piece is seamed, align the seam in the
same orientation for each test, Install the top flange.

Pour water into the top so the liner is completely covered. The water
provides the operator rapid and positive detection of membrane failure.
Open the bottom drain valve,

Increase the pressure by 10 psig in 30 seconds and maintain this pressure
for an additional 4.5 minutes. Repeat this step until the liner fails or

until 100 psig is reached. Hold pressure at 100 psig for 10 minutes, then
slowly bleed off the pressure.

Record the time and pressure when the liner fails.

Remove the liner from the column and inspect the liner over a bright
light, recording the number of holes and the type of failures,
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7. When you are satisfied with the plane of the block, make your first cut
into the block firmly and smoothly. The depth settinyg for 25 um on our

machine is 6,

8. Retract the block and tweezers to lift the section from the face, The
section will most likely curl and adhere to the top edge. Carefully cut
the section off the block with an X-acto knife and uncurl it over one fin-
ger of your gloved hand.

9, Measure its thickness with a micrometer,

10. Purg» a l-dram vial with aryon and place the section inside. Seal the
vial,

You 2re now prepared to continue slicing the block to the desired depth in con-
secutive sections from this point,

SPECIAL INSTRUCTIONS

It is important to handle the sample liner, slices and equipment with rubber
gloves or clean utensils to prevent the introduction of any foreign material to
the sample. Keep the door shut to the compartment filled with argon unless
microtoming, Handle the sections within the argon atmosphere as much as
possible before rather than after sealing them in the vial. Argon is heavier
than air so the sections can be held down in the compartment atmosphere to
reduce any exposure to oxyyen,

Polyvinyl chloride can be cut at room temperature as well as at -15°C. High
density polyethylene, however, cannot be cut easily at room temperature,

The orientation of the block face to the knife edge is extremely important
because the first slice will be incomplete if it is not parallel to the cutting
plane. Also, the following slices taken from the block will not be at the
respective uniform depth, This facing of the block is aggravated by scratches
and bumps on the surface, A judgment must be made as to what will suit your
needs.

Keep your knives sharp. A dull knife will skip a slice, compressiny the block
face and cutting a double thick section on the next pass. A dull knife also
has a tendency to unroll the slice cut and on the down stroke reattach the
slice to the face, making it very difficult to retrieve,

Because ultraviolet light may age the plastic, keep material in the dark as
much as possible,
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FIGURE D,1, Schematic of Intentional Flaws in

Seam Samples of Polyvinyl Chloride




Schematic of Intentional Flaws in Seam Samples of

Reinforced Chlorosulfonated Polyethylene




FIGURE D,.3, Schematic of Intentional Flaws in Seam Samp)

Reinforced Chlorinated Polyethylene
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