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SECT ION 7  GEOCOMPOS ITE  INSTALL AT ION REPORT  

7 . 1  R EQ U I R EM EN TS  A ND  S P E C I F I C A T I ONS  

7 . 1 . 1  T r i p l a n a r  G e o c o m p o s i t e  

The plans call for a triplanar geocomposite in the leachate collection portion of the liner system.  
Triplanar geocomposite is a three-layer material comprised of an inner core of 3 layer of strands, 
one arranged longitudinally and two inclined in opposite directions of high density polyethylene 
(HDPE) geonet between an upper and lower layer of non-woven geotextile.  The geotextile is 
thermally fused to both sides of the geonet.  Syntec, the geocomposite manufacturer performed 
testing on the material to verify compliance with the contract specifications prior to approval by 
SCS.  Syntec performed manufacturer’s quality control (MQC) tests on the triplanar 

geocomposite prior to delivery.  The MQC tests were conducted in accordance with the 
manufacturer’s quality control program.  One test per every 100,000 square feet of triplanar 
geocomposite produced was performed.  The quality control certificates, which contain the 
recorded results for each roll of triplanar geocomposite tests, are included in Attachment 7-1. 
 
Table 8 presents the results of the MQC testing compared with the project specifications.  The 
tests indicate that the triplanar geocomposite and components met or exceeded the project 
specifications.   
 

T a b l e  8  C o m p a r i s o n  o f  G e o c o m p o s i t e  P r o p e r t i e s  

Parameter Specification Range of MQC Test 
Results1 

Geonet  

Thickness tensile Strength (lbs/ft) 300 314-335 

Tensile Strength (MD) (lbs/ft) 1,200 1,207 - 1,340 

Carbon Black (percent) 2 - 3 2.31 - 2.68 

Polymer Density (g/cm3) 0.94 0.954 - 0.956 

Polymer Melt Index (g/10min) <1.0 0.041 

Geotextile 

Mass per Unit Area (oz/yd2) 6 6.1 - 7.8 

Grab Tensile (lbs) 160 173 - 232.16 

Grab Elongation (percent) 50 69 - 91 

Puncture Resistance (lbs) 85 122 - 152 

Trapezoidal Tear Strength (lbs) 60 77 - 124 

Permittivity (sec-1) 1.1 1.50 - 2.24 

Apparent Opening Size, sieve size (mm) #70 (0.212) 70 - 80 

Geocomposite   

Transmissivity (m2/sec) 2.0x10-3 2.08x10-3 - 4.33x10-3 

Ply Adhesion (lbs/in) 1.0 2.4 

 
Notes: 
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1 Range of values. 
7 . 1 . 2  B i p l a n a r  G e o c o m p o s i t e  

The plans call for a biplanar geocomposite in the detection collection portion of the liner system. 
Biplanar geocomposite is a three-layer material composed of overlaying and intertwined parallel 
strands that create high capacity flow channels.  They are produced by the extrusion of high 
density polyethylene (HDPE) geonet between and upper and lower layer of non-woven 
geotextile.  The geotextile is thermally fused to both sides of the geonet.    GSE Lining 
Technology, Inc (GSE) manufactured and supplied the biplanar geocomposite.  GSE performed 
testing on the material to verify compliance with the contract specifications prior to approval by 
SCS.  GSE performed manufacturer’s quality control (MQC) tests on the biplanar geocomposite 

prior to delivery.  The MQC tests were conducted in accordance with the manufacturer’s quality 

control program.  One test per every 100,000 square feet of triplanar geocomposite produced was 
performed.  The quality control certificates, which contain the recorded results for each roll of 
biplanar geocomposite tests, are included in Attachment 7-2. 
 
Table 9 presents the results of the MQC testing compared with the project specifications.  The 
tests indicate that the biplanar geocomposite and components met or exceeded the project 
specifications. 
 

T a b l e  9  C o m p a r i s o n  o f  G e o c o m p o s i t e  P r o p e r t i e s  

Parameter Specification Range of MQC Test 
Results1 

Geonet  

Thickness tensile Strength (lbs/ft)  250 294 - 303 

Tensile Strength (MD) (lbs/ft)  55  80 - 98 

Carbon Black (percent)  2 - 3  2.4 - 2.8 

Polymer Density (g/cm3) 0.940   0.962 - 0.963 

Polymer Melt Index (g/10min)  <1.0 0.36 

Geotextile 

Mass per Unit Area (oz/yd2)  6  6.2 - 7.1 

Grab Tensile (lbs)  170  187 - 267 

Puncture Resistance (lbs) 90   95 - 122 

Trapezoidal Tear Strength (lbs)  70  77 - 227 

Permittivity (sec-1)  1.5 1.6 - 2.4  

Apparent Opening Size, sieve size (mm)  #70 (0.212) 0.212 

Geocomposite   

Transmissivity (m2/sec)  5x10-4  5x10-4 

Ply Adhesion (lbs/in)  1.0 1.0   

 
Notes: 

1 Range of values. 
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7 . 2  C ON F OR MA NC E  T ES T I N G  

The geocomposite was visually examined by the CQA Representative as it was placed.  Roll 
numbers were verified as conforming to rolls tested by the manufacturers, Syntec for the 
triplanar geocomposite and GSE for the biplanar geocomposite under the Manufacturer’s Quality 

Control.  The geocomposite was randomly sampled to verify conformance with the project 
technical specifications.  The conformance tests were conducted by TRI Environmental, Inc. on 
material used in this project.  The test results further verify that the geocomposite met the project 
specifications.  The results of the conformance testing for the geocomposite are presented in 
Tables 10 (triplanar geocomposite) and 11 (biplanar geocomposite) and laboratory results are 
included in Attachment 7-3 (triplanar geocomposite) and Attachment 7-4 (biplanar 
geocomposite).   
 

T a b l e  1 0  C o m p a r i s o n  o f  T r i p l a n a r  G e o c o m p o s i t e  P r o p e r t i e s  i n  
C o n f o r m a n c e  T e s t i n g  

Parameter Specification Average Range of Test 
Results 

Geonet  

Thickness tensile Strength (lbs/ft) 300 334 - 342 

Tensile Strength (MD) (lbs/ft) 1,200 1,324 - 1,648.49 

Carbon Black (percent) 2 - 3 2.46 - 2.85  

Polymer Density (g/cm3) 0.940 0.951 - 0.954  

Geotextile 

Mass per Unit Area (oz/yd2) 6  6.14 - 7.45 

Grab Tensile (lbs) 160 176 - 221 

Grab Elongation (percent) 50  82 - 93 

Puncture Resistance (lbs) 85  107 - 123 

Trapezoidal Tear Strength (lbs) 60  78 - 95 

Permittivity (sec-1) 1.1 1.54 - 2.05 

Apparent Opening Size, sieve size (mm) #70 (0.212) 80-140 

Geocomposite   

Transmissivity (m2/sec) 2.0x10-3 2.07x10-3 - 2.83x10-3 

Ply Adhesion (lbs/in) 1.0 1.5 - 2.6  

 
T a b l e  1 1  C o m p a r i s o n  o f  B i p l a n a r  G e o c o m p o s i t e  P r o p e r t i e s  i n  

C o n f o r m a n c e  T e s t i n g  

Parameter Specification Average Range of Test 
Results 

Geonet  

Thickness tensile Strength (lbs/ft)  250 290 - 292 

Tensile Strength (MD) (lbs/ft)  55 1,106.99 - 1,195.50 

Carbon Black (percent)  2 - 3 2.49 - 2.80 

Polymer Density (g/cm3) 0.940  0.954 - 0.955  

Geotextile 
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Parameter Specification Average Range of Test 
Results 

Mass per Unit Area (oz/yd2)  6 6.37 - 7.0 

Grab Tensile (lbs)  170 172 - 190 

Puncture Resistance (lbs) 90  95 - 109 

Trapezoidal Tear Strength (lbs)  70 85 - 98  

Permittivity (sec-1)  1.5 1.69 - 2.35   

Apparent Opening Size, sieve size (mm)  #70 (0.212)  70 - 170 

Geocomposite   

Transmissivity (m2/sec)  5x10-4 1.69x10-3  2.59x10-3 

Ply Adhesion (lbs/in)  1.0 2.7 - 5.3 

 
7 . 3   D I R EC T  S H EA R  T E S TS  

To confirm the project materials would meet the technical specifications of 20.5 degrees for the 
interface friction angle and the minimum required Factor of Safety of 1.5 against sliding, SCS 
had separate CQA samples of the project materials tested by TRI.  TRI performed interface 
direct shear tests on these project materials in accordance with ASTM D5321.  To simulate the 
range of stresses during final Buildout of the Phase 3 Expansion cell, normal loads of 1,000, 
5,000, and 9,000 pounds per square foot (psf) were used during the testing in saturated condition.  
The following CQA interface friction angle test results all meet the construction permit 
requirement of at least 20.5 degrees for the geocomposite interfaces which therefore also meet 
the minimum safety factor of 1.5 against sliding.  Please refer to Attachment 7-5 for the CQA 
Interface Friction Test Reports. 
 
CQA Interface Friction Angle Test Results:   
 

 Syntec Tendrain 770-2 Double Sided Geocomposite (Triplanar Geocomposite) versus 
Agru 60 mil HDPE Microspike Geomembrane = 23.3 degrees with 253 psf adhesion 
 

 Protective Cover Soil versus Syntec Tendrain 770-2 Double Sided Geocomposite 
(Triplanar Geocomposite) = 28.9 degrees with 192 psf adhesion 
 

 GSE Double Sided Geocomposite (Biplanar Geocomposite) versus Agru 60 mil HDPE 
Microspike Geomembrane = 22.7 degrees with 264 psf adhesion 

 
7 . 4  P A NE L  P L A C E M EN T  

The geocomposite panels were placed one at a time.  Adjacent panels were deployed and 
adjusted prior to seaming.  Upon deployment, individual panels were assigned sequential panel 
numbers.  Panel numbers, with corresponding manufacturer’s Geocomposite roll number were 
recorded by the CQA Representative and Comanco’s Quality Control Technician.  SCS’ 

Geocomposite placement logs are included in Attachment 7-6 (triplanar geocomposite) and 7-7 
(biplanar geocomposite).  Also recorded on the placement logs are length, width, orientation of 
the panels along with the date the panels were deployed.  A space for comments about the panels 
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may include a weather description, a shape description of a panel that is not rectangular, or a 
more detailed description of location. 
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T r i p l a na r  Ge o co m p o s i t e  C QA  C o n f o rma n ce  Te s t  R e s u l t s  
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G e o co mp o s i t e  C Q A  I n t e r f a ce  F r i c t i o n  T e s t  R e p o r t s   
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SECT ION 8  GEOMEMBRANE  INSTALLAT ION REPORT  

8 . 1  R EQ U I R EM E N TS  A ND  S P E C I F I C A T I O NS  

Geomembrane is defined as high-density polyethylene (HDPE) geomembrane with a formulated 
sheet density greater than 0.940 g/ml.  Only textured geomembrane surfaces are included under 
this project.  Geomembrane panels were placed one at a time and temporarily secured along the 
edges with sand bags to prevent uplift by the wind.  Adjacent panels were deployed and adjusted 
prior to seaming.  Upon deployment, individual panels were assigned sequential panel numbers.  
Panel numbers, with the corresponding manufacturer’s geomembrane roll numbers, were marked 

on the panels and recorded on the Geomembrane Placement Log.  Please refer to Attachment 8-4 
of this section for the SCS Geomembrane Placement Logs.  The SCS CQA representative 
recorded on the Geomembrane Panel Placement Log the following information for each panel: 
 

 Location, orientation, and length of the panel. 
 Date of installation. 
 Panel number (identification code) with alpha prefix (S - secondary or P - primary). 
 Originating manufacturer’s geomembrane roll number. 

 
8 . 2  T R I A L  W ELD S  

As required by the contract technical specifications, the equipment used to fusion and extrusion 
weld the geomembrane seams each day were pre-heated and tested prior to use on the liner 
system.  Each seaming crew was required to produce trial welds on a segment of excess 
geomembrane approximately 3 feet long.  The seaming crew adjusted equipment temperatures to 
compensate for varying weather and seaming conditions.  Hot wedge welding machines were 
generally set at speeds of 10 to 15 and temperature of 800 to 850 degrees Fahrenheit.  Extrusion 
welders were generally set around 450 to 480 degrees Fahrenheit.  
 
The trial welds were tested for compliance with the project specifications at the site using a field 
tensiometer supplied by COMANCO.  Ten one-inch wide specimens were cut from each welded 
seam.  The trial welded seams were required to meet or exceed the minimum requirements of 
peel strength of 78 psi for extrusion and 98 psi for fusion welded seams with a minimum of 120 
psi for shear strength at 2-feet per minute.  In addition, a peel incursion of less than 10% was 
required prior to welding deployed panels.  Please refer to Attachments 8-4 of this section 
respectively for the Geomembrane Trial Weld Logs. 
 
8 . 3  G E O ME MB R A NE  S EA M I N G    

Adjoining panels were aligned to maintain the specified minimum six-inch overlap.  Once the 
panels were aligned, excess moisture and dirt were removed from the edges to be seamed.  As 
the COMANCO seaming crews progressed, wrinkles were removed from the geomembrane.  
Upon completion of the seaming operation, the seams were pressure-tested with compressed air 
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in accordance with the methods described in Section 8.4 and destructive samples were taken in 
accordance with Section 8.6. 
 
Fusion and extrusion welded seams continued the entire length of the panels to include the seam 
that extends into the geomembrane anchor trench.  Any portion of the seam that was observed to 
be damaged or inadequate was repaired by patching, cap stripping, or extrusion welding the 
defective portion of the seam.  The methods of repair are described in Section 8.4. 
 
Observation activities carried out by the SCS CQA representative during seaming operations are 
documented in the SCS Geomembrane Seaming Logs and the SCS Geomembrane Repair Logs 
of this section.  Please refer to Attachments 8-7 of this section respectively for the SCS 
Geomembrane Seaming Logs.  Please refer to Attachments 8-8 of this section respectively for 
the SCS Geomembrane Repair Log.  Observations include: 
 

 Seam numbers. 
 Welder’s name and machine number. 
 Welding machine speed and temperature. 
 Marked and documented locations of seam repairs. 

 

8 . 4  S EA M A ND  P A NE L  R EP A I R S   

Patching was used for small repairs.  Patches consisted of excess geomembrane large enough to 
cover 6 inches beyond the edges of the damage.  The patches were temporarily fastened in place 
using a hot air gun.  The patch was extrusion welded to the panel.  The extruded weld was tested 
for leaks using a vacuum box assembly and soapy solution. 
 
Large lengths of seams, such as tie-in seams, were extruded.  Those areas of seams not passing 
air testing or destructive sampling were repaired by cap stripping.  Patches in repair areas were 
cut to cover the length of the repair and extend a minimum of 6 inches beyond the edges of the 
repair area.  The patches were heat sealed and extrusion welded as previously noted.  All repair 
areas and extrusion welds were tested in accordance with Section 8.5. 
 
Wrinkles at seam overlaps were cut along the ridge of the wrinkle and folded over to achieve a 
flat seam.  The overlapped portion of the wrinkle was trimmed, cleaned, and extrusion welded.  
Any portion of a new seam that had an inadequate overlap received a cap strip. 
 
Repairs were inspected by both the COMANCO CQC representative and the SCS CQA 
representative.  Repair activities were documented in the SCS Geomembrane Repair Log as 
previously mentioned provided in Attachment 8-8 of this section. 
 
8 . 5  N O N-D ES TR U C T I V E  S EA M  T ES T I NG   

A non-destructive test was conducted on the entire length of each seam.  This project utilized a 
split wedge, fusion welder.  The split wedge welder formed an air channel between the two 
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welds, which allowed for non-destructive air pressure tests to verify the integrity of the seam.  
Air pressure tests were conducted by initially sealing each end of the air channel.  The air 
channel was pressurized to a minimum of 25 to 30 pounds per square inch (psi) with an air 
pump.  Once the pressure in the air channel stabilized, the time was noted.  The test was 
conducted for five minutes and a drop of 2 psi was permitted for the seam to pass.  When five 
minutes had passed, the air channel at the far end of the seam was lanced.  A smooth and steady 
drop in pressure indicated that the entire air channel in the seam had been tested. 
 
Extrusion welds were tested by the vacuum box method.  A soapy solution was applied to the 
extruded weld.  The vacuum box was placed over the wetted area and a vacuum of 5 psi was held 
for 10 seconds.  Any leaks in the weld were detected by air bubbles escaping from the weld and 
were subsequently repaired and retested. 
 
All non-destructive tests were observed and documented by the SCS CQA representative as 
provided in the SCS Non-Destructive Test Log included as Attachment 8-6 of this section. 
 
8 . 6  D ES TR U C T I V E  S EA M  S A MP L E  T ES T I NG   

Destructive test samples were cut at a frequency of one test per approximately 500 lineal feet of 
seam.  A total of 64 seam samples were cut and tested by SCS on the secondary and primary 
liners.  Sample locations were chosen and marked by the SCS CQA representative and cut by 
COMANCO’S CQC representative.  The samples were marked for identification.  The 

description included confirmation as to liner, a sequential number, cut location, panels included 
in the sample, date seamed, seamer’s initials and machine number.  The top outside track was 
indicated on the samples for proper orientation in the testing equipment.  The QA sample was 
sent to TRI via a courier for testing.  COMANCO’S samples were tested on site by the 
COMANCO CQC representative.  Defects in the geomembrane seam indicated by the 
destructive test sampling were immediately repaired in accordance with Section 8.4.  TRI 
destructive test results were transmitted to the SCS Field Office on site for relay to COMANCO. 
 
The size of the destructive sample was approximately 12 inches by 48 inches, with the seam 
centered lengthwise.  A 12-inch by 14-inch field sample was cut and tested for shear and peel 
strength by the COMANCO CQC representative.  If the sample passed, a 12-inch by 14-inch 
sample was forwarded to TRI for testing.  Locations of each destructive sample are shown in the 
as-built panel layout drawing located in Attachment 2-1 for the geomembrane of this section. 
The results of the destructive samples are discussed in Section 8.8.   
 
8 . 7  D ES TR U C T I V E  S EA M  S A MP L E  LA B O R A TOR Y  T ES T I N G  

P R OC ED U R ES  

Destructive seam samples were sent to the TRI testing laboratory in Austin, Texas.  TRI 
performed shear tests to measure strength and peel tests to measure adhesion.  Testing was 
conducted in accordance to ASTM D6392 (1.0 inch wide, crosshead rate of 2 inches per minute).  
Five specimens from each destructive sample for each test (shear and peel) were conducted for 
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conformance.  SCS required five out of five specimens on each test to meet the minimum 
acceptable project specifications of 78 (lbs. per inch width) and less than 10% film tear bond for 
wedge and extrusion welded seams peal test.  Shear test specified values were 120 (lbs. per inch 
width) and less than 10% film tear bond for both wedge and extrusion welded seams.  
 
8 . 8  D ES TR U C T I V E  S EA M  S A MP L E  T ES T  R ES U L TS  

The CQA results of the destructive seam sample tests from the geomembrane seams conducted 
by TRI are contained in Attachment 8-10 of this section.  All destructive tests were observed and 
documented by the SCS CQA representative as provided in the SCS Destructive Test Log 
included in Attachment 8-9 of this section. 
 

8 . 9  G E O ME MB R A NE  M A NU FA C T U R ER  Q U A L I TY  A S S U R A N C E  

As part of the project technical specifications the manufacturer of the geomembrane, GSE, was 
required to perform initial quality control tests on the geomembrane prior to delivery to the 
project site.  The Manufacturer Quality Control (MQC) tests were conducted by GSE at the 
factory at a minimum frequency of one test per every 50,000 square feet of geomembrane 
produced.  The MQC certificates, which contain the results for geomembrane tests, are included 
in Attachment 8-1 of this section.  
 
Table 12 presents the results of the MQC testing compared with the project specifications.  The 
tests indicate that the geomembrane and components met or exceeded the project specifications. 
 

T a b l e  1 2  C o m p a r i s o n  o f  G e o m e m b r a n e  P r o p e r t i e s  

Parameter Specification Range of MQC Test 
Results1 

Resin 

Density (g/cc) >0.932 0.937 - 0.938 

Sheet 

Thickness Min. Average (mil) 60+5% 60 

Asperity Height Min. Average (mil) 10 10 

Density (g/cc) >0.940 0.944 - 0.948 

Tensile Yield Stress (lb/in width) 126 134 - 167 

Tensile Yield Elongation (percent) 12 15.54 - 18.11 

Tensile Break Stress (lb/in width) 90 132 - 189 

Tensile Break Elongation (percent) 200 393.4 - 523.6 

Puncture Resistance (lb) 90 125.21 - 142.85 

Tear Resistance (lb) 42 47.24 - 55.09 

Carbon Black Content (percent) 2 - 3 2.20 - 2.32 

Carbon Black Dispersion (category) 1 or 2 1 

% Standard OIT Retained  55 63 

% High Pressure OIT Retained 80 106 

% HP-OIT Retained 50 104 
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Notes: 

1 Range of values. 
 
8 . 1 0  C ON F OR MA NC E  T ES T I N G  

The geomembrane delivered for installation was randomly sampled to verify conformance with 
the project technical specifications.  Samples were obtained across the entire width of the 
geomembrane roll.  The machine direction from the manufacturing process of the geomembrane 
was indicated on the samples for proper orientation of the testing equipment.  The samples were 
sent to TRI for conformance testing. 
 
The geomembrane rolls were divided into groups of material produced from similar railcar loads 
of resin or production dates.  Conformance samples were selected so as to be representative of 
the installed materials.  Conformance samples were removed from the geomembrane rolls prior 
to installation.  The samples were required to meet or exceed the project technical specifications. 
 
As shown in Table 13 below, the manufacturer and independent conformance tests conducted by 
TRI indicate that the geomembrane meets or exceeds the project technical specifications. 
The results of the SCS CQA geomembrane conformance tests are contained in Attachment 8-2 of 
this section. 
 

T a b l e  1 3  C o m p a r i s o n  O f  G e o m e m b r a n e  P r o p e r t i e s   

Parameter Specification Average Range of 
Test Results 

Sheet 

Thickness Min. Average (mil) 60+5% 62 - 63  

Asperity Height Min. Average (mil) 10  28 - 29 

Density (g/cc) >0.940  0.945 - 0.946 

Tensile Yield Stress (lb/in width) 126  155 - 166 

Tensile Yield Elongation (percent) 12  20 - 24 

Tensile Break Stress (lb/in width) 90  171 - 183 

Tensile Break Elongation (percent) 200  407 - 445 

Carbon Black Content (percent) 2 - 3  2.27 - 2.37 

 
8 . 1 1  R EC OR D  S U R V EY  

Please refer to Attachment 2-3 for the record survey drawing created by Berglund of the Phase 3 
Expansion cell Subbase which identifies the top of the subbase which the geosynthetic materials 
were placed. 
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8 . 1 2  D I R EC T  S H EA R  T E S T S  

To confirm the project materials would meet the technical specifications of 20.5 degrees for the 
interface friction angle and the minimum required Factor of Safety of 1.5 against sliding, SCS 
had separate CQA samples of the project materials tested by TRI.  TRI performed interface 
direct shear tests on these project materials in accordance with ASTM D5321.  To simulate the 
range of stresses during final Buildout of the Phase 3 Expansion cell, normal loads of 1,000, 
5,000, and 9,000 pounds per square foot (psf) were used during the testing in a saturated 
condition.  The following CQA interface friction angle test results all meet the construction 
permit requirement of at least 20.5 degrees which therefore also meet the minimum safety factor 
of 1.5 against sliding.  Please refer to Attachment 8-3 of this section for the CQA Interface 
Friction Test Reports. 
 
CQA Interface Friction Angle Test Results 
 

 Subbase Soil versus Marifi 5XT Geogrid (Biaxial Geogrid) versus Agru 60 mil HDPE 
Microspike Geomembrane = 25.7 degrees with 240 psf adhesion 
 

 Syntec Tendrain 770-2 Double Sided Geocomposite (Triplanar Geocomposite) versus 
Agru 60 mil HDPE Microspike Geomembrane = 23.3 degrees with 253 psf adhesion 
 

 GSE Double Sided Geocomposite (Biplanar Geocomposite) versus Agru 60 mil HDPE 
Microspike Geomembrane = 22.7 degrees with 264 psf adhesion 
 

 Bentomat GCL versus Agru 60 mil HDPE Microspike Geomembrane = 23.0 degrees 
with 394 psf adhesion
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SECT ION 9  GEOSYNTHET IC  CLAY  L I NER  

9 . 1  R EQ U I R EM EN TS  A ND  S P E C I F I C A T I ONS  

The plans call for a geosynthetic clay liner (GCL) along the bottom of the cell.  CETCO, the 
GCL manufacturer performed testing on the materials to verify compliance with the contract 
specifications prior to approval by SCS.  CETCO performed manufacturer’s quality control 

(MQC) tests on the GCL prior to delivery.  The MQC tests were conducted in accordance with 
the manufacturer’s quality control program.  The grab elongation and grab strength was tested at 

a frequency of one test per every 200,000 square feet of GCL produced.  The Mass per unit area 
was tested at a frequency of one test per every 40,000 square feet of GCL produced.  The 
hydraulic conductivity was tested weekly.   
 
Table 14 presents results of the MQC testing for the GCL (Bentomat ST) compared with the 
project specifications.  The tests indicate that the GCL met or exceeded the project 
specifications. 
 

T a b l e  1 4  C o m p a r i s o n  o f  G C L  P r o p e r t i e s  

Parameter Specification Range of MQC Test 
Results1 

Bentonite 

Swell Index 24 ml/2 g 35 

Moisture Content (%) (max) 12 8.2 - 8.4 

Fluid Loss (ml) (max) 18 14.6 

Finish GCL Properties 

Mass per Unit Area (psf) 0.75 0.88 - 0.93 

Grab Strength (lbs) 90 147.7 - 274.3 

Puncture Resistance (lbs) 60 92.8 

 
Notes: 

1 Range of values. 
 

9 . 2  C ON F OR MA NC E  T ES T I N G  

The GCL was visually inspected by the CQA Representative as it was placed.  Roll numbers 
were verified as conforming to rolls tested by CETCO under Manufacturer’s Quality Control.  

The results of the conformance testing for the GCL are presented in Table 15 and laboratory 
results are included in Attachment 9-2.  The conformance tests were conducted by TRI 
Environmental, Inc. on material representative of the GCL used in this project.  The test results 
further verify that the GCL met the project specifications. 
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T a b l e  1 5  C o m p a r i s o n  o f  B i p l a n a r  G e o c o m p o s i t e  P r o p e r t i e s  i n  
C o n f o r m a n c e  T e s t i n g  

Parameter Specification Average Range of Test 
Results 

Mass per Unit Area (psf) 0.75 0.82 - 0.88  

Grab Strength (lbs) 90  118 

Index Flux (m/sec (max) 1x10-8 3.5x10-9 

Hydraulic Conductivity (cm/sec) 5x10-9 2.9x10-9 

 
9 . 3  D I R EC T  S H EA R  T E S TS  

To confirm the project materials would meet the technical specifications of 12 degrees for the 
interface friction angle of GCL/Biaxial Geogrid and 20.5 degrees for the interface friction angle 
of GCL/liner, SCS has separate CQA samples of the project materials tested by TRI.  TRI 
performed interface direct shear tests on these project materials in accordance with ASTM 
D5321.  To simulate the range of stresses during final Buildout of the Phase 3 Expansion cell, 
normal loads of 1,000, 5,000, and 9,000 pounds per square foot (psf) were used during the 
testing in saturated condition.  The following CQA interface friction angle test results all meet 
the construction permit requirement of at least 12 degrees for the GCL/Biaxial Geogrid interface 
and 20.5 degrees for the GCL/Liner interface which therefore also meet the minimum safety 
factor of 1.5 against sliding.  Please refer to Attachment 9-3 for the CQA Interface Friction Test 
Reports. 
 
CQA Interface Friction Angle Test Results: 
 

 Subbase Soil versus Marifi 5XT Geogrid (Biaxial Geogrid) versus Bentomat ST GCL = 
25.5 degrees with 234 psf adhesion 
 

 Bentomat ST GCL versus Agru 60 mil HDPE Microspike Geomembrane = 23.0 degrees 
with 394 psf adhesion 

 
The technical specifications also required an internal friction angle of 20.5 degrees therefore; 
SCS had a separate CQA sample of the project material tested by TRI.  TRI performed internal 
direct shear tests on the project material in accordance with ASTM D5321.  To simulate the 
range of stresses during final Buildout of the Phase 3 Expansion cell, normal loads of 1,000, 
5,000 and 9,000 psf were used during the testing under fully hydrated conditions.  The following 
CQA internal friction angle test met the construction permit requirement of at least 20.5 degrees.  
Please refer to Attachment 9-3 for the CQA Internal Friction Test Report. 
 
CQA Internal Friction Angle Test Result: 
 

 Internal Shear of Bentomat ST GCL = 33.0 degrees with 2181 psf adhesion 
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9 . 4  P A NE L  P L A C E M EN T   

GCL panels were placed one at a time and temporarily secured along the edges with sandbags to 
prevent uplift by the wind.  The GCL panels were deployed and numbered sequentially as 
placed, beginning at the corner of the southwest slope.  Panel numbers, with corresponding 
manufacturer’s GCL roll number were recorded by the CQA Representative and Comanco’s 

Quality Control Technician.  SCS’ GCL placement logs are included in Attachment 9-4.  Also 
recorded on the placement logs are length, width, orientation of the panels along with the date 
the panels were deployed.  A space for comments about the panels may include a weather 
description, a shape description of a panel that is not rectangular, or a more detailed description 
of location.  
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SECT ION 10  RA IN  TARP  

1 0 . 1  R EQ U I R EM EN TS  A ND  S P E C I F I C A T I ONS  

The plans call for a geosynthetic rain tarp to cover the exposed cell bottom and sideslopes where 
operations are not occurring.  The rain tarp consists of two layers of high-strength polyethylene 
film laminated together with a third layer of molten polyethylene.  All three layers contain fine 
carbon black to absorb UV radiation and enhance outdoor life.  Raven Industries, the rain tarp 
manufacturer performed testing on the materials to verify compliance with the contract 
specifications prior to approval by SCS.  Raven Industries performed manufacturer’s quality 

control (MQC) tests on the rain tarp prior to delivery.  The MQC tests were conducted in 
accordance with the manufacturer’s quality control program.  The quality control certificates, 

which contain the recorded results for each roll of rain tarp tests, are included in Attachment 10-
1. 
 
Table 16 presents results of the MQC testing for the rain tarp (Dura Skrim 12BV) compared with 
the project specifications.  The tests indicate that the rain tarp met or exceeded the project 
specifications. 
 

T a b l e  1 6  C o m p a r i s o n  o f  G C L  P r o p e r t i e s  

Parameter Specification Range of MQC Test 
Results1 

Thickness (mil) 12 16.8 - 17.4 

Tensile Strength (lbs) 59 76 - 80.3 

Grab Tensile (lbs) 90 99.5 - 113 

Trapezoidal Tear (lbs)2 72 67.4 - 74.4 

 
Notes: 

1 Range of values. 
 

2 FDEP approved the material at the reduced trapezoidal tear strength per email dated 
September 16, 2010. 
 

1 0 . 2  C ON F OR MA NC E  T ES T I N G  

The rain tarp was visually inspected by the CQA Representative as it was placed.  Roll numbers 
were verified as conforming to rolls tested by Raven Industries under Manufacturer’s Quality 

Control.  The results of the conformance testing for the rain tarp are presented in Table 17 and 
laboratory results are included in Attachment 10-2.  The conformance tests were conducted by 
TRI Environmental Inc. on material representative of the rain tarp used in this project.  The test 
results further verify that the rain tarp met the project specifications.   
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T a b l e  1 7  C o m p a r i s o n  o f  R a i n  T a r p  P r o p e r t i e s  i n  C o n f o r m a n c e  

T e s t i n g  

Parameter Specification Average Range of 
Test Results 

Thickness (mil) 12 13 - 14 

Tensile Strength (lbs) 59 69 - 80 

Grab Tensile (lbs) 90  110 - 115 

Trapezoidal Tear (lbs)1 72  57 - 68 

 
Notes: 

1 FDEP approved the material at the reduced trapezoidal tear strength per email dated 
September 16, 2010. 
 

1 0 . 3  P A NE L  P L A C E M EN T  

The rain tarp was installed according to specifications and at the locations as directed by the 
CQA Representative.  
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SECT ION 11  INSTALLAT ION OF DRA I NAGE  SAND  

1 1 . 1  T E S T I N G  

The project specifications required that the protective sand layer be composed of select sand 
having a hydraulic conductivity of greater than 5.2x10-4 cm/sec.  On September 27, 2010 PSI 
provided a letter report (Attachment 11-1) presenting the results of the hydraulic conductivity 
testing of the sand proposed for use as the protective sand layer.  The sand samples were taken 
from the approved offsite borrow area.  The result indicates that the material exceeded the 
specification for hydraulic conductivity.  Based on the result the proposed material was approved 
and placed over the liner system in the floor of the cell. 
 
The permeability of the installed drainage sand was 1.36x10-3 cm/sec.  Refer to Attachment 11-1 
for the test result. 
 
1 1 . 2  P LA C EM E NT  TH I C K NES S  

The thickness of the in-place sand layer was verified by survey and physical thickness checks.  
The CQA Representative visually observed the placement of drainage sand.  The survey 
verifying the minimum 2-foot thickness is contained in Attachment 2-5. 
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P r o t e c t i v e / D ra i n a g e  S a nd  La y e r  
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SECT ION 12  L EACHATE  COLLECT ION /DETECT ION  
SYSTEM 

1 2 . 1  L EA C H A TE  S Y S TE M  R OC K  

The plans call for a No. 57 and No. 89 aggregate as specified in the Florida Department of 
Transportation’s (FDOT), Standard Specifications for Road and Bridge Construction.  Quality 

Control Certifications for the No. 57 and No. 89 aggregate used in the leachate 
collection/detection system can be found in Attachment 12-1.   
 
The thickness of the in-place aggregate layer was verified by survey and physical thickness 
checks.  The CQA Representative visually observed the placement of aggregate.  The survey 
verifying the minimum thicknesses for No. 57 and No. 89 aggregate can be found in Attachment 
2-5. 
 
1 2 . 2  L EA C H A TE  P I P I NG  

The plans call for an SDR 17 pipe as calculations show this would be acceptable.  Quality 
Control Certifications for the Corrugated High Density Polyethylene Pipe (HDPE) pipe used in 
the collection/detection system can be found in Attachment 12-2.  The survey showing the invert 
elevations of the leachate piping system can be found in Attachment 2-5. 
 
After the installation of the leachate piping system it was jet cleaned and video inspected.  The 
results of the video inspection tape and report can be found in Attachment 12-3. 
 
1 2 . 3  N O N WO V E N  GE O T EX T I L E  

1 2 . 3 . 1  M a n u f a c t u r e r ’ s  Q u a l i t y  C o n t r o l  T e s t i n g  

The plans call for a 16 oz non woven geotextile for the stormwater leachate collection and 
removal system.  GSE, the non woven geotextile manufacturer performed testing on the 
materials to verify compliance with the contract specifications prior to approval by SCS.  GSE 
performed manufacturer’s quality control (MQC) tests on the non woven geotextile prior to 
delivery.  The MQC tests were conducted in accordance with the manufacturer’s quality control 

program.  One test per every 100,000 square feet of non woven geotextile was performed.  The 
quality control certificates, which contain the recorded results for each roll of non woven 
geotextile tests, are included in Attachment 12-4. 
 
Table 18 presents results of the MQC testing for the non woven geotextile compared with the 
project specifications.  The tests indicate the non woven geotextile met or exceeded the project 
specifications.   
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T a b l e  1 8  C o m p a r i s o n  o f  N o n  W o v e n  G e o t e x t i l e  P r o p e r t i e s  

Parameter Specification Range of MQC Test 
Results1 

Tensile Strength (lbs)   360  404 

Apparent Opening Size (Sieve)  No. 100  0.150 

Mullen Burst Strength (psi) 650 843 

Puncture Strength (lbs) 225 246 

Trapezoidal Tear (lbs) 75 245  

Permittivity (sec-1) 0.7   0.8 

 
Notes: 

1 Range of Values 
 

1 2 . 3 . 2  C o n f o r m a n c e  T e s t i n g  

The non woven geotextile was visually inspected by the CQA Representative as it was placed.  
Roll numbers were verified as conforming to rolls tested by GSE under Manufacturer’s Quality 

Control.  The results of the conformance testing for the non woven geotextile is presented in 
Table 19 and laboratory results are included in Attachment 12-5.  The conformance tests were 
conducted by TRI Environmental, Inc. on material representative of the non woven geotextile 
used in this project.  The test results further verify that the non woven geotextile met the project 
specifications. 
 

T a b l e  1 9  C o m p a r i s o n  o f  N o n  W o v e n  G e o t e x t i l e  P r o p e r t i e s  i n  
C o n f o r m a n c e  T e s t i n g  

Parameter Specification Average Range of  
Test Results 

Tensile Strength (lbs)   360 415 

Apparent Opening Size (Sieve)  No. 100  200 

Mullen Burst Strength (psi) 650  874 

Puncture Strength (lbs) 225  275 

Trapezoidal Tear (lbs) 75  183 

Permittivity (sec-1) 0.7   0.77 

 
1 2 . 4  V A LV ES  A ND  A C C ES S OR I ES  

The shop drawing submittal for the valves is located in Attachment 12-6.
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Co r r u ga t e d  H i g h  D en s i t y  Po l ye t h y l e ne  P i p e
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A  D V D  C O N T A I N I N G  

V I D E O  I S  
A L S O  A V A I L A B L E  

W I T H  T H I S  R E P O R T  

• To view this dvd please contact: 
 

State of Florida 
Department of Environmental Protection 

Solid Waste Program 
13051 North Telecom Parkway  

Temple Terrace, FL  33637-0926 
Phone: (813) 632-7600 
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SECT ION 13  CAST- IN -PLACE  CONCRETE   

In lieu of a precast box culvert, Comanco did a poured in place box culvert.  Please refer to 
Attachment 13-1 for the Cast-In-Place Concrete Product data report signed and sealed by Mark 
Schroder, a Registered Professional Engineer in the State of Florida. 
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SECT ION 14  CONSTRUCT ION PHOTOGR APHS  

In accordance with Specific Condition B.3.a.6) of the Construction Permit Number 21375-013-
SC/01 for the Citrus County Central Class I Landfill Phase 3 Expansion Construction, please 
refer to Attachment 13-1 which contains a compact disc of photographs that are representative of 
construction activities as work progressed during completion of the project.  In addition, 
Attachment 3-2 of this report includes copies of the SCS Monthly Progress Reports which also 
contains copies of photographs that are representative of construction activities as work 
progressed during completion of the project.
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