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'THE WELDING PROCESS:

A.3.b. Attachmant

= 2062

RECOMMENDED PROCEDURE FOR WELDING WITH
HAND HELD EXTRUSION WELDING TOOL

. PREPARATION OF MATERIALS:

All areas to be welded must be clean and free from dirt, dust, water, oil or grease. Use onlya =
dry, clean lint-free cloth to accomplish this. To remove grease or paint, use only MEK or -
Acetone. In addition, welding rod must be absolutely clean and dry at all times.

The weld seam area must now be scraped before welding by use of the hand scraping tool.
Welds into grooves will require a 45 bevel.

The extrusion welding process is a modified form of hot-gas welding in which the weld filler .
material is plasticized in an extruder with controllable temperature and forced into the welding
seam (which is pre-heated by the air heater) by means of a teflon pressure ram called a welding
shoe and homogeneously welded with the parent material.

TO PREPARE HAND EXTRUSION WELDING TOOL:

1. Connect the machine to an air supply line with a capacity of 7 CFM. Desired air pressure for
shop welding is 20 to 25 psi to enhance penetration. The air supply is absolutely essential to
prevent over-heating of the air blower and the driving unit (in handhold). Do not use less
than 6 CFM. The air should be oil free and dry from any type of moisture.

2. Ensure that the main drive unit is switched off before plugging in the electrical plug into the
main supply (rotary piston can break down). :

3. Adjust the temperature regulator on the operating mechanism to about 240° C (464° F).
Having reached this temperature at the operating mechanism, it is necessary to wait another
five minutes before using the tool. When the temperature regulator on the operating
mechanism is set at 240° C (464° F), using a pyrometer, the temperature of the plasticized
welding material can be checked. Take the temperature reading right at the tip end of the
welding shoe. When the regulator is set at 240° C (464° F), the weld material should be 420°
F to 430° F. This is the correct temperature. It may be necessary to adjust the regulator
to a different setting to keep the proper temperature when welding in extreme cold or
heat.

4. Adjust the hot air blower to maximum efficiency. This should be approximately the No. 9
setting on the selector on the hot air blower.
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5.

10.

11.

. Adjust the tip of the welding shoe according to the materials to be welded.

Now regulate the air supply so that the temperature in the hot air tube is approximately 250°
C (482°F). NOTE: Use a pyrometer to check the temperature of the hot air at the tip end
of the welding shoe; it should be 475° F to 510°F when the air thermometer in the hot air
tube is reading 250° C (482°F) and the ambient room temperature is 70°F. This is the correct *~
temperature for a proper fusion between the weld bead and the surfaces being welded. It

may be necessary to adjust the hot air blower and the air supply to a different setting

to keep a proper welding temperature when welding in extreme cold or hot conditions.

Too low a temperature will prevent a good bonding and too high a temperature will cause
oxidation and an inferior weld.

Feed a 4mm welding rod into the conveyance wheel. Do not use the machine without
welding rod. For best results, the filler rod should be made from the same material as the
parent material. The maximum feed rate is approximately 4.2 Ibs. per hour on the standard
model extruder.

Now everything should be ready for welding. Hold the welding tool in such a way that the
preheating nozzle is heating the area in front of the welding shoe. The preheating nozzle
should be adjusted so that it always precedes the welding shoe in the direction of welding,

Preheat a small area of the joint seam approximately two to three inches. Heat the parent

material surface until material allows slight, soft penetration (approximately 200°C). Then, 4R
move the welding shoe to the preheated area and turn on the extruder by pulling the trigger
on the handle of the drive unit. As the plasticized weld begins to extrude out of the welding
shoe, slowly move the tool forward along the joint seam, filling the entire joint seam area.
The travel speed of the welder should not exceed the capability of the air heater to properly
preheat the downstream parent material. To seal and produce an attractive weld, tilt the tool
back such that the flat portion on the back edge of the welding shoe is applying pressure to
the weld. This packs in the weld and causes the edges to be sealed along the joint seam. The
weld is to be packed such that the weld edge is sealed to the parent material without a lip
between the two materials.

Whenever possible, it is recommended that an entire joint seam be welded with one "
continuous weld bead. If this is not possible, it is necessary to preheat and overlap the

previous weld by approximately two to three inches. When restarting or finishing a joint

seam from beginning to end, always overlap by about two to three inches. Also, check to see
that the weld is properly sealed in this area. It may be necessary to use a packing tool to

apply pressure to any overlap in a weld which requires the desired seal and appearance.

Larger weld seams will require slower movement of the tool while smaller seams can be

welded more rapidly.

All welds should be allowed to remain still and cool for approximately 30 minutes before -
proceeding further. After welds cool, make a visual inspection. Look for cracked welds,
poor adhesion, stress marks or improperly filled joint seams. Repair immediately if possible ‘
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by following the procedures as outlined above. -
The quality of the welded seam is influenced by:
The similarity of the filler rod and the parent matenal
Form and construction of the seam; “

Welding conditions (temperatures, speed);

Notches and grooves, and; ~
Careful execution by trained welders.

AN hWN -

Cleanliness of the joint surfaces of parent and filler materials;

~
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~ Certification Requirements

A

The recommended joining procedures for the Central Electrofusion System
detailed in this manual have been qualified in accordance with D.O.T.
1982.283.

Persons responsible for the joining of polyethylene pipe by fusion methods
must qualify according to the requirement of Title 49 of the Code of Federal
Reguilations, Section 192.285.

The regulations require that each operator performing fusion 'joining be
qualified in the use of the recommended fusion procedure(s) by the following:

l. Appropriate training or experience in the use of the applicable fusion
procedures, and . . .

It Making a sample joint according to the said procedure that passes the
following inspections and tests:

A. The joint must be visually examined during and after joining and
found to have the same appearance as a photograph or sample
of an acceptable joint that was joined in accordance with the
applicable procedure; and . . .

B. The joint must be tested or examined by an authorized instructor
using one of the following methods: o
1. Pressure and tensile test as described in 48 C.F.R. § 192.283,;
or 4
2. Cut into at least three longitudinal straps, each of which is:
a. Visually examined and found to be free of voids or un-
bonded areas on the cut surface of the joint, and . . .
b. Deformed by bending, torque or impact and if failure
occurs, it must not initiate in the joint area.

C. A person must be requalified under an applicable procedure if,
during any tweive-month period, he —
1. Does not make any joints under the applicable procedures or
2. Has three joints or three percent of the joints he has made,
whichever is greater, that are found unacceptable by testing
under 40 C.F.R. § 192.513.

Photographs of acceptable and unacceptable joints and illustrations showing
the use of cut straps for inspection and testing of the joint are provided in
the Qualification Procedures on Page 25 of this manual.

Individuals who demonstrate their ability to follow the recommended joining
procedures and produce acceptable electrofusion joints as illustrated in this
manual should meet the requirements for qualification under 49 C.F.R. §
192.285 and be eligible for certification. -
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ERl Standard Joming Procedures
.x':f-';:.;_j‘jfi,_f,‘;,:ﬁ_ Standard joining procedures describe the steps necessary to join similar or
TalaE e dissimilar polyethylene piping materials with the Central Electrofusion
BRI System. For pipe sizes 2"’ and over, Central recommends using Repair Pro-

cedures (page 17) for standard j jounmg due to the difficuity of stabbing larger
diameter plpes ,

4. Scrape pipe ends to remove any
oxidation or surface contamina-
tion. For best resulits, secure tool
on pipe and make two
revolutions. '

1. The pipe must have a square,
even cut.

2. Remove any burrs or shaving
‘from the pipe ends that may have
developed during the cutting
. : process.

3. Clean pipe ends inside and out
with a clean cloth to remove any
dirt or contaminants.

Pipe preparation and contamina-
tion are very important consid-
K erations in the electrofusion pro-
cess. Therefore, careful attention
should be given to proper scrap-
ing and cleaning procedures.

‘5. Remove scraping tools and clean
blade area with a clean, dry cioth.
Repeat this procedure several
‘times during the scraping opera-
tion to remove buuld -up of
material.

Refer to Note on page 16.
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6.

Continue scraping until only a
virgin surface remains.
Caution: Avoid all possible recon-
tamination of the prepared sur-
face. Do not touch inside of fitting
or scraped pipe surfaces with
your hands as perspiration and
body oils could contaminate join-
ting areas and affect joint
performance.

. To determine stab depth, meas-

ure half the length of the coupling
and mark the pipe ends an equiv-
alent length. For ease of installa-
tion, a stab depth indicator and
internal fitting stops are a moided
part of Central Electrofusion
couplings and reducers.

. Slide fitting onto pipe until pipe

ends meet with the stops in the
[.D. of the fitting. Check
measurement mark for proper
stab depth.

10.

11.

—15—

Maintaining stab depth, place in-
to the proper clamping tool to
secure the pipe from movement
during the fusion cycle. For best
results, alignment clamps should
be placed as close to the fitting
as possible.

The sequence processor should
be connected to an adequate AC
power source (110 volt).

Note: If utilizing a generator, the
generator should be engaged
before plugging the sequence
processor in.

Refer to the Electrical Data
shown on page 12 for the precise
electrical requirements of the
size and type of Central Elec-
trofusion fitting being joined.

The sequence processor will
automatically run a quick

diagnostic check of its opera-
tional functions (voltage in-
put/output, etc.). When diagnos-
tic check is complete *‘Attach Fit-
ting” will appear on the visual
display.




12. Attach leads from the sequence

processor to the fitting terminals.
When proper connection is
made, the required ‘‘Fusion Cy-
cle Time" will appear on the
visual display.

13. Press start button to begin fusion
cycle. Fusion cycle time will
countdown on the visual display.
Proper voltage readout should
remain between 39.8 and 40.2
voits. '

SREUS 10N GONCCESERTRER)
FARIST LT T Y } ;.,‘*;‘:‘:T‘,.E
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COOLINGTR

14. When the fusion cycle is com-
plete, '‘Fusion Complete and
Recommended Cooling Time"
will appear on the visual display.

15. Disconnect leads from fitting.
Clamping device should remain
in place to secure pipe and fitting
during the recommended cooling
time. After removing clamp, ad-
ditional cooling time should be
‘allowed before subjecting the
joint to bending, burying,
pressure testing, or similar handl-
ing and backfill stress.

Refer to page 12 for the recom-
mended cooling times for the
size and type of Central Elec-

trofusion Fitting being joined.

NOTE: In the event of out-of-
round pipe, it is important to
assure an adequate and even
scrape is achieved around the
entire circumference of the pipe.
A rubber pipe stopper can be
placed in the end of the pipe to
aid in rounding the area to be
scraped.
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Specifications

Sequence Processor

Input Voltage:
Output Voltage:

Input Current:
Output Current:

Opefating Temperature:

Timer Range:

Input Protection:
Output Safety Trip:

Weight:

" Dimensions:

Cable Length

Input Cable:

Output Cable:

90 to 150 VAC; 50 to 70 HZ
40 Voits + .2 Volts

20 Afnps Average Maximum

50 Amps Maximum

(Automatically limited by the processor)
- 10°F to 120°F (-23°C to 49°C)

15 to 600 Seconds

'Dual Circuit Breakers

41 Volts
852 Ibs. (23.6 kg)

12”7 x 15" x 10" (30.48 cm x 38.1 cm >.
25.4 cm)

15 ft. (4.6m)

30 Amp 125V.Twistlock Plug (Std)
NEMA L-5

12 ft. (3.7m) and 25 ft. (7.6m)
Other output lengths available upon
request

¢co014



AT -~
! Performance: 2062
' Central Electrofusion Fumngs typically achieve the followmg performance test
results.
Temperature Intermal Pressure Hours to Failure
o ' A 176°F (80°C) 130 PSI 1000 +
“ ' 68°F (20°C) 275 PSI 2500 +

Saddle Impact: Falling Weight 10 Ib. from 7 ft.
Safe Operating Temperature: -~ 10°F to 120°F (-23°C to 49°C)
Safe Operating Pressure: 125 PSI

Compliance With Standards. Central Electrofusion Fittings meet the re-
quirements of ASTM F1055.

‘4. Electrical Requirements and Cooling Times

Fltting Fusion Clamped Total Generator Extension
timein timein cooling KVA Breaker cord size R
seconds minutes time minimum 25 ft. 50 ft.

COUPLINGS: ’
1/2 CTS 20 5 30 1.0 10 #1213 #10/3

‘ 112 IPS 20 5 30 1.0 10 #1213 #10/3
4IPS 25 5 30 1.0 10 #1213 #10/3
1 CTS 25 5 30 1.0 10 #1123 10
1 1PS 40 5 30 1.0 10 M3 10
1 1/4 IPS 45 10 30 1.5 10 #12/3 #10/3
2 IPS 45 10 30 2.5 20 #10/3 # 83
3 IPS 80 10 30 2.5 20 #10/3 # 8/3
4IPS 120 10 45 2.5 20 #10/3 # 83
6 IPS 500 15 1 hour 25 20 #10/3 # 8/3
REDUCERS:
3/4 x 112 CTS 20 S 30 1.0 10 #12/3 #10/3
11PS x 1/2 CTS 25 5 30 1.0 10 #12/3 10
11PS x 122 1PS 30 5 30 1.0 10 #1273 #1013
1 IPS x 3/4 IPS 30 5 30 1.0 10 #1213 #1013
11PS x 1 CTS 30 5 30 1.0 10 #12/3 #10/3
TAPPING TEES:
11/4 x 1 45 10 30 1.0 10 #12/3 #1013
2x1 90 10 30 1.0 10 #12/3 #10/3
3 x? 80 10 30 1.0 10 $12/3 #1013
4 x 1 90 10 30 1.0 10 #12/3 #10/3
6x1 90 10 30 1.0 10 #12/3 #1013

‘ VOLTAGES: 80 Volt Minimum 150 Voit Maximum

| FREQUENCY: 45 to 75 Hertz o
INVERTERS: Yes.
WARNING: A.C. current omy D.C. current can result in camage 10 processor. cGou1Ss .




Property. Method of Test Value Units
Melt Flow Rate ASTM D1238-79 Condition E 0.2 g/10min
Density ASTM D1505 940 Kg/m ,
Tensile Strength ASTM D638-80 19 MN/m

At Yield Type 4 50 mm/min
Elongation ASTM D638-80 300 %
At Break Type 4 50 mm/min
Impact Strength 93 J/m notch
Fitting Diagrams:
~ SELF CHECKING
— ELECTRICAL

POSITIVE SCREW-ON TERMINALS CONNECTOR

PREVENT ACCIDENCL PULL-OUT !

,i\ ]ﬂl CONTINUOUS
T AN ALY
FITTINGS TO CONTROL BOX OF LOCALIZED SHORTING

RESISTANCE WIRE
IS INSULATED WITH
A PE COATING

TO PREVENT DAMAGE

COLD ZONE AT
o—FITTING ENDS

AND SHORT CIRCUITING

AR ARAY

RETAINS MELT

CLEAR CENTER
ZONE PREVENTS
COIL-SHORTING AT
PIPE ENDS

‘O' RING SEAL

LARGE DIA. CUTTER
FOR MAXIMUM FLOW

CENTER STOPS —
REMOVABLE FOR
REPAIR WORK

WIDE COLUMN GIVES HIGH

/ IMPACT RESISTANCE

LARGE FUSION AREA FOR

LW MAXIMUM FUSION EFFECT
l NO HEATING ELEMENT

| 7T IN PATH OF CUTTER

\-ATTACHMENT RIBS : ‘
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S¥ FOR REFERENCE ONLY
oo e A o
*LECTROFUSION FULL COUPLINGS - "INDUSTRIAL" | LEE - ovessrro e s
%7 SUPPLY CO. IN « pIDUSTRIAL * WINING * £10VIROHMENTAL PRODUCTS
D P.O. Box 35 Charleroi, PA 15022
L Phone: 412-483-3543 FAX: 412—48?_-277
NOMINAL iNSIDE DIA. INSIDE DIA. OUTSIDE DIA. STAB DEPTH | UVEMALL HEIGHT | OVERALL LENGTH
SIZE (MAXIMUM) (MINIMUM) (NOMINAL) (MOMINAL) (NOMINAL) (NOMINAL)
ID ID oD v H L

1 IPS "1.339 1.315 1.88 157 2.56 3.30

(33.40 mm) 34.01 mm 34.40 mm 47.75 mmn 39.89 mm 65.02 mm 83.82 mm
1 1/41PS 1.694 1.660 2.27 1.82 3.00 3.70
(42.16 mm) 43.03 mm 42.16 mm 57.66 mm 46.36 mm 76.20 mm 93.98 mm
1 1/71PS 1.934 1.894 2.60 " 1.89 3.27 3.90
(48.26_mm) 49.12 mm 48.11 _mm 66.04 mm 48.01_mm 83.06 mm 99.06 _mm

7 IPS 2.415 2.375 3.76 2.09 3.82 4.31

(60.33 mm) 61.34 mm 60.33_mm 80.26 mm 53.09 mm 97.03 mm 109.47 _mm
2 1/7PS CONDUNT 2.925 2.875 3.50 2.06 4.60 4.25
(73.85 mm) 74.29 mm 73.03_ mm 88.90 mm 52.32 mm 116.84 mm 107.95 mm

3 IPS 3.570 3.500 4.54 . 2.72 . 5.18 5.59
(88.90 mm) 80.68_mm 88.90_mm 115.32_mm 69.09 mm 131.57_mm 141.99_mm
4’ 1PS CONDUIT 4.534 4.500 5.36 3.03 6.18 6.18
(114.30 mm) 115.16 mm 114.30_mm 136.14_mm 76.96_mm 156.97_mm 156.97 mm |

4IPS 4534 ~4.500 5.75 3.00 6.50 6.10
(114.30_mm) 115.16_mm 114.30_mm 146.05_mm 76.20_mm 165.10_mm 154.94_mm .

6 IPS 6715 6.625 8.54 4.10 9.38 8.35
(168.27 mm) 170.56 mm 168.27 mm 21692 m '

8 IPS 8.715 8.625 10.60 n '0:'242.13] = 2381'1‘.;515'""1 212£38mm
(219.07_mm) 221.36_mm 219.07_mm 269.24 mm e 106.17 mm 283.21 mm 215.39 mm
(27; O:’S_ ; 271505350 10.750 13.00 5.69 14.38 11.50

05 mm . mm 273.05 m .

12°1PS 12.850 12.750 = 5:30152,.%0mm mfgﬁm .}Gfal.ggamm :222‘.(1)%0mm
R 1R 30 mm 323.85 mm 381.00 mm 125.48_mm 416.05_mm 254.00 mm

ELECTROFUSION

J@ﬂ%ﬂ%{

575-2-34 B
REV. 5/24/94
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Petro Environmental Technologies, Inc. will instali the liner penetration Qoxes as described
herewith. The procedures described reference Technical Specification Section 13005 and Con-
struction Drawing 90X-6000-G-00217.

1.0 PREPARATION OF SUBGRADE

Construction of the compacted clay liner will be completed to the lines and grades required prior
to actual placement of the liner penetration boxes. The LDS, LCS and Redundant LCS pipes
will have been previously installed and stubbed out at the approximate tie-in location with the
liner penetration box/pipe assembly for each respective piping system. Construction of the com-
pacted clay liner on the West Berm immediately around the piping sections, as shown in Sections
C-D on the plan drawing, will be completed after electrofusion coupling tie-in with the penetra-
tion boxes. Delaying placement of the compacted clay around these stubbed pipe sections will
prevent excavation of the compacted clay, ease in installation of the liner penetration boxes and
ease in the installation of the electrofusion couplings at the specified tie-in points.

- Once the compacted clay liner has been completed to the specified grade over the footprint of

each liner penetration box, the surface area shall be made smooth to obtain close contact between
the clay liner and the penetration box. Should there be poor contact between the two, the clay
surface will be re-graded by hand and recompacted as necessary. Upon achieving the required
intimate contact with the clay, bentonite granules at a rate of 1 1b/ft* will then be applied to the
compacted clay liner over the footprint of the liner penetration box immediately prior to installa-
tion. :

20 BOXINSTALLATION

The liner penetration boxes will be installed at the locations indicated on the Construction
Drawings. The penetration box/pipe assembly will then be welded to the stubbed out portions of
the LDS, LCS and Redundant LCS piping, as appropriate, using electrofusion couplings as
stipulated. The fixed end seals will also be installed where required. Where indicated in the
drawings, or as required to ease in the installation of the HDPE liner, piping joints on the Cell-
side of the piping system will be constructed within approximately 6-inches from the edge of the
penetration boxes. This will ease installation of the HDPE liner and the required extrusion
welding to the lip of the penetration boxes. Once all pipe connections, associated welding, and
the required control points have been surveyed, the area immediately around the LDS, LCS and -
Redundant LCS pipes will be backfilled using a soil-bentonite mix containing at least 10 percent
granulated bentonite by weight. The same mix shall also be utilized to backfill directly around
the liner penetration boxes. Any interface existing between the compacted clay liner and the
liner penetration box will be filled with bentonite granules. Following the completed installation
of the boxes and prior to installation of the HDPE liner, each penetration box will be air pressure
tested in accordance with Technical Specification Section 13005 and any applicable issued De-
sign Change Notices. In the event of any unexplained pressure loss during the course of this test,
the liner penetration box shall be excavated and investigated for leaks. Any liner penetration box
with a pressure leak in which the leak cannot be found and repaired shall be replaced. Upon the
successful completion of the air pressure test, the 10-in. containment pipe with field-installed
fixed end seals, will be air pressure tested using the same procedures as liner penetration boxes.
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After all air pressure testing has been completed and the geomembrane liner has been seamed
to the liner penetration boxes, the air pressure test chamber shall be backfilled with bentonite
granules. Fill holes will be drilled into the liner penetration box’s chamber as required to
complete this phase of work. Once the air pressure test chamber has been completely filled
with the bentonite granules, all test openings and fill holes will be beveled, a beveled-HDPE
plug inserted, and the liner penetration box and plug field-welded with HDPE extrudate.
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PLASTEK WERKS, INC. 5 .
2401 Franklin Blvd. | | 206 2

P.O. Box 5906

Gainesville, Georgia 30504
Phonec (770) 287-8286

Fax (770) 287-3284

I, Kevin Carder, have witnessed the air pressure test on Penetration Box #1. It was tested at 15

psi 1or a period of 30 minutes and had zero leaks.

Dae 77955

Time From: JE-DOQnL To: 3;4—3—z‘>m

Location Plastek Werks, Inc.

2401 Franklin Boulevard

" Gainesville, Georgia 30504

sone K" (1,

Title Fabricator

L - 0600625




PLASTEK WERKS, INC.

2401 Franklin Bivd.

P.O. Box 5906

Gainesville, Georgia 30504
Phonec (770) 287-8286

Fax (770) 287-3284

I, Kevin Carder, have witnessed the air pressure test on Penetration Box #2-A. It was tested at

15 psi for a period of 30 minutes and had zero leaks.

Date 8-4 - 98

Time From: 8?30(.\,0',, To: 3f309m.

Location Plastek Werks, Inc.

2401 Franklin Boulevard

Gainesville, Georgia 30504

Slgnatur € 775//411. ﬁ/ 2

Title Fabricator

0G0026




PLASTEK WERKS, INC. - 206 2

2401 Franklin Blvd. -

P.O. Box 5906 -
. Gainesville, Georgia 30504

Phone (770) 287-8286

Fax (770) 287-3284

I, Kevin Carder, have witnessed the air pressure test on Penetration Box #2-B. It was tested at

15 psi for a period of 30 minutes and had zero leaks.

Date 8-6-%8

Time From: [} 3¢0)a m To: 3 '.305"”\

Location Plastek Werks, Inc.

' 2401 Franklin Boulevard
_. * Gainesville, Georgia 30504

Signature 7)5 o ﬂy//g‘/' y

Title Fabricator

0COo0e?




PLASTEK WERKS, INC.

2401 Franklin Bivd.
P.O. Box 5206 '
Gainesville, Georgia 30504 _

Phone (770) 287-8286

Fax (770) 287-3284

I, Kevin Carder, have witnessed the air pressure test on Penetration Box #3. It was tested at 15

psi for a period of 30 minutes and had zero leaks.

Date g'/d*%

Time From: 2.p0 2m To: -f.pﬁzpm

Location Plastek Werks, Inc.

2401 Franklin Boulevard ‘
" Gainesville, Georgia 30504 .

,
Signature 7/// /49‘ /ﬂ/ ﬂéd

Title Fabrcator

000028
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PLASTEK WERKS, INC.

2401 Franklin 8Ivd.

P.O. Box 5906

Gainesville, Georgia 30504
Phone (770) 287-8286

Fax (770) 287-3284

: 8062

I, Kevin Carder, have witnessed the air pressure test on Penetration Box #4. It was tested at 15

psi for a period of 30 minutes and had zero leaks.

Date _ G- //- 97

Time From: //'30 A.m To:

Location Plastek Werks, Inc.

2401 Franklin Boulevard

" Gainesville, Georgia 30504

Signature ?: ; - /.z, ﬁ/ﬂ/

Title Fabricator

0G00629
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The manufacturer of the HDPE flat stock is: 2 0 6 2
Polymer Industries

P.O. Box 32

Henagar, AL 35978

(205) 657-5197 (Phone)

(205) 657-5189 (Fax)

Polymer Industries is also a member of the National Association of Plastic Distributors. The

product manufactured by Polymer Industries is identified as Black Densetec 500 HDPE pipe

grade material, and is supplied by Ain Plastics. The resin used in the manufacture of the flat

stock sheets is HDPE pipe grade, Marlex HHMTR-480ZC, as manufactured by the Phillips Pe-

troleum Company. The flat stock sheet is distributed to various fabricators requiring such sheet

by: : j
Thyssen Plastic

830 Pickens Industrial Drive, N.E.

Marietta, GA 30062

(404) 427-8152 (Phone)

(404) 427-8879 (Fax)

- HDPE Welding Rod is manufactured by:

V&A Process, Inc.

1230 Colorado Ave.
Lorain, OH 44052
(440) 288-8137 (Phone)

The resin used in the welding rod manufacturing process is identified as HMW Black Resin
3407B, and is provided by:

Fina Oil and Chemical Company

Bayport Plant

P.O. Box 5010

LaPorte, TX 77572

(281) 474-6000 (Phone)

The quality control certifications for all these materials will be submitted upon receipt by Petro
Environmental and completion of the construction of the liner penetration boxes by Plastek
Werks, Inc. -
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Aug 21 8B 08:33a 770-287-3284 p.3

8-20-1998 2:11PM FROM P2

- . CSR PolyPipe
: P.O. Box 198
Erwin, Tennessee 37650

Phone: 423/743-9116 Fax: £23/743-8419

PRODUCT CERTIFICATION

Invoice No.: 5 Customer Name-
Mar k _ Kyves
Plastec  Wherks
Gamaviile, GA 30509

Faxx 2 720-~X¥7-32%%

Dear Customer:
Ahention:
CSR PolyPipe certifies that the listed piping protucts were procduced from resins and concentrates as

determined by and defined in ASTM D1248 or ASTM D3350. Routme mplant inspection, guality control
samaling, and long term testing meets or exceeds the cutsomer specifications or standards listed pelow:

API Spec 15LE X PP Ra\\i}g for PE340%
T CFRTile 48, Part 192 PEL40¢ Type 1, Grade
T AWWA C8501/C906 T P24 Category 5 with Cell
T ASMEB318 Classification of 234433C.
T NSF 14161 D.orE
T CSsA HDB 1250 @ 23°C
T IAPMO \
X ASTMD2513 X PE3408Type I, Grede
Customsar Specification N P34 Category § with Cefl
- Qtassification+of 385434C,
D.orE

HDB 1500 @ 23°
* All blocks that apply to this

shipment
Products: (" PSS SD 11 4STrm RISIA X O
NOTE R‘P_g s cectllenl an Date mecde  oNiy
Centifred By: Position: 0 .C.Lab Technician _ Daie’ 08720798

Love: Il
Revises V66

MG
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770-287-3284

YEHICLE INSPECTION (Gainesville enly) CK:

CORRECTIONS REQUIRED:

DATE;

NOTE: Must be conducted a miniman of once per week.

Note: This form shall be utilized per

Shdobons

{ QAIM ] paragraphs 5.1.1, 5.1.2 and 5.1.3.

sesvBEVY

060637

8-20-1998 2:11PM FROM P
2062
QAIMI
Rev 4/89.
POLY PIPE INDUSTRIES, INC.
INCOMING MATERIALS QUALITY DONTROL REFORT
SUPPLIER: _ Y arron (HLAK WTERIAL: DENF 6092 1oT NARER:  Ls/ S0
DATE RECEIVED: /- 27-77 CAR NRBER: /) ASoxts
GENERAL APPEARANCE: GOOD ___— FAIR POCR _
EXPLANATION: =
P.P. SPEC. VENDOR CERT. P. P. TEST
TOINDEX | e o /g/'? 2
MELY INDEX RATIO 4eq iy
SAELL RATIO
SERCENT MD/ORY
DENSITY
% CARBON BLACK 35 2%
. TENSILE/ELONGATICN '
Yield
Break
ESR
SIGWA FIVE | .
DATE OF TESTS: _J-27-73  APPROVED FOR PRODUCTION BY:  Zam Pl
RUN BY: _ T Plppie CODE NO.: _To 7 DAE: _/-27. 23



Rug 21 S8 0B:33a 770-287-3284

8-20-1998 2:11PM FROM P.a

QAIMI
Rev 4/89

FOLY PIPE INDUSTRIES, INC.
INCOING MATERIALS QUALITY CONTROL REPORT

r TEST NMBER 13010
! # 392
suppLIER: N ovAcol MATERIAL: JN2007 4  LOT NuveER: J-/-/ -/
| oare recmivep: _ Q.13 o noamm: _YAPX 423157
' GENERAL APPEARANGE: GIO5 ¢ FAIR FOOR
EXPLANATION: 19:891%
I
’ P.P. SPEC. VENDCR CERT. P. P. TEST
MELT INDEX o5l ./'52 7-' g7
MELT INDEX RATIO }'J. 793 a_q.b" : / :
SWELL RATIO
'PERCENT MEMORY
DENSITY A7 \N.9¢)
% CARBON BLACK :
TENSILE/ELONGATION
Yield 3239
Break : ‘lg/‘g'/z;o_‘)
B A 92 48
SI3vA FIVE

DATE OF TESTS: 2-/9 12 azprovED 7or wRODUCTION BY: ___Jm Pgpt~—"

RUN BY: ey Hps— " CODE NO.: /U3‘7 DATE: 2°/2-93 -
VEHICLE INSPECTION (Gainesville only) (K: DATE:

CORRECTIONS REQUIRED:

NOTE: Must be conducted 3 minimsm of once per week.

*hsssane

¢ QAIM ! paragraphs 5.1.1, 5.1.2 and 5.1.3,

sBsemdss

Note: This form shall be utilized per

0G0038



| ‘ A Novacor

Rug 21 8B 08B:34a

8-20-1998 2:!2PM FROM

MR. CHARLES JOHNSON

POLY PIPE INDUSTRIES INC.
RIVER VIEW

INDUSTRIAL PARK

ERWIN, TN, UNITED STATES, 37650
Fax: (615) 7438419

NOVACOR CEEMICALS INC. certifies that the pelyethylene

770-287-3284

2062

Novscor Chemicals Ltg,

PQ Box 3042

Sarnia, Ontaro. Canada N7T 7MY

{519) 862.2061
CERTIFICATE OF ANALYSIS Fax (519; B62.1011

Janvary 29, 1993

product described herein meets the regquirements of Novacor

Product Specifications:

Custorer P.O. Number: 3805
e o e NOvacer -Product Designation: HD-2007=H. ...
Novacor Lot Number: 7-1-18380-1
Novacor Blend Number: R24483
Container Number: ' UNPX123182
Product Weight: 82508 kg 181899 1b
Novacor Order Number: 70983-1

Shipment Number/Date: 165588 / January 28, 1993

The following test results were obtained:

PROPERTY . UNITS METHOD RESULTS
FLOW RATE RATIO(5.0) G/10 MIN 24,193
DENSITY G/aM3 0.9467
COLOR B-
GEL RATING . PER 100 SQ 250
ESCR % FAIL > 192 HRS P
TENSILE STRENGTH PSI 4815
TENSILE ELONGATION L1 750.0
YIELD STRENGTH PSI 3234

GRAVEL ’
ALITY CONTROL SUPERVISCR

a sjbsigary of
NOVA Corpotation ¢ Alberts

0COG39
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Aug 21 9B DB:34a 770-287-3284 P.-B

3-20~1998 z2:12PM FROM

2062
PRODUCTION REPORT

Date f7 1 Z2-83 Day of Weex _QCA_ Hours | q ‘/ .. Shm ‘5 Line _s.lA

. - ¢
Size - _ .. C" r SDR JT/ — . Length ﬂ) - No. of Units _i.____

Giads ZER STy astm _OR513 Color .5 Ativai Staix Length ___@._ﬁ___ ,
{
Pigu o Feet _J.CLQ-__._ Scrap Proguced. . \5_ ... Coce ____Z_.___ —

Proa. in Los J f & » Sctap Reciaimed ,_.,-._d_.. o
Theo. Los Prog. P (0o _— Pounds of Ripe Sptit .

Thoo. Wiy _ | ﬂv/ﬂ Min /Max  wall QQZ#Q_{ . Targer d 9'95

" wi @;am — (/‘Q - i 0.D Tolgrance é.é/__[‘/ %G
chnume‘lHaurs __.¢__ Minutes

Cot T Tog T act Wail 1 i Coi 1 Monmor ; Auto Comt. | Ovality
NOS. | Time 0.0. Min./Max Colenglh i Wegnt Cslibration ‘ Yes/Ne Go/Ne Go
Ry — T ; T o
— &3 % r ! :
LT e Sms 4O gy 14 9‘5_‘1 N |G 7R
! | i | .
' { : | | i
ceee — ~tr . T ] e ’
] ! 1 e l . |
- ‘ : } = ————d
; . ! 1 : b e
i - L JF s S B S
1i ' i ! i l ,l -~
SN S i + —_1 g -
] ] l i : ; | j ]
-t ame e | __'___. ___'l BT Y. 1 [
i | | | | | | |
— — 4 : - .-
‘ ! . .
o e ;
' i f I '1‘
e ‘ I —_— , -
- | | ! i l_ ’ : ,_.5
PROCESS DATA: o {

75
Exitusion Rate Fi v 2_2&74)_4__ Los Hr __§_O_%__ e SC'Ew Speeg _ 50 é’ ;

P Coung N
Oive amp 7 / ) -« HB2d Pressure 33 20__._ Stuk‘remo..._.dﬁl.?.... . Temperdture /_&_ —
Vacuum Tank Setings 3. 3 Pin No ___ odl ... BusngNo . o
NCTES ,,,Q_()‘__‘Q)d' oo & Sos

cmmnet L e ae . " e . —— . — -y n—

a T L. . . — e —— i ——
P g
OPERATOR: W L/ 4 V) Qn /O,

Vo

0C0041

Man Hours _¢ — 11111 __L e T



270-287-3284
Aug 21 9B 0B:342

P.8
B-28-1998 2-13PM FROM

~ K B
Date A= /7~27  Dayotine Week_‘.ii@.d_'_,_-- _Hours Worked. X"j _snit___ /7

YELLOW COMPOUNDING DATA
MATERIAL 1S BEING DRAWN FROM SiLO NO.

8

RAIL CAR NO.(/TCX 59223 TYPe Dr-DA-296n __ cooeno. P00
CONCENTRATE BEING USED IS TYPE TS load  ov 9289y _ _coveE_AR93.
151 Check 2nd Chack 2:d Check 4th Cheek
CONCENTRATE WEIGHKT IN OUNCES 2L 33 l
VIRGIN WEIGHT !N OUMCES CLT gC
REGRIND WEIGHT IN QUNCES 2/ Y
TOTAL WEIGHT Sa/ T2 1 ¥2) P6/
PERTENT MIXTURE VIRGIN/COLOR GL 2 Y45 \gr § L S
PERCENT MIXTURE REGRIND TOTAL WEIGHY 732 4L
BLACK COMPOUNDING DATA — Blender No, 1
MATERIAL 1S BEING DRAWN FROM SILO NO. __
RAIL CAR NO. TYPE .J/MZ___. ccoeno .ALLZ
CONCENTRATE BEING USED 1S TYPE e \OT A4S/ . _CODE_ZR7
151 Check 2n2 Cnach 3rc Cheex 4qith Cheek
CONCENTRATE WEIGHT i OUNCES T B b
VIRGIN WEIGHT IN OUNCES /2 &/ /2/ L
REGRIND WEIGHT IN QUNCES £ & A .
| TOTAL WEIGHT 362 L92NUIG Y [
PERCENT MIXTURE VIRGIN/COLOR 2726351927 % K] ZJ_
| PERCENT MIXTURE REGRIND TOTAL WEIGHT 7 2 22N ]
BLACK COMPOUNDING DATA —~ Blender No. 2
MATERIAL IS BEING DRAWN FROM SILO NO. —
RAIL CAR NO. TYPE CODE NO. _. —_
CONCENTRATE BEING USED IS TYPE ___ LOT . . CODE
1st Checw. 2nd Checx 3r¢ Check ath Check
CONCENTRATE WEIGHT IN QUNCES —
VIRGIN WEIGHT iN QUNCES ,
REGAIND WEIGHT IN QUNCES 4N
TCYAL WEIGHT VAR
PEACENT MIXTURE VIRGIN/COLOR .
PERCENT MIXTURE REGRIND TCTAL WEIGHT i
BEND BACK TEST RESULTS
Slight ~Severe
Good Crazing Crazirg Break
‘ Lne T
i Line 2 H
fLine 3 L M~ ;
Lmme 4 S !
Line 5 i J

' certity that | have personally carried out al! of the aoove checks, antd | have checked the orint on each line and the code

used are as $ollows;

F3d05 PE 2456

PEIY

&

une " AL3T T2 7 w2 Lo AG3 v AIT TD 7. e

SIGNEDJW{._. —_—

0G004=

e

s T




770-287-3284
Aug 21 98 08:36a

CSR POLY PIPE Fax;?l?-SS?—QO?a Rug 20 ‘98  12:42 'P. 02707

, /
!
N

DATE:  JUNE 10, 1997

TO: CSR POLY ': ' 2 0 6 2

995 WACO MILL ROAD
SANDERSO . GA 31082

ATIN:  QUALTY wwan FAX: (912) 853057

FROM: sov'nmssﬂcxamcu SERVICES

RE: cmmmcarg OR ANALYSIS

!
PRODUCT TYPE: L s 231 _
- LOTNUMBER; - 5‘71009’4-1' M2 1610086

CUSTOMER P/O#: dousrcmmr“

POUNDS SRIPPED 24,000 2,000 12,000

PELLETWRIGHT 24 24 24

CARBON BLACE % 34.9 N/A N/A

ASH % CNA ‘18 13.8

MELT INDEX NIA 31 34

MELT INDEX 10X 13.1  N/A N/A

T.V. 001 oM 00

THANK YOU, |

—_—— @

CUSTOMER SERVICE

u"’°

Conet » j - P.C. Box 478 (Hohwey 148)
Rty ; 4 Mios Sourn of La Pane
2 : Seabdrook, Tezss 77589

} 4 : : @87) 474-2887

- 63643




A 21 98 08:34a 770-287-3284 p.8
ug :

8-2B-19398 2 13PM FROM

Daté 2 -[7-97 _Day of the Weex__ HLQQ/_'.__- .Hours Worked. X “j _Shi @

YELLOW COMPOUNDING DATA '
MATERIAL 1S BEING DRAWN FROM SILO NO. __.l

RAIL CAR NO. TYPE Dt=D A- 24 &n cooz no. __LPogo
CONCENTRATE BEING USED IS TYPE 728 /oo ¢l Lot 97 89y _ cove _A93.
: 1st Check 2n¢ Chack 270 Check 4th Cheek
CONCENTRATE WEIGHT IN OUNCES 24 I3 |
VIRGIN WEIGHT 'N OUNCES y74As 2g¢<
REGRIND WEIGHT I OUNCES 2/ %n
TOTAL WEIGHT Zal_%2> |22/ 94/
PERCENT MIXTURE VIRGIN/COLOR e 2_45 lof § o F
PERCENT MIXTURE REGRIND TOTAL WEIGHT J.3 2 %65

BLACK COMPOUNDING DATA — Blender No, 1
MATERIAL IS BEING DRAWN FROM SILO NO. -7

RAIL CAR NO. : TYPE A D 2087 CCOE NO .
CONCENTRATE B8ZING USED 1S Tvpe ——— e \OT AS/E%/0 . _ CODE 07
1st Check 2nd Chech 3rz Cheek ath Cheex
CONCENTRATE WEIGHT iN OUNCES 6 2
VIRGIN WEIGHT IN OUNCES /2 &/ [/ 2
REGRIND WEIGHT IN QUNCES e 1A
TOTAL WEIGHT 362 L3264 /Uan
PERCENT MIXTURE VIRGIN/COLOR %272 6351977 5 /.75
| PERCENT MIXTURE REGRIND TOTAL WEIGHT %7 & s 5

BLACK COMPOUNDING DATA — Blender No. 2

MATERIAL IS BEING DRAWN FROM SoNO. _

RAIL CAR NO TYPE COPE NO. _
CONCENTRATE BEING USED IS TYPE ___ LOT .. . .CODE

1st Checr 2nd Cheex Srg Check 4th Check

CONCENTRATE WEIGHT IN QUNCES
VIRGIN WEIGHT iN CUNCES ' ]
REGRIND WEIGHT IN QUNCES J N
TCTAL WEIGHT FVAdM

L PERCENT MIXTURE VIRGIN/COLOR
{PERCENT MIXTURE REGRIND TGTAL WEIGHT

-

BEND BACK TEST RESULTS

Slight Severe
Goog Crazing Crazing Break

ine 1 T
i Line 2 ' ;
“Line 3 M- I i

Lme 4 : ]

Line 5 i : ]
' certity that | hgve personally carried out al! of the aoove €necks, and | have cnecked the print on each line and the code
. ’ . - .

used are a ‘%ugw‘s/o P PE24s( PEZYcE

UNe Y AL3Z T2 7 w2 Lo A53 43 LL29TD7 sa R 7 S

s:cmso:%@d&wﬁ_. ——




770-287-3284
Aug 21 9B 08:36a

<SR POLY PIPE Fax ;912-552—90?4 fug 20 '98  12:42 4P. 02707

' y
! ‘
} LT ]

DATE:  JUNE 10, 1997 <

TO: CSR POLY g , 2 0 6 2

SANDERS ML 31082

ATTN.  QUALITY MANAGER FAX: (912) $53-0579

FROM:  SOUTHWESTICHEMICAL SERVICES

RE: cammcaré OF ANALYSIS

i

PRODUCTTYPR: = 210 21

LOT NUMBER: - 100941 1697712 1610096-1

CUSTOMERP/Os:  CONSIGNMENT

POUNDS SHIPPED 28,000 2,000 12,000

PELLET WRIGHT 26 24 24

CARBON BLACK % 34.9 N/A N/A

ASH % . N/A ' 13.9 13.8

. MELT INDEX NIA 3.1 3.4

MELT INDEX 10X 13.1 N/A N/A

TV, Y 0.04 0.06

THANK YOU, ‘ q

Cotesi : . P.C, Box 478 (Hohuay 148)
Q-:? : * Mtos Boun ol Ln Pary
gramen : Ghnmn& oxae 77580

j (281) 474-2831

060045

.11




Aug 21! 8B 08:36=a 770-287-3284 p.12

CSR POLY PIPE Fex:912-552-9074 Aug 20 '8 12:43  P.0307
b
i ' NOVA Chemicals Lig.
A NOVA Chemicals . Pox! Ofice Bor 3042

Sair.3, Omarna, Canads N7T 808
| Officos ang Piam: 510 Moore Line Roso
: Mooraiown, Orvaria, Cansss NON 1M

N Yelephano (S519) 882-2081

i
i Junc 19, 1997

CSR POLYPIPE l
995 WACO MILL RD

SANDERSVILLE,GA

us |

: .
NOVA CHEMICALS LTD.,, ceftifies thai tha polyethylene product described herein, meets the l
roquirements of Novs's product speaificstion(s) for such product.

Cuatnmer P.O. Nuzwber: CSRSANDERSOONSION i
Nova Product Desigaatiod: HD200TH HOPPER CAR o
Nove Batch Number: MP00C02953 To:??td oy T1-11-91
Container Number: | NCIX1837
Product Weigh(LB): | 13588
Novs Order Number | 300002898 |
Delivery Note Nlﬂbﬂﬂt’m No. 400043021710
Shipment Dae - [ &19/97 !

THE POLLOWING TBST mﬂ.}lﬂ WERE OBTAINED: ;

i

SHARACTERISTIC NAME UNITE RESULTS

Deosity P M) 0.5473

Bulk Density LB 363

Flow Rate 190'5.0 G/10 MIN 0.35

Flow Raic 190021.6 /10 MIN 9.0

Mex Flow Rato 21.6/5.0 RATIO 257

Colour Code - B+

Colows .. : , 114

Gel Count . . 95

M#{.u—‘—,u—g

Joe Gryvel

Quahty Cantral Coordinstor

CONTACTISY '
; . S CHRIS MASSENOALZ
: TR $12-58305%

w A Avsponrestie Crry” Comoany

000046




Rug 21

A INOVA Chemicals

88 0B8:37a 770-287-3284
CSR POLY PIPE Fax:1912-552=9074 Aug 20 'gg  :2:43 P.04s07
| FOIK LTSS DU NG

Sars:s. Onaarie, Cansda N7T 8C9
Oftces ona Pant. 10 Moore Line Roed
Mooretown, Onlno, Caness NON 1| MO
Telepdone: (519) 062-2961

2062

Fctnnfy 23, 1998

CSR POLYPPE

995 WACO MILL RD
SANDERSVILLE,GA
U5 31082

NOVA CHEMICALS LTD,, cipni.'tet that the polyethylene product described herewm, meets the
requirements of Nova's produtt specification(s) for such produst.

Custoroer P.C. Nmbr.; crsndergvills ‘ g
Nova Product Detignati HD20C7H
Novs Basch Numbes: MPO00057S1
Cowtainer Numbes:
mmmw)- 600 (enraste) Y56 20
Nove Order Numbet |
Debivery Notc Nsmmm No. 400089181/10 2 L{_, ?
Shipownt Das - - 22-Ped-98 : 97 ) e
THE FOLLOWING TEST RESULTS WERE OBTAINED.
CHARACTERISTIC NAME ANIIS RESULIS
Plow Rate 190/5.0 0/10 MIN 036
Plow Rate 190/21.6 Q/10 MIN 90
Maelt Plow Ratio 2} /5.0 RATIO 25.0
Daasity . oo 09472
Bulk Deasity LBFT? 354
Oxidation Induction Tﬁno@noc MIN 533
Tonsile Strongth @ Break PSI . 5685
Tensils Streogts @ Yield PS! y Ne7
Rinngation % ] 900
Thermal Stabisty DRCC 264 .4
BSCR, Coad C, F20 . HOUR > 600
NOTB. Thu maswerial meets Cell)iClam 345444 of ASTM D.3350-95.
ESCR result {s 3 minimurn va Mmmmbswmamd\md
Inrnha vhuia
Joe Gravel
Lsb Systems Coordunator
CONTACT(SX ‘ 2
JX MASSENOALE Mo
912-553-05

0G0047

.13



Aug 21 88 0B:37a
CSkR POLY PIPE

770-287-3284

"ex:912-552-9074 fug 20 ‘98 12:43  P.OS07

'D'AT.E:

B | trwest Chomicel Sarvioas

FEBRUARY 27, 1998
TO: CSR POLY PIPE

595 WACO MIIIL ROAD

SANDERSONVILLE, GA 31082 |
ATTN:  QUALITY MANAQGER FAX: (912) $53-0579
FROM:  SOUTHWEST GHEMICAL SERVICES (0
RE: CERTIFICATE EL)F ANALYSIS \JJ 0 :
PRODUCT TYPB: 2153 ? g
LOT NUMBER: iznou.z 11720649  1173084-11 ’5 ’
CUSTOMER P/O #: CONBIANMENT % g
POUNDS SHIPPED 2000 25000 14000
PELLET WEIGHT 23 24 27
CARBON BLACK : s 38.8 M9
MELT INDEX 10X ‘us 129 14.6
MOISTURE 002 003 0.03
THANK YOU,
GERRY ALTMAN
CUSTOMER SERVICE

; P.0, Bax 478 (Mighwey 148)
; . ¢ Misa South of La Pore

000048

.14




Aug 21 8B DB:38a

770-287-3284

CSR POLY PIPE Fax }9!2‘552-9074 Rug 20 'S8 12:44 P. 06707
.! - Ohemion/
| o T
_ R i R e
DATE:  FEBRUARY 24, 1958 2062
T0: CSR POLY PIPE
595 WACO MILL ROAD
SANDERSONVILLE, GA 31082
ATTN:  QUALITY MANAGER FAX: (912) $53-087%
FROM:  SOUTHWEST éxsmc/u. 8ERVICES
‘Bn

: CERTIFICATE [OF ANALYSIS 0
PRODUCTTYPE: 2183 LL) Q g/

~ LOT NUMBER: S T084:10
CUSTOMER P/O¥:  cokacamant O/)
; |
POUNDS SHIPPED 42,000

PELLET WEIGHT 28
CARBON BLACK 344
'MELT INDEX 10X 126
MOISTURE 0.0
THANK YOU,
GERRY ALTMAN
CUSTOMER SERVICE
Contoud ‘ P.0. Row 478 (Hipmway 148)
Quy ¢ Miss Bouth of La Ports
L — Ssatrook, Texss 77806
(281) 4742831

0C0049

.15




Aug 2! 398 0B:39a 770-287-3284

CSR POLY PIPE Fax:‘912-552-9074 fug 20 '9s  12:44 P.Qr/07 -
H Sarnts, Osterte, Conads NTT CP
A NOVA Chemicals iyt
: Mosrvywm, Quians, Canada NON I M0
Tolophone: (319) 1632061

[l
i

Pebeuary 17, 1998
CSR POLYPIPE
995 WACO MILL RD
SANDERSVILLE GA
US 31082 :
NOVA CHEMICALS LTD., dertifies that the polysthylene produst described herein, mests the
requirements of Nova's produgt specification(s) for such produat.
Custamaer P.O. Number: CIREANDEBRSCONSION W 9 ;
Novs Produst Des : HD2007H
Nova Batch Number: MPOO009T16
Cosuipes Number. NCIX823 _q 3 q g
Product Weigh(LB): 108780 , 5
Nova Order Number | 300005432
Delivery Nots Numbes No. 400038151/10 . -
Shipment Date 17-Ped-58
THE POLLOWING TEST &zsdix.rs WERE OBTAINED:
CHARACTERISTIC NAME UNITS RESLLIS
Flow Rats 190/5.0 . G/10MIN 0.33
Flow Rax 190/21.6 . G116 MIN 92
Mot Flow Ratio 21.6/5.0 " RATIO 2683
Deassty fOM3 0.0475
BuXx Denaity . 18T 354
Oxidstion Inductios Time@210  MIN 467
Toasile Suength @ Break ' P8I 6033
Tensie Swangth @ Yisid sl 3263
Elongstion S % . ]
Thonma! Subllity DEQC 266.0
ESCR, Cond C, F20 ~ HOUR > 600

: .
NOTE: This material mosts Coll Clsss 345444 of ASTM D-3350-96.
ESCR result is o mnimum valus! ©20¢ por saok SO0 tommss produced.

ek Vpurn,

Joe Omavel
Lab Systezma Coordiastoc

CONIACTOX
M MASSENGALE
9125830879

0000350
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o SUPPLIER DC ‘ENT SUBMITTAL : . /:? .
FDF PROJECT NUs.: . 20102 X |CONTRACT NUMBER.: FSC-614 SUBMITTAL NO.: 13005-9 REV.: 0 DATE: August 21, 1998 : PAGE 1_OF _III
20402
FROM: PETRO ENVIRONMENTAL TECHNOLOGILES, INC. TO: FDF ENGINEERING/CONS TRUCTION DOCUMENT CONﬁOL. MS 52-7
7400 WILLEY ROAD, MAILSTOP 52-7; TRAILER NO. 504 .
HAMILTON, OI{10 45013-9402 )
E . A 2 y RECEIVEDBY:( ( \ ) Lona EQA POV 2®) DATE:Y"QI i qy
4 Vi SUBMITTAL SUBMITTAL
DOCUMENT FAMILY RESUBMITTAL TYPE ACTION
DOCUMENT
QTY NUMBER REV | PRO | H&S | MED| TRG } CON | ENG | QAC | YES| NO TITLE/DESCRIPTION CFC | INF ASSOCIATED SPECIFICATION A B C
6 |614-PET-043H 0 X X {Fabricator's Cert. of Liner Penetration Boxes X 13005-1.04.B.3 : A

=) [..

[

@ T

- WO o )

o7 cdegelialdadiladal iindduas’

xS

LS4

) DISTRIBUTION
REVIEW I)lS'I'RIBU"-I'ION " CFC DISTRIBUﬁON
“Distribution MS |Distribution MS [{Distribution MS |Distribution MS
"Mike Godber (Approver) 64 |ECDC 52-7 l{lim Jenkins 64 |OSDF Station 64
"Bruce Schweitzer 64 |Vem Taylor 52-0 }|Bruce Schweitzer 64 |ECDC 521
"Jim Jenkins 64 "Mike Godber 64 |Vem Taylor 52-0
IDan Bodine "Dan Bodine 38
. Pl Vel ” ’_Z’ ’
RECEIVED BY: ///’%/////ﬂ/%/‘ DATE: 6 &3 NO COMMENTS A COMMENTS ATTACHED
(SIGN/DATE AND TU A COPY TO ECDC MS 52-7)
RESUBMIT ENTIRE DOCUMENT NUMBER AS: OR RESUBMIT CHANGED DOCUMENT PAGES AS: DOC. NO.: PCN:
(REV. #) (REV. #) (PCN. #)
e e
MMENTS SUBMITTAL ACTION CODE: (BY SUPPLIER) SUPPLIER ACTION CODE: (ECDC) SUPPLIER
NoNE
CFC - CERTIFIED FOR CONSTRUCTION  ]A - ACCEPTED DOCUMENT - CONFORMS
. ()RI‘ ]IN AIJ FORMATION/RECORD B - MINOR COMMENTS - REVISE & RESUB CFC OR INF
"X" APPROPRIATE SUBMITTAL ACTION ABOVE C - REVISE & RESUBMIT




PETRO

environmental . T .

technologies

FLUOR DANIEL FERNALD

SOUTHERN WASTE UNITS (SWUs) EXCAVATION/
ON-SITE DISPOSAL FACILITY (OSDF) (PHASE II) PROJECT
Project Nos. 20102/20402; Contract No. FSC-614

SUPPLIER SUBMITTAL No.: 20102-614-13005-9 (Rev. 0)

FABRICATOR'’S CERTIFICATION OF LINER
PENETRATION BOXES
Section 13005-1.04.B.3

Document No. 614-PET-043H (Rev. 0)

R TN TR AT IO R
! E\: {‘f‘-’l t"“ ; \Y" : Fan ! !'\,J f\
August 21, 1998 [ F:\ 'l !' '\/,
i X et
)4‘\ - Conforms to the Subcontract Requiremenis
Minor Comment - Incorpfrz-2 2nd Resubmit
CCC053

Fzrneld Site Office: PO. Box 249 » Ross, Ohio 45061-0249 » =:2.548.3402 » Fax 5483407
785! Palace Drive « Cincinnah, Ohio 45243 « SI3.4BS6789 « Fax 4897208

8200 Sevile Road + Lodi, Ohio 44254 » 330948B.1494 « Fax 9481933



——— - - .2
. Hug cu 9B u3:lUp 770-287-3284 P

PLASTEK WERKS, INC.

2401 franklin Bivd.
- P.0. Box 5904
: Gainesville, Georgla 30504
Phone (770) 287-8286
Fox (770) 287-3284

|

August 20, 1998

Mr. Rick Schairbaum

PETRO ENVIRONMENTAL TECHNOLOGIES, INC.
P.O. Box 249 :

Ross, Ohio 45061-0249

e

Dear Mr. Schairbaum:

This letter is to certify that Plastek Werks, Inc. has fabricated five (5) Liner Penetration Boxes in July
1998 for your Project #20102. The Liner Penetration Boxes meet all specifications pe¥ Section 13005
\and HDPE pipe and fittings used in the Liner Penetration Boxes meet all specifications per Section

02605.

Sincerely,
W Koo

Mark Kirves

Vice-President
Plastek Werks, Inc.

000054




DOCUMENT ROUTUFI:E SHEET 4
wf::xgcruo. 20102 2 06 2

oate: /24178 i
Project/Contract/P.0. Name O5DF~ -~ / zZ Project/Contraot/P.0. No. /":f‘ C -t

Dooument Title

1. Review the attached Dowms@ﬂlmct and return to DUEDATE 7S/

2. Date and initial the appropriate "box" on this card. 4
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LOCATION: FERNALD, OHIO PROJECT N0Q:_GQ0408 TASK NO.:__04:/
DESCRIPTION: Phage I ' YEAR: _£27%
_PRODUCT TYPE: Bentomat MANUFACTURER: _C€TRo >
a2 INVENTORY Q.A. CONFORMANCE Q.C. DOCUMENTS )
DATE | BATCH / ROLL NO. |QA ID SAD,:pTEED SAMPLE | PASS/| QA ID RE%’E,TEED CHDE%LEED PASS/| QA 1D
(day/mo) (day/mo) NO. FAIL (day/ma) |(day/mo)| FAIL
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........................ g (AL
B U R 7833 . % .......................... o T
N B34 Lo b I
pove® 351 (A Sed laeezt R oJed } B
....................... 13541 0‘{ UUUURUURS IOUUURRUNUUUY UN BUUS IUUUURTY INUUUURU ! SUUUUUROUE IONN TN AOUROR
...................... e (G L
....................... B A
N ! a) ] /
(" AVG. ROLL WIDTH: (30 AVG. ROLL LENGTH: Q‘;l‘w [50.0 )
NUMBER OF ROLLS ABOVE: 24 ACCUMULATIVE NUMBER OF ROLLS: 814
\_ CUMULATIVE AREA: _([L.500 _ NO. OF CONFORMANCE TESTS (page/total): L/ & )
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FERNALD

MATERIAL INVENTORY

DESCRIPTION:
| PRODUCT TYPE: @CQ Bovlomat

(" PROJECT: _ON=SITE_DISPOSAL FACILITY (OSDF)

LOCATION: FERNALD, OHIO

Phose TC

S,

PROJECT NO:_GQ0409 T1ASK NO.:_04./
YEAR: _LZL '
MANUFACTURER: “Baiat . Ce7e0

INVENTORY

Q.A. CONFORMANCE

Q.C.

DOCUMENTS

BATCH / ROLL NO.

DATE
SAMPLED
{day/mo)

QA ID

DATE
RECEIVED
(day/mo)

DATE
CHECKED
(day/mo)

PASS/
FAIL

Y4

AVG. ROLL WIDTH:
NUMBER OF ROLLS ABOVE:

(5.0 +€

5

AVG. ROLL LENGTH:
ACCUMULATIVE NUMBER OF ROLLS: 273
| CUMULATIVE AREA: 627750 K" NO. OF CONFORMANCE TESTS (page/total): —2

/50.07%
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e Hydraulic Conductivity Test Results
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TABLE 1 (‘lue(l)

GEOSYNTHETIC CLAY LINER TEST RESULTTS

!

 FLUOR DANIEL FERNALD
FDF-OSDF-PHASE I CONSTRUCTION

i Microwave Free Swell A Mass Per Ut Hydraulic Conductivity
ite i . era 55 t
Moisture Moisture USP-NE-XVIE verage Mass Fer Tul IXIGRI GCL-2 { |ASTM D 5084 | |ASTM D 5887
Sample Lab e Conten , Area
. “onteit ) A ] .
1o Sawple ©ASTM ASTM Weight of r:mwl:l Swell ASTM\, D 3776 Hydrautic'® Index Flux
Clapse :
No. D 4643 b 216 Bewosite a.p Volume : Conductivity q
Sample Roll Lot e ® Time - Molst Dry cnvs) e
. , cuvs,
No. No. No 0 i) (Iose’y sy o, fa,)is)
GCL-16 37360 97090502 91137 2369
GCL-17 31386 97090512 918 13E9
GCL-18 37604 97000612 9136 4.4E9
GCL-19 37624 97090702 971139 TIES
GCL-20 3490 97081302 97138 2.2E9
GCL-21 34407 97080802 914 2.0E-9
GCL-22 40667 97101002 97)98 2.3E9
97199 i 2.1E-
GCL-B3 40698 97101002 |mcm e [ I S ’
9199.A 1.7E-8
GCL- 24 41651 97102302 97K06 1.6E-9
GCL.-25 41676 97102302 97K07 i 1.3E-9
GCL-26 any 97102402 97K08 1669
GCL-27 41753 97102402 97K09 1.5E9
GCL-28 40697 97101002 971258 9.3E-10
GCL-29 40699 97101002 971259 1.0E-9 ﬂ \R
. 1
Noxe: i . 1
i The test specimens were consolidated at 3 idation yrressure of 5 psi. ‘ w
\} i
— GeoSyntec Consultants
GQ)IGUFW!(!XN.CD A i Geomechenics and Environmental Laborstory




—_— GEOSYNTEC CONSULTANTS Sample ID: GCL-30
ﬂ . Geomechanics and Environmental " | | Project Name: OSDF Phase [l
. s Laboratory Project No.: GQO0409 - ‘
Q ASTM D 5887 ) (" HYDRAULIC CONDUCTIVITY TESTING ) ( Figure )
1.0E-07
2
g
£ 1.0E-08
El
S
o
2
Z 1.0E-09
=
1.0E-10
0 20 40 60 80 100 120 140 160
Time (hr)
1.0E-07
= 1.0E-08
.1-_:.
El
S
O
) 1.0E-09
=
s
3,
1.0E-10 :
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 045 0.5
Pore Volumes (-)
Sample Lab Specimen Initial Condition Consolidation Hydraulic
1D : Sample Dry Unit Weight Moisture Content Pressure, o, Conductivity, k
No. (pcf) (%) (psi) (cmv/s)
GCL-30 98G237 52.2 219 5 2.7E9
Note(s): Lot No.: 199829030 / Roll No.: 7575
As requested by Fluor Daniel Fernald on RCI/DCN Form No.: 20102-008 dated 22 April 1998, the Geomechanics and
Environmental Laboratory has taken thickness measurements within 30 minutes of dismounting the test specimen in order
to determine the hydraulic conductivity.
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GEOSYNTEC CONSULTANTS

Geomechanics and Environmental
Laboratory

Project No.:

Project Name:

Sample ID: GCL-31
OSDF Phasel

GQOES»

2062

( asTMpsss7 ) C HYDRAULIC CONDUCTIVITY TESTING 3( Figure

D)

1.0E-07
g
N2
= 1.0E-08
S
S
=
o
&
2
E 1.0E-09
=
1.0E-10 ‘
0 20 40 60 80 100 120 140 160
Time (hr)
1.0E-07 - -
< 1.0E-08
£
=
s
Q
© 1.0E-09
= :
g - :
= - -
= _ i
- !
) B !
1.0E-10 i
.0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Pore Volumes (-)
Sample Lab Specimen Initial Condition Consolidation Hydraulic
ID Sample Dry Unit Weight Moisture Content Pressure, o, Conductivity, k
No. (pef) (%) (psi) (cm/s)
GCL-31 98G238 49.3 19.5 5 3.3E9

Note(s): Lot No.: 199829030 / Roll No.: 7623

As requested by Fluor Daniel Fernald on RCI/DCN Form No.: 20102-008 dated 22 April 1998, the Geomechanics and
Environmental Laboratory has taken thickness measurements within 30 minutes of dismounting the test specimen in order

to determine the hydraulic conductivity.
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GEOSYNTEC CONSULTANTS

Geomechanics and Environmental
Laboratory

Sample ID: GCL-32
OSDF-Phase i1
GQO0409

Project Name:
Project No.:

( ASTM D 5887 ) C HYDRAULIC CONDUCTIVITY TESTING )( Figure

@

1.0E-08
H L :
£ —e o T
= . 1
= :
5 1.0E-09 ST v b st —
Q ' Z 7 T s
2 ooz ;
2 o ] S R
= L i
|
1.0E-10 :
0 5 10 15 20 25 30 35 40 45 50
Time (hr)
1.0E-08 e - —
i e -
g 1.0E09 ST oL T
g N J _ T I
o I _. -
=
= - - I _
s U e
1.0E-10
0 0.02 0.04 0.06 0.08 0.1 0.12
Pore Volumes (-)
Sample Lab Specimen Initial Condition Consolidation Hydraulic
ID Sample Dry Unit Weight Moisture Content Pressure, o, Conductivity, k
No. (peh) (%) (psi) (cm/s)
GCL-32 98G239 49.7 18.0 5 1.9E-9

Note(s): Lot No.: 199830030/ Roll No.: 7671
As requested by Fluor Daniel Fernald on RC/DCN Form No.: 20102-008 dated 22 April 1998, the Geomechanics and
Environmental Laboratory has taken thickness measurements within 30 minutes of dismounting the test specimen in order

to determine the hydraulic conductivity.
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GEOSYNTEC CONSULTANTS

Geomechanics and Environmental
Laboratory

Sample ID: GCL-33

Project Name:
Project No.:

OSDF -Ph
'‘GQ0409

;%”062 |

|
. (" ASTMD 5887 )

C HYDRAULIC CONDUCTIVITY TESTING 3( Figure

1.0E-07

)

1.0E-08

1.0E-09

Hyil'raulic Conductivity (cm/s)

1.0E-10

1.0E-07

1.0E-08

1.0E-09

Hydraulic Conductivity (cm/s)

1.0E-10
0 0.05 0.1 0.15 - 0.2 0.25 0.3
Pore Volumes (-)
Sample Lab Specimen Initial Condition Consolidation Hydraulic
1D Sample Dry Unit Weight Moisture Content Pressure, o, Conductivity, k
No. (pch (%) (psi) (cmms)
GCL-33 98G240 47.0 18.4 s 2.3E-9

Note(s): Lot No.: 199830030 / Roll No.: 7707

As requested by Fluor Daniel Fernald on RCI/DCN Form No.: 20102-008 dated 22 April 1998, the Geomechanics and
Environmental Laboratory has taken thickness measurements within 30 minutes of dismounting the test specimen in order

to determine the hydraulic conductivity.
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GEOSYNTEC CONSULTANTS

Geomechanics and Environmental
Laboratory

Sample ID: GCL-34
OSDF-Phase 11
GQO409

Project Name:
Project No.:

( ASTM D 5887 ) C HYDRAULIC CONDUCTIVITY TESTING )( Figure )

1.0E-08

S~

1.0E-09

Hydraulic Conductivity (cm/s)

1.0E-10
0 2 4 6 8 10 12 14 16 18 20
Time (hr)

] .OE-OS = w temriemmee— emammmmisiia s va e - - . . mere - . e e e ——
E \ e e e - . :._- JORUOR—
g 1.0E-09 P ——— T mIT "_"’_'Z‘.Z?‘?E‘——‘
= - e - :
=) T T T e TTTTTTT T T
© oL ) N
2
g N - -
ES
: - —— it —— a - - — e e e ]

1.0E-10

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Pore Volumes (-) ’
Sample Lab Specimen Initial Condition Consolidation Hydraulic
1D ' Sample Dry Unit Weight Moisture Content Pressure, o, Conductivity, k
No. (pe) (%) (psi) (cm/s)
GCL-34 98G241 40.2 16.6 5 1.4E-9

Note(s): Lot No.: 199830030 / Roll No.: 7746

As requested by Fluor Daniel Fernald on RCI/DCN Form No.: 20102-008 dated 22 April 1998, the Geomechanics and
Environmental Laboratory has taken thickness measurements within 30 minutes of dismounting the test specimen in order

to determine the hydraulic conductivity.
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GEOSYNTEC CONSULTANTS

Geomechanics and Environmental
Laboratory

Sample ID: GCL-35

Project Name:
Project No.:

OSDF-Phase Il . =
GQO409

2062

ASTM D 5887 ) Q HYDRAULIC CONDUCTIVITY TESTING )( Figure

=

1.0E-07

1.0E-08

1.0E-09

Hydraulic Conduetivity (cnys)

1.0E-10

0 10

1.0E-07

40 50

Time (hr)

60

70

80

1.0E-08

1.0E-09

Hydraulic Conductivity (cm/s)

1.0E-10
0 0.05 .1 Q.1 0.2 0.25
Pore Volumes (-)
Sample Lab Specimen Initial Condition Consolidation Hydraulic
1D Sample . Dry Unit Weight Moisture Content Pressure, o, Conductivity, k
No. (pet) (%) (psi) (cmvs)
GCL-35 98G242 406.6 16.1 5 2.2E-9

Note(s): Lot No.: 199830030 / Roll No.: 7860

As requested by Fluor Daniel Fernald on RCI/DCN Form No.: 20102-008 dated 22 April 1998, the Geomechanics and
Environmental Laboratory has taken thickness measurements within 30 minutes of dismounting the test specimen in order

to determine the hydraulic conductivity.
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GEOSYNTEC CONSULTANTS

‘Geomechanics and Environmental
Laboratory

Project Name:
Project No.:

Sample ID: GCL-36

OSDF-Phase H
GQ0409

|

Q ASTM D 5887 ) (" HYDRAULIC CONDUCTIVITY TESTING

( Figure

<@

1.0E-08 ——e — -
B e —
£ U
El e
£ 1.0E-09 _
o -
= - — e =
g -
8 - S -
=, e e e I
=
1.0E-10
0 5 10 15 20 25 30.
Time (hr)
1.0E-08 - — - ————
g 1.0E-09 o kvt TTTTTI L TmnI :
= I T T T T I T I T
H —_———— - e R
S et e e e AN
= - B ) T
= - . |
(1]
o e e e e e
= ;
= . - SRS SN
|
1.0E-10 i
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Pore Volumes (-)
Sample Lab Specimen Initial Condition Consolidation Hydraulic
1D Sample Dry Unit Weight Moisture Content Pressure, o, Conductivity, k
No. (pch) (%) (psi) (cns)
GCL-36 98G243 51.4 13.6 5 1.6E-9

Note(s): Lot No.:

199830030 / Roll No.: 7893

As requested by Fluor Daniel Fernald on RC/DCN Form No.: 20102-008 dated 22 April 1998, the Geomechanics and
Environmental Laboratory has taken thickness measurements within 30 minutes of dismounting the test specimen in order
to determine the hydraulic conductivity.
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GEOSYNTEC CONSULTANTS

Geomechanics and Environmental

Laboratory

Sample ID: GCL-37 _

Project Name:

Project No.:

OSDF

GQO40£a.se ”2 0 6 2

j

( ASTM D 5084 ) C HYDRAULIC CONDUCTIVITY TESTING ) Q Figure

1.0E-08 — — — -
£ e —< e %o s
< . !
Z 1.0E-09 s LT ?
© . g P :
2 - — -
g O
E _ B UNUNU FA -
1.0E-10
0 10 20 30 40 50 60 70 80
Time (hr)
1.0E-08 —
B o
2 1.0E-09 _— - :
: : - :
o i
2 ;
; e
S |
1.0E-10 !
0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Pore Volumes (-)
Sampie Lab Specimen Initial Condition Consolidation Hydraulic
D Sample Dry Unit Weight Moisture Content Pressure, o, Conductivity, k
No. (pch (%) (psi) (cmis)
GCL-37 08149 44.6 20.0 5 1.6E-9

Note(s): Lot No.: 199839030 / Roll No.: 13539

As requested by Fluor Daniel Fernald on RCI/DCN Form No.: 201027008 dated 22 April 1998, the Geomechanics and
Environmental Laboratory has taken thickness measurements within 30 minutes of dismounting the test specimen in order
to determine the hydraulic conductivity.
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e Direct Shear Test Results
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 30G

Test Specimen Configuration (from top to bottom) and Placement Conditions:
‘ . upper shear box: rigid substrate with textured steel gripping surface;

. Bentomat ST GCL (GCL-30) with woven geotextile against geomembrane. GCL's initial
moisture content was 22.5%. GCL's final moisture content ranged from 64 to 84 % for the
test series;

] 80-mil GSE Hyperfrictionflex geomembrane (GM-20); and

e lower shear box: bedding layer of compacted concrete sand.

. _Test Interface: GCL against geomembrane

Test Procedures for Each Normal Stress Condition:

. A fresh specimen of concrete sand was compacted into the lower shear box by hand
tamping to a relatively dense state under dry conditions forming a 3 in. thick bedding layer.

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the
lower shear box with mechanical compression clamps.

‘ : e A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper
shear box with mechanical compression clamps. The GCL was oriented so that the woven
__geotextile component of the GCL was in contact with the geomembrane.

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The
textured steel gripping surface was used to minimize slippage between the upper geotextile
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform
transfer of shear load onto the test interface. '

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under a
normal stress of 3 psi.

Consolidation conditions: After the 168 hour soaking period, the tap water was drained,
and the entire test specimen was consolidated for 48 hours under each test normal stress.

Test normal stresses: 5, 20, and 45 psi. ‘ -

. Constant shear displacement rate: 0.004 in/min.

The direction of shear for each interface direct shear test was in the direction of
manufacture (machine direction) of the geosynthetic samples.

Each test was sheared until 2 minimum total shear displacement of 2 in. was achieved.

B
s A4

e*’eo\

o R

GQO0409-04/F9850001.TCP 98.08.05 -
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 301

Test Specimen Configuration (from top to bottom) and Placement Conditions:
o upper shear box: rigid substrate with textured steel gripping surface;

. Bentomat ST GCL (GCL-30). GCL's initial moisture content was 22.6%. GCL's
final moisture content ranged from 56% to 100% for the test series; and

*  lower shear box: rigid substrate with textured steel gripping surface.
Designated Shear Plane: Within GCL
Test Procedures for Each Normal Stress Condition:

e A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed
between two rigid wooden substrates with textured steel gripping surfaces. The
ends of each geotextile were then sandwiched between a second rigid wooden
substrate prior to testing. The entire test specimen was then placed in the shear
box to provide confinement for the exposed bentonite component. The textured
steel gripping surfaces were employed to minimize slippage between each
geotextile component of the GCL and rigid wood substrate, therefore providing a .
relatively uniform transfer of shear load onto the GCL specimen.

e  Soaking conditions: The GCL specimen was soaked in tap water for 168 hours
under a normal stress of 3 psi.

¢  Consolidation conditions: After the 168 hour soaking period, the tap water was
drained, and the GCL specimen was consolidated for 48 hours under each test
normal stress.

. Test normal stresses: 5, 20, and 45 psi.

e  Constant shear displacement rate: 0.004 in/min.

. The direction of shear for each internal direct shear test was in the direction of
manufacture (machine direction) of the Bentomat ST GCL sample.

. Each test was sheared until a minimum total shear displacement of 2 in. was
achieved. '

B
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FLUOR DANIEL FERNALD
ON—-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000

§ TEST SERIES NUMBER 30I: INTERNAL STRENGTH OF
BENTOMAT ST GCL (GCL—30) UNDER SOAKED AND
7000 CONSOLIDATED CONDITIONS -

TEST CONDITIONS

g
1

]
Q
3
[T
AN
o
o
e
2]

o
<]
]
S
]

SOAKING: 16B hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

SHEAR FORCE (ibs)
)
3
|

W
)
Q
S
l

LR | |
0.0 D.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

DISPLACEMENT (in.)

NOTES: (1) A constant area of 1 ft* was assumed when computing normal
and shear stresses.

2; Intermal shear failure within GCL was observed. M
3) Partial internal shear failure within GCL was observed. é S
Qed‘*'@(?&
o7 DATE TESTED: 22 TO 31 JULY 1998
J— ‘ j FIGURE NO. Cc—1
smmemtn. GEOSYNTEC CONSULTANTS PROJECT NO. GO0409-04
DOCUMENT NO. FAR50001
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY
~ ﬂﬂgq FILE NO.

-




FLUOR DANIEL FERNALD
ON-—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

50
i TEST SERIES NUMBER 30I: INTERNAL STRENGTH OF
45— BENTOMAT ST GCL (GCL—30) UNDER SOAKED AND
i CONSOLIDATED CONDITIONS
40 — MEASURED SHEAR STRENGTHS
1 oo = 5.0 psi, Toesx = 5.5 psi, 7p = 2.0 pai
35 o0, = 20.0 psi, Tpeax = 11.0 psi, Tp = 3.6 psi
— 0, = 45.0 psi, Tpeak = 24.6 psi, Tp = 6.3 psi
.F) —
&30_ EA 8 26 345 psf; R? 0.991
same PEAK : = ¥ = s = (0.
@ - aeems LD STRENGTH: 6 = 67 o = 210 psf; R = 1.000 j
E 25 — . «
- SOAKING: 168 hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress
% 20— SHEAR RATE: 0.004 in./min.
B
15 —
7] {4)
10 — L
. -
5— //
~
- .
o717 T T T T T T T T T T T T T T T
o 5 10 15 20 25 30 35 40 45 50

NORMAL STRESS (psi)

NOTES: (1) The reported totol—stress shear étrength parameters aof friction
anale and adhesion were determined from o best—fit line drawn through the
test data. Caution should be exercised in using the strength paramefers

for applications involving normal stresses outside the range of s
.gtresses covered by the test series. q
(2) The Iar%e distp ocement shear strength (7) was calculoted 6 ()
using the shear force at the end of each test.
3 ?ntemo! shear failure within GCL was observed.
4) Paortial internal failure within GCL was observed. eé
T DATE TESTED: 22 TO 31 JULY 1998 ‘
Am— FIGURE NO. Cc—-2
A U,
samumem. GE0SYNTEC CONSULTANTS PROJECT NO. GQ0409--04

DOCUMENT NO. _F9850001
FILE NO.

SOILQ—GEOSYNTHETIC INTERACTION TESTING LABORATORY

ocnORe
LSAvA=a- aeaus
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FLUOR DANIEL FERNALD
ON-=-SITE DISPOSAL FACILITY
PHASE 2 CONSTRUCTION
DIRECT SHEAR TESTING

8000
— TEST SERIES NUMBER 30G: BENTOMAT ST GCL éGCL—SO)
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN
7000 —| 80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM-20)
UNDER SOAKED AND CONSOLIDATED CONDITIONS
TEST CONDITIONS
6000 — ———————— e
o sooee g, = 5.0 psi
-~ ssssn g, = 20,0 psi
—~ o, = 45.0 psi
8 5000 —
L - ,
2 SOAKING: 168 hrs at 3 psi
O 4000 — CONSOLIDATION: 48 hrs at each stress
e SHEAR RATE: 0.004 in./min.
x -
:ﬁ: .
& 3000 —
1

NOTES: (1)

| |
1.2 15 1.8
DISPLACEMENT (in.)

The shear box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

For each test, shear failure was observed to occur at the intended

(2) |
interface. ' wewed -3 A"S
(245
T - DATE TESTED: 25 JULY TO 3 AUGUST 1998
— FIGURE NO. c-3
smzmmzn. GEOSYNTEC CONSULTANTS PROJECT NO. 6Q0409—-04
DOCUMENT NO. F9850001
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY
o ‘ ) FILE NO.

Y
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FLUOR DANIEL FERNALD
ON-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

7 TEST SERIES NUMBER 30G: BENTOMAT ST GCL éGCL—:SO)
45 — WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN
80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—20)
- UNDER SOAKED AND CONSOLIDATED CONDITIONS

40 — .

B MEASURED SHEAR STRENGTHS

35 — o, = 5.0 psi, Tpek = 2.4 psi, Tp = 1.8 psi
—~ on = 20.0 pSi, Tpek = 7.2 psi, Tw = 4.6 psi
] O, = 45.0 psi, Tpeax = 17.5 psi, Tp = 10.6 psi
< 30 .
n
il | 8 = 21 25 R = 0.996

sese PEAK : =21% g, = H = 0.

g 25— senss D STRENGTH: "85 = 13° ap = '?gfpsf; R* = 0.996 .
?E 2071 SOAKING: 168 hrs at 3 psi _
(7] - CONSOLIDATION: 48 hrs at each stress -

SHEAR RATE: 0.004 in./min.

-—d
o
]

10 —

| I
(¢ S 10 15 20 25 30 35 40 45 50
NORMAL STRESS (psi)

NOTES: (1) The reported totol~stress sheor strength parameters of friction

an%le and adhesion were determined from a best—fit line drawn through the
test data. Caution should be exercised in using the strength paramefers.
for opplications involving normal stresses outside the range of ’
stresses covered by the test series.

(2) The lurzie displacement shear strength gm) wos calculated
using the shegr force at the end of each test. 4
(3) For each test, shear failure was observed to occur at the intended 5 A"j 1

interface.
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 311

Test Specimen Configuration (from top to bottom) and Placement Conditions:

upper shear box: rigid substrate with textured steel gripping surface;

Bentomat ST GCL (GCL-31). GCL's initial moisture content was 22.4%. GCL's
final moisture content ranged from 62% to 95% for the test series; and

lower shear box: rigid substrate with textured steel gripping surface.

Designated Shear Plane: Within GCL

Test Procedures for Each Normal Stress Condition:

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed
between two rigid wooden substrates with textured steel gripping surfaces. The
ends of each geotextile were then sandwiched between a second rigid wooden
substrate prior to testing. The entire test specimen was then placed in the shear
box to provide confinement for the exposed bentonite component. The textured
steel gripping surfaces were employed to minimize slippage between each
geotextile component of the GCL and rigid wood substrate, therefore providing a
relatively uniform transfer of shear load onto the GCL specimen.

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours
under a normal stress of 3 psi.

Consolidation conditions: After the 168 hour soaking period, the tap water was
drained, and the GCL specimen was consolidated for 48 hours under each test
normal stress. ‘

S ° ™

- - Test normal stresses: 5, 20, and 45 psi.
e  Constant shear displacement rate: 0.004 in/min.
o The direction of shear for each internal direct shear test was in the direction of
manufacture (machine direction) of the Bentomat ST GCL sample.
e  Each test was sheared until a minimum total shear displacement of 2 in. was
achieved. ’
"2.@\1 ‘w)‘b\b(’
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FLUOR DANIEL FERNALD
ON—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000
TEST SERIES NUMBER 31l: INTERNAL STRENGTH OF
N BENTOMAT ST GCL (GCL—31) UNDER SOAKED AND
CONSOLIDATED CONDITIONS
7000 —
_ TEST CONDITIONS
R b,, = 5.0 psi
6000 — wesee g = 20.0 psi
e g, = 450 psi

SOAKING: 168 hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

0
o
<3
(<3
|

SHEAR FORCE (Ibs)
&
3
|

"
&
o
S
|

O —TT T T T T T T T T T T T T T T T
Q.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

DISPLACEMENT (in.)

NOTES: (1) A constant area of 1 ft* was assumed when computing normal
and shear stresses.
22; Internal shear failure within GCL was observed.

3) Partial internal shear failure within GCL was observed. q%

R \O e B

wtlﬂ’) s\QQ

- DATE TESTED: 27 JULY TO 5 AUGUST 19

— FIGURE NO. C—1
smnmmsn. GEOSYNTEC CONSULTANTS PROJECT NO. GQ0409—-04
DOCUMENT NO. FO850002

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY FENG.

UMOU%&




= 2062

FLUOR DANIEL FERNALD
ON-—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

W
&
|

SHEAR STRESS (psi)
8 B
L 1|

TEST SERIES NUMBER 31l: INTERNAL STRENGTH OF
BENTOMAT ST GCL (GCL—31) UNDER SOAKED AND
CONSOLIDATED CONDITIONS

MEASURED SHEAR STRENGTHS

o, = S50 psi, T = 6.8 psi, Tp = 2.7 psi

a, = 20.0 pSi, Tpex = 15.6 psi, Tp = 5.4 psi

0, = 45.0 psi, Tpeax = 29.7 psi, Tp = 9.2 psi
eeese PEAK : 6, = 30% g, = 580 gsti R* =, 1.000

wmemm |D STRENGTH: 6 = 9° ap = 290 psf; R = 0.998 -

SOAKING: 168 hrs ot 3 psi
CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

15 —
10— —
~
.o S~
4 -
0T T T T T T T T T T T T T T T
0

5 10 . 15 20 25 - 30 35 40 45 S0
- NORMAL STRESS (psi)

NOTES: (1) The reported total—stress shear strength parameters of friction

- stresses covered b

angle and adhesion were determined from a best—fit line drawn through the
test dato. Caution should be exercised in using the strength paramefers
for applications involving normal stresses outside the range of

the test series.

(2? The Iar?‘e displocement shear strength (7)) wos calculated

usin ear force at a shear displacement of 2 in. for each test.

the s
3) Tnternal shear failure within GCL bserved. : q8
43 Partial internal failure within GCL was observed. o L8\ hvy
| AVSVD 0
oY
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 31G

Test Specimen Configuration (from top to bottom) and Placement Conditions:

. upper shear box: rigid substrate with textured steel gripping surface;

. Bentomat ST GCL (GCL-31) with woven geotextile against geomembrane. GCL's initial
moisture content was 22.9%. GCL's final moisture content ranged from 67 to 77% for the
test series; '

. 80-mil GSE Hyperfrictionflex gecomembrane (GM-20); and

] lower shear box: bedding layer of compacted concrete sand.

Test Interface: GCL against geomembrane

Test Procedures for Each Normal Stress Condition:

. A fresh specimen of concrete sand was compacted into the lower shear box by hand
tamping to a relatively dense state under dry conditions forming a 3 in. thick bedding layer.

. A fresh specinien of geomembrane was trimmed from the bulk sample and attached to the
lower shear box with mechanical compression clamps.

. A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper
shear box with mechanical compression clamps. The GCL was oriented so that the woven
geotextile component of the GCL was in contact with the geomembrane.

. A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The
textured steel gripping surface was used to minimize slippage between the upper geotextile
component of the GCL and rigid wooden substrate, therefore providing a relatively umform
transfer of shear load onto the test interface.

. Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under a
normal stress of 3 psi.

. Consolidation conditions: After the 168 hour soaking period, the tap water was drained,
and the entire test specimen was consolidated for 48 hours under each test normal stress.

L Test normal stresses: 5, 20, and 45 psi.
. Constant shear displacement rate: 0.004 in/min.

. The direction of shear for each interface direct shear test was in the direction of
manufacture (machine direction) of the geosynthetic samples.

. Each test was sheared until a minimum total shear displacement of 2 in. was achieved.
Qe
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FLUOR DANIEL FERNALD
ON—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000

- TEST SERIES NUMBER 31G: BENTOMAT ST GCL éGCL—31)
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN
7000 ~— 80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—20)
UNDER SOAKED AND CONSOLIDATED CONDITIONS

TEST CONDITIONS
8000 -H. —————————————

i
Q
3
i
N
o
(@]
§el
1]

8
3
|

SOAKING: 168 hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress:
SHEAR RATE: 0.004 in./min.

SHEAR FORCE (Ibs)
it ‘
8
|

&
3
1

|
Q.0 4 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0
‘ DISPLACEMENT (in.)

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

. (2) For each test, shear failure was observed to occur at the intended

interface. ol \otw-\o‘%
| 'Q&\‘.‘w) N
- DATE TESTED: 27 JULY TO 7 AUGUST 1998
m— ) FIGURE NO. c—7
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FLUOR DANIEL FERNALD
ON-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

S0
7 TEST SERIES NUMBER 31G: BENTOMAT ST GCL éGCL—S])
45 — WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN
. 80-mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—20)
- UNDER SOAKED AND CONSOLIDATED CONDITIONS
40 — MEASURED SHEAR STRENGTHS
7] g, = 5.0 psi, Tpeax = 4.0 psi, Tw = 2.2 psi
35 — o, = 20.0 psi, Toex = 12.0 psi, Tp = 5.5 psi
- a, = 45.0 psi, Tpesx = 24.6 psi, Tp = 12.3 pai
og- -
~ 30—  eeess PEAK : 8, = 27% g, = 225 gsf; R* = 1.000
) | w=amm LD STRENGTH: 6,5 = 14% ap = 105 psf; R? = 0.997
A A A1
0 o5 ./
% SOAKING: 168 hrs at 3 psi -
— CONSOLIDATION: 4B hrs at each stress
% 20 SHEAR RATE: 0.004 in./min. ‘
u ‘
n -
15 —
- -
10 —
5_.
- | s L )
~
OT——T T T T 1T T 17 T T T [ T T T T T T 11
o 5 10 15 20 25 30 35 40 45 50

NORMAL STRESS (psi)

NOTES: (1) The reported total—stress shear strength parameters of friction
angtle and adhesion were determined from a best—fit line drown through the
test data. Caution should be exercised in ugsing the strength parameters
for applicotions involving normal stresses outside the range of
. stresses covered by the test series.
(2) The large displacement shear strength (7.,) was calculated-

using the shear force at the end of each test. 9%
(3) For each test, sheor failure was observed to occur at the intended \OM
interface. R
—QL\] o ol
- DATE TESTED: 27 JULY TO 7 AUGUST 19'
. FIGURE NO. C—4
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TEST PROCEDURES AND CONDITIONS & 2 0 6 2
TEST SERIES NUMBER: 321

Test Specimen Configuration (from top to bottom) and Placement Conditions:

upper shear box: rigid substrate with textured steel gripping surface;

Bentomat ST GCL (GCL-32). GCL's initial moisture content was 22.8%. GCL's
final moisture content ranged from 59% to 86% for the test series; and

lower shear box: rigid substrate with textured steel gripping surface.

Designated Shear Plane: Within GCL

Test Procedures for Eachr Normal Stnss Qonditiqn:

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed
between two rigid wooden substrates with textured steel gripping surfaces. The
ends of each geotextile were then sandwiched between a second rigid wooden
substrate prior to testing. The entire test specimen was then placed in the shear
box to provide confinement for the exposed bentonite component. The textured
steel gripping surfaces were employed to minimize slippage between each
geotextile component of the GCL and rigid wood substrate, therefore providing a
relatively uniform transfer of shear load onto the GCL specimen.

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours
under a normal stress of 3 psi.

Consolidation conditions: After the 168 hour soaking period, the tap water was

drained, and the GCL specimen was consolidated for 48 hours under each test
normal stress.

Test normal stresses: 5, 20, and 45 psi.
Constant shear displacement rate: 0.004 in/min.

The direction of shear for each internal direct shear test was in the direction of
manufacture (machine direction) of the Bentomat ST GCL sample.

Each test was sheared until a minimum total shear displacement of 2 in. was
achieved.
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 32G

Test Specimen Configuration (from top to bottom) and Placement Conditions:

upper shear box: rigid substrate with textured steel gripping surface;

Bentomat ST GCL (GCL-32) with woven geotextile against geomembrane. GCL's initial
moisture content was 22.7%. GCL's final moisture content ranged from 53 to 86 % for the
test series;

80-mil GSE Hyperfrictionflex geomembrane (GM-23); and

lower shear box: bedding layer of compacted concrete sand.

Test Interface: GCL against geomembrane

Test Procedures for Each Normal Stress Condition:

A fresh specimen of concrete sand was compacted into the lower shear box by hand
tamping to a relatively dense state under dry conditions forming a 3 in. thick bedding layer.

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the
lower shear box with mechanical compression clamps.

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper
shear box with mechanical compression clamps. The GCL was oriented so that the woven
geotextile component of the GCL was in contact with the geomembrane.

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The
textured steel gripping surface was used to minimize slippage between the upper geotextile
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform
transfer of shear load onto the test interface.

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under a
normal stress of 3 psi.

Consolidation conditions: After the 168 hour soaking period, the tap water was drained,
and the entire test specimen was consolidated for 48 hours under each test normal stress.

Test normal stresses: 5, 20, and 45 psi.
Constant shear displacement rate: 0.004 in/min.

The direction of shear for each interface direct shear test was in the direction of
manufacture (machine direction) of the geosynthetic samples.

Each test was sheared until a minimum total shear displacement of 2 in. was achieved.
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FLUOR DANIEL FERNALD
ON-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000
TEST SERIES NUMBER 32i: INTERNAL STRENGTH OF
7 BENTOMAT ST GCL (GCL—32) UNDER SOAKED AND
CONSOLIDATED CONDITIONS
7000 —
_ TEST CONDITIONS
*oooe g, = 5.0 psi
6000 — senes g, = 200 psi
_ g, = 45.0 psi
—~ SOAKING: 168 hrs at 3 psi
2 5000 — CONSOLIDATION: 48 hrs at each stress
2 SHEAR RATE: 0.004 in./min. -
uJ —
O
x
O 4000 —
L |
o -
.
& 3000 —
2000 — / (2)
1000 — /
- - & (3)
0

T T T 17 T 1T 7 1 T T T 711
1.2 1.5 1.8
DISPLACEMENT (in.)

NOTES: (1) A constant area of 1 ft* was assumed
and shear stresses.
@
3

Partial mternul shear failure within GCL

when computing nermal

Internal shear failure within GCL was observed.

was observed.
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DATE TESTED: 29 JULY TO 7 AUGUST 1998
— , FIGURE NO. C—1
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FLUOR DANIEL FERNALD
ON-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

TEST SERIES NUMBER 32I: INTERNAL STRENGTH OF
45— BENTOMAT ST GCL (GCL—32) UNDER SOAKED AND
CONSOLIDATED CONDITIONS

MEASURED SHEAR STRENGTHS

4,0_.
4 O, = 5.0 psi, Tpeak = 6.4 psi, Tp = 3.1 psi
0n = 20.0 pSi, Tpeak = 16.5 psi, T = 5.9 psi
354 o0, = 450 psi, Toex = 31.4 psi, Tp = 11.0 psi A
- e
eeese PEAK : 325 =

8 = g, = 515 pst; R! = 0.999
30 - magay LD STRENGTH: 8 = 11% ap = 63" psf; R® = 0.999

SOAKING: 168 hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress
| SHEAR RATE: 0.004 in./min.

)
o
|

(3)

SHEAR STRESS (psi)
o
|

-
a
]

NORMAL STRESS (psi)

NOTES: (1) The reparted total—stress shear strength parameters of friction
angle and adhesion were determined from a besat—fit line drawn through the
tes% data. Caution should be exercised In using the strength parameters
for applications involving normal stresses outside the range of
stresses covered by the test seriesa.
(2? The lorge displacement shear strength () was calculated
n

us| ? the shear torce at a shear displacement of 2 in. for each test. ) Qb‘
23; ntemnal shear failure within GCL was observed. Lku"‘
4) Partial internal failure within GCL was observed. - ). \
DATE TESTED: 29 JULY TO 7 AUGUST 19‘
L FIGURE NO. cC-1
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FLUOR DANIEL FERNALD
ON—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000

~ TEST SERIES NUMBER 32G: BENTOMAT ST GCL éGCL—32)
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN
7000 —| 80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—23)
UNDER SOAKED AND CONSOLIDATED CONDITIONS

TEST CONDITIONS

6000 - = —————— e — e ——
oo g, = 5.0 psi

~ seses g, = 20.0 psi

o, = 45.0 psi

SOAKING; 168 hrs at 3 psi
= CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

SHEAR FORCE (lbs)
8 )

8 3

| |

Ol

T T I
Q.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0
DISPLACEMENT (in.)

'NQOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

(2) For each test, shear failure was observed to occur at the intended

interface. ' A \LWO“"
™
"Revd A
DATE TESTED: 29 JULY TO 10 AUGUST 1398
— FIGURE NO. o :
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FLUOR DANIEL FERNALD
ON-—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

50
N TEST SERIES NUMBER 32G: BENTOMAT ST GCL (GCL—-32)
45 — WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN
80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—23)
- UNDER SOAKED AND CONSOLIDATED CONDITIONS
4,0_-
i MEASURED SHEAR STRENGTHS
35 — G, = 5.0 psi, Tpeak = 3.7 psi, To = 2.3 psi
— _ o, = 20.0 psi, Tpesx = 11.1 psi, Tw = 6.8 psi
® on = 45.0 psi, Tpex = 215 psi, 7w = 13.7 psi
& 55 .
esans PEAK : 8, = 24°% q, = 250 psf; R* = 0.998
§ - amm=s (D STRENGTH: 6o = {6 0w = 155 psf; R® = 1.000
0 25— )
N SOAKING: 168 hrs at 3 psi
— CONSOUIDATION: 48 hrs at each stress -~
- 0. in./min.
% _|  SHEAR RATE: 0.004 in./mi
20
T
n i
157 1
10—
5—.
- e
T+ —"
-
7T T T T T T T T T T T T T T T T
a 5 i0 15 20 25 30 35 4Q 45 50

NORMAL STRESS (psi)

NOTES: (1) The reported tatal—stress shear strength parameters of friction
angle and adhesion were determined from a best—fit line drawn through the
test data. Caution should be exercised in using the strength parameters
for applications involving normal stresses outside the range of
stresses covered the test series.
(2) The lar?‘e displacement shear strength th) wos calculated
using the shear &rce at the end of each test.

(3) in?grf?:%g.\ test, shear failure was observed to occur at the intj;jd\?’wma\%
eviwrt g 0
DATE TESTED: 28 JULY TO 10 AUGUST 1‘
p— : FIGURE NO. C_4
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. ‘ TEST PROCEDURES AND CONDITIONS 2062
TEST SERIES NUMBER: 331

Test Specimen Configuration (from top to bottom) and Placement Conditions:
. upper shear box: rigid substrate with textured steel gripping surface;

. Bentomat ST GCL (GCL-33). GCL's initial moisture content was 23.1%. GCL's
final moisture content ranged from 59% to 89% for the test series; and

e  lower shear box: rigid substrate with textured steel gripping surface.
Designated Shear Plane: Within GCL
Test Procedures for Each Normal Stress Condition:

e A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed
between two rigid wooden substrates with textured steel gripping surfaces. The
ends of each geotextile were then sandwiched between a second rigid wooden
substrate prior to testing. The entire test specimen was then placed in the shear
box to provide confinement for the exposed bentonite component. The textured
steel gripping surfaces were employed to minimize slippage between each
geotextile component of the GCL and rigid wood substrate, therefore providing a
relatively uniform transfer of shear load onto the GCL specimen.

e  Soaking conditions: The GCL specimen was soaked in tap water for 168 hours
under a normal stress of 3 psi.

e  Consolidation conditions: After the 168 hour soaking period, the tap water was
drained, and the GCL specimén was consolidated for 48 hours ‘under each test
normal stress.

-»  Test normal stresses: 5, 20, and 45 psi.

e  Constant shear displacement rate: 0.004 in/min.

o The direction of shear for each internal direct shear test was in the direction of
manufacture (machine direction) of the Bentomat ST GCL sample.

e  Each test was sheared until a minimum total shear displacement of 2 in. was
achieved.
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 33G

Test Specimen Configuration (from_top to bottom) and Placement Conditions:

upper shear box: rigid substrate with textured steel gripping surface;

Bentomat ST GCL (GCL-33) with woven geotextile against geomembrane. GCL's initial
moisture content was 23.2%. GCL's final moisture content ranged from 65 to 82% for the
test series;

80-mil GSE Hyperfrictionflex geomembrane (GM-23); and

lower shear box: bedding layer of compacted concrete sand.

Test Interface: GCL against geomembrane

Test Procedures for Each Normal Stress Condition:

A fresh specimen of concrete sand was compacted into the lower shear box by hand
tamping to a relatively dense state under dry conditions forming a 3 in. thick bedding layer.

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the
lower shear box with mechanical compression clamps.

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper
shear box with mechanical compression clamps. The GCL was oriented so that the woven
geotextile component of the GCL was in contact with the geomembrane.

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The
textured steel gripping surface was used to minimize slippage between the upper geotextile
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform
transfer of shear load onto the test interface. '

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under a
normal stress of 3 psi.

Consolidation conditions: After the 168 hour soaking period, the tap water was drained,
and the entire test specimen was consolidated for 48 hours under each test normal stress.

Test normal stresses: 5, 20, and 45 psi.
Constant shear displacement rate: 0.004 in/min.

The direction of shear for each interface direct shear test was in the direction of
manufacture (machine direction) of the geosynthetic samples.

Each test was sheared until a minimum total shear displacement of 2 in. was achieved.

el Ve 18
Qﬂ“wiwf

GQO0409-04/F9850004.TCP 2 98.08.14

000105




. 2062

FLUOR DANIEL FERNALD
ON—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000
7] TEST SERIES NUMBER 33I: INTERNAL STRENGTH OF
2000 — BENTOMAT ST GCL (GCL—33) UNDER SOAKED AND
CONSOLIDATED CONDITIONS
TEST CONDITIONS
8000 -| = ——m——————————
' | eseses g = 5.0 psi
- saawe g = 20.0 psi
o, = 45.0 psi

o
o
]
1S3
|

SOAKING: 168 hrs at 3 psi -
- CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

SHEAR FORCE (Ibs)
)
3
|

w
e
S}
&S
|

. T |
0.0 D.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0
DISPLACEMENT (in.)

NOTES: (1) A constant area of 1 ft* was assumed when computlng normal
‘ and shear stresses.

2) Internal shear failure within GCL was observed.

J) Partial internal shear failure within GCL was observed.
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FLUOR DANIEL FERNALD
ON-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

TEST SERIES NUMBER 33I: INTERNAL STRENGTH OF
45— BENTOMAT ST GCL (GCL—33) UNDER SOAKED AND
_ CONSOLIDATED CONDITIONS

40 — MEASURED SHEAR STRENGTHS

7] a, = 5.0 psi, Tpeax = 6.1 psi, g = 2.6 pai
35 — 0, = 20.0 psi, Tpeak = 14.0 psi, Tp = 4.7 psi
3 0, = 45.0 psi, Tpesx = 25.8 psi, Tp = 9.5 psi
30—  eeess PEAK : 8, = 26% g, = 550 psf; R? = 0.998
ssans | D ENGTH: 8p = 10% ay = 0 psf; R = 0.992 ~

SOAKING: 168 hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress
20 — SHEAR RATE: 0.004 in./min.

SHEAR STRESS (psi)
&
1

15 —
. _sa— W
~ .
T.-a-
O T T T 1T T 7 T T T T T T T T T T T T T
S 10 15 20 25 30 35 40 45 S0

NORMAL STRESS (psi)

NOTES: (1) The reported total—stress shear strength parameters of friction
an%Ie and adhesion were determined from a best—fit line drawn thraugh the
test data. Caution should be exercised in using the strength paramefers
for applications involving normal stresses autside the range of
stresses covered b|y the test series.

(2) The large displacement shear strength (75) was calculated
usm? the shear torce at a shear displacement of 2 in. for each test.
n

33 temal shear failure within GCL was observed. Q%
4) Partial internal failure within GCL was observed. . J\“W
ot
DATE TESTED: 1 TO 10 AUGUST 199‘
. FIGURE NO. C—2
smmemss GEOSYNTEC CONSULTANTS PROJECT NO. 6Q0409-04
DOCUMENT NO. F9850004
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY FILENO.
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FLUOR DANIEL FERNALD
~ON—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000

- TEST SERIES NUMBER 33G: BENTOMAT ST GCL éGCL—33)
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN

7000 — 80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—23)

UNDER SOAKED AND CONSOUIDATED CONDITIONS

TEST CONDITIONS
8000~ = ——————— e

o
o
]
S
|

SOAKING: 168 hrs at 3 psi
-] CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

SHEAR FORCE (lIbs)
&
3
|

o
o)
S}
(3
]

) | '
a.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 24 2.7 3.0
DISPLACEMENT (in.)

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

(2) For each test, shear failure was observed to occur at the intended

interface. ) Y \-TW)\OQ%
WG
DATE TESTED: 3 TO 12 AUGUST 1988
— FIGURE NO. C=3
ammemamn. Gr0SYNTEC CONSULTANTS PROJECT NO. GQO409—04
DOCUMENT NO. F3850004
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY ——

DURY
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FLUOR DANIEL FERNALD
ON—-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

50
7 TEST SERIES NUMBER 33G: BENTOMAT ST GCL éGCL—33)
45 — WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN
80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—23)
— UNDER SOAKED AND CONSOLIDATED CONDITIONS
40 —
i MEASURED SHEAR STRENGTHS
35 — o, = 5.0 psi, Tpek = 4.6 psi, Tp = 2.8 psi
— | on = 20.0 pSi, Tpesx = 12.3 psi, T = 6.8 psi
D On = 45.0 psi, Tpe = 21.7 psi, T = 13.3 psi
\% 30 — .
7))
L | 8, = 23° 430 psf; R* = 0.993
esess PEAK : = s = H = Q.
E 25—  sauas LD STRENGTH: 6 = 15 ap = 230 psf; R? = 1.000 _
% 20 — SOAKING: 168 hrs at 3 psi
T CONSOLIDATION: 48 hrs at each stress
n - SHEAR RATE: 0.004 in./min.
C—7TT1T T 1T T T 17 T 1 T T T 1 T T T 7 T 11
0 S 10 18 20 25 30 35 . 4 45 50

NORMAL STRESS (psi)

NOTES: (1) The reported totai—-stress shear strength parameters of friction
angle and adhesion were determined from a best-—fit line drawn through the
test -data. Caution should be exercised in using the strength paroameters
for applications involving normal stresses outside the range of
stresses covered by the test series.
(2) The large displacement shear strength (7,) was calculated
using the shear force at the end of each test.

(3) For each test, shear failure was observed to occur at the intended ‘r“?\‘o

interface. . \’l

LoV g

DATE TESTED: 3 TO 12 AUGUST 1998 ‘
— FIGURE NO. C—4
sammemsm. GEOSYNTEC CONSULTANTS PROJECT NO. GQ0409-04
DOCUMENT NO. FSR50004
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY -
‘ NAend AQ | FILENO.
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TEST PROCEDURES AND CONDITIONS 2 O 6 2
TEST SERIES NUMBER: 341

Test Specimen Configuration (from top to bottom) and Placement Conditions:

upper shear box: rigid substrate with textured steel gripping surface;

Bentomat ST GCL (GCL-34). GCL's initial moisture content was 21.1%. GCL's
final moisture content ranged from 56% to 96% for the test series; and

lower shear box: rigid substrate with textured steel gripping surface.

Designated Shear Plane: Within GCL

Test Procedures for Each Normal Stress Condition:

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed
between two rigid wooden substrates with textured steel gripping surfaces. The
ends of each geotextile were then sandwiched between a second rigid wooden
substrate prior to testing. The entire test specimen was then placed in the shear
box to provide confinement for the exposed bentonite component. The textured
steel gripping surfaces were employed to minimize slippage between each
geotextile component of the GCL and rigid wood substrate, therefore providing a
relatively uniform transfer of shear load onto the GCL specimen.

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours
under a normal stress of 3 psi.

Consolidation conditions: After the 168 hour soaking period, the tap water was
drained, and the GCL specimen was consolidated for 48 hours under each test
normal stress. ‘

» Test normal stresses: 5, 20, and 45 psi.

e  Constant shear displacement rate: 0.004 in/min.

o The direction of shear for each internal direct shear test was in the direction of
manufacture (machine direction) of the Bentomat ST GCL sample.

. Each test was sheared until a minimum total shear displacement of 2 in. was
achieved.

A%
Ky \%N'w‘
Vv’ gt
I GQ0409-04/F9850005. TCP 1 98.08.18
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1998 GeoSyntec Consultants

TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 34G

Test Specimen Configuration (from top to bottom) and Placement Conditions:

. upper shear box: rigid substrate with textured steel gripping surface;

. Bentomat ST GCL (GCL-34) with woven geotextile against geomembrane. GCL's initial
moisture content was 21.5%. GCL's final moisture content ranged from 59 to 83 % for the-
test series;

. 80-mil GSE Hyperfrictionflex geomembrane (GM-23); and

. lower shear box: bedding layer of compacted concrete sand.

Test Interface: GCL against geomembrane

Test Procedures for Each Normal Stress Condition:

. A fresh spécimen of concrete sand was compacted into the lower shear box by hand
tamping to a relatively dense state under dry conditions forming a 3 in. thick bedding layer.

. A fresh spécirhen of geomembrane was trimmed from the bulk sample and attached to the
lower shear box with mechanical compression clamps.

. A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper
shear box with mechanical compression clamps. The GCL was oriented so that the woven
geotextile component of the GCL was in contact with the geomembrane.

. A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The
textured steel gripping surface was used to minimize slippage between the upper geotextile
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform
transfer of shear load onto the test interface.

. Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under a
normal stress of 3 psi.

. Consolidation conditions: After the 168 hour soaking period, the tap water was drained,
and the entire test specimen was consolidated for 48 hours under each test normal stress.

. Test normal stresses: 5, 20, and 45 psi.
. Constant shear displacement rate: 0.004 in/min.

. The direction of shear for each interface direct shear test was in the direction of
manufacture (machine direction) of the geosynthetic samples.

. Each test was sheared until a minimum total shear displacement of 2 in. was achieved.

ag
Sl
YJNRW D\H‘
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FLUOR DANIEL FERNALD
ON—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000

TEST SERIES NUMBER 34l: INTERNAL STRENGTH OF
| BENTOMAT ST GCL (GCL—34) UNDER SOAKED AND
7000 CONSOLIDATED CONDITIONS

TEST CONDITION
6000 —|- ———————m e
s g, =

weewe g, = 20.0 psi

On

o
&
©
S
]

SOAKING: 168 hrs at 3 psi
CONSOUDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

SHEAR FORCE (ibs)
8 S

3 8

1 |

O4—T T T T T T ¢ 7 T T T T T 7 1T T 71
a.0 0.3 0.6 0.9 1.2 1.5 1.8 24 2.4 2.7 3.0

DISPLACEMENT (in.)

NOTES: (1) A constant area of 1 ft* was assumed when computing normal
and shear stresses. '

223 Internal shear failure within GCL was observed.

3) Partial internal shear failure within GCL was observed. \gk\*"‘w’
W
i D
DATE TESTED: 3 TO 14 AUGUST 1998
m— FIGURE NO. C—1
ammamemn. GEOSYNTEC CONSULTANTS EECC’JUE;ETN:‘FO@ GQ0409-—04
SGTB-GEOSYNTHETIC INTERACTION TESTING LABORATORY —T - F9850005
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FLUOR DANIEL FERNALD
ON—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

50 .
- TEST SERIES NUMBER 34i: INTERNAL STRENGTH OF
BENTOMAT ST GCL (GCL—34) UNDER SOAKED AND
45 — CONSOLIDATED CONDITIONS
- _
MEASURED SHEAR STRENGTHS
4,0_. ———————————————————————————————————
g, = 5.0 psi, Tpeak = 6.3 psi, Tw = 1.7 psi
7 o, = 20.0 psi, Tpeak = 16.5 psi, Tw = 4.2 psi
35 g, = 45.0 psi, Tpeax = 322 psi, Tp = 87 psi
— - e
a . = 33" g, = TR =
S 30 amam Enwsrémsmf'aw 33.1'09;" ap S5 'ps; r 2% %00
"))
&a SOAKING: 168 hrs at 3 psi
¥ o5 CONSOLIDATION: 48 hrs at each stress
% SHEAR RATE: 0.004 in./min.
x
S 20—
o
n -
15 —
10 — _
. 5 7
r
O—4—7T 71T T 17 7T T 1 T ¢ 1 71 171717171717
Q 5 1 15 20 25 30 35 40 45 50

NORMAL STRESS (psi)

NOTES: (1) The reported total—stress shear strength parometers of friction
angle and adhesion were determined from a best—fit line drawn through the
test dato. Coution should be exercised in using the strength parameters

for applications involving normal stresses outside the range of

stresses covered by the test series. q%
(2) The Iur%e displacement shear strength {1y} was calculated P
usm? the shear force at o shear displacement of 2 in. for each test. \/
3; Intemal shear failure within GCL was observed. 09' :
4) Partial internal failure within GCL was observed. - oV -b\ea
. "\z gV
DATE TESTED: 3 TO 14 AUGUST. 199
R cee FIGURE NO. A o
P AN PROJECT NO na
amnmman. GEOSYNTEC CONSULTANTS Q040904

SGR-GEOSYNTHETIC INTERACTION TESTING LABORATORY

DOCUMENT NO.

FO850005

FILE NO.

Payatat o e
LUASAw = —=




. 2062

FLUOR DANIEL FERNALD
ON-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION
- DIRECT SHEAR TESTING

8000

- TEST SERIES NUMBER 34G: BENTOMAT ST GCL (GCL-—34)
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN

7000 —| 80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—23)

UNDER SOAKED AND CONSOLIDATED CONDITIONS

.
N TEST CONDITIONS
80004 = ——————————————
sooee g, = 5.0 psi
- -—u-u-a-a Oy, = 20.0 pSI
Armlrtr—tra a'n = 45.0 ps|

o
o
)
3
l

SOAKING: 16B hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

SHEAR FORCE (lbs)
3
o
[}
|

2000 —
1000 —
0 ] ] ] { 1 | 1 | 1l | ] | | I i F—[—l
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 24 27 30

DISPLACEMENT (in.)

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

(2) For each test, shear failure was dobserved to occur at the intended

interface. .w)b& p.u"‘ﬂw
PZERgA\) v\.,(’
DATE TESTED: 5 TO 14 AUGUST 1998
o . FIGURE NO. C-3
ammemgm. GEOSYNTEC CONSULTANTS PROJECT NO. GQ0409-04
v DOCUMENT NO. F9850005
SOI@EOSYNTHETIC INTE.RACT_ION TE%TING LABORATORY FILE NO.
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FLUOR DANIEL FERNALD
ON—-SITE DISPOSAL FACILITY
PHASE 2 CONSTRUCTION
DIRECT SHEAR TESTING
50 :
T TEST SERIES NUMBER 34G: BENTOMAT ST GCL éGCL—34)
45 — WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN (/
80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—23)
- UNDER SOAKED AND CONSOLIDATED CONDITIONS
40 —
- MEASURED SHEAR STRENGTHS
35 — g, = 5.0 psi, Tpok = 3.1 psi, Tp = 2.0 psi
~ on = 20.0 psi, Tpek = 8.4 psi, Tw = 5.0 psi
\3/.30_4 0, = 45.0 psi, Tpeax = 20.2 psi, 7p = 11.2 psi
A -
o ssess PEAK : 8, = 23% g, = 65 psf: R* = 0.995
OB‘ 25 asanr LD STRENGTH: *6 = {5 Qp = psf; R? = 0.997
. _
% ~
20 - SOAKING: 168 hrs at 3 psi .
L CONSOUDATION: 48 hrs at each stress
W 4 SHEAR RATE: 0.004 in./min.
15 —
_J ——
10 —
5 —
- i 4:
T 7 T T 1T T T T 17 v T T 1 T 1 T 11
0 5 10 18 20 25 30 35 44 45 50

NORMAL STRESS (psi)

NOTES: (1) The reported total—stress shear strength parameters of friction
an%le and adhesion were determined from a best—fit line drawn through the
test dato. Caution should be exercised in using the strength parameters
for applications involving normal stresses outside the range of .
stresses covered by the test series.

(2) The Iar%e displacement shear strength ‘ru,t) was calculated al
using the shear force at the end of each test. P‘uﬁ‘(
(3) For each test, shear failure was observed to occur at the intended - ¢ W
interface. . U"‘} Wy
R
DATE TESTED: 5 TO 14 AUGUST 199
— FIGURE NO. C—4
armmssn. (GEOSYNTEC CONSULTANTS PROJECTNO_____ GQO409-04
DOCUMENT NO. F9850005
SQW-GEOSYNTHETIC INTERACTION TESTING LABORATORY
\VASA Y v w=S
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1998 GeoSyntec Consultants

TEST PROCEDURES AND CONDITIONS _ © () § 2
TEST SERIES NUMBER: 351

Test Specimen Configuration (from top to bottom) and Placement Conditions:

upper shear box: rigid substrate with textured steel gripping surface;

Bentomat ST GCL (GCL-35). GCL.'s initial moisture content was 24.6%. GCL's
final moisture content ranged from 54% to 91% for the test series; and

lower shear box: rigid substrate with textured steel gripping surface.

Designated Shear Plane: Within GCL

Test Procedures for Each Normal Stress Condition:

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed
between two rigid wooden substrates with textured steel gripping surfaces. The
ends of each geotextile were then sandwiched between a second rigid wooden
substrate prior to testing. The entire test specimen was then placed in the shear
box to provide confinement for the exposed bentonite component. The textured
steel gripping surfaces were employed to minimize slippage between each
geotextile component of the GCL and rigid wood substrate, therefore providing a
relatively uniform transfer of shear load onto the GCL specimen.

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours
under a normal stress of 3 psi.

Consolidation conditions: After the 168 hour soaking period, the tap water was
drained, and the GCL specimen was consolidated for 48 hours under each test
normal stress. ~

Test normal stresses: 5, 20, and 45 psi.
Constant shear displacement rate: 0.004 in/min.

The direction of shear for each internal direct shear test was in the direction of
manufacture (machine direction) of the Bentomat ST GCL sample.

Each test was sheared until a minimum total shear displacement of 2 in. was
achieved.

Revite T pee

GQO0409-04/F9850006.TCP. oy 1 98.08.19
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 35G

Test Specimen Configuration (from top to bottom) and Placement Conditions:

upper shear box: rigid substrate with textured steel gripping surface;

Bentomat ST GCL (GCL-35) with woven geotextile against geomembrane. GCL's initial
moisture content was 23.7%. GCL's final moisture content ranged from 54 to 81 % for the
test series;

80-mil GSE Hyperfrictionflex georhembrane (GM-26); and

lower shear box: bedding layer of compacted concrete sand.

Test Interface: GCL against geomembrane

Test Procedures for Each Normal Stress Condition:

A fresh specimen of concrete sand was compacted into the lower shear box by hand
tamping to a relatively dense state under dry conditions forming a 3 in. thick bedding layer.

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the
lower shear box with mechanical compression clamps.

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper
shear box with mechanical compression clamps. The GCL was oriented so that the woven
geotextile component of the GCL was in contact with the geomembrane.

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The
textured steel gripping surface was used to minimize slippage between the upper geotextile
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform

transfer of shear load onto the test interface.

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under a
normal stress of 3 psi.

Consolidation conditions: After the 168 hour soaking period, the tap water was drained,
and the entire test specimen was consolidated for 48 hours under each test normal stress.

Test normal stresses: 5, 20, and 45 psi.
Constant shear displacement rate: 0.004 in/min.

The direction of shear for each interface direct shear test was in the direction of
manufacture (machine direction) of the geosynthetic samples.

Each test was sheared until a minimum total shear displacement of 2 in. was achieved.

GQO0409-04/F9850006.TCP 2 0@@11 9 98.08.19
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FLUOR DANIEL FERNALD
ON-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000 -
TEST SERIES NUMBER 35I: INTERNAL STRENGTH OF
-1 BENTOMAT ST GCL (GCL—35) UNDER SOAKED AND
CONSOLIDATED CONDITIONS =~
7000 —
_ TEST CONDITIONS
seeeee g, = 50 psi
6000~ ' wmewsg, = 20.0 psi
o, = 45.0 psi

SOAKING; 168 hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

o
S
S
S
l

1

SHEAR FORCE (lbs)
3 )

8 8

| 1

2000 —

@
1000 —

@
o717 T T T T T 17 T T T T T 1 T T 11

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0
' DISPLACEMENT (in.)

NOTES: (1) A constant area of 1 ft* was assumed when computing nermal
and shear stresses.
22; Internal shear failure within GCL was observed.

3) Partial internal shear failure within GCL was observed. e
A N
Ve el
DATE TESTED: 5 TO 17 AUGUST 19498
—_ FIGURE NO.‘ C__']
Ammemtn. GEOSYNTEC CONSULTANTS |  LoSei0 GQ0409-04
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY Ob@ibr&m o 0 F9850006




FLUOR DANIEL FERNALD
ON—-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

50
- TEST SERIES NUMBER 35!: INTERNAL STRENGTH OF
BENTOMAT ST GCL (GCL—35) UNDER SOAKED AND
45 — CONSOLIDATED CONDITIONS
] MEASURED SHEAR STRENGTHS
40+ e
Oy = 5.0 psi, Tpoax = 6.7 psi, Tw = 2.7 psi
T on = 200 psi, Teeax = 15.9 psi, T = 5.5 psi
35— 0, = 45.0 psi, Tpeax = 29.0 psi, Tp = 9.1 psi
C seese PEAK : 3, = 29% g, = 615 psf; R* = 0.998
& 30| anuas LD STRENGTH: 65 = 'O o = 2 0 psf: R* = 0.995 - -
a i
& ,5_| SOAKING: 168 hrs at 3 psi
3 CONSOLIDATION: 48 hrs at each stress
| SHEAR RATE: 0.004 in./min.
% 20 —
i
n _
15—
10_ —
e
C—r—T—T T 17 T 17 T T 7 T 7 T T 17 T 11
a S 10 15 20 25 30 35 40 45

NORMAL STRESS (psi)
NOTES: (1) The reported total—stress shear strength parameters of friction

gn%le and adhesion were determined from a best—fit line drawn through the
es

data.
for applications involving normal stresses outside the range of
gtresses covered by the test series.
(2) The lar%e displacement shear strength (75) was calculated-
usm? the s
n

Caution should be exercised in using the strength parameters

ear force at a shear displacement of 2 in. for each test. A

3 temal shear failure within GCL was observed.
243 Partial internal failure within GCL was observed. A\ N)""
DATE TESTED: 5 TO 17 AUGUST 1996‘
:- FIGURE NO. C=2
ammmmen. GEOSYNTEC CONSULTANTS PROJECT NO. GQ0409—04
DOCUMENT NO. F9850006
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY FILE NO
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FLUOR DANIEL FERNALD
ON-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000

- TEST SERIES NUMBER 35G: BENTOMAT ST GCL (GCL~-35)
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN

7600 — 80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—26)

UNDER SOAKED AND CONSOUIDATED CONDITIONS

TEST CONDITIONS
. 6000 = e e

sosee g, = 8.0 psi
- sewea g, = 20,0 psi
osaa g, = 450 psi

o
©
o
S
|

N SOAKING: 168 hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

SHEAR FORCE (lbs)
3
8
L

N
&
3
[5)
|

0.0 0.3 0.6 0.9 1.2 15 1.8 2.1 2.4 2.7 3.0
DISPLACEMENT (in.)

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

(2) For each test, shear failure was observed to occur at the intended

interface. : ' u& \o\wqe
RN
DATE TESTED: 8 TO 17 AUGUST 1998
o FIGURE NO. C—3
ammamam. GEOSYNTEC CONSULTANTS PROJECT NO. GQO409-04
DOCUMENT NO. ’ J‘—9850006
SOIL-GEQSYNTHETIC INTERACTION TESTING LABORATORY FILE NO




FLUOR DANIEL FERNALD
ON—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

50

7 TEST SERIES NUMBER 35G: BENTOMAT ST GCL I§GCL—35)
45 — WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN
80-mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—26)
. UNDER SOAKED AND CONSOLIDATED CONDITIONS

- MEASURED SHEAR STRENGTHS

= 5.0 psi, Tpeaxk = 2.5 psi, Tp =
on = 20.0 psi, Tpesk = 10.1 psi, T = 5.5 psi
= 45.0 psi, Tpex = 19.7 psi, Tp =

esass PEAK : 5, = 23% g, = 120 psti R = 0995
-  wsams D STRENGTH: 8 = 14% ap = 105 psf; R® = 0.999

SOAKING: 168 hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress -
20—  SHEAR RATE: 0.004 in./min. ,

SHEAR STRESS (psi)
]
1

a S 10 15 20 25 30 35 40 45 30
NORMAL STRESS (psi)

NOTES: (1) The reported total—stress shear strength parameters aof friction
angle and adhesion were determined from a best—fit line drawn through the
test dato. Caution should be exercised in using the strength parameters:
for applications involving normal stresses outside the range of'
stresses covered by the test series.
(2) The Iur%e disp acement shear strength gu,) was calculated
using the shear force at the end of each test. _
(3) For each test, shear failure was observed to occur at the intended okt q9

interface
. \q
vV 4 >/
DATE TESTED: 8 TO 17 AUGUST 1998 ‘
— FIGURE NO. o4
-__ PROJECT NO

amemam. GE0SYNTEC CONSULTANTS : GQN409--04

DOCUMENT NO. FARKANOE
SOIL-GEQSYNTHETIC INTERACTION TESTING LABORATORY FILE NO.
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’ TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 361 . 92062
Test Specimen Configuration (from top to bottom) and Placement Conditions:

. upper shear box: rigid substrate with textured steel gripping surface;

) Bentomat ST GCL (GCL-36). GCL's initial moisture content was 22.8%. GCL's
final moisture content ranged from 58% to 86% for the test series; and

e  lower shear box: rigid substrate with textured steel gripping surface.
Designated Shear Plane: Within GCL
Test Procedures for Each Normal Stress Condition:

e A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed
between two rigid wooden substrates with textured steel gripping surfaces. The
ends of each geotextile were then sandwiched between a second rigid wooden
substrate prior to testing. The entire test specimen was then placed in the shear
box to provide confinement for the exposed bentonite component. The textured
steel gripping surfaces were employed to minimize slippage between each

. geotextile component of the GCL and rigid wood substrate, therefore providing a
relatively uniform transfer of shear load onto the GCL specimen.

e  Soaking conditions: The GCL specimen was soaked in tap water for 168 hours
under a normal stress of 3 psi.

e - Consolidation conditions: After the 168 hour soaking period, the tap water was
drained, and the GCL specimen was consolxdated for 48 hours under each test
normal stress.

"o Test normal stresses: 5, 20, and 45 psi.

e  Constant shear displacement rate: 0.004 in/min.

. The direction of shear for each internal direct shear test was in the direction of
manufacture (machine direction) of the Bentomat ST GCL sample.

) Each test was sheared until a minimum total shear displacement of 2 in. was
achieved.
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 36G

Test Specimen Configuration (from top to bottom) and Placement Conditions:

upper shear box: rigid substrate with textured steel gripping surface;

Bentomat ST GCL (GCL-36) with woven geotextile against geomembrane. GCL's initial
moisture content was 23.0%. GCL's final moisture content ranged from 55 to 97% for the
test series;

80-mil GSE Hyperfrictionflex geomembrane (GM-26); and

lower shear box: bedding layer of compacted concrete sand.

Test Interface: GCL against geomembrane

Test Procedures for Each Normal Stress Condition:

A fresh specimen of concrete sand was compacted into the lower shear box by hand
tamping to a relatively dense state under dry conditions forming a 3 in. thick bedding layer.

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the

~ lower shear box with mechanical compression clamps.

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper
shear box with mechanical compression clamps. The GCL was oriented so that the woven
geotextile component of the GCL was in contact with the geomembrane.

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The
textured steel gripping surface was used to minimize slippage between the upper geotextile
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform
transfer of shear load onto the test interface. '

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under a
normal stress of 3 psi.

Consolidation conditions: After the 168 hour soaking period, the tap water was drained,
and the entire test specimen was consolidated for 48 hours under each test normal stress.

Test normal stresses: 5, 20, and 45 psi.
Constant shear displacement rate: 0.004 in/min.

The direction of shear for each interface direct shear test was in the direction of
manufacture (machine direction) of the geosynthetic samples.

Each test was sheared until a minimum total shear displacement of 2 in. was achieved.
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FLUOR DANIEL FERNALD
ON-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000
TEST SERIES NUMBER 36I: INTERNAL STRENGTH OF
] BENTOMAT ST GCL (GCL—36) UNDER SOAKED AND
CONSOLIDATED CONDITIONS
7000 — *
TEST CONDITIONS
eeesee g, = 5.0 psi
8000 — sassa g, = 20.0 psi
aaaaa g = 450 psi

SOAKING: 168 hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

o
<]
=]
S
]

SHEAR FORCE (lbs)
B
8
1

&
]
]
()
|

OC4+—T T 7T T T T T T T T T T T T T T
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

DISPLACEMENT (in.)

NOTES: (1) A constant area of 1 ft* was assumed when computing normai
and shear stresses.
223 Internal shear failure within GCL was observed.

3) Partial internal shear failure within GCL was observed.
Gos
¢/24]18
DATE TESTED: 10 TO 19 AUGUST 1998
— FIGURE NO. C—1
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FLUOR DANIEL FERNALD
ON-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

- TEST SERIES NUMBER 36l: INTERNAL STRENGTH OF
BENTOMAT ST GCL (GCL—-36) UNDER SOAKED AND
45 — CONSOLIDATED CONDITIONS

7 *  MEASURED SHEAR STRENGTHS

On = 5.0 psi, Tpeesx = 7.2 PSi, To = 2.1 psi
4 0, = 20.0 psi, Tpeak = 183 psi, Tp = 6.3 psi
on = 45.0 psi, Tpek = 33.5 psi, Tw = 10.9 psi -~
35 — e
’ [
;g/. 30 ] aere S ReneTH e 212 o 2B8 ‘p;'f; R
4 SOAKING: 168 hrs at 3 psi
L CONSOQOLUIDATION: 48 hrs at each stress
g 25— SHEAR RATE: 0.004 in./min.
T
n

O1—TT T T 1T T 7 T T T T T T T T T
0 5 10 18 20 25 30 3 44 4 50

NORMAL STRESS (psi)

NOTES: (1) The reported total—stress shear strength parameters of friction
an%Ie and adhesion were determined from a best—fit line drawn through the
test data. Caution should be exercised in using the strength paramefers
for applications involving normal stresses outside the range of
stresses covered bly the test series.
(2) The large displacement shear strength (7)) was calculated
usm? the shear force ot a shear displacement of 2 in. for each test.
3) Intermal shear failure within GCL was observed.
4) Partial internal failure within GCL was observed.
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=_ FIGURE NO. Cc=9
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FLUOR DANIEL FERNALD
ON—-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000

- TEST SERIES NUMBER 36G: BENTOMAT ST GCL éGCL—35)
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN

7000 — 80-mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—26)
UNDER SOAKED AND CONSOLIDATED CONDITIONS

TEST CONDITIONS

6000 o = @ ————— e ———
—rooe g, = 5.0 psi

-  wesea g, = 20.0 psi
e g, = 450 psi

o
&
ol
S
l

SOAKING: 168 hrs at 3 psi
CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

SHEAR FORCE (Ibs)
8 3
8 3
| |

l T T 1
Q.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0
DISPLACEMENT (in.)

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

(2) For each test, shear failure was observed to occur at the intended

interface.
' GEs
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FLUOR DANIEL FERNALD
ON-—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

50
N TEST SERIES NUMBER 36G: BENTOMAT ST GCL éGCL—ESG)
45 — WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN
80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—26)
— UNDER SOAKED AND CONSOLIDATED CONDITIONS
40 —
- MEASURED SHEAR STRENGTHS
35 — O, = 5.0 psi, Tpeak = 2.7 psi, Tp = 1.7 psi
—~ o, = 20.0 psi, Tpek = 8.6 psi, Tw = 4.5 psi
B 0, = 45.0 psi, Tpeax = 17.5 psi, 7o = 10.9 psi
< 30 :
A -
eseee PEAK : 6, = 20% = 145 psf; = (0.999
E o5 wmwmslD STRENGTH: 61 = 139;’ op = % psf; R* = 0.993
% | SOAKING: 168 hrs at 3 psi .
20 — CONSOLIDATION: 48 hrs at each stress
% N SHEAR RATE: 0.004 in./min. - -
15 —
. w——
10 —
5 — =
38
; -
CTT T T T 1T T T T 1 T T T T T 1T T 177
1] 5 10 15 20 25 30 35 40 45 50

NORMAL STRESS (psi)

NOTES: (1) The reported totai—stress shear strength parameters of friction
anale and adhesion were determined from a best—fit line drawn through the
test data. Caution should be exercised in using the strength poramefers
for applications invalving normal stresses outside the range of '
gstresses covered by the test series.

(2) The Iar%e disp acement shear strength (T,,) was colculated
using the shear force at the end of each test.
(3) For each test, shear failure was observed to occur at the intended
interface.
GRS
§/24(1%
DATE TESTED: 12 TO 21 AUGUST 189
FIGURE NO. C—4
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. TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 371 -

206

Test Specimen Configuration (from top to bottom) and Placement Conditions:
] upper shear box: rigid substrate with textured steel gripping surface;

e  Bentomat ST GCL (GCL-37). GCL's initial moisture content was 21.3%. GCL's
final moisture content ranged from 55% to 87% for the test series; and

e  lower shear box: rigid substraté with textured steel gripping surface.
Designated Shear Plane: - Within GCL

_Test Procedures for Each Normal Stress Condition:

o A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed
between two rigid wooden substrates with textured steel gripping surfaces. The
ends of each geotextile were then sandwiched between a second rigid wooden
substrate prior to testing. The entire test specimen was then placed in the shear
box to provide confinement for the exposed bentonite component. The textured
steel gripping surfaces were employed to minimize slippage between each
geotextile component of the GCL and rigid wood substrate, therefore providing a

. relatively uniform transfer of shear load onto the GCL specimen.

¢  Soaking conditions: The GCL specimen was soaked in tap water for 168 hours
under a normal stress of 3 psi.

¢  Consolidation conditions: After the 168 hour soaking period, the tap water was
drained, and the GCL specimen was consolidated for 48 hours under each test
normal stress. '

¢  Test normal stresses: 5, 20, and 45 psi.
o  Constant shear displacement rate: 0.004 in/min.

o  The direction of shear for each internal direct shear test was in the direction of
manufacture (machine direction) of the Bentomat ST GCL sample.

o  Each test was sheared until 2 minimum total shear displacement of 2 in. was
achieved.

98.10.22
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 37G

Test Specimen Configuration (from top to bottom) and Placement Conditions:

. upper shear box: rigid substrate with textured steel gripping surface;

. Bentomat ST GCL (GCL-37) with woven geotextile against geomembrane. GCL's initial
moisture content was 21.6%. GCL's final moisture content ranged from 56 to 93 % for the
test series;

. 80-mil GSE Hyperfrictionflex geomembrane (GM-26); and

o lower shear box: bedding layer of compacted concrete sand.

Test Interface: GCL against geomembrane

Test Procedures for Each Normal Stress Condition:

e A fresh specimen of concrete sand was compacted into the lower shear box by hand
tamping to a relatively dense state under dry conditions forning a 3 in. thick bedding layer.

] A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the
lower shear box with mechanical compression clamps.

. A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper
- shear box with mechanical compression clamps. The GCL was oriented so that the woven
geotextile component of the GCL was in contact with the geomembrane.

] A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The
textured steel gripping surface was used to minimize slippage between the upper geotextile
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform
trapsfer of shear load onto the test interface.

. Soaking conditions: The eatire test specxmen was soaked in tap water for 168 hours under a
normal stress of 3 psi.

. Consolidation conditions: After the 168 hour soaking period, the tap watér was drained,
and the entire test specimen was consolidated for 48 hours under each test normal stress.

. Test normal stresses: 35, 20, and 45 psi.
] Constant shear displacement rate: 0.004 in/min.

. The direction of shear for each interface - direct shear test was in the direction of
manufacture (machine direction) of the geosynthetic samples.

- Each test was sheared until a minimum total shear displacement of 2 in. was achieved.

Ges
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FLUOR .DANIEL FERNALD
ON—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000
TEST SERIES NUMBER 37I: INTERNAL STRENGTH OF
N BENTOMAT ST GCL (GCL—37) UNDER SOAKED AND
CONSOLIDATED CONDITIONS
7000 — :
, TEST CONDITIONS
.80 1 @ @ —-——————
oo g, = 5.0 psi
- wenwn g = 20.0 psi
s g =  45.0 psi

o
&
S
S
I

- SOAKING: 168 hrs at 3 psi _
CONSOLIDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

SHEAR FORCE (Ibs)
)
3
|

%
=]
5]
3
|

C—TT1T T T T T T T T T T T T T T [ T
Q0.0 0.3 0.6 0.9 1.2 15 1.8 2.1 2.4 2,7 3.0

DISPLACEMENT (in.)

NOTES: (1) A constant area of 1 ft* was assumed when computing normal
and shear stresses.

2) Internal shear failure within GCL was observed.

3) Partial internal shear failure within GCL was observed.
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FLUOR DANIEL FERNALD
ON—SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

- TEST SERIES NUMBER 37I: INTERNAL STRENGTH OF
BENTOMAT ST GCL {(GCL—37) UNDER SOAKED AND

45 — CONSOLIDATED CONDITIONS
i MEASURED SHEAR STRENGTHS
4,0-— ———————————————————————————————————
O, = 5.0 psi, Tpeax = 6.7 psi, To = 2.3 psi
1 oa = 20.0 psi, Tpeax = 16.1 psi, T = 4.3 psi
35— On = 45.0 psi, Tpeax = 29.3 psi, Tp = 9.4 psi

see PEAK : 3, = 28% g, = 615 psf; R* = 0.998
waw [ D STRENGTH: 6 = 10% ap = 160 psf; R* = 0.991 -~

|
Tt 3
= ®
[ }

L]

8

- SOAKING: 168 hrs at 3 psi
CONSOUDATION: 48 hrs at each stress
SHEAR RATE: 0.004 in./min.

SHEAR STRESS (psi)
B B
| |

€)

15 —
10 — —
S5—-
4
fmr
0 T T T T T T T T T T T T 1T
a 5 10 15 20 25 30 35 40 45 50

NORMAL STRESS (psi)

NOTES: (1) The reparted totai—stress shear strength parameters of friction
an%Ie and adhesion were determined from a best—fit line drawn through the
test data. Caution should be exercised in using the strength parameters
for applications inveolving normal stresses outside the range of
stresses covered by the test series.
(2) The Iur%\e disPlocement shear strength (Ty) was calculated
usnn? the shear force at a shear displacement of 2 in. for each test
3) Intermal shear failure within .GCL was observed.
4) Partiat internal failure within GCL was observed. .
Ges z20c+1¢
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FLUOR DANIEL FERNALD
ON—-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

8000

~ TEST SERIES NUMBER 37G: BENTOMAT ST GCL (GCL—37)
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN

7000 — 80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM—26)

UNDER SOAKED AND CONSOLIDATED CONDITIONS

TEST CONDITIONS

6000 - = o————
sote g, = 5.0 psi

. =eeawa g, = 20,0 psi

o, = 45.0 psi

o
&
S
(<3
l

SOAKING: 168 hrs at 3 psi
CONSOLIDATION: 48 hrs ot each stress
SHEAR RATE: 0.004 in./min.

|

SHEAR FORCE (lbs)
a8 S

8 8

l |

60 03 06 1.0 13 18 1.9 22 26 28
: DISPLACEMENT (in.)

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

(2) For each test, shear failure was observed to occur at the intended

interface.
Ges 22o-t9%
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FLUOR DANIEL FERNALD
ON—-SITE DISPOSAL FACILITY

PHASE 2 CONSTRUCTION

DIRECT SHEAR TESTING

S0
N TEST SERIES NUMBER 37G: BENTOMAT ST GCL (GCL—37)
45 — WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN (
80—mil GSE HYPERFRICTIONFLEX GEOMEMBRANE (GM-—26)
— UNDER SOAKED AND CONSOLIDATED CONDITIONS
40_
- MEASURED SHEAR STRENGTHS
33 0, = 50 0psi, T = 28 psi, T = 2.0 psi
—~ on = 20.0 psi, Tpek = 6.8 psi, T = 4.1 psg
2 0, = 45.0 psi, Tpe = 17.7 psi, T = 9.2 psi
~ 30 — )
7))
L | PEAK 8, = 21° = 35 R* = 0.986
g 25— taams LD STRENGTH: 6 = 10°F ap = 138" psf: R? = 0.990 ‘
5 20 ~
o SOAKING: 168 hrs at 3 psi ~
»n - CONSOLIDATION: 48 hrs at each stress
15 SHEAR RATE: 0.004 in./min.
10—' ——
5_.
07|||1|||||||||||||||
a S 10 15 20 25 30 35 49 45 50

NORMAL STRESS (psi)

NOTES: (1) The reported totai—stress shear strength parameters of friction
cmgtle and adhesion were determined from a best—fit line drawn thraugh the
test data. Caution should be exercised in using the strength paramefers
for applications invoiving normal stresses cutside the range of
stresses covered by the test series.
(2) The large disPlacement shear strength gu,) was calculated
using the shear force at the end of each test.

(3) For each test, shear failure was observed to occur at the intended

interface.
GRS 22o<t 18
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Calculation of Baseline Factors of Safety for RCI on GCL Shear Strength
(RCI no. 1702-006R dated 7 October 1997)

Introduction

A request for clarification of information (RCI) regarding the shear strength requirements in the GCL
specification was issued on 7 October 1997 (RCI no. 1702-006R). The RCI presents two baseline slope
stability factors of safety (FS), one for peak GCL shear strength and the other for large-displacement
GCL shear strength. The RCI indicates that the baseline FS values were obtained by reanalyzing two
slope stability analysis cases from the OSDF design and changing the GCL shear strength envelopes to
those defined in the GCL specification. _-

Purpose

The purpose of this calculation is to present the slope stability analyses performed to obtain the baseline
FS values. -

Slope Stability Analysis Cases

The two slope stability analysis cases to be reanalyzed were identified in the RCI as indicated below.

e The first case, referred to as the interim case, consists of the most critical interim slope (3H:1V) of
impacted material that can potentially exist in the OSDF. The detailed analysis for this case is
presented on pages 23 to 26 of section 3.3 of the design calculations, and is there identified by the
title “OSDF Interim Conditions — Peak Short Term” and the file name “CASESB”. This case is
relevant to the peak GCL shear strength envelope. - -

e The second case, referred to as the final case, consists of the most critical final slope of impacted
material that will exist in the OSDF. The detailed analysis for this case is presented on pages 31 to
34 of section 3.3 of the design calculations, and is there identified by the title “OSDF Final Long-
Term - Large Disp.” and the file name “CASE7B”. This case is relevant to the large-displacement
GCL shear strength envelope. __~

Method
The baseline FS values were calculated using the steps described below.

1. Obtain the computer analysis program (XSTABL) and input files used to perform the two analyses
identified above for the OSDF design calculations. Confirm that the correct analysis program
input files have been obtained by repeating the two analyses and checking that the calculated F
value_s match those presented in the design calculat@@@izy_;[/
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2. Modify the input files for the two analysis cases as follows:

e Define the GCL as one material with a single non-linear shear strength envelope. Use the peak
shear strength envelope defined in the GCL specification for the interim case (Figure 1) and the
large-displacement shear strength envelope defined in the GCL spec. for the final case (Figure
2). This modification will allow shear strengths used in the analy51s to represent the shear
strength envelopes defined in the GCL specification. _ -

e Subdivide the geometry line defining the impacted material slope face into several segments,
without changing the slope inclination or height. This modification will cause the analysis
solution to use more columns in the area where the potential slip surface passes along the GCL.

- As each analysis column will have a different level of normal stress on the GCL, this
modification will allow the shear strengths used in the analysis to more closely simulate the
intended shear strength envelope. -

o For the interim case, truncate the input geometry at a point approximately 50 ft outside the toe of
the impacted material slope. The geometry outside this point has no influence on the analysis
results and is truncated to simplify the search process for locating the critical potential slip
surface. v

‘3. Analyze the interim and final slope stability cases using the XSTABL computer program and the
input files created in Step 2 that include the shear strength envelopes defined in the GCL
specification. For each case, locate the critical potential slip surface that passes along the GCL and
calculate the corresponding slope stability factor of safety (FS) using Spencer’s analysis method. The
calculated FS values are the baseline values.

v |
Results |

The repeat analyses from the OSDF design calculations produced the following FS values: FS=1.919 Tor

the interim case and FS=1.543 Tor the final case. These are the same FS values presented in the design -
calculations, indicating that the correct computer analysis program (XSTABL) and input files were

obtained. The computer output files for the repeat analyses are attached as Appendix A.

The reanalyses using the shear str /ength envelopes given in the GCL spec1ﬁcanon resulted in the
following FS values: FS=1.944 for the interim case and FS=1 574" for the final case . Therefore, after _~

rounding to the nearest 0.1 value, the baseline FS values are as follows:

Interim Case: baseline FS= 1.9  for peak GCL strength. %
Final Case: baseline FS= 1.6  for large-displacement GCL strength. S

The computer output files for the baseline analyses are attached as Appendix B.
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Figure 1 - Peak Shear Strength Envelope S
Defined in Specification .
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Figure 2- Large-Displacement Shear Strength Envelope
Defined in Specification g
6 r
' 519 Slps
5¢

Shear Strength (psi)
W

-]
O)co(!as(owls + 5‘-’:‘# ﬁ':' bl a'ka '729
¢2) N " . . s’ ¥
ol O IR
0 10 20 30 40 50 60
' Normal Stress (psi)

F9730085.DOC

: 4 Note: IF s (‘O&.Servd'w{ -}T{S'N%_é
0@0143 e'\V°(°p¢S &S ‘F‘q.‘f‘ aboie P




L 43
2062 C2s  lo)i4 5T

M ~to{l#’!““{

- APPENDIX A

0C0144




SHT000

CA>c 5B

300

240

m<A
o

Y—AXIS (feet)
>
o

60

10-13-97 14:59

OSDF Interim Conditions—Peak Short T

SPENCER'S METHOD, FOS for Specified Surface = 1.919_~
o ———
| ! T T I T T T | I T 1
60 120 180 240 300 360 420 480

- X—AXIS (feet)




3YT000

THRUST LINE LOCATION INTERSLICE FORCES

BASE STRESSES (psf)

150 _
w Z
~ 180 - 2 100 ]
(1) 1 ~— ]
< a
. ) O 50 ]
x ]
0 130 | e ]
o 1 Lo ]
e} 1 w 0 1_._
O | O 1
(&) — ] -
) >I_ 80 1 i L i l 1 i 1 I l i 1 1 i l [l L 'l i l 1 1 i 1 l U) —50 ] 2 i 1 1 l Il l 1 1 ' i l 1 i 1 1 l l
50 100 150 20(_) 250 300 _ 50 100 150 200 250 300
8000 _ \_/_e-a[i_lcigl_ normal 25 _ zPENCER S METHOD, _
7000 ] o onstant Angle, Theta = 14.21 deg.
6000 ] B 20 ‘
5000 ] n :
- M oas ]
4000 . (ZD .
3000 . e
2000 | w 10 ]
] O
1000 a
] )
o llllllLlAllLllllIllllllllLL‘5 P W NS S NN WA ST W VAN N ST WU SN S RN SN VNN NN SR NN SR S S S |
50 100 150 200 250 300 _ 50 100 150 200 250 300
X—COORDS (feei) ' X—COORDS (feei) B

OSDF Interim Conditions—Peak Short T ,
SPENCER'S METHOD, FOS for Specified Surface = 1.919 v

6900

IG./o)



XSTABL File:

CASESB 10-13-97 14:59

******************************************

XSTABL

Slope Stability Analysis
using the
Method of Slices

* *
[} *
* *
* [}
* *
%* [}
. Copyright (C) 1992 & 96 *
* Interactive Software Designs, Inc. *
* Moscow, ID 83843, U.S.A. *
* *
* All Rights Reserved *
* %*
* *
* *

Ver. 5.201 96 & 1202

pargparaRaenp e S EPTEE PR E R SR X R A X 2R R A SR L A A A &

Problem Description : OSDF Interim Conditions-Peak

10 SURFACE boundary segments

Segment
No.

oW WN K

H

x-left y-left x-right y-right

(ft) (ft) (ft) (ft)
.0 160.0 92.0 160.0
92.0 160.0 129.0 153.0
129.0 153.0 150.0 147.0
150.0 147.0 285.0 100.0
285.0 100.0 294.0 9.0
294.0 99.0 307.0 99.0
307.0 99.0 330.0 105.0
330.0 105.0 342.0 105.0
342.0 105.0 383.0 95.0
383.0 95.0 414.0 94.0

9 SUBSURFACE boundary segments

Segment
No.

WOk wbh

x-left y-left x-right y-right

(ft) (£t) (ft) (ft)
.0 153.0 129.0 153.0
.0 94.1 136.5 91.4
136.5 91.4 . 224.8 93.2
224.8 93.2 285.0 94 .4
285.0 94.4 313.0 95.0
313.0 95.0 330.0 100.0
330.0 100.0 340.0 100.0
340.0 100.0 370.0 92.0
370.0 92.0 0

(N}(Yih??o 91.

T)q1

Short T

"Scoil Unit

Below Segment

NMNNMNMDNDHEHEEDNDN

Soil Unit

Below Segment

ARG U b WH

/




' ISOTROPIC Soil Parameters

6 Soil unit (s

Soil Unit Weight

Unit Moist

No. (pct

125.
125.
125.
125.
125.
125.

AW W

)

oNeoNoNoNeNe

) specified

Sat.
(pcE)

125.
125.
125.
125.
125.
125.

0
0
0
0
0
0

Cohesion Friction

Intercept
(psf)

200.

Angle
(deg)

25.
30.
15.
17.
23.
30.

Trial failure surface specified by

the following

Point

ll’ . No.

SO whR

7 coordinate points

x-surf

(£

290
273
135

1lls.

95
74

70.

t)

.52
.30
.57
06
.26
.61
89

y-s
(f

99.

93

90.
112.

134

156.
160.

urf
t)

39
.21
01
79
.42
18
00

00
00
0o
0o
00
00

Pore Pressure
Parameter

8/

= 2062

Ru

.000
.000
.000
.000
.000

.000~

***************************************************

SELECTED METHOD OF ANALYSIS:
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SUMMARY OF INDIVIDUAL SLICE INFORMATION

L2 2SS RS R LRSS Rt i s X aX AR A R X 2

Slice

X-base

(ft)

280
274
249

Ak W H

143

287.

76

.56
.71
.05

187.

40

.25

(ft

98
95.
93
92.
91.

90.

y-base

)

.40

81

.72

65
21
19

Spencer (1973)

height
(ft)

1.
5.73

9.
19.

42
- 58

30

87
87

77
.74

width

(

5.
8.
2.

48

74.

13

ft)

52
88
82
.50
80
.50

al

-19

-19.

-19

-1.
-1.

-1.

pha

.73
73
.73
33
33
33

Water
Constant Surface
(psf) No.
0 0
0 0
0 o
0 0
0 0
0] 0
///
beta weight
(1b)
6.34 895.
19.20 6357.
15.20 3483.
19.20 120458,
19.20 399853,
15.95 99124.
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7 136.04 90.02- 60.97 .93 -1.33 15.95 7088.
8 134.96 90.73 60.57 1.23 49.42 15.95 9250.
9 131.67 94 .56 57.67 5.34 49.42 15.95 385189.
10 122.53 105.24 48.99 12.94 - 49.42 10.71 79239.
11 105.66 - 123.60 33.81 20.80 46.12 10.71 873908.
12 93.63 136.14 23.55 3.26 46.50 10.71 9598.
13 84.81 145.43 14.57 14.37 46.50 .00 26180.
14 76.12 154.59 5.41 3.02 46 .50 .00 2041.
15 72.75 158.09 1.91 3.72 45.76 .00 888.

Iter # Theta FOS_force FOS_moment
2 i 14.2040 1.98192 1.9455
3 14.2106 1.9193 1.9192
SLICE INFORMATION ... continued
Slice Sigma c-value phi U-base U-top P-top Delta
(pst) (psf) (1b) (1b) (1b)
1 297.0 200.0 25.00 0. 0. 0. .00
2 1025.7 200.0 25.00 0. 0. 0. .00
3 1593.5 .0 23.00 0. 0. 0. .00
4 2662.1 .0 23.00 0. 0. 0. .00
5 5626.5 .0 17.00 0. 0. 0. .00
6 7728.3 .0 17.00 0. 0. 0. .
7 7975.9 .0 15.00 0. 0. 0. .
8 5318.5 .0 15.00 0. 0. 0. .00
S 4687.0 200.0 25.00 0. 0. 0. .00
10 3971.6 200.0 25.00 0. 0. 0. .00
11 2849 .4 200.0 25.00 0. 0. 0. .00
12 1957.7 200.0 25.00 0. 0. 0. .00
13 1189.4 200.0 25.00 0. 0. 0. .00
14 448.5 .0 30.00 0. 0. 0. .00
15 160.0 .0 30.00 0. 0. 0. .00
SPENCER’S (1973) - TOTAL Stresses at center of slice base
Slice Base Normal Vertical Pore Water Shear
# x-coord Stress Stress Pressure Stress
(ft) (psf) (psf) (psf) (psf)
1 287.76 297.0 162.1 .0 176.4
2 280.56 1025.7 716.3 .0 353.4
3 274.71 1593.5 1233.1 .0 352.4
4 249.05 2662.1 2483.7 .0 588.7
5 187.40 5626.5 5345.6 .0 896.2
6 143.25 7728.3 7342.5 .0 1231.0
7 136.04 7975.9 7621.1 .0 1113.5
8 134.96 5319.5 7571.5 .0 742.6
9 131.67 4687.0 7209.3 .0 1242.9
10 122.53 3971.6 6123.6 .0 1069.1
11 4 4226.3 0 796.5

105.66 2849. :
| 0004149




12 93.63 1957.7 2944.3 .0 §79.8
13 84 .81 1189.4 1821.6 .0 393.2
14 76.12 .448.5 676.3 .0 13419
15 72.75 160.0 238.8 .0 48.1
..z 2062
SPENCER’S (1973) - Magnitude & Location of Interslice Forces
Slice Right Force Interslice Force  Boundary Height
# x~-coord Angle Force Height Height Ratio
(£t) (degrees) (1b) (ft) (ft)
1 285.00 14.21 1611. 1.69 -2.59 .651
2 276.12 14.21 8215. 3.58 . 8.87 .404
3 273.30 14.21 105907. 4.21 10.86 .388
4 224.80 14.21 43457. 9.44 28.88 .327
5 150.00 14.21 122699. 17.35 56.65 .306
6 136.50 14.21 142343. 18.43 60.83 .303
7 .135.57 14.21 143588S. 18.52 61.11 ".303
8 134.34 14.21 136668. 18.31 60.03 . 305
S 129.00 14.21 113355. 16.69 55.32 .3