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SECT ION 1  PROJECT  OVERV I EW 

The Florida Department of Environmental Protection (FDEP) issued construction permit number 
21375-013-SC/01 dated November 5, 2009, and Environmental Resource Permit (ERP) number 
09-0291076-001 dated June 22, 2009, for the Citrus County Class I Central Landfill located in 
Citrus County, Florida.  The FDEP construction permit authorized Citrus County to construct the 
Phase 3 Expansion project.  The FDEP ERP authorized modifications to the existing surface 
water management system (SWMS) in order to provide pre-treatment and attenuation for non-
contact stormwater runoff from approximately 44 acres of solid waste cells including a perimeter 
access road located in an existing 80 acre Class I solid waste facility.    
 
In accordance with Specific Condition B.2.a.1) through 4) of construction permit number 21375-
013-SC/01, and on behalf of the Citrus County Board of County Commissioners (BOCC), SCS 
Engineers (SCS) has prepared this Certification of Construction Report.  Please refer to 
Attachment 1-1 for FDEP Form 62-701.900(2) Certification of Construction Completion of a 
Solid Waste Management Facility for construction of the Citrus County Class I Central Landfill 
Phase 3 Expansion project. 
 
Notice to Proceed for the construction of the Phase 3 Expansion project was issued by the Citrus 
County Board of County Commissioners (BOCC) to Comanco Environmental Corporation 
(Comanco) to begin work on the project on or before July 5, 2010.  The project duration was 
estimated at 180 days to reach substantial completion on December 31, 2010, and 210 days to 
reach final completion on January 30, 2011.  The Contract Times were changed by Change 
Orders with a substantial completion of January 18, 2011, and a final completion date of 
February 15, 2011.  
 
1 . 1  C ONS TR U C T I ON  P ER M I T  

Construction Permit Number 21375-013-SC/01 dated November 5, 2009, authorized the County 
to construct an expansion of the Class I Landfill (approximately 6.2 acres), referred to as the 
Citrus County Class I Central Landfill Phase 3 Expansion project.  The project included 
excavating, filling, fine grading, placement and compaction of soil subbase material, installation 
of a biaxial and uniaxial reinforcing geogrids, installation of a geosynthetic clay liner (GCL), 
installation of a 60-mil textured (both sides) high density polyethylene (HDPE) geomembrane 
liner system, installation of geocomposite drainage layers, constructing leachate collection 
trenches and piping, a 2 ft protective layer with a hydraulic conductivity of not less than    
5.2x10-4 cm/sec for the floor of the cell, associated quality assurance testing, tie-ins to completed 
construction, and required plumbing and electrical work if necessary for proper operation of the 
leachate pumping system.  A copy of the Construction Permit Number 21375-013-SC/01 for the 
Citrus County Class I Central Landfill Phase 3 Expansion project is contained in Attachment 1-2. 

The ERP Number 09-0291076-001 dated June 22, 2009, authorized the County to modify the 
existing SWMS to construct and implement a new perimeter conveyance along the northern 
boundary of the 6.2 acre Phase 3 Expansion project that will replace the existing conveyance that 
will be filled in by the expansion, and a new box culvert under the access road on the west side 
of the Phase 3 Expansion project.  The ERP also allowed modifications to the dry retention pond 
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(DRA-5) located along the southern boundary of the existing solid waste cells (erosion control 
improvements) which authorized the construction and implementation of three trapezoidal 
spreader swales that will allow for the direct conveyance of stormwater runoff from the south 
face of the existing solid waste cells to the DRA-5, the addition of DRA turf grass on an as-
needed basis for the life of the facility, and an emergency spillway.  The erosion control 
improvements were constructed from November 23, 2009, through July 6, 2010.  Please refer to 
the report entitled:  Report of Construction November 23, 2009 - July 6, 2010 Citrus County 

Central Class I Landfill 7-acre re-closure construction permit no. 21375-014-SF/01; Phase 3 

Expansion - Erosion Control Improvements Permit No. 21375-013-SC/01“[S.I.C.]”, August 31, 

2010, prepared by SCS on behalf of the County for the construction certification report for the 
erosion control improvements effort which was submitted to FDEP on August 31, 2010.  A copy 
of ERP Number 09-0291076-001 for the Citrus County Class I Central Landfill Phase 3 
Expansion project is contained in Attachment 1-3. 

Substantial completion of the Citrus County Class I Central Landfill Phase 3 Expansion Project 
was achieved on January 18, 2011, and final completion was achieved on February 15, 2011. 

1 . 2  P R OJ EC T  OR GA N I Z A T I ON S  A ND  F U NC T I O N  

Work conducted at the site was performed by the following: 
 
Owner 

 

 Citrus County Solid Waste Management Department (County) 
 
Engineering Consultant 

 

 SCS Engineers - Design engineer and full-time construction quality assurance (CQA) for 
liner installation with part-time CQA for earthwork. 

 
Construction Quality Assurance (CQA) 

 

 SCS Engineers - Full-time CQA during liner installation, Part-time CQA during earth 
moving work 

 
 Citrus County - Part-time CQA 

 
 Professional Service Industries, Inc. (PSI) - Soil CQA 

 
 TRI/Environmental, Inc. (TRI) - Quality assurance testing of geosynthetic materials 

 
Contractor 

 

 Comanco Environmental Corporation - General contractor and geosynthetics installer 
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Subcontractor 

 

 Berglund Construction Services, LLC - Surveyor 
 Coastal Concrete 

 
Construction Quality Control (CQC) 

 

 Universal - Soil construction quality control (CQC) testing 

 
1 . 3  C ON TA C T  L I S T  

On behalf of the Citrus County BOCC, SCS had personnel located on site at the Citrus County 
Class I Central Landfill full-time during the liner installation and part-time during the earthwork 
construction.  The County provided full-time construction observation during the earthwork 
construction.  The following Organizational Chart lists the key project personnel, including those 
persons on-site during the project for daily construction activities.  



SCS Project Team Organization

Phase 3 Expansion Project

Citrus County, Florida

Phase 3 Construction Team

Citrus County

Solid Waste Management Department

(County) Director

Casey Stephens

Contact:  352-527-7670

SCS Engineers

(Engineer) Senior Project Engineer

Dominique H. Bramlett, P.E.

Contact:  813-621-0080

dbramlett@scsengineers.com

SCS Engineers

Field Representative

Name:  Kurt Peterson

Contact:  813-220-3898

SCS Engineers

Project Director

C. Ed Hilton, P.E.

Contact:813-621-0080

ehilton@scsengineers.com

SCS Engineers

Geosynthetics Oversight

Name:  Paul Siribouy

Contact:   410-905-0266

Geotechnical Support

Construction Quality Assurance (CQA)

PSI - Soil

Name:  James Kenney, P.E.

Contact:  727-868-0094

TRI/Environmental, Inc.

Geosynthetics Conformance Sampling

Name:  Sam Allen

Contact:   800-880-8378

SCS ENGINEERS

Construction Quality Control (CQC)

Universal - Soil

Berglund Construction Services, LLC -

Surveyor

Manufacturer’s Quality Control (MQC)

Agru – 60 mil HDPE textured liner

GSE – Biplanar geocomposite and non-woven geotextile

R.H. Moore – Uniaxial and Biaxial geogrids (Mirafi products)

Syntec – Triplanar geocomposite

Raven – 20 mil rain tarp

Webtec, Inc. – woven geotextile

CETCO – Geosynthetic Clay Liner (GCL)

Contractor

Comanco

Project Manager

Name:  Troy Watral

Contact:  813-714-0980

Earthwork Superintendent

Name:  Bill Newman

Contact:  813-434-5435

Liner  Superintendent

Name:  Arnulfo Martinez

Contact:  813-787-3779

Geomembrane/Geocomposite

Comanco - Installer

Citrus County

Solid Waste Management Department

(County) Field Representative

Name:  Mike Wimer 

Name:  Richard Neptune

Contact:  352-527-7670
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SECT ION 2  RECORD DRAWINGS  AND PERM IT  
DEV IAT IONS   

2 . 1  P R EC ONS TR U C T I O N  S U R V EY  

In accordance with the project technical specifications, a copy of the preconstruction topographic 
survey performed by Berglund Construction Services, LLC is included as Attachment 2-1.  
 
2 . 2  R EC OR D  D R A WI N GS  

Please refer to Attachment 2-1 for the Citrus County Class I Central Landfill Phase 3 Expansion 
Record Drawings. 
 
2 . 3  G A S  P R OB E  

The new gas monitoring probe GP-19 was installed in general conformance to the plans and 
specifications.  Please refer to Attachment 2-1 for the Northing and Easting of the new gas probe.  
Please refer to Attachment 2-2 for the gas installation log. 
 
2 . 4  P LA NS  A ND  S P EC I F I C A T I O NS  D EV I A T I O NS  

The following minor deviations were implemented during construction of the Citrus County 
Class I Central Landfill Phase 3 Expansion construction.  It is the professional opinion of SCS 
that these minor deviations did not significantly impact the original permitted concept or design.   
 
2 . 4 . 1  A c c e s s  R o a d  

Upon the request of the County, Comanco submitted Change Order No. 2 and No. 4 for revisions 
to the access road.  The change orders consisted of creating a 3 foot shoulder along the south of 
the access road to provide a safe zone beyond the road surface, lining the ditch on the north side 
of the access road with 60-mil HDPE liner to minimize erosion underneath the road, placement 
of riprap in the bottom ditch to minimize erosion, and placement of 1.5 inches of 12.5 Type SP 
asphalt on the new limerock base; prime and sand new limerock base for long term site 
operational activities.  These modifications do not alter the direction of the stormwater and do 
not affect the overall design or permit conditions.   
 
2 . 4 . 2  A d d i t i o n a l  R a i n  T a r p  

Comanco requested a change order for additional rain tarp material on the eastern half of the cell.  
The triplanar specification section 31 05 20 3.08 G indicated that after installation of the triplanar 
material shall not be exposed to direct sunlight for longer than 30 days.  The additional rain tarp 
material was added to the eastern side slope of the cell to be in compliance with the 
specifications.   
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2 . 4 . 3  I n t e r f a c e  F r i c t i o n  A n g l e s  T e s t i n g  

SCS sent an email to FDEP on July 6, 2010, indicating a couple typographical errors in the 
general information of the construction permit number 21375-013-SC/01 for the interface 
friction angle testing.  FDEP concurred in an email to SCS on July 7, 2010, that the reference to 
biplanar geocomposite [BGDN]/uniaxial geogrid is incorrect.  The triplanar geocomposite 
[TGDN] actually interfaces the uniaxial geogrid.  The reference to the geomembrane 
[GM]/subbase soil interface is also incorrect.  The secondary [GM] actually interfaces with the 
biaxial geogrid.  Additionally, the [GM]/biaxial geogrid and protective soil/[TGDN] was not 
included in the general information of the construction permit 21375-013-SC/01.  The corrected 
and additional interface friction angle testing was performed. 
 
2 . 4 . 4  R a i n  T a r p  T e s t i n g  

SCS requested in an email to FDEP on September 16, 2010, that the rain tarp material be 
acceptable at a reduced trapezoidal tear strength as all the other parameters met specifications.  
SCS indicated that the Phase 2 cell utilized a 10 mil UV-resistant polypropylene and the Phase 3 
cell specified a 12 mil UV-resistant polypropylene material.  The slight variance in allowing a 
material with a reduced trapezoidal tear strength does not alter or modify the original landfill 
expansion design.  The purpose of the rain tarp system is to cover the exposed cell bottom and 
sideslopes where operations are not occurring to minimize leachate generation.  The stormwater 
collected on top of the rain tarp is diverted from the leachate system to the existing channels 
using portable pumps.  The rain tarp is temporary and will be removed prior to placement of 24-
inches of protective sand cover and refuse.  FDEP concurred in an email to SCS on September 
16, 2010 that the rain tarp material is acceptable at the reduced trapezoidal tear strength. 
 
2 . 4 . 5  P l u g  V a l v e  a n d  B u t t e r f l y  V a l v e  

The specification for the plug valves and butterfly valves from vendors indicated that the valves 
specified are not available.  A PVC gate vale was provided in lieu of the plug valve specified in 
the specifications and an HDPE butterfly valve by TimesaverTM was provided.  These 
modifications were confirmed to be compatible with leachate applications.  
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( B o u nd  S e p a ra t e l y )

































DIMENSIONS OF THRUST BLOCKS FOR GOOD SOIL

SIZE (D) 4” 6” 8” 12”

THRUST (lbs.) 532 1100 1892 4024

BEARING AREA (ft.
2
) 0.27 0.55 0.95 2.01

CONCRETE (yds
3
) 0.02 0.04 0.08 0.24

H 5” 7” 9” 1’-1”

W 8” 1’-0” 1’-4” 1’-11”

11-1/4” BEND

X 12” Min. 12” Min. 12” Min. 18” Min.

THRUST (lbs.) 1059 2188 3765 8010

BEARING AREA (ft.
2
) 0.53 1.09 1.88 4.01

CONCRETE (yds
3
) 0.03 0.08 0.15 0.48

H 7” 10” 1’-0” 1’-6”

W 1’-0” 1’-5” 1’-10” 2’-8”

22-1/2” BEND

X 12” Min. 12” Min. 12” Min. 18” Min.

THRUST (lbs.) 2078 4293 7384 15,711

BEARING AREA (ft.
2
) 1.04 2.15 3.69 7.81

CONCRETE (yds
3
) 0.07 0.16 0.30 0.94

H 9” 1’-1” 1’-5” 2’-1”

W 1’-4” 2’-0” 2’-6” 3’-8”

45º BEND

X 12” Min. 12” Min. 12” Min. 18” Min.

THRUST (lbs.) 3838 7932 13,645 15,711

BEARING AREA (ft.
2
) 1.92 3.97 6.82 14.51

CONCRETE (yds
3
) 0.12 0.29 0.55 1.75

H 1’-0” 1’-6” 2’-0” 2’-11”

W 1’-10” 2’-8” 3’-5” 5’-0”

6’-8”

X 12” Min. 12” Min. 12” Min. 18” Min.

NOTES:

1. Concrete shall be kept at sufficient distance from joint for removal of all joint accessories including bolts.

2. All bearing surfaces to be carried to undisturbed soil.

3. This table shows the minimum size thrust blocks for soil bearing pressure of 2000 psf and an internal

pressure of 150 psi.

4. Poor and wet sol (silty soils, clay, muck and peat) will require larger thrust blocks.

5. Fittings shall be completely polywrapped prior to pouring thrust blocks.
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G a s  P r o b e  GP -1 9  I n s t a l l a t i o n  L o g   
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SECT ION 3  CONSTRUCT ION OBSERVAT ION  

3 . 1  C ONS TR U C T I ON  Q U A L I TY  A S S U R A NC E  S ER V I C ES  

In accordance with the FDEP approved Construction Quality Assurance (CQA) Plan and per 
Specific Condition Number B.8.a.2 of FDEP Construction Permit Number 21375-013-SC/01 for 
the construction of the Phase 3 Expansion Project, the Citrus County BOCC provided a full-time 
CQA representative on site to observe construction activities.  SCS provided full-time field CQA 
services including observation and testing during the liner installation.  The liner system was 
comprised of (from the bottom up):  a biaxial geogrid, a GCL (only on the bottom of the cell), a 
secondary 60-mil textured high density polyethylene (HDPE) liner, a secondary geocomposite 
(geonet with two geotextiles) serving as a leak detection layer, a primary 60-mil HDPE liner, a 
primary geocomposite (geonet with two geotextiles), uniaxial geogrid along the sideslopes of the 
cell, and a two-foot thick sand drainage/protective layer.    
 
SCS, as the County’s CQA representative, verified material for compliance with the technical 

specifications, observed field testing, observed construction for compliance with the permit 
conditions and documented the various phases of construction as necessary for final certification 
purposes.  Section 5 discusses the GCL, geogrid, geomembrane, and geocomposite CQA 
activities in further detail and contains TRI Destructive Sample test results pertaining to the 
geosynthetic installation of the Phase 3 Expansion project.  The proposed panel layouts and 
geosynthetic installation loges are also included in Section 5.  Please refer to Attachment 3-1 for 
copies of the SCS Daily Field Reports created by the SCS CQA representative during 
construction.  The County Daily Field Reports created by the County’s CQA representative 

during construction are also included in Attachment 3-1. 
 
As part of the specifications, the manufacturers; Agru, GSE, R.H.Moore, Syntec, Raven and 
CETCO, were required to perform initial conformance tests on the geosynthetics prior to 
delivery.  The results were recorded in certificates for each roll of geomembrane, geocomposite, 
geogrid, GCL, and rain tarp, and are contained in Section 5.  
 
In addition, per Specific Condition Number B.6.b of the construction permit, monthly progress 
reports were required to be submitted to FDEP during the duration of the project.  Please refer to 
Attachment 3-2 for copies of these SCS Monthly Progress Reports also previously provided to 
FDEP as required. 
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SECT ION 4  PREL IM INARY S I T EWORK  

4 . 1  P R EC ONS TR U C T I O N  S U R V EY  

In accordance with the project technical specifications, a copy of the preconstruction topographic 
survey performed by Berglund Construction Services, LLC (Berglund) is included in Attachment 
2-1. 
 
4 . 2  A C C ES S  R OA D  

The work consisted of building a paved access road with a 3 foot shoulder on the south of the 
access road and a ditch on the north side of the access road.  The ditch was lined with a 60 mil 
HDPE liner.  The preparation of the road was compacted and stabilized to achieve 95 percent of 
maximum dry density as determined by the Standard Proctor ASTM D 698.   
 
The in-place density tests performed by PSI for the subbase is provided in the report prepared by 
PSI “Construction Material Testing Reports” provided in Attachment 4-2.  The in-place density 
tests performed by Universal for the subbase is provided in the report prepared by Universal is 
provided in Attached 4-3.  
 
The plans called for a woven geotextile to be placed on top of the compacted existing soil for 
stabilization.  Webtec, Inc. the woven geotextile manufacturer performed testing on the material 
to verify compliance with the contract specifications prior to approval by SCS.  Webtec, Inc. 
performed manufacturer’s quality control (MQC) tests on the woven geotextile 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 woven 
geotextile tests, are included in Attachment 4-4. 
 
Table 1 presents results of the MQC testing for the woven geotextile (M440-180) compared with 
the project specifications.  The tests indicate that the woven geotextile met or exceeded the 
project specifications. 
 

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

Apparent Opening Size No. 40 sieve 30 

Grab Tensile (lb) 200 500 - 547 

Trapezoidal Tear Strength (lb) 70 252 - 574 

Puncture Strength (lb) 115 190 - 200 

Burst Strength (psi) 300  1,350 

Wide Width Tensile Strength (lbs/in) 110 611- 650 

 
Notes: 

1 Range of values. 
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The woven geotextile was visually inspected by the CQA Representative as it was placed.  Roll 
numbers were verified as conforming to rolls tested by Webtec, Inc. under Manufacturer’s 

Quality Control.  The results of the conformance testing for the woven geotextile are presented in 
Table 2 and laboratory results are included in Attachment 4-5.  The conformance tests were 
conducted by TRI Environmental, Inc. on material representative of the woven geotextile used in 
this project.  The test results further verify that the woven geotextile met the project 
specifications 
 

T a b l e  2  C o m p a r i s o n  O f  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 Average Range of Test 
Results 

Apparent Opening Size No. 40 sieve 50 

Grab Tensile (lb) 200 707 

Trapezoidal Tear Strength (lb) 70  295 

Puncture Strength (lb) 115  308 

Wide Width Tensile Strength (lbs/in) 110  456 

 
4 . 3  P R EP A R A T I ON  OF  P H A S E  3  C E L L  

After removal of unsuitable materials and site grading activities, and prior to installation of the 
biaxial geogrid, the subbase was constructed.  Existing and subbase/subgrade materials from 
onsite were used to achieve the grades as shown on the construction drawings.  Suitable subbase 
material underneath the biaxial geogrid layer for the Phase 3 Expansion included poorly graded 
sand (SP), poorly graded sand with silt and gravel (SP-SM), clayey sand (SC), and poorly graded 
clayey sand (SP-SC) as classified by the Unified Soil Classification System.  Suitable soil 
materials under the Phase 3 construction side slopes were natural, in-place materials or placed 
and recompacted material.  The recompacted material was placed in 1 foot thick lifts, compacted 
and tested as described in Table 31 20 00-1 of the Technical Specification Section 31 20 00.  The 
recompacted material consisted of poorly graded sand (SP), and silty-clayey sand (SM-SC) as 
classified by the Unified Soil Classification System.  The suitable soil materials were not 
excessively wet or dry and were required to achieve 95 percent of maximum dry density as 
determined by the Standard Proctor ASTM D 698.  The subbase was installed by COMANCO 
and compacted to the grades as shown on the construction drawings.  The surface of the installed 
subbase was free of sticks, roots, organic matter, and stones larger than 1-inch in any dimension. 
 
PSI (CQA) and Universal (CQC) conducted in-place field density tests of the Phase 3 Expansion 
cell.  The soil CQA testing frequencies compared to the soil CQC testing frequencies for the 
final subbase were doubled for the first five acres of liner system construction (i.e., 4 per acre per 
lift).  The in-place density tests performed by PSI for the subbase is provided in the report 
prepared by PSI “Construction Material Testing Reports” provided in Attachment 4-2.  The in-
place density tests performed by Universal for the subbase is provided in the report prepared by 
Universal is provided in Attached 4-3. 
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4 . 4  S U B B A S E  

Prior to deploying the geogrid, SCS CQA representative and the liner installer (COMANCO) 
visually inspected the subbase to ensure it was smooth and free of rocks, sharp stones, sticks, 
roots, sharp objects, and debris.  A Certificate of Subbase Acceptance form signed by the SCS 
CQA representative and COMANCO describing the area on which geogrid was to be deployed is 
included in Attachment 4-1 of this section. 
 
4 . 5  S U B B A S E  S U R V EY  

In accordance with the technical specifications, Berglund completed a topographic survey of the 
accepted subbase prior to the installation of the geocomposite.  The Berglund as-built subbase 
topographic survey is contained in Attachment 2-3.  
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Wo ve n  Ge o t e x t i l e  MQC  C e r t i f i c a t e s
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SECT ION 5  GEOSYNTHET IC  INSTALLAT ION REPORT  

5 . 1  R EQ U I R EM EN TS  A ND  S P E C I F I C A T I ONS  

This section compiles the daily construction activities related to the installation of a double 
geomembrane liner system comprised of (from the bottom up):  geogrid, geosynthetic clay liner 
(GCL) (bottom of cell only), a secondary 60-mil textured high density polyethylene (HDPE) 
liner, a secondary biplanar geocomposite (geonet with two geotextiles) serving as a leak 
detection layer; a primary 60-mil textured HDPE liner, primary triplanar geocomposite (geonet 
with two geotextiles), and geogrid on the 2:1 sideslopes.  The geomembrane manufacturer was 
Agru, the biplanar geocomposite manufacturer was GSE, the triplanar geocomposite 
manufacturer was Syntec, the geogrid manufacturer was R.H. Moore, and the GCL manufacturer 
was CETCO.      
 
The SCS CQA representative was on site full-time to observe construction activities during the 
geosynthetic system installation in accordance with FDEP rules.  The SCS CQA representative 
documented weather, construction and installation techniques, non-destructive and destructive 
geomembrane testing, geomembrane repairs.  In addition, materials conformance testing was 
performed to assure compliance with the project technical specifications. 
 
Field activities, as previously mentioned, were recorded in SCS Daily Field Logs prepared by the 
SCS CQA representative located in Attachment 3-1 of this report.  In addition to the SCS Daily 
Field Logs as required by the technical specifications, Panel Repair Reports, Material Testing 
Logs, and geomembrane seam test results were also used to document the installation of the 
geomembrane and geocomposite. 
 
The SCS CQA representative was responsible for: 
 

 Reviewing the applicable plans and written material prior to the start of construction. 
 

 Monitoring the essential procedures of the geomembrane installation such as: 
 

1. Subbase acceptance 
2. Geomembrane panel placement 
3. Geomembrane repair 
4. Geomembrane seaming 
5. Geomembrane seam repair 
6. Geomembrane non-destructive testing 
7. Geomembrane destructive test sampling 

 
 Recording the repairs and destructive sample test locations. 

 
 Prepared and sent destructive seam samples to an independent laboratory (TRI) for 

testing. 
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5 . 2  I NS TA L LA T I ON  S U MM A R Y  

COMANCO was responsible for preparing the subbase.  Upon acceptance of the subbase by the 
SCS CQA representative and the liner installer (COMANCO), the geosynthetic liner system was 
installed by COMANCO. 
 
COMANCO began deployment of the liner system on Tuesday October 5, 2010.  Comanco’s 

liner crew installed the liner system in Phases as follows and as shown in Attachment 5-1: 
 
Phase 1 (East side slope): 
 
Biaxial Geogrid 
Secondary Liner 
Biplanar Geocomposite 
Primary Liner 
Triplanar Geocomposite 
Backfill Anchor 
 
Phase 2 (Bottom of Phase 3 Cell, East Half): 
 
Biaxial Geogrid 
GCL 
Secondary Liner 
Biplanar Geocomposite 
Primary Liner 
Triplanar Geocomposite 
 
Phase 3 (Bottom of Phase 3 Cell): 
 
Biaxial Geogrid 
GCL 
Secondary Liner 
Biplanar Geocomposite 
Primary Liner  
Triplanar Geocomposite 
 
Phase 4 (Sideslope): 
 
Biaxial Geogrid 
Secondary Liner 
Biplanar Geocomposite 
Primary Liner 
Triplanar Geocomposite 
Backfill Anchor 
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Phase 5 (Bottom of Phase 3 Cell, West Half): 
 
Biaxial Geogrid 
GCL 
Secondary Liner 
Biplanar Geocomposite 
Primary Liner  
Triplanar Geocomposite 
 
Phase 6 (West Side Slope): 
 
Biaxial Geogrid 
Secondary Liner 
Biplanar Geocomposite 
Primary Liner 
Triplanar Geocomposite 
Backfill Anchor 
 
The panels were deployed and numbered sequentially as placed.  The progression of the work 
can be determined from the field logs and as-built panel layout drawings located in Attachment 
2-1. 
 
It is the professional opinion of SCS that the liner system was installed in substantial accordance 
with the project technical specifications and meets or exceeds the design requirements.  Table 3 
provided below is a tabulated summary of the installation for the geosynthetics for the liner 
system for the Phase 3 Cell Expansion Project. 
 

T a b l e  3  G e o s y n t h e t i c  I n s t a l l a t i o n  S u m m a r y  P h a s e  3  C e l l  

Liner System Description Installed Square Footage 1 Start Date Completion Date 

Biaxial Geogrid 302,604 10-5-10  10-29-10 

GCL 103,500 10-5-10 10-28-10 

Secondary Liner 292,714 10-5-10 11-1-10 

Biplanar Geocomposite 323,445 10-8-10 11-8-10 

Primary Liner 296,932 10-12-10 11-30-10 

Triplanar Geocomposite 322,388 10-14-10 11-30-10 

Uniaxial Geogrid 242,070 11-2-10 12-1-10 

 
Notes: 

1 Installed square footage based upon SCS field measurements. 
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5 . 3  R A I N  TA R P  

The rain tarp was installed according to the specifications and at the locations as directed by 
SCS. 
 
5 . 4  A NC H OR  TR EN C H  

The anchor trench was constructed according to the specifications and installed at the locations 
as shown on the drawings. 
 
5 . 5  D A I LY  F I E LD  R EP O R T  

Installation activities were recorded in SCS Daily Field Reports prepared by the SCS CQA 
representative, as previously mentioned, that are contained in Attachment 3-1 of this report.  The 
SCS Daily Field Reports were signed and dated at the end of each day by the SCS CQA 
representative.  The SCS Daily Field Reports also contain general information such as weather 
conditions, potential conflicts pertinent to material installation, etc. 
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SECT ION 6  GEOGR ID INSTALLAT ION  REPORT  

6 . 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 biaxial geogrid along the bottom of the cell and sideslopes as reinforcement 
of the subbase and a uniaxial geogrid along the sideslopes for slope stability purposes.  Biaxial 
geogrids are manufactured by welding or stitching together two layers of extruded, 
polypropylene, flexible geogrids to create a continuous sheet with random-sized apertures for 
improved soil interaction.  Uniaxial geogrids are geogrids with strength in a single direction. 
R.H. Moore, the geogrid manufacturer performed testing on the materials to verify compliance 
with the contract specifications prior to approval by SCS.  R.H. Moore performed manufacturer’s 

quality control (MQC) tests on the geogrid 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 geogrid produced was performed.  The quality control certificates, which contain the 
recorded results for each roll of geogrid tests, are included in Attachment 6.1 (biaxial geogrid) 
and Attachment 6.2 (uniaxial geogrid).   
 
Table 4 presents results of the MQC testing for the biaxial geogrid (5XTBD Tencate Geogrid) 
compared with the project specifications.  The tests indicate that the biaxial geogrid met or 
exceeded the project specifications. 
 

T a b l e  4  C o m p a r i s o n  O f  B i a x i a l  G e o g r i d  P r o p e r t i e s  

Parameter Specification Range of MQC Test 
Results1 

Mass/Unit Weight (oz/yd3) 13.2 13.2 

Tensile Strength @ Ultimate (MD) (lbs/ft) 4,300 5,099 - 5,240 

Tensile Strength @ Ultimate (CD) (lbs/ft) 4,300 6,848 - 7,666 

Tensile Strength @ 5% (MD) (lbs/ft) 1,740 2,434.8 - 3,540 

Tensile Strength @ 5% (CD) (lbs/ft) 1,740 1,930 - 2,137 

Creep Reduced Strength (MD) (lbs/ft) 2,580 2,580 

LTDS (MD) (Lbs/ft) 1,864 1,864 

 
Notes: 

1 Range of values. 
 
Table 5 presents results of the MQC testing for the uniaxial geogrid (22XT Tencate Geogrid) 
compared with the project specifications.  The tests indicate that the uniaxial geogrid met or 
exceeded the project specifications. 
 

T a b l e  5  C o m p a r i s o n  o f  U n i a x i a l  G e o g r i d  P r o p e r t i e s  

Parameter Specification Range of MQC Test 
Results1 

Tensile Strength @ 5% (MD) (lbs/ft) 6,510 7,189.8 - 8,155.5 
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Parameter Specification Range of MQC Test 
Results1 

Tensile Strength @ Ultimate (MD) (lbs/ft) 14,390 20,035 - 23,362 

 
Notes: 

1 Range of values. 
 
6 . 2  C ON F OR MA NC E  T ES T I N G  

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

The results of the conformance testing for the geogrid are presented in Tables 6 (biaxial geogrid) 
and 7 (uniaxial geogrid) and laboratory results are included in Attachment 6-3 (biaxial geogrid) 
and Attachment 6.4 (uniaxial geogrid).  The conformance tests were conducted by TRI 
Environmental, Inc. on material representative of the geogrid used in this project.  The test 
results further verify that the geogrid met the project specifications. 
 

T a b l e  6  C o m p a r i s o n  o f  B i a x i a l  G e o g r i d  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 Range of Test Results1 

 

Mass/Unit Weight (oz/yd3) 13.2 16.8 - 18.6 

Tensile Strength @ Ultimate (MD) (lbs/ft) 4,300 4,734 - 5,153 

Tensile Strength @ Ultimate (CD) (lbs/ft) 4,300 7,151 - 7,638 

Tensile Strength @ 5% (MD) (lbs/ft) 1,740 2,190 - 3,083 

Tensile Strength @ 5% (CD) (lbs/ft) 1,740 1,929 - 2,051 

 
Notes: 

1 Range of values. 
 

T a b l e  7  C o m p a r i s o n  o f  U n i a x i a l  G e o g r i d  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 Range of Test Results1 

 

Tensile Strength @ 5% (MD) (lbs/ft) 6,510 6,768 - 8,310 

Tensile Strength @ Ultimate (MD) (lbs/ft) 14,390 22,436 - 24,982 

 
Notes: 

1 Range of values. 
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6 . 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 
biaxial interface friction angle and 22 degrees for the uniaxial 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 12 
degrees for the biaxial interface and 22 degrees for the uniaxial interface which therefore also 
meet the minimum safety factor of 1.5 against sliding.  Please refer to Attachment 6-5 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 
 

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

 Protective Cover Soil versus Marifi 22XT Geogrid (Uniaxial Geogrid) versus Syntec 
TendDrain 770-2 Double Sided Geocomposite (Triplanar Geocomposite) = 27.8 degrees 
with 0 psf adhesion 

 
6 . 4  P A NE L  P L A C E M EN T  

The Geogrid was installed at the proper locations and alignment as shown on the drawings.  
Adjacent geosynthetic panels were joined with plastic ties spaced so as to ensure 100 percent 
coverage.  Upon deployment, individual panels were assigned sequential panel numbers.  Panel 
numbers, with corresponding manufacturer’s Geogrid roll number were recorded by the CQA 
Representative and Comanco’s Quality Control Technician.  SCS’ geogrid placement logs are 
included in Attachment 6-6 (biaxial geogrid) and 6-7 (uniaxial geogrid).  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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 A t t a c hme n t  6 -1  
 

B i a x i a l  Ge o g r i d  M Q C  C e r t i f i c a t e s  
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A t t a c h me n t  6 -2  
 

U n i a x i a l  Ge o g r i d  MQC  C e r t i f i c a t e s
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A t t a c h me n t  6 -3  
 

B i a x i a l  Ge o g r i d  C QA  C o n f o rma n ce  Te s t  R e s u l t s  
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A t t a c h me n t  6 -4  
 

U n i a x i a l  Ge o g r i d  C QA  C o n f o rma n ce  Te s t  R e s u l t s
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A t t a c h me n t  6 -5  
 

G e o g r i d  C QA  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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A t t a c h me n t  6 -6  
 

B i a x i a l  Ge o g r i d  P a ne l  P l a ce me n t  L o g s  
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A t t a c h me n t  6 -7  
 

U n i a x i a l  Ge o g r i d  P a ne l  P l a ce me n t  L o g s  
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