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Sarasota CCSWDC Flexible Leachate Storage Containers Constructibn
Pending Permit No.: 130542-005-SC/08
Sarasota Countv. Florida

Dear Mr. Morgan:

On behalf of Sarasota County (County), Geosyntec Consultants (Geosyntec) has prepared this

letter to address the Florida Department of Environmental Protection's (Department's) first

reqllest for additional information (RAI) for approval of the application to construct flexible

leachate storage containers (FLSCs) at Central County Solid Waste Disposal Complex

(CCSWDC) located in Sarasota County, Florida. The RAI was addressed to Mr. Frank Coggins

of County in a letter dated 13 December 2006, which is included as Attachment 1.

On22 February 2007, Dr. Juan Quiroz and Mr. Ayushman Gupta of Geosyntec met with Ms.

Susan Pelz, Mr. Steve Morgan and Mr. John Morris of the Department to discuss several RAI

No. 1 comments. The RAI comments below are addressed accordingly and reference the

February 2007 meeting with the Department is noted as needed.

This response is intended to supplement the Permit Application to Construct submitted by

Geosyntec on 13 November 2006 on behalf of County. Each RAI comment has been reproduced

in italic font below and the corresponding response is given in normal font. ln this response,

deletions to the original document have been shown with a strikethrough and additions have been

shown with an underline.

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid Waste

Disposal Complex, Sarasota County, Florida," dated November 2006, have been revised and are
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included as Attachment 2. The Engineering Report (without appendices) tit$ "Applidation for $.*
a Permit to Construct Flexible Leachate Storage Containers at Central Cdpty Solid Waste tp
Disposal Complex," dated November 2006, has been revised and is included ut 

S.n*ent 
3.

GENERAL

1. Rule 62-701.320(8), F.A.C. Please publish the attached Notice of Application and provide
proof of publication to the Department.

Response 1:

In accordance with Rule 62-701.320(8), F.A.C., the Notice of Application was published in

the 20 March 2007 issue of the Sarasota Herald-Tribune, a local newspaper of general

circulation in Sarasota County. The signed Affidavit of Publication from Sarasota Herald-

Tribune is included in Attachment23.

2. Rule 62-701.730(4) (b), F.A.C. Responses to each of the items in John Morris' December

11,2006 memorandum (attached) are required. You may call Mr. Morcis at (813) 632-

7600, extension 336, to discuss the items in his memorandum.

Response 2:

The responses to each of Mr. Morris' items are provided at the end of this itemized list
provided by the Department, under the heading titled "DEP Form No. 62-701.900(1), Solid

Waste Management Facility Form."

3. Rule 62-701.410 (2) (e), F.A.C. Please provide foundation bearing capacity and subgrade

settlements analyses for the FLSC in accordance with Rule 62-701.410 (2) (e), F.A.C.

Response 3:

On 22 February 2007, Geosyntec met with the Department to discuss several RAI No. I
comments. During the meeting, it was agreed that foundation bearing capacity for the

FLSCs was inherently addressed in the perimeter berm slope stability analyses which were

provided in Appendix F of the Engineering Report titled "Application for a Permit to
Construct Flexible Leachate Storage Containers at Central County Solid Waste Disposal

FDEP Response to RAI Nol.doc
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Complex," dated November 2006. As a result, additionai stability analyses for the FLSCs

were not required.

During the 22 February 2007 meeting with the Department, it was agreed that the subgrade

settlement analyses for the FLSCs would be provided for two points along the cell floor of

the FLSCs. The differential settlement between the high-point and the low point of the

FLSC cell floor would be evaluated to verify that grade reversal will not occur due to

settlement of the subsurface soils. The resulting subgrade settlement calculations for the

FLSCs are provided in Attachment 4. Based on the cell floor settlement calculations, the

differential settlement (and thereby change in constructed slope) is negligible.

ENGTNEERTNG REPORT (RULE 62-701.320(7) (d), F.A.C.)

4. $1.1r Please provide a copy of the pending ERP permit for the storm water management

system modification of the facility.

Response 4:

A copy of the pending Environmental Resource Permit (ERP) application is included in

Attachment 5. The ERP application was prepared by Geosyntec, on behalf of County, and

submitted to the Department on 14 March 2001.

s. s3.2:

a. The reference to the FLSC facitity being built-up relative to the existing ground as

shown on Sheet 3 of the permit drawings appears to be a typographic error. Please

revise to reference Sheet 5 of the drawings.

Response 5.a:

The Engineering Report (without appendices) titled "Application for a Permit to Construct

Flexible Leachate Storage Containers at Central County Solid Waste Disposal Complex,"

dated November 2006, has been revised and is included as Attachment 3. Section 3.2 was

modified to appropriately reference Sheet 5 of the Permit Drawings, and is included in the

revised Engineering Report.

FDEP Response to RAI Nol.doc
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b. Please provide the supporting calculations for the stated 300,000 gallon storage

capacity of each FLSC.

Response 5.b:

The supporting calculations for the stated 300,000 gallon storage capacity of each FLSC cell

are provided in Attachment 6.

6. $3.3:

a. Neither the perimeter drainage channel nor weir details on the permit drawings or this

section show or explain how the impacted stormwater is pumped from the drainage

canal to the impactecl stormwater pipeline. Please revise this section and the permit

drawings to address this discrepancy.

Response 6.a:

The Engineering Report (without appendices) titled "Application for a Permit to Construct

Flexible kachate Storage Containers at Central County Solid Waste Disposal Complex,"

dated November 20A6, has been revised and is included as Attachment 3. Section 3.3 was

modified to explain how the impacted storm water is pumped from the drainage channel to

the impacted storm water pipeline, and is included in the revised Engineering Report'

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid

Waste Disposal Complex, Sarasota County, Florida," dated November 2006, have been

revised and are included as Attachment 2. A note was added to Sheet 2 and a detail was

added to Sheet 10 of the revised Permit Drawings to explain (and show) how the impacted

storm water is pumped from the drainage channel to the impacted storm water pipeline.

b. Please revise this section to explain how stormwater that accumulates on the FLSC top

liner will be removed without damaging the top liner and revise the appropriate

construction drawings accordingly to depict the stormwater removal mechanism.

FDEP Response to RAI Nol.doc
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Response 6.b:

The Engineering Report (without appendices) titled "Application for a Permit to Construct

Flexible Leachate Storage Containers at Central County Solid Waste Disposal Complex,"

dated November 2006, has been revised and is included as Attachment 3. Section 3 was

modified to explain how storm water that accumulates on the FLSC top liner will be

removed without damaging the top liner, and is included in the revised Engineering Report.

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid

Waste Disposal Complex, Sarasota County, Florida," dated November 2006, have been

revised and are included as Attachment 2. A note was added to Sheet 5 of the revised

Permit Drawings to explain how storm water that accumulates on the FLSC top liner will be

removed without damaging the top liner.

$4.5; Since a leak in the primary and secondary sump indicates a leak in the FLSC

container may be occurring, please provide an explanation and justification for pumping the

leaked leachate back into the FLSC.

Response 7:

The Engineering Report (without appendices) titled "Application for a Permit to Construct

Flexible Leachate Storage Containers at Central County Solid Waste Disposal Complex,"

dated November 2006, has been revised and is included as Attachment 3. Section 4.5 was

modified to explain and justify the rationale for pumping the leaked leachate back into the

FLSC, and is included in the revised Engineering Report.

APPENDIX A_ FDEP FORM 62.701.900(6)

8. Rule 62-701.320 (7) (b), F.A.C. Application Form #62-701.900(6):

following comments regarding the permit application form and

applicationform with the following information, where applicable:

a. 58.1. This application is for construction of the FLSC only.

narrative description in this section accordingly.

FDEP Response to RAI Nol.doc
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Response 8.a:

Section B.1, page 6 of the permit application form, FDEP Form #62-101.900(1) dated

November 2006, was revised to indicate that the submitted permit application is for
construction of the FLSCs only. The revised page is included in Attachment 7.

b. 5D.1. The FLSC is a solid waste management unit and therefore the siting
prohibitions are applicable to the FLSC. Please revise this section accordingly and

address and confirm that the siting prohibitions in RuIe 62-701.300 (2), F.A.C. will not
be violated by the proposed construction or operation of the FLSC.

Response 8.b:

Section D.1, page 11 of the permit application form, FDEP Form #62-701.900(1) dated

November 2006, was revised to address and confirm that the siting prohibitions in Rule 62-

101.300(2) will not be violated by the proposed construction or operation of the FLSC

facility. The revised page is included in AttachmentT.

The Engineering Report (without appendices) titled "Application for a Permit to Construct

Flexible Leachate Storage Containers at Central County Solid Waste Disposal Complex,"
dated November 2006, has been revised and is included as Attachment 3. A new section,

Section 3.5, was added to address and confirm that the siting prohibitions in Rule 62-

701.300(2) will not be violated by the proposed construction or operation of the FLSC

facility, and is included in the revised Engineering Report.

Appendix B - CONSTRaCTION DRAWINGS (RULE 62-701.(9), F.A.C.)

Please provide the following additional information and revisions to the facility Construction

Drawings. The drawings will be reviewed in their entirety after the responses to this request for
information. Some comments related to the drawings are dfficult to explain, and should be

discussed at the meeting requested at the end of this letter.

FDEP Response to RAI Nol.doc
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9. Sheet 2 of 13 - Site Development Plan

a. The reference to Detail t2 betng located on Sheet 12 is incorrect. Please correct this

detail reference. Detail I I is not located on Sheet 12 and does not appear to be provided

in the construction drawings. Please provide Detail I I.

Response 9.a:

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid

Waste Disposal Complex, Sarasota County, Florida," dated November 2006, have been

revised and are included as Attachment 2. The reference for Detail 12 was corrected to

Sheet 13 of the revised Permit Drawings. The label for Detail 11 was added to Sheet 12 of

the revised Permit Drawings. It is noted that the typical surface water drainage channel

cross section is applicable to both Details 9 and 11 on Sheet 2 of the revised Permit

Drawings.

10. Sheet 3 of 13 - Base Grading Plan

a. Please provide a table of the elevations at the control points shown on this plan sheet'

Response 10.a:

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid

Waste Disposal Complex, Sarasota County, Florida," dated November 2006, have been

revised and are included as Attachment 2. A table with coordinates (Northings and

Eastings) and elevations is included on Sheet 3 of the revised Permit Drawings.

b. Please explain the design rationale for having the crest elevation of the division berm l
foot below the perimeter and separator berm crest elevation.

Response 10.b:

In the unlikely event that the capacity of an individual FLSC cell is exceeded, the crest

elevation of the division berms between cells that contain either leachate or impacted storm

water is maintained one foot lower than the perimeter and separator berms (see Sheet 5 of

the revised Permit Drawinss included in Attachment 2). Under these extreme

FDEP Response to RAI No I .doc

engineers I scientists I innovators



Mr. Steven G. Morgan
28March}}}l
Page 8

circumstances, excess leachate (or impacted strom water) can overflow into the adjacent cell

and still be contained.

I l. Sheet 4 of 13 - Final Grading Plan

a. Please provide section details of the liner system at the interface between the division

berm and the perimeter and separator berm.

Response 1i.a:

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid

Waste Disposal Complex, Sarasota County, Florida," dated November 2006, have been

revised and are included as Attachment2.

On 22 February 2007, Geosyntec met with the Department to discuss several RAI No. 1

comments. During the meeting, it was agreed that section details of the liner system at the

interface between the division berm and the perimeter and separator berm were not required.

Sections A and B as shown on Sheets 4 and 5 of the revised Permit Drawings provide

adequate details.

12. Sheet 6 of 13 - Liner System Details I

a. Detail l:

l) Please provide section details of the liner system configuration at the elevation

of the liner system/gas vent, both with and without a gas vent.

Response 12.a.1:

The Permit Drawings titled "Flexible Leachate Storage Containers, Central

County Solid Waste Disposal Complex, Sarasota County, Florida," dated

November 2006. have been revised and are included as Attachment2.

On 22 February 2007 , Geosyntec met with the Department to discuss several RAI
No. 1 comments. As agreed to in the meeting, a detail showing the liner system

FDEP Response to RAI Nol.doc
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configuration without the gas vent has been provided on Sheet 6 of the revised

Permit Drawinss.

2) The GCL appears to be located outside of the 2' x2' anchor trench. Please

verify this and explain this configuration.

Response 12.a.2:

The correct anchor trench configuration with respect to the GCL is presented in

Detail 1 on Sheet 6 of the revised Permit Drawings included in Attachment 2. As

presented in Appendix E of the Engineering Report titled "Application for a

Permit to Construct Flexible Leachate Storage Containers at Central County Solid

Waste Disposal Complex," dated November 2006, the anchor trench geosynthetic

pullout calculations for the liner system do not assume that the GCL extends

horizontally along the bottom of the anchor trench.

3) It appears that the bottom FLSC liner will remain exposed between the

top/bottom FLSC extrusion weld and the anchor trench. Please verify this and

exp lain this c onfi g u r ati on.

Response 12.a.3:

The bottom geomembrane layer of the FLSCs will remain exposed from the

upper-most extrusion weld to the anchor trench as shown in Detail I on Sheet 6 of
the revised Permit Drawings included in Attachment 2. This configuration does

not negatively impact the integrity of the FLSC liner system since it will be

completely covered by the FLSC geomembrane layers.

4) Please expktin the significance of the 3' area identified at the toe of slope of the

FLSC,

Response 12.a.4:

The double-sided drainage geocomposite layer extends 3 ft up the side slope of
the FLSC perimeter berms as shown in Detail I on Sheet 6 of the revised Permit

Drawings included in Attachment 2. The objective of the proposed configuration
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is to provide maximum drainage layer coverage beneath the primary liner (i.e.,

geomembrane layer).

b.Details2&3:

l) It appears that the bottom FLSC geomembrane liner and the primary

geomembrane liner will be installed directly on top of the sump gravel. Please

verifl this and explain how damage to the geomembrane will be prevented and/or

revis e applicable details acco rdingly.

Response 12.b.1:

On22 February 2007, Geosyntec met with the Department to discuss several RAI

No. 1 comments. As agreed to in the meeting, an 8 ozlyd2 geotextile protective

layer has been incorporated in Details 2 and 3 on Sheet 6 of the revised Permit

Drawings included in Attachment 2. The geotextile layer will be placed on top

of the sump gravel beneath the geomembrane liner.

2) It appears that the geocomposite drainage layers are not attached or anchored

at their end point. Please verifu this and explain how the geocomposite drainage

Iayers will remain in place.

Response 12.b.2:

As presented in Details 2 and 3 on Sheet 6 of the revised Permit Drawings

included in Attachment 2, the double-sided drainage geocomposite layers on the

side slopes are not physically anchored at their end point. Downward sliding of

the geocomposite layer is not anticipated when the FLSC is filled with liquid

because the hydrostatic pressure along the slope will be applied perpendicular to

the slope, thereby providing a confining stress to hold the geocomposite layer in-

place. Conversely, when the FLSC is empty, downward slippage of the

geocomposite layer is not expected since the downward tangential force along the

geocomposite layer is negligible due to a no-load condition.
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13. Sheet 7 of 13 - Liner System Details II

a.Details4&5:

FDEP Response to RAI Nol.doc
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l) It appears that the perforated HDPE pipes are not wrapped within the gravel

sump area. Please verifu this and explain how clogging of the pipes by the gravel

sump material wiII be prevented.

Response 13.a.1:

The Permit Drawings titled "Flexible Leachate Storage Containers, Central

County Solid Waste Disposal Complex, Sarasota County, Florida," dated

November 2006, have been revised and are included as Attachment 2. The HDPE

pipes within the sump area, as shown on Details 4 and 5 of Sheet 7 of the revised

Permit Drawings, will be placed within the gravel layer.

On22 February 2007, Geosyntec met with the Department to discuss several RAI
No. I comments. As agreed to in the meeting, pipe perforation sizing calculations

were performed to evaluate the maximum allowable perforation diameter in the

leachate sump pipes that will prevent gravel from passing through. The detailed

perforation calculations are provided in Attachment 8. Based on No. 4 stone

(proposed sump drainage gravel), the maximum allowable perforation diameter in

the leachate sump pipes is 0.84 inches, which is greater than the proposed sh-rnch

diameter holes presented in Details 13 and 14 on Sheet 13 of the revised Permit

Drawings included in Attachment 2. Therefore the proposed %-inch diameter

holes in the leachate sump pipes are adequate.

2) Please provide a detail of the perforated end caps.

Response 13.a.2:

A detail for the perforated end caps shown in Details 4 and 5 on Sheet 7 of the

revised Permit Drawings included in Attachment 2 has been included as Detaii 14

on Sheet 13 of the revised Permit Drawinss.
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b. Detail T:

1) From Details 4 & 5, depending on where on the side slopes Section 7 is located,

either perfurated primary and secondary outflow and instrumentation pipes are

installed on the top of the geocomposite drainage layer or perforated outflow

pipes and solid instrumentation pipes are installed directly on top of
geomembrane. Please verifu where on the side slope Section 7 is located and

revise this figure accordingly.

Response 13.b.1:

On 22 February 2001 , Geosyntec met with the Department to discuss several RAI
No. I comments. During the meeting the discussion below was provided in
response to the Department's comment above.

The location of Section 7 is corectly presented on Sheet 5 of the revised Permit

Drawings included in Attachment 2. The location of Section 7 has also been

added to Sheet 7 of the revised Permit Drawings. Detail 7, also on Sheet 7 of the

revised Permit Drawings, reflects a view from the top of the separator berm

looking down along the side slope. As such, the primary and secondary leachate

pipes within the liner system, as well as the FLSC pipes are shown in Detail 7.

14. Sheet 8 of 13 - FLSC Piping l-ayout

a. As depicted on this plan sheet, it does appear that impacted stormwater could be pumped

into and out oJ'the leachate FLSCs, as is indicated in Section 3.2 of the Engineering

Report. Please explain.

Response 14.a:

ln the event that additional impacted storm water storage capacity is required, impacted

storm water within FLSCs 1A and 18 can be pumped to FLSCs 2A and 28 designated for
leachate. This would only occur if the impacted storm water within FLSCs 1A and 18

requires treatment since only leachate can be pumped into FLSCs 2A and28.

FDEP Response to RAI No I .doc
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The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid

Waste Disposal Complex, Sarasota County, Florida," dated November 2006, have been

revised and are included as Attachment 2. A check valve and butterfly valve connecting the

impacted storm water outflow pipe and the leachate inflow pipe was added as shown on

Sheet 8 of the revised Permit Drawings. (Note: The check valve and butterfly valve

previously connecting the impacted storm water inflow pipe and the leachate inflow pipe

were removed since thev are not required.)

b. Please revise this plan sheet to include the 4" level transducer pipe depicted on Sheet I0'

Response 14.b:

The 4 inch level transducer pipe is depicted on Sheet 8 of the revised Permit Drawings

included in Attachment 2, and is identified as the FLSC Instrumentation Pipe.

15. Sheet 10 of 13 - Leachate Management System Mechanical Flow Schematic

a. Please revise the technical specification to spectfy the 4" SDR 17 leachate transducer

pipe depicted on this sheet.

Response 15.a:

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid

Waste Disposal Complex, Sarasota County, Florida," dated November 2006, have been

revised and are included as Attachment2. The technical specification of SDR 17 for the 4

inch leachate transducer pipe as depicted on Sheet 10 of the revised Permit Drawings was

corrected to SDR 11 consistent with the specification established on Sheet 7 of the revised

Permit Drawings.

b. The symbol, which appears to clepict the submersible pump in the primary and secondary

sumps, is inconsistent with the symbol for this pump on Sheet 9. Please revise to correct

this discrepancy, as applicable.

Response 15.b:

On 22 February 2001, Geosyntec met with the Department to discuss several RAI No. I

comments. During the meeting, the symbol discrepancy depicted on Sheet 9 of the revised

FDEP Response to RAI Nol.doc
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Permit Drawings included in Attachment 2 was discussed. The symbol depicted on Sheet 9

of the revised Permit Drawings represents an external strainer. The symbol for the external

strainer has been modified on Sheet 8 of the revised Permit Drawings to be consistent with

that presented on Sheet 9. It is noted that the symbol in question does not include a

submersible pump, but rather a casing to accommodate a portable submersible pump as

needed.

16. Sheet 11 of 13 - Leachate Management System Process and Instrumentation Schematic

a. The "LAH", "MAH", and "FAL" identifications on this plan sheet are not included in

the instrumentation identification table on Sheet 9. Please revise to correct this

discrepancy, as applicable.

Response i6.a:
The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid

Waste Disposal Complex, Sarasota County, Florida," dated November 2006, have been

revised and are included as Attachment 2. The LAH, MAH and FAL identifications

depicted on Sheet 11 of the revised Permit Drawings have been incorporated on the

Instrument Identification Table on Sheet 9. Note (a) on Sheet 9 provides further information

on the identification convention resardine switches and alarm devices.

17. Sheet 13 of 13 - Miscellaneous Details

a. Please provide a detail showing how impacted leachate is transferred from the perimeter

drainage channel to the impacted stormwater pipeline.

Response 17.a:

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid

Waste Disposal Complex, Sarasota County, Florida," dated November 2006, have been

revised and are included as Attachment2. A description of how the impacted storm water is

transferred from the drainage channel to the impacted storm water pipeline was provided in

Response 6.a. above. A note was added to Sheet 2 and a detail was added to Sheet 10 of the

revised Permit Drawings to explain (and show) how the impacted storm water is pumped

from the drainage channel to the impacted storm water pipeline.

FDEP Response to RAI Nol.doc
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Appendix D - Conveyance Pipe Stabilily Calculation Package, Rules 62-701.320(7)(e) and 62-

70L400(4)(a), F.A.C.

The calculations provided in Appendix D including several references to supporting documents

that were the source of assumptions, referenced values, and equations utilized for the

calculations. However copies of the relevant sections of many of those documents were not

provided and therefore the Department was unable to verifi the validity of the assumptions,

values, and equations utilized in those calculations. Please provide copies of the relevant

sections of all references utilized in each of the calculations. The calculations in Appendix D

will be reviewed in their entirety upon receipt of the supporting references and the information

requested below.

18. The pipe stability calculations do not appear to account for potential loss of strength due to

pipe perforations. Please explain and provide revised calculations that account for pipe

pe rfo ration, as applicable.

Response l8:
As presented in Appendix D of the Engineering Report titled "Application for a Permit to

Construct Flexible Leachate Storage Containers at Central County Solid Waste Disposal

Complex," dated November 2006, the pipe stability calculations evaluated the most critical pipe

and corresponding loading. The critical pipe and loading were identified as the solid 6-inch

diameter SDR l1 HDPE conveyance pipe and a 55 psi traffic load, respectively.

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid Waste

Disposal Complex, Sarasota County, Florida," dated November 2006, have been revised and are

included as Attachment 2. The perforated pipes associated with the FLSC facility include 4, 6

and 18-inch diameter SDR 11 HDPE pipes as presented on Sheets 6 and 7 of the revised Permit

Drawings. Additional pipe stability calculations have been performed for these perforated pipes

and are included in Attachment 9. The calculated results for wall crushing, wall buckling, ring

deflection, and bending strain indicate that the perforated 4,6 and lS-inch diameter SDR 11

HDPE pipes provide adequate structural stability when subjected to an expected loading within
the FLSCs of approximately 4.5 psi.

FDEP Response to RAI Nol.doc
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Copies of the relevant sections of all the references utilized in each of the calculations are also

provided at the end of Attachment 9.

19. Pipe Data: Based on the inner diameter (5.349 in.) and wall thickness (0.602 in.) provided

in Attachment l for a 6" SDR-I1 pipe, the outer diameter reported in this and other sections of
Appendix D (6.625 in.) appears to be in error. Please revise this section and the pipe stability

c alc ul at ions p r o v ide d ac c o r din gly, w he r e ap plic ab le.

Response 19:

The correct SDR 11 pipe data is presented in Appendix D of the Engineering Report titled
"Application for a Permit to Construct Flexible Leachate Storage Containers at Central County

Solid Waste Disposal Complex," dated November 2006. The minimum wall thickness is 0.602

inches, the average inner pipe diameter is 5.349 inches, and the nominal outer pipe diameter is

6.625 inches per the manufacturer's data presented in Attachment I of Appendix D. The actual

wall thickness may vary siightly but a minimum of 0.602 inches will be provided by the

manufacturer. The calculations provided in Appendix D of the November 2006 Engineering

Report are consistent with manufacturer specifications. As a result, revised pipe stability

calculations were not performed.

20. WalI Crushing: Based on the compressive strength value (1600 psi) provided in
Attachment I for HDPE pipe, the compressive strength value reported in this and other sections

of Appendix D ( 1500 psi) appears to be in error. Please revise this section and the pipe stability

calculations provided accordingly, where applicable.

Response 20:

The approximate compressive strength of the HDPE pipe is 1,600 psi, as indicated by the data

presented in Attachment I of Appendix D of the Engineering Report titled "Application for a

Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006. A lower compressive strength value of 1,500 psi

was utilized and resulted in a calculated factor of safety of 5.5 against wall crushing. For a

compressive strength of 1,600 psi, the re-calculated factor of safety is 5.8. As such, the assumed

1,500 psi compressive strength of the HDPE pipe is conservative, and revised calculations are

not required.
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21. Wall Buckling: The assumed values for Young' s modulus and Poisson' s ratio appear to be

interpolated from the Selig reference provicled in Attachment 2, assuming 907o standard Proctor

compaction. However Specification 2200-3.07E. indicates that the general fill and subgrade will
be compacted to 95Vo standard Proctor. Pleose explain this apparent discrepancy and revise

this section ancl the pipe stability calculations provided accordingly, where applicable. Please

explain the assumed "average value" for the "Empiricalfactor."

Response 21:

The general fill and subgrade will be compacted to 957o standard Proctor as specified in Section

02200 of the Technical Specifications presented in Appendix H of the Engineering Report titled

"Application for a Permit to Construct Flexible Leachate Storage Containers at Central County

Solid Waste Disposal Complex," dated November 2006. Young's modulus and Poisson's ratio

were interpolated from the Selig [1990] reference assuming a lower standard Proctor compaction

effort of 907o, and resulted in a calculated factor of safety of 1.4 against wall buckling. For a

Young's modulus and Poisson's ratio corresponding to a 957o standard Proctor compaction

effort, the re-calculated factor of safety is 10.7. As such, the assumed Young's modulus and

Poisson's ratio corresponding to a907o standard Proctor compaction effort are conservative, and

revised calculations were not performed.

As indicated by Selig [1990], the empirical factor (k) can vary from 0.7 to 2.3 with k equal to 1.5

as a representative value.

22. Summary: The construction drawings appear to indicate that the 4" SDR-11 HDPE pipes

wiII be constructed adjacent to the 6" pipes within the FLSC. Therefore it does not appear that

the 4" pipes "wiII be subjected to a substantially smaller loading stress...." Please provide pipe

stability calculationfor the 4" pipe.

Response 22:

On 22 February 2007, Geosyntec met with the Department to discuss several RAI No. I
comments. During the meeting, the stress applied to the 4 and 6-inch diameter SDR 11 HDPE

pipes within the FLCSs, as presented in Appendix D of the Engineering Report titled

"Application for a Permit to Construct Flexible Leachate Storage Containers at Central County

Solid Waste Disposal Complex," dated November 2006, was discussed. The calculations

provided in Appendix D of the November 2006 Engineering Report evaluated the 6-inch
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diameter SDR 11 HDPE pipe subjected to a traffic load of 55 psi. The 6-inch diameter pipe is

the only pipe subjected to the traffic loading (55 psi) and was thereby identified as a more critical

pipe.

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid Waste

Disposal Complex, Sarasota County, Florida," dated November 2006, have been revised and are

included as Attachment 2. The side-by-side 4 and 6-inch diameter SDR 1l HDPE pipes within

the FLSC sumps (see Sheets 6 and 7 of the revised Permit Drawings) will be subjected to a
loading of about 4 psi, as presented in Appendix D of the November 2006 Engineering Report.

Stability calculations for the perforated 4 and 6-inch diameter SDR 11 HDPE leachate sump

pipes have been provided in Attachment 9 as discussed in Response 18 above.

Appendix E - Anchor Trench Design Calculation Package

23. HDPE Geomembrane Material Properties: The tensile strength utilized for the anchor

trench calculations (90 lb/in) is inconsistent with that specified in Specification 2770-Table

2770-1 (72 lb/in). Please revise the anchor trench calculations or the referenced specification to

address this discrepancy.

Response 23:

Section 02110 of the Technical Specifications included in Appendix H of the Engineering Report

titled "Application for a Permit to Construct Flexible Leachate Storage Containers at Central

County Solid Waste Disposal Complex," dated November 2006, has been revised accordingly

and is included in Attachment 10. As discussed in Appendix E of the November 2006

Engineering Report, the tensile strength of the geomembrane should be in accordance with GRI

Test Method GM-13. The tensile strengths of the geomembrane at break and yield in Table

02770-I of Section 02710 were conected to 90 lb/in and 126lblin, respectively. [n addition, the

ASTM standard for tensile properties of the geomembrane was inconectly referenced in Section

02770, Part 1.03.4. The reference to the correct ASTM standard, ASTM D 6693, has been

provided in Part 1.03.A of Section 02170.

The geomembrane seam properties are also presented in Table 02770-2 of Section 02710 of the

Technical Specifications included in Appendix H of the November 2006 Engineering Report.

Since the geomembrane seam properties are a function of the tensile strengths identified above,
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the seam properties were revised accordingly in accordance with GRI Test Method GM-19. Part

1.03.B of Section 02110 has been updated to include the reference for GRI Test Method GM-19.

The revised Table 02170-2 is included in Attachment 10.

(Note: Table 02710-I and 2 are referenced in Attachment B of the CQA Plan included as

Appendix I of the engineering report titled "Application for a Permit to Construct Flexible

Leachate Storage Containers at Central County Solid Waste Disposal Complex," dated

November 2006.)

24. Attachment 2 - Typical Interfuce Friction Values: Please provide copies "f the

references sources for the assumed interface friction values provided in this Attachment.

Response 24:

The references cited in Attachment 2 of Appendix E of the Engineering Report titled
"Application for a Permit to Construct Flexible l,eachate Storage Containers at Central County

Solid Waste Disposal Complex," dated November 2006, have been provided in Attachment 11.

Appendix F - Perimeter Berm Stability Calculation Package, Rule 62-701.410, F.A.C.

25. FLSC Conftguration: This section indicates that the FLSC perimeter berm has an 8-foot

wide crest while the Representative Cross Section shown in Attachment I and the perimeter berm

stability calculations in Appendix F assume a 7-foot wide crest. The construction drawings show

B-foot wide crest on the perimeter berm and division berm and a l2-foot wide crest on the

separator berm. Please revise this section, the calculations in Appendix F, and/or the

construction drawings, as applicable based on the perimeter crest widths proposed for the

FLSC.

Response 25:

The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid Waste

Disposal Complex, Sarasota County, Florida," dated November 2006, have been revised and are

included as Attachment 2. The FLSC perimeter, division and separator berm widths are correct

as shown in the revised Permit Drawings, i.e., 8-ft, 8-ft and 12-ft wide respectively.
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On 22 February 2001, Geosyntec met with the Department to discuss several RAI No. 1

comments. During the meeting the slope stability analysis of the perimeter berm as presented in

Appendix F of the Engineering Report titled "Application for a Permit to Construct Flexible

Leachate Storage Containers at Central County Solid Waste Disposal Complex," dated

November 2006, was discussed. The slope stability analysis of the perimeter berm assumed a top

crest width of 7 ft as noted in the above comment. However, upon further inspection of the

stability analysis graphical output as presented in Attachment 2 of Appendix F of the November

2006 Engineering Report, the critical failure surface starts along the central portion of the

assumed 7-ft wide top crest area of the perimeter berm. This indicates that perimeter berm

stability for the case analyzed is not sensitive to the width of the top crest of the berm. In other

words, if the width of the perimeter berm is increased to 8 ft or 12 ft, the location of the failure

surface will not change and the minimum factor of safety will remain the same. Moreover, the

reported minimum factor of safety of 2.84 is indicative of a very stable configuration and exceeds

the typical regulatory requirement of 1.5.

Since Comments 27.a and b (see below) require a revised perimeter berm slope stability analysis

and based on the discussion above, only the 8-ft wide top crest berm configuration has been

analyzed. The results of the perimeter berm slope stability analyses are included in Attachment

12, and indicate a minimum calculated factor of safety of 2.84 for the revised configuration.

26. Methodof Analysis: Please provide a copy of the "sliding block methodology"

reference utilized for the sliding block analysis.

Response 26:

On 22 February 2001, Geosyntec met with the Department to discuss several RAI No. 1

comments. During the meeting the sliding block methodology as presented in Appendix F of the

Engineering Report titled "Application for a Permit to Construct Flexible Leachate Storage

Containers at Central County Solid Waste Disposal Complex," dated November 2006, was

discussed. It was noted that sliding block analyses are commonly used to evaluate the stability of
gravity dams. A reference that outlines sliding analyses for dam design has been provided in

Attachment 13.
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27. Attachment 2 - Rotational Foundation Stabilitv Analysis:

a. The slide analysis information indicates that the unit weight for the berm material was

assumed to be lI5 lb/ft3. Please explain this disuepancy and revise the rotational stability

analysis and/or Attachment 1, as applicable.

Response 27.a:

The correct unit weight of the berm material is i20 pcf as presented in the hand-drawn cross

section in Attachments 1 and 2 of Appendix F of the Engineering Report titled "Application

for a Permit to Construct Flexible Leachate Storage Containers at Central County Solid

Waste Disposal Complex," dated November 2006. The perimeter berm stability analysis

presented in Attachment 2 of Appendix F of the November 2006 Engineering Report was

revised accordingly. The hand-drawn cross section in Attachment 1 of Appendix F of the

November 2006 Engineering Report was also revised to reflect the correct top crest width of
the perimeter berm as discussed in Comment 25 of this RAI. The results of the revised

perimeter berm slope stability analysis have been provided in Attachment 12. Note that the

revised analysis also addresses Comments 25 and27 .c of this RAI.

b. Please explain the "Hr4" value and the rationale for the value assumed.

Response 27.b:

The Hu coefficient, as defined in SLIDE (slope stability software), is simply a factor

between 0 and 1, by which the vertical distance from a point in the soil (e.g. the center of a
slice base) to a Water Surface (either a Water Table or Piezometric Line) is multiplied to

obtain the pressure head. Hu equal to 1 would indicate hydrostatic conditions and can be

used where the Water Surface is horizontal. Where the Water Surface is inclined, setting Hu

equal to 1 will provide a conservative (low) estimate of the safety factor, since in general this

will overestimate the true pore pressure. In most cases, the user will simply set Hu equal to

l, because this represents the worst case scenario (maximum pore pressure). Additional

information on the Hu coefficient in SLIDE is provided in Attachment 14.

c. The assumed water table elevation of 17.5 NGVD in the Rotational stability analysis

appears to be inconsistent with the 16.5 NGVD water table elevation reported throughout
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the remainder of this application.
accordingly.

Please revise the rotational stability analysis

Response 27.c:

The correct water table elevation is 16.5 NGVD as presented in the hand-drawn cross

section in Attachment 2 of Appendix F of the engineering report titled "Application for a

Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006. The perimeter berm stability analysis presented

in Attachment 2 of Appendix F of the November 2006 Engineering Report was revised

accordingly. The results of the revised perimeter berm slope stability analysis have been

provided in Attachment 12. Note that the revised analysis also addresses Comments 25 and

27 .a of this RAI.

Appendix G - Liner System Leakage and Lateral Drainage Capacity Calculation Package,

Rule 62-70 1.400, F.A.C.

The calculations provided in Appenclix G including several references to supporting documents

that were the source of assumptions, referenced values, and equations utilized for the

calculations. However copies of the relevant sections of many of those documents were not
provided and therefore the Department was unable to verify the validity of the assumptions,

values, and equations utilized in those calculations. Please provide copies of the relevant
sections of all references utilized in each of the calculations. The calculations in Appendix G
will be reviewed in their entirety upon receipt of the supporting references and the information
requested below.

28. Sheet 7 of the construction drawings depicts the bottom FLSC liner installed directly on

top of the primary leak detection outflow and instrumentation pipes on the FLSC side slopes.

Please explain how this liner system configuration is considered in the liner leakage

calculations.

Response 28:
The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid Waste

Disposal Complex, Sarasota County, Florida," dated November 2006, have been revised and are

included as Attachment 2. Sheet 7 of the revised Permit Drawings corectly depicts the bottom
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of the FLSC liner on top of the primary leak detection outflow and instrumentation pipes along
the FLSC side slopes.

On 22 February 2007, Geosyntec met with the Department to discuss several RAI No. 1

comments. During the meeting it was agreed that the liner system configuration as presented on
Sheet 7 of the revised Permit Drawings is adequate and revised calculations were not required.

Attachment 15 provides copies of the relevant sections of all the references utilized in each of the

Ieakage and lateral drainage calculations.

29. Please provide leachate collection systemfilterfabric (geotextile) design calculations.

Response 29:
The Permit Drawings titled "Flexible Leachate Storage Containers, Central County Solid Waste

Disposal Complex, Sarasota County, Florida," dated November 2006, have been revised and are

included as AttachmentZ. As identified on Sheets 6 and 7, a geotextile will be placed on top of
the drainage gravel beneath the geomembrane layer, and a double-sided drainage geocomposite

will be placed along the base of the FLSC sumps below the drainage gravel.

An 8 ozlyd2 geotextile has been specified for this proposed construction project including the

upper and lower geotextiles of the double-sided drainage geocomposite as presented in the

Technical Specifications included as Appendix H of the Engineering Report titled "Application
for a Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006.

Since the geotextile will not be in contact with any soils other than the gravel within the sump,

filter design calculations (for the geotextile) are not required.

Appendix H - Technical Speciftcations, Rules 62-701.400(3), (7) and (8)

Please revise the Technical Specifications and/or other referenced application documents, as

appropriate, to address the following comments and/or inconsistencies.

30. Please provide the Technical Specifications for "Concrete" referenced in Section 12 of
the Construction Quality Assurance (CQA) Plan.
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Response 30:

The Technical Specifications and CQA Plan were included as Appendices H and I of the

Engineering Report titled "Application for a Permit to Construct Flexible lrachate Storage

Containers at Central County Solid Waste Disposal Complex," dated November 2006. Section

03300 provides the technical specifications for Concrete as referenced in Section 12 of the CQA

Plan and has been provided in Attachment 16.

Section 02200 - Earthwork

a. 51.04.A. The referenced Sections 2230 and 2240 in this section were not provided.

Please revise this section or provide these specification sections, as applicable.

Response 31.a:
Section 02200 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible lrachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 17. Part 1.04.4 of Section 02200 was

modified to remove references to Sections 2230 and 2240 which are not a part of the

proposed FLSC facility construction project.

b. 51.0508. Please indicate who will provide equipment and labor to assist the CQA

Consultant.

Response 31.b:

Section 02200 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible Leachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment l'7. Part 1.05.8 of Section 02200 was

modified to indicate that the Contractor will provide equipment and labor to assist the

CQA Consultant.

c. 52.01.A. & 3.06.8. Please identifi the borrow source for fill material for this

project.
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Response 31.c:
Section 02200 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible lrachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment ll. Parts 2.01.A and 3.06.8 of Section

02200 have been revised to indicate that the fill materials are expected to be obtained

from existing on-site borrow pits and/or stockpiles at this time.

d. $-t.05. Please note that dewatering may require an Industrial Waste Permit from
the Department. Please spectfu who wiII be responsible for obtaining any necessary

dewatering permits from the Department.

Response 31.d:
The FLSC facility will be built-up relative to existing ground, and any excavations below

ground will be limited. The impacted storm water conveyance pipeline will be installed

in a shallow trench along the side slope of the existing perimeter access road. As such,

de-watering activities, if any, for the project will be very limited and localized and an

lndustrial Water Permit will not be required.

e. 53.07.A Please specify that stones or ruts shall be no larger than 1", consistent

with Section 7.4 of the CQA Plan.

Response 31.e:

Section 02200 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible Leachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment I7. Parts 3.07.C and E of Section

02200 have been modified to be consistent with Section 7.4 of the CQA Plan, which

states that the prepared subgrade shall not contain loose stones or ruts greater than 1 inch

in depth.

32. Section 02240 - Geocomposite

a. 51.04.A. The referenced Tale 02740-1 is missing from this section. Please provide.
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Response 32.a:

Section 02740 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible lrachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 18. Table 02740-l was inadvertently

omitted from the submittal, the coresponding page has been provided.

b. 52.05. Please spectfy the storage limits for the geocomposite consistent with Section

9.2 of the CQA Manual.

Response 32.b:
Section 02740 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible Leachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 18. Part 2.05.D has been added to

Section 02740 to address storage limit requirements for the geocomposite consistent with
Section 9.2 of the CQA Plan.

c. 53.02.8.1. The bottom layer overlap specifted in this section is inconsistent with

that specified in Section 9.5 of the CQA Plan.

Response 32.c:
Section 02740 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible lrachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 18. Part 3.02.8.1 of Section 02740 has

been modified to clarify geotextile bottom overlap requirements consistent with Section

9.5 of the CQA Plan.

Note that the CQA Plan included in Appendix I of the Engineering Report titled

"Application for a Permit to Construct Flexible Leachate Storage Containers at Central

County Solid Waste Disposal Complex," dated November 2006, has been revised and is

included (without attachments) in Attachment 20. Section 9.5 of the CQA Plan was

modified to clarify geonet overlap requirements consistent with Part 3.02.C of Section

02740.
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33. Section 02270 - Geomemhrane

a. 53.03.C.5.e. Allowance for wrinkles of up to

for "intimate contact" as specified in this section.

accordingly.

4 inches of does not appear to provide

Please explain and revise this section

Response 33.a:
In general, during the hottest portion of the day, some wrinkling may occur due to thermal

expansion of the HDPE material. During cooler portions of the day (e.g., mornings and

late afternoon), the HDPE material cools and any wrinkles present during the hotter

portion of the day disappear to restore the intimate contact with the subgrade. The intent

of Part 3.03.C.5.e of Section 02270 is to minimize wrinkles, and it is the Engineer's

experience that a 4 inch tolerance on wrinkles during the hottest portion of the day is

acceptable.

b. 53.03.C.5.e. Geomembrane installation shall not occur during non-daylight hours

and shall not be approved by the Engineer. Please revise this section accordingly.

Response 33.b:
Section 02770 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible Leachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 10. Part 3.03.C.7 has been

incorporated to Section 02110 indicating that geomembrane installation shall not occur

during non-daylight hours.

c. 53.04.D.1. Please spectfu the geomembrane panel overlap consistent with Section

6.7.5 of the CQA Plan.

Response 33.c:
Section 02770 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible lrachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 10. Part 3.04.D.1 of Section 02710

has been modified to specify a minimum finished panel overlap, of 4 inches consistent

with Section 6.7 .5 of the CQA Plan.
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d. 53.04.8.3. Please specify that seam will be aligned with no "fishmouths."

Response 33.d:
Section 02110 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible Leachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 10. Part 3.04.E.3 of Section02770has
been modified to specify that seams will be aligned with no "fishmouths."

e. 53.04.1.2. The sampling and testing methods specified in this section are

inconsistent with those specified in Section 6.7.9.3 of the CQA PIan.

Response 33.e:

Section 02770 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible Leachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 10. Part 3.04.J.2 of Section02770 was

modified to be consistent with the sampling and testing methods specified in Section

6.7 .9.3 of the CQA Plan.

f. Table 02770-1 Please specify the Oxidative Indu.ction Time property for the

geomembrane. The tensile strength (at break) property provided appears incorrect.
Please verify and revise, as appropriate.

Response 33.f:
Section 02170 of the Technical Specifications included in Appendix H of the engineering

report titled "Application for a Permit to Construct Flexible Leachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2A06, has been

revised accordingly and is included in Attachment 10. Table 02770-l of Section 02770

was modified to specify the Oxidative Induction Time property for the geomembrane.

Part 1.03.8 of Section 02770 has been updated to include to the appropriate ASTM test

methods, i.e., ASTM D 3895 and ASTM D 5835. The tensile strength properties of the

geomembrane were addressed in Response 23 of this RAI.

(Note: Oxidative Induction Time property for the geomembrane is referenced in Table 6-

I of the CQA Plan included as Appendix I of the Engineering Report titled "Application
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for a Permit to Construct Flexible Leachate Storage Containers at Central County Solid

Waste Disposal Complex," dated November 2006.)

g. Table 02770-2 Please specifi seam shear strength properties that are at least 90Vo

of the minimum yield strength for the geomembrane, in accordance with RuIe 62'

701.400(2)(d), F.A.C.

Response 33.g:
Seam shear strengths were addressed in Response 23 of this RAI, and Table 02770-2has

been included in Attachment 10. The specified seam shear strength (120 lb/in) is
approximately 957o of the minimum yield strength (126 lb/in) for the geomembrane

material as presented in Table 02770-l which is also included in Attachment 10.

Section 16651 - Control Panel Fabrication

a. 52.02. The reference to "two" FLSC in this section appears to be inconsistent with

the four proposed in this application.

Response 34.a:
Section 16651 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible Leachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 19. Part 2.02 of Section 16551 was

modified clarify the reference to "two" FLSCs. There will be two Control Panels: (i) one

for the two FLSC cells that will store leachate, and (ii) one for other the two FLSC cells

that will store impacted storm water. A total of four FLSC cells will be constructed.

Appendix I - Construction Quality Assurance Plan, Rules 62'701.400(3), (7) & (8)

Please revise the CQA PIan and/or other referenced application documents, as appropriate, to

address the following comments and/or inconsistencies.

Section 3 - Project Organization and Personnel

a. $3.9. Please specify that the geosynthetics installer obtains samples as required by

the CQA PIan, under the direction of CQA personnel.
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Response 35.a:

The CQA Plan included as Appendix I of the Engineering Report titled "Application for a
Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Section 3.9 of the CQA Plan has been modified to specify that the

geosynthetics installer will obtain samples as required by the CQA Plan and Technical

Specifications under the direction of CQA personnel.

Section 4 - Documentation

a. 54.6. Please spectfy that copies of photographs referenced in Section 4.3 will be

part of the Certification Report.

Response 36.a:
The CQA Plan included as Appendix I of the Engineering Report titled "Application for a

Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Sections 4.3 and 4.6 of the CQA Plan have been modified to specify

that copies of the referenced documentation photographs will be part of the Certification

Report.

Section 6 - Geomembrane

a. 56.7.2. No "alternate process" for seaming has been specified in the Technical

Specifications. Please revise this section to eliminate this option or provide technical

specifications for " alternate processes. "

Response 37.a:
The CQA Plan included as Appendix I of the Engineering Report titled "Application for a

Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Section 6.7.2 of the CQA Plan has been modified to eliminate

alternate seaming processes.

37.
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b. 56.7.4. Please spectfy that seam will be aligned with no "fishmouths."

Response 37.b:

The CQA Plan included as Appendix I of the Engineering Report titled "Application for a
Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Section 6.1.3 of the CQA Plan has been modified to specify that

seams will be aligned with no "fishmouths."

c. 56.7.7. Geomembrane seaming shall not occur during non-daylight hours. Please

revise this section accordingly.

Response 37.c:
The CQA Plan included as Appendix I of the Engineering Report titled "Application for a
Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Section 6.1.7 of the CQA Plan has been modified to specify that

geomembrane seaming shall not occur during non-daylight hours.

d. 56.7.8. Please provide technical speciftcations for spark testing.

Response 37.d:
The CQA Plan included as Appendix I of the Engineering Report titled "Application for a
Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Section 6.7.8 of the CQA Plan has been modified to eliminate spark

testing.

e. 56.7.9.5. Please specifu that all five destructive test specimens shall pass laboratory
CQA testing consistent with Section 02770-3.04.J.3. of the Technical Speciftcations.

Response 37.e:

The CQA Plan included as Appendix I of the Engineering Report titled "Application for a
Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Section 6.1 .9.5 of the CQA Plan has been modified to clarify testing
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38.

of the destructive specimens by stating that: "A passing test shall meet or exceed the

minimum required values in at least four out of five specimens, and the fifth specimen

shall meet or exceed 80Vo of the minimum required values. In the event that the CQA

destructive testing sample fails, the archived sample may be tested..." in accordance with
GRI Test Method GM-19.

f. Tabte 6-l Please revise this table to indicate that a minimum of one conformance

test per 100,000 square feet of material shall be conducted for geomembrane/

geocomposite interface shear strength.

Response 37.f:
On 22 February 2007, Geosyntec met with the Department to discuss several RAI No. 1

comments. During the meeting, it was agreed that only one interface friction
conformance test will be performed to confirm interface friction values utilized in the

anchor trench pullout calculations.

The CQA Plan included as Appendix I of the Engineering Report titled "Application for a
Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. One geomembrane-geomembrane interface friction test has been

included in Table 6-1 of the CQA Plan. The geomembrane-geomembrane interface was

selected as the critical interface of the FLSC liner system in the anchor trench pullout

calculations.

Section 02170 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible Leachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 10. Part 1.03 of Section 02770 has

been updated accoidingly and Part2.03.C has been added to Section 02770 to address the

CQA conformance testing details associated with the geomembrane-geomembrane

interface friction testins.

Section 8 - Geotextiles

a. $S.2. This section is inconsistent with Technical Specification 02720-2.05.C. that

specifies that geotextile rolls shall not be storedfor Sreater than 6 months.
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Response 38.a:

Section 02720 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible l,eachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment21 Part 2.05.C of Section 02720has

been modified to be consistent with Section 8.2 of the CQA Plan.

b. $S.J. This section is inconsistent with the Construction Drawings, which appears to

indicate that geotextiles will not be anchored in the anchor trench.

Response 38.b:
The CQA Plan included as Appendix I of the Engineering Report titled "Application for a
Permit to Construct Flexible lrachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Sections 8.3.5 and 8.6 of the CQA Plan have been modified to be

consistent with the revised Permit Drawings (see Attachment 2) which indicate that

geotextiles will not be anchored in the anchor trench.

c. $3.6. Please revise Technical Specification 02720 to provide specifications for
equipment ground pressure of geotextile overlying geomembrane as indicated in this

section, as appropriate.

Response 38.c:
The CQA Plan included as Appendix I of the Engineering Report titled "Application for a

Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and

replacement pages are included in Attachment 20. For construction of the FLSC facility,
geotextiles will not be placed directly on geomembranes; Section 8.6 of the CQA Plan

has been modified accordingly.

Section 02720 of the Technical Specifications included in Appendix H of the Engineering

Report titled "Application for a Permit to Construct Flexible Leachate Storage Containers

at Central County Solid Waste Disposal Complex," dated November 2006, has been

revised accordingly and is included in Attachment 21. Part 3.04.E has been added to

Section 02720 to provide specifications for acceptable ground pressures applied on the

geotextile by construction equipment.
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d. Table 8-l Please revise this table to correct the reference (5) typographic error.

Response 38.d:
The CQA Plan included as Appendix I of the Engineering Report titled "Application for a
Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Table 8.1 of the CQA Plan has been revised to conect the reference

(5) typographic error. The correct reference number is (a).

39. Section9 - Geocomposites

a. 59.4. This section is inconsistent with the Construction Drawings, which appears to

indicate that the geocomposite will not be anchored in the anchor trench.

Response 39.a:
The CQA Plan included as Appendix I of the Engineering Report titled "Application for a

Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment20. Section 9.4 of the CQA Plan has been modified to be consistent with
the revised Permit Drawings (see Attachment 2) which indicate that the geocomposite

will not be anchored in the anchor trench.

b. $9.5. This section is inconsistent with Technical Specification 02740-3.02.C., which

specifies that adjacent geonet edges will overlap a minimum of 4 inches and Technical

Specification 02740-3.02.8.2., which specifies that horizontal seams can be 1/3 up a
greater than I)H: lV side slope.

Response 39.b:
The CQA Plan included as Appendix I of the Engineering Report titled "Application for a
Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Section 9.5 of the CQA Plan has been modified to be consistent with
Parts 3.02.C and 3.02.8.2 of Section02140.
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c. Table 9-I Please revise this table to indicate that a minimum of one conformance

test per 100,000 square feet of material shall be conducted for geomembrane/

geocomposite interface shear strength.

Response 39.c:

On 22 February 2007, Geosyntec met with the Department to discuss several RAI No. 1

comments. During the meeting, it was agreed that only one interface friction

conformance test will be performed to confirm interface friction values utilized in the

anchor trench pullout calculations. The geomembrane-geomembrane interface was

identified as the critical interface in the pullout calculations. As such geomembrane-

geocomposite interface friction testing will not be performed.

40. Section 10 - Pipes and Fitting

a. 510.1. Technical Specification 02715 does not appear to provide specification for
FLSC gas system installation, as described in this section. Please explain and revise, as

appropriate.

Response 40.a:
The CQA Plan included as Appendix I of the Engineering Report titled "Application for a

Permit to Construct Flexible Leachate Storage Containers at Central County Solid Waste

Disposal Complex," dated November 2006, has been revised accordingly and is included

in Attachment 20. Reference to the FLSC gas management system in Section 10.1 of the

CQA Plan has been removed since it will not be required for the FLSC facility. The

proposed gas (air) vents for the FLSCs consist of a vent hole and a geomembrane flap as

presented on Sheet 6 of the revised Permit Drawings (see Attachment 2).
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DEp FORM NO. 62-70t.900(1), SOLID WASTE MANAGEMENT FACILITY PERMIT
FORM

SECTION B - DISPOSAL FACILITY GENERAL INFORMATION

1. 8,13.: The "Yes" response on this item of the application form is inconsistent with the

same item of the application form receivecl September 20, 2002 that was associated with the

renewal of the operations permit for the facility (permit #130542-022-50). In the event that a

Declaration to the Public has beenfiled withthe Sarasota County Clerk's ffice that meets the

requirements of Rule 62-701.610(5), F.A.C., please submit a certified copy of the declaration. In
the event that a Declaration to the Public has not been fiIed for the facility, please submit a

revised applicationformfor this item that indicates a "No" response.

Response 1 (Section B.13):
A Declaration to the Public has not been filed with the Sarasota County Clerk's office. FDEP

Form 62-701.900(1) has been revised accordingly and replacement pages are provided in
Attachment 7.

2. 8.17.: Please provide the basis for the indication that the water table in the vicinity of
the flexible leachate storage containers occurs at an elevation of 16 feet NGVD. In the event

that this ground water elevation is based on the un-numbered figure included in Appendix C
entitled "Monitoring WeII Construction Details MW-13" (an approximate ground elevation of
20 feet and depth to water measurement at the time of well installation), please submit additional
characterization of the occurrence of ground water at well MW-13 including but not limited to:

surveyed top of casing elevation to the nearest 0.01 foot NGVD; surveyed ground surface

elevation to the nearest 0.01 foot NGVD; depth to ground water surface below the top of casing

measured to the nearest 0.01 foot; and, total well depth below the top of casing measured to the

nearest 0.01 foot. Please also submit the details of the well development activities conducted as

welt MW-13 to demonstrate there is a good connection with the surficial aquiftr and that the

resultant ground water level measurements are representative of site conditions.

Response 2 (Section 8.17):
Surveying of the monitoring well to the nearest 0.01 ft has been scheduled for early April 2007 at

which time the well will be re-developed and ground water measurements taken. Upon

completion of the monitoring well activities, the requested information will be forwarded to the

Department.
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SECTION M WATER OUALITY AND LEACHATE MONITORING
REOUIREMENTS
(Rule 62-7 01.5 10, F.A.C.)

3. M.I.a.: Please note that sfficient hydrogeological information in the vicinity of the

proposed leachate storage containers shall be required to support future modfficatiqn of the

existing monitoring plan for the facility to accommodate the operation of these leachate storage

containers. As no routine ground water level measurements are conducted at the portion of the

facility where these proposed leachate storage containers are located, the collection additional
information is required to supplement available information. Please conduct ground water level

measurements at all existing monitor wells, piezometers and staff gauges listed in permit

#130542-002-50 and at new well MW-13 at least at a monthly frequency and prepare ground

water surface contour maps for each set of water level data to demonstrate the direction of
ground water flow. Please submit revisions to Section 3.4 of the "Engineering Report" to

specifi the direction of ground water flow at the proposed leachate containers determined from
these supplemental water level measurements. Please also submit a revised application form for
this item that refers to Section 3.4 of the "Engineering Report."

Response 3 (Section M.1.a):
Supplemental ground water information from October 2006 to February 2007 in the vicinity of
the existing ground water monitoring network associated with the existing landfill site to the

north of the proposed FLSC facility has been provided by Mr. Paul A. Wingler of Sarasota

County Solid Waste Operations in Attachment 22. The attached ground water contour maps

indicate that the ground water flow direction is in a southwesterly direction.

Monthly ground water measurements at all existing monitoring wells, piezometers and staff

gauges listed in Permit #130542-O02-SO and at the monitoring of the well (identified as MW-13)

adjacent to the proposed FLSC facility will be performed to demonstrate the direction of ground

water flow. Monthly monitoring will commence in April 2007, and the required information will
be forwarded to the Department. FDEP Form 62-70L900(1) has been revised accordingly and

replacement pages are provided in Attachment 7.

Section 3.4 of the Engineering Report titled "Application for a Permit to Construct Flexible

Leachate Storage Containers at Central County Solid Waste Disposal Complex," dated

November 2006, was revised accordingly (see Attachment 3).
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4. M.I.c.(6):

a. The indication in Section 3.4 of the "Engineering Report" that well MW-13 is 12 feet
cleep and is screenedfrom 7 to 12 feet below grade appears to be inconsistent with the un-

numbered figure included in Appendix C entitled "Monitoring WelI Construction Details
MW-13" which indicates well MW-13 is l0 feet deep and is screened from 5 to 10 feet
below grade. Please review this apparent inconsistency and submit revisions, as

appropriate. Please also submit a revised application form for this item that refers to

Section 3.4 of the "Engineering Report."

Response 4.a (Section M.1.c.(6)):
MW-13 is 10-ft deep and screened from 5 to 10 ft below grade. Section 3.4 of the
Engineering Report titled "Application for a Permit to Construct Flexible Leachate

Storage Containers at Central County Solid Waste Disposal Complex," dated November
2006, was revised accordingly (see Attachment 3). FDEP Form 62-70I.900(1) has been

revised accordingly and replacement pages are provided in Attachment 7.

b. Please note that Rule 62-701.510(3Xd)4, F.A.C., requires the following: "Wells

monitoring the unconfined water table shall be screened so that the water table can be

sampled at all times. The applicant shall provide technical justification for the actual
screen length chosen." The suitability of well MW-13 to meet the requirements of the

cited rule will depend on the construction details (requested in comments #2 and #4.a.)
and the results of supplemental water level rileasurement conducted at the facility
(requested in comment #3). It is understood that changes to the monitoring plan are not
part of this construction permit application but would be associated with a futu.re
application for minor modffication of permit #130542-002-50 to authorize the operation
of the proposed leachate containers. This comment is presented for informational
purposes and does not require a response.

Response 4.b (Section M.1.c.(6)):
No response required.
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CLOSURE

ff you have any questions or require additional

either of the undersigned at (813) 558-0990.

Attachments

Copies to: Frank Coggins, Sarasota County

FDEP Response to RAI Noldoc
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information, please do not hesitate to contact

Sincerely,

Juan D. Quiroz, Ph.D., P.E.

Project Engineer

p/#
Ayushman Gupta, P.E.

Senior Ensineer
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Department of

Environ mental Protection
Southwest District

13051 North Telecom Parkway
Temple Terrace, FL 33637-0926

Telephone: 813-632-7600

Mr. Frank Coggins, Manag'er
Sarasota County Sotid Waste Operations
4000 f'nights Trail Road
Nokomis, FI. 34275

Decembei 13, 2006

RE: Sarasota CCS$IDC Flexib1e Leachate Storage Containers Construction
Fending Permit No.: 130542-005-SC/08, Sarasoba County

Dear Mr. Coggins

This is to acknowledge receipt. of your application dated November 9, 2006
(received Novenilcer 13, 2005) prepared by GeoSyntec Consultants, to construct a
flexible leachate storage container (FLSC) system (at the solid wasLe
management facility referred to as Lhe Sarasota County Central Sotid Waste
Disposal Complex.

This letter constitutes notice that a permit will be required. for your project
pursuant t.o Chapter(s) 403, Florida Statutes.

Your application for a permit is incomplete. This is the Department's first
request for information. Please provide the informaLion listed below
promptly. Evaluation of your proposed project will be d,elayed until all
request.ed information has been received.

GENERAT:

1. The requesLed information and commenls below do not repeat the
information submitted by the applicanL. However, every effort has been made
to concisely refer to the section, pa9€, drawing detail number, etc. where the
information has been presented in Lhe ofiginal submittal.

2. Please submit 4 copies of all reguested information. Please specify if
revised. information is intended to supplement, or replace, previously
submitted information. Please submit all revised plans and reports as a
compLete package- For revisions to the narrative reports, deletions may be
sLruckthrough (s+:s*ek€hie€ugh) and additions may be shaded ffi or simifar
notation method. This format. will expedite Lhe review process. Please include
revision dat.e on all revised pages.

3. Please provide a sumnary of all revisions to drawings, and indicate the
revision on each of the applicable plan sheets. Please use a consistent
numbering system for drawings. If new sheets must be added to the original
plan seE, please use the saine numbering system with a prefi-x or suffix to
indicate the sheet. was an addition, e.g. Sheet l-A, 18, Pl--A, etc-

4. Please be advised thaL although some comments do not explicitly request
additional informat.ion, the intent of all conunenLs shall be to request revised
ca1culations, naffative, technicaL specifications, QA documentation, plan
sheets, clarificabion to the item, and/or other information as appropriate.
Please be remind.ed that all calculations must be sigmed and sealed by the
regristered professional engineer (or geologist as ,appropriate) who prepared,
them.

"More Protection, Less Process"

Printed on reqcled PoPet.

Jeb Bush

Governor
Colleen M. Castille

Secretary
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The following information is needed j-n support of the sol-id waste application
[Chapter 62*701, Florida Administrative Code {F.A.C. ) ]:

L. RuLe 62-701-320(8), F.A.C. Please publish the attached Notice of
Application and provide proof of publication to the Department.

2. Rule 62-781.730(4) (b), F.A.c. Responses to eaeh of the items in ,John
Morris' December 11, 2006 memorandum (attached) are required. You may cal-J Mr.
Morris at (813) 632-1600, extension 336, to discuss the items in his
memorandum.

3. Rule 52-?01.410(2) (e), F.A.C. Pl-ease provide foundation bearing capacity
and subgrade settlemenLs analyses for the FI,SC in accordance with Rul-e 62-
?01.41.0(2) (e), F.A.C.

ENGTNEERINe REpORn (RIII,E 62-7OL.320(7' (d), F.A.C.)

4- S1.1: Please provide a copy of the pendinq ERP permit for the storm
water management system modification at the facility.

5. S3.2:

a. The reference to the FLSC facility being built-up relative to the
existing ground as shown on SheeL 3 of the pernrit drawing appears to be
a tlpographic error- Please revise to reference Sheet 5 of the drawings.

b. PLease provide the supporting calculations for the stated 300'000
gallon storage capacity of each FISC.

6. S3.3:

a. Nei-ther the perimeter drainaqe channel nor weir detaiLs on the
permit drawlngs or this section show or explain how the impacted
stormwater is pumped from the drainage canal to the impacted stormwater
pipeline. Please revise this section and the permit drawings to address
this discrepancy.

b. Please revise this section to explain how stormwater that
accumulates on the FLSC top liner will- be removed without danaging the
top Iiner and revise the appropriate construction drawings accordingly
to depict the stormwater removal mechanism.

7. S4.5: Since a leak in the' primary and secondary surnp indicates a leak
in the FISC container may be occurring, please provide an explanation and
justification for pumping the leaked leachate back into the E"LSC.

AFPEIIDIX A - FDEP FORM 62-701.900(5)

B. RuIe 62-?01.32O(7) (b), F.A.c. Application. {onn *62-701.900(6L: PLease
address the following comments regarding the permit application form and
provide a revised applicalion form with the following inf,ormation, where
applicable:

a. S8.1. This application is for construction of the FLSC only.
PLease revise the narrative description in this section accordingly.

b, SD.l. The FLSC is a solid waste management unit and therefore
the siting prohibitions are applicable to the FLSC. Please revise this
section accordingly and address and confirm that the siting prohibitions
in Rule 62-7A'1,.300(2), F.A.C. witl not be violated by the proposed
construction or operation of the FLSC.
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Appendix B - CONSTRUCXION DRAWINGS (RULE 62-70L.730(9) | F.A.C.)

Pl-ease provide the fol-lowing additional information and revisions to the
facility Construction Drawinqs. The drawings will be reviewed in their
entirety aftel the responses to this request for information. Some comnents
rel-ated to the drawj-ngs are difficult to explain, and should be discussed at
the meeting requested at the end of this letter.

9. Sheet 2 of L3 - Site Development PIan

a. The reference to Detail 12 being locaLed on Sheet 12 is incorrect.
Please correct this detail reference. Detail 11 is not located on Sheet
12 and does not appear to be provided in the construction drawings.
Please provide Detail- 11.

Sheet 3 of 13 - Base Grading Plan

a. Pl-ease provide a table of the elevations at the control points
shor"rn on this plan sheet.

b. Please explain the design raLionale for having the crest el-evation
of the divi-sion berm L foot befow the perimeter and separator berm crest
el-evation.

Sheet 4 of 13 - Final- Grading PJ.an

a. Please provide section details of the }iner system at the
interface between the division berm and the perimeter and separator
beirn.

L2. Sheet 6 of 13 - Liner Systen Details I

a. Detail 1:

1) PLease provide section detail-s of the liner system
configuration at the elevatj-on of the liner system/gas vent' both
without and without a gas vent.

2| The GCI appears to be focated outside of the 2'x2' anchor
trench- Please verify this and explain this configuration.

3) ft appears that the bottorn FLSC l-iner wiII remain exposed
between the top/bottom FLSC extrusion weld and the anchor trench.
Please verify this and explain this configuration.

4) Please explain the sigmificance of the 3' area identified at
the toe of slope of the E[,SC.

b. Details 2 &. 3z

L) It appears that the bottom FLSC geornembrane liner and the
prinnry geomenbrane I iner will be installed directly on top of the
swop gravel- Please verify this and explain how damage to the
geomembrane will be prevented and/or revise applicable details
accordingly.

2\ It appears that the geocomposite drainage layers are not
attached or anchored at their end point. Please verify this and
explain how the geocomposite drainage layers will remain.in place.

11.
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13. Sheet 7 of 13 - Liner Systen Detai.Is II

a. Detai-l-s4&5:

1) It appears that the perforated HDPE pipes are not wrapped
within the gravel sump area. Please verify this and explain how
clogigiing of the pipes by the gravel sump material will be
prevented.

2) Please provide a deLail- of the perforated end caps.

b. Detail 7:

l-) From Details 4 g 5, depending on where on the side slopes
Section 7 is located, either perforated primary and secondary
outflow and instrutnentation pipes are installed on top of the
geoconposite drainage layer or perforated outflow pipes and sofid
insLrumentation pipes are instal]ed directly on top of
geomernbrane. Please verify where on the side slope Section 7 is
Iocated and revise this figure accordingly-

Sheet B of 13 - FLSC Piping Layout

a. As depicted on this plan sheet, it does appear that impacted
stormwater coul-d be pumped into and out of the leachate FLSCs, as is
indicated in Section 3.2 of the Bngineering Report. Please explain.

b. Please revise this plan sheet to incl-ude the 4" Jevel transducer
pipe depicted on Sheet 10.

15. Sheet 10 of 13 - Leachate ldanagenent Syeten !4echanical EIow Schenatic

a- Please revise the technical specification to specify the 4- SDR 17
l-eachate transducer pipe depicted on this sheet,

b. The symbol, which appears to depict the submersible pump in the
primary and secondary sumps, is inconsistent with the slnnbol for this
pump on Sheet 9. Please revise to correct this discrepancy' as
applicable.

l-6. Sheet 11 of 13 - Leachate ManaEenent Systen Process and fngtrumentation
Sctrenatic

a. The "LAH", "MAH", arrd "FAL" identifications on this plan sheet are
not.included in the instrumentation identification table on Sheet 9.
Please revise to cortect this discrepancy, as applicable.

Sheet 13 of 13 - MiEceLlaneous Details

a. Please provide a detail showing how impacted leachate is
transferred frorn the perirneter drainage channel to the i-rnpacted
stormwater pipeline.

1.7.
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Appendix D - Cohveyance Pipe StabiJ.ity CalcuLation Package, Rules 52-
701.320 (7) (e) and 62-701.400(4) (a) r F.A.c.

The calculations provided in Appendix D including several references to
supporting documents that were the source of assumptions, referenced values,
and equations utilized for the calculations. However copies of the relevant
sections of many of those documenLs were not provided and therefore the
Department was unabfe to veri-fy the validity of the assumptions, values, and
equations util-ized in those cafculations. Please provide copies of the
relevant sections of all references utitized in each of the calculations. The
calculations in Appendix D will be will be reviewed in their entirety upon
receipt of the supporting references and the information requested below.

18. The pipe stabiJ-ity calculations do not appear to account for potential-
foss of strength due to pipe perforations, Please explain and provide revi-sed
calculations that account for pipe perforat.ion, as applicable.

19. Pipe Data: Based on the inner diameter (5.349 in.) and wal-I thickness
(0.602 in.) provided in Attachment 1 for a 6" SDR-l1 pipe, the outer diameter
reported in this and other sections of Appendix D (6.625 in-) appears to be in
error. Pl-ease revise this section and the pipe stability caLcu.l-ations provided
accordingly, where applicable.

20. Wall Crushing: Based on the compressive strength value (1600 psi)
provided in Attachment 1 for HDPE pipe, the compressive strength value
reported in this and other sections of Appendix D (1500 psi) appears to be in
error. Please revj-se this section and the pipe stabiJ-ity calcul-ations provided
accordingly. where applicable.

2L. WalI Brrc.kling: The assumed val-ues for Young's modulus and Poisson's
ratio appear to be interpolated from the Se1igr reference provided in
Attachment 2, assumj-ng 908 standard Proctor compaction. However Specification
22OO-3.078. indicates that the general fill and subgrade will be compacted to
958 standard Proctor. Please explain this apparent discrepancy and revise this
section and the pipe stability calculations provided accordingly, where
applicable. Please explain the assumed "average value" for the "Empirical
factor. "

22. 9umary: The construction drawings appear to indicate that the 4" SDR-
11 HDPE pipes will- be constructed adjacent to the 6" pipes within the FI,SC.
Therefore it does not appear that the 4" pipes "will be subjected to a
substantially smaller loading stress...." Please provide pipe stability
caLculation for the 4" pipe.

Appendip E - Anchor Trench Desigm Calculation Package

23. HDPE Geomenbtane l{aterial Froperties: The tensile strength utilized for
the anchor trench calculations (90 \blin) is inconsistent with that specified
in Specification 277A-TabLe 2770-1 (72 Lb/i'n). Please revise the anchor trench
calculations or the referenced specification to address this discrepancy.

24. Attachnent 2 - trypical Interface Eriction Values: Please provide copies
of the references sources for the assumed interface friction values provided
in this Attachment.
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Appendix F - Peri-meter Bscm Stability Calculation Paclcage, Rule 62-70L.1110,
F.A.C-

25. ELSC Configuration: This section indicates that the FLSC perimeter berm
has an 8-foot wide crest while the Representative Cross Section shown in
Attachment 1 and the perimeter berm stability calculations in Appendix F
assume a ?-foot wide crest. The construqtion drawings show 8-foot wide crest
on the perimeter berm and division berm and a 12-foot wide crest on the
separator berm. Please revise this section, the cal-culations in Appendix F,
and/or the construction drawings, as applicable based on the perimeter crest
widths proposed for the FLSC.

26. Method of Analysis: Please provide a copy of the "sliding block
methodology" reference utilized for the sfiding block analysis.

27. Atta$nenX 2 - Rotational- Eoundation Stability'Analysis:

a. The slide analysis information indicates that the unit wej-ght for
the bermmateriaf was assumed to be 115 Ib/ft", while the Representative
Cross Section in Attaghment 1 indicates that the unit weight of the berm
material is 120 lblft'. Please explain this discrepancy and revise the
rotational stability analysis and/or Attachment 1,, as applicabfe-

b. Please explain the "Hu" value and .the rational-e for the value
assumed.

c. The assumed water table elevation of L1.5 NGVD in the rotational
stability analysis appears to be inconsistent with the 16.5 NGVD water
table elevation reported throughout the remainder of this application.
Please revise the rotational stability analysis accordingly.

Appendix G - tiner Systen Leakage and Lateral Drainage Capacity Calculition
Fackage, RuJ-e 62-701.400,F.A.C.

The calculations provided in Appendix G including several references to
supporting documents that were the source of assumptions, referenced values,
and equations utilized for the calculations. However copJ-es of the relevant
sections of many of those documents were not provided and therefore the
Department was unable to verify the validity of the assumptions, values, and
equations utilized in those calculations- Please provide copies of the
relevant sections of aII references utilized in each of the calculations. The
cal-culations in Appendix G will be wi]l be t'eviewed in their entirety upon
receipt of the supporting references and the information requested beJow.

28. Sheet 7 of the consqruction drawinqs depicts the bottom FLSC }iner
installed directly on top of the primary leak detection outflow and
instrumentation pipes on the FLSC side slopes. Please explain how this liner
system configuration is considered in the liner leakage caLcufations.

29. Please provi-de leachate colfection system filter fabric (geotextile)
design calculations.

Apperrd.i.:c E - leehnical gncificatioas, Rules 62-7OL.400(31 , (71 aad (81

PJ-ease revise the Technical Specifications and/or other referenced application
documents, as appropriate, Lo address the following connients and,/or
inconsistencies .

30. Please provide the Technical Specifications for "Concrete" referenced in
Section 12 of the Construction Quality Assurance (CQA) Plan-
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31. Section 6ZZOO - Earthwork

Sarasota CCSWDC FI,SC Construction
Page 7 of 9

a. S1.04.A. The referenced. Sections 2230 and 2240 tn this section
were not provided. Please revise this section or provide these
specification sections, as applicable.

b. 51.05.8. Please indicate who will- provide equipment and labor to
assist the CQA Consultant.

c. 52.01.A. 6,3.06.8. Pl-ease identify the borrow source for fill
material for this project.

d. 53.05. Please note that dewatering may require an fndustriaf
Waste Permit from the Department. Pfease specify who will be responsibfe
for obtainlng any necessary dewatering permits from the Department.

e. S3.07.A. Please specify that stones or ruts shall be no larger
than 1", consistent with Section 7 -4 af the CQA Plan.

32. Section 02240 - Geocomposite

a. 51.04.A. The referenced Tabte 0214O-1 is missing from this
section- Please provide.

b. 52.05. Please specify the storage limits for the geocornposite
consistent with Section 9-2 of the CQA Manual-.

c. 53.02.8.1. The bottom layer overlap specified in this section is
inconsistent with that specified in Section 9.5 of the CQA Plan.

33. Section O227O - Geonesbrane

a. S3.03.C.5.e. All-owance for wrinkles of up to 4 inches of does not
appear to provide for "intimat.e contact" as specified in this section.
Please explain and revise this section accordingly.

b. 53.03.C.5.e. Geomembrane installation shalf not occur during non-
daylight hours and shaLl not be approved by the Engineer- Please revise
this section accordingly-

c. S3.04.D.1. Please specify the
consistent with Section 6.7.5 of the

d. 53.04.E.3. Please specify that
"fishmouths. "

geomembrane panel overlap
CQA PIan.

seam will be aligned With no

e. 53.04.J.2. The sampling and testing methods specified in this
section are inconsistent with those specified in Section 6.1.9.3 of the
CQA Pl-an.

f. Tabte A2770-L Please specify the Oxidative fnduction Time
property for the geomembrane. The tensile strength (at break) property
provided appears incorrect. Please verify and revise, as appropriate.

S. Table A2170-2 Please specify seam shear strength properties that
are at least 908 of the minirnum yield strength for the geomembrane, in
accordance wlth Rute 62-?01.400(2) (d), F.A.C.

34. Section 16651 - ControL Panel Fabrication

a. 52-02. The reference to "two" FLSC in this section appears to be
j-nconsistent with the four proposed in this application.
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Appendix I - Construction Quality Asaurance PIan, Ruleg 62'70L.400(3) , (71 &

(8)

Please revise the CQA Plan and/or other referenced application documents' as
appropriate, to address the following comments and/or inconsistencies.

35. Section 3 - Project Organization and Personqel

a. s3. 9.
samples as
personnel-

36. Section d -

a. 54.6.
Section 4.3

37- Section 6 -

Pl-ease specify that the geosynthetics installer obtains
required by the CQA PIan, under the direction of CQA

Docunentation

P1easq- specify that copies of photographs referenced in
will be part of the Certification Report-

Geomenbrane

a. S6.7.2. No "aLternate process" for seaming has been specified in
the Technical Specifications. Please revise this section to eliminate
this option or provide technicaf specifications for "alternate
processes - "

b. 56.7.4. Please specify that seam r,ril-I be aligned with no
"fishmouths. "

c. 56.?.7. Geomembrane seaming sha}l not occur durlng non-daylight
hours. Please revise this section accordingly.

d. 56.7.8. Please provide technical specifications for spark
testing.

e. 56.7.9.5. Pfease specify that atl- five destructive test specirnens
shall pass laboratory cQA testing consistent with seetion 02770-
3-04.J.3- of the Technical Specifications.

f. Table 6-1 please revisd this table to indicate that a minimum of
one conformance test per 100,000 square feet of material snatlE-
conducted f,or geomembrane/geocomposite interface shear strenqth.

38. Secti.ou 8 - Geotextiles

a. S8.2. This section is inconsistent with Technical Specification
0272A-2.05.C, that specifies that qeotextile rolls shall not be stored
for greater than 6 months.

b. S8.3. This section is inconsistent with the Construction
Drawings, which appears to indicate that geotextiles will not be
anchored in the anchor trench.

c. 58.6. pfease revise Technical Specification 02720 to provide
specifications for equipment ground pressure of geotextile overlying
geomembrane as indicated in this section, as appropriate-

d. Table B-1 Please revise this table to correct the reference (5)
tlpographic error.
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39. Section 9 - Geocoryosites

a. S9.4. This section is inconsistent
Drawings, which appears to indicate that
anchored in the anchor trench.

Sarasota CCSWDC FISC Construction
Page 9 of 9

with the Construction
the geocomposite will not be

40-

b. 59.5. This section is inconsistent with Technical Specification
02140-3-02.C., whj-ch specifies that adjacent geonet edges wil-l- overlap a

minimum of 4 inches and Technical Specification 02740-3.02.8-2-' which
specifies that horizontal seams can be 1/3 up a greater than 10H:lV side
slope.

c. Table 9-1 Please revise this table to indicate that a minlmum of
one conformance test per 100.000 square feet of material shall be
cOnducted for geomernbrane/geocomposite i-nterface shear strength.

Section 10 - Fipes and Fitting

a. 510.1. Technical Specification 02115 does not appear to provide
specification for FLSC gas system installation, as described in this
section. Pl-ease explain and revise, as appropriate.

please respond within d5 days after you received this letter, responding to
all of the information reguest$ and indicating when a response to any
unanswered questions will be submitted. ff the response will require longer
than 45 days to develop, you should develop a specific timetable for the
submission of the requested information for Department review and
consideration. Pursuant to the provisions of Rule 62-4.055(1), F.A.C.r if the
Department does not receive a timely, complete response to this request for
information the Department nay issue a fina] order denying your application-
A denial for lack of information or .response witl be unbiased as to the merits
of the application. The applicant may reapply as soon as the requested
information is available.

You are requested to subruit 4 copies of your response to this letter as one
complete package wj-th an original and two copies of all correspondence (with
one copy sent to Ms. Susan Pelz). ft is recommended that you may want to
contact the Department to set up a meeting to discuss this letter and
subsequent submittals. Pfease contact me at (813) 632-7600 ext. 385 to
schedule the meeting.

sM/sgn
Attachments
cc: Almshnan Gupta, P"8., Geoslmtec consultants, 14o55

33637 w/attachments
Richard Tedder, FDEP Tallahasseer w/attachments
Fred tlick, FDEP, Tallahassee, w/attachnentg
.lohn Morris, P-G., FDEp Ta$pa w/attachments
susan Pelz, P.8,, FDEP Tampa

Solid Wast
Southwest

Riveredge Dr,' Suite 300, Tampa, Fl.



Memorandum

Florida Department of

Environmental Protection
TO:
FROM:
DATE:
SUBJECT:

cc:

Steve Morgan

JohnR. Morris, p.C. -SM
December II,2006
Sarasota Central Solid Waste Disposal Complex
Flexible I-eachate Storage Containers, Pending Construction Permit #130542-005-SC
Environmental Monitoring Review Comments (RAI #1)
Susan Pelz, P.E.

I have reviewed portions of the materials submitted to the Department in support of the referenced application for
the construction permit associated with the proposed flexible leachate storage containers that were received on
November 13, 2006' My review focused on the hydrogeologic and environmental monitoring aspects of the
application. Please have the applicant submit responses to the following review comments that provide revised
subrnittals, or replacement pages to the submittals, that use a str4ke{hreugh and underline format, or similar format,
to facilitate review. Please also have the applicant include the revision date as part of the header/footer for all
revised pages (text, figures, tables, appendices, forms and site plans). The information requests have been
referenced to sections ofthe permit application and are also referenced to the sections ofthe supporting documents
where appropriate, as presented below:

DEP FORM NO. 62.701.900(1), SOLID WASTE MANAGEMENT FACILITY PBRMIT FORM

1. B.13.: The "Yes" response on this item of the application form is inconsistent with the same item of the
application form received September 20,2002 that was associated with the renewal of the operations permit for the
facility (permit #130542-002-50). In the event that a Declaration to the public has been titia wittr the Sarasota
County Clerk's office that meets the requirements of Rule 62-70I.610(5), F.A.C., please submit a certified copy of
the declaration. In the event that a Declaration to the Public has not been filed for the facility, please submit a
revised application form for this item that indicates a ,.No,, response.

2. 8.17.; Please provide the basis for the indication that the water table in the viciniry of the flexible leachate
storage containers occurs at an elevation of 16 feet NGVD. In the event that this ground water elevation is based
on the un-numbered figure included in Appendix C entitled "Monitoring Well Construction Details MW-13', (an
approximate ground elevation of 20 feet and depth to water measurement at the time of well installation), please
submit additional characterization of the occurrence of ground water at well MW-13 including but not limited to:
surveyed top of casing elevation to the nearest 0.01 foot NGVD; surveyed ground surface elevation to the nearest
0.01 foot NGVD; depth to ground water surface below the top of casing measured to the nearest 0.01 foor; and,
total well depth below the top of casing measured to the nearest 0.01 foot. Please also submit the details of the
well development activities conducted at well MW-13 to demonstrate there is a good connection with the surficial
aquifer and that the resultant ground water level measurements are representative of site conditions.

3. M.l,.a.: Please note that sufficient hydrogeological information in the vicinity of the proposed leachate storage
containers shall be required to support future rnodification of the existing monitoring plan for the facility to
accornmodate the operation of these leachate storage containers. As no routine ground water level rneasurements
are conducted at the portion of the facility where these proposed leachate storage containers are located, the
collection additional information is required to supplement available information. Please conduct ground water
level measurements at all existing monitor wells, piezometers and staff gauges listed in permit #130542-002-50
and at new well MW-13 atleast at a monthly frequency and prepare ground water surface contour maps for each
set of water level data to demonstrate the direction of ground water flow. Please submit revisions to Section 3.4 of
the "Engineering.Report' to specify the direction of ground water flow at the proposed leachate containers
deterrnined from these supplemental water level measurements. Please also submit a revised application form for
this item that refers to Section 3.4 of the "Engineering Report."

"Protect, Consetye and Manage Florida's Environment and Natural Resources,,

Printed on recycled paper.

s-Wjrm/sarapota./conesp/sarasota_central_l eachate 1.D06

l'Dull\_rl\ l'vl - vv.tll-Dll'

(Rule 62-701.510, F.A.C.)



Sarasota Central Solid Waste Disposal Complex
Flexible Leachate Storage Containers, Pending Construction Permit #130542-005-sc
Environmental Monitoring Review Comments (RAI #1)

Page2 of2
tztlI/06

4. M.l.c.(6):
a. The indication in Section 3.4 of the "Engineering Report" that well MW-I3 is 12 feet deep and is screened
from 7 to 12 feet below grade appears to be inconsistent with the un-numbered figure included in Appendix C
entitled "Monitoring Well Construction Details MW-13" which indicates well MW-13 is i0 feet deep and is
screened from 5 to 10 feet below grade. Please review this apparent inconsistency and submit revisions, as

appropriate. Please also submit a revised application form for this item that refers to Section 3.4 of the
"Engineering Report."

b. Please note that Rule 62-701.510(3Xd)4, F.A.C., requires the following: "Wells monitoring the unconfined
water table shall be sueened so that the water table can be sampled at all times. The applicant shall provide
technical justification for the actual screen length chosen." The suitability of well MW-13 to meet the
requirements of the cited rule will depend on the construction details (requested in comments #2 and#4.a.) and
the results of supplemental water level measurements conducted at the facility (requested in comment #3). It is
understood that changes to the monitoring plan are not part of this construction permit application but would be
associated with a future application for minor modification of permit #I30542-002-SO to authorize the operation
of the proposed leachate containers. This comment is presented for informational purposes and does not
require a response.

I can be contacted at8t3-632-7600, extension 336, to discuss the comments in this memorandum.
jrm

Printcd on rectcled naner



52-1-10.106 (5) . Notices: General Requirements.
Each person who files an application for a Department permit or other
notice as may publish or be required to publish a notice of appJ-ication
or other notice as set forth below in this section. Except as
specifically provided otherwise in this paragraph, each person
publishing such a notice under this section shall do so at his own

expense in the legal advertisements section a newspaper of gieneral
circulation (i.e.r ene that meets the requirements of sections 50-011
and 50-031 of the Florida Statutes) in the county or counties in which
the activity will take place or the effects of the Department's proposed
actj-on will occur, and shall provide proof of the publication to the
Department within seven days of the publication.

52-1J0.106(6). If required, the notice sha1l be published by the
applicant One time only within fourteen days after a complete
application is filed and shall contain the nane of the applicant' a
brief description of the project and its location, the location of the
application file, and the times when it is available for public
inspection. The notice shall be prepared by the Department and shall
comply with the following format:

State of Florida
Department of Environnental Protection

Notice of APPlication

The Department announces receipt of an apptication for permit to
construct a flexible leachate storage container (FLSC) system, subject
to Department rules, at the solid waste management facility referred to
as the Sarasota County Central Solid Waste Disposal Comple5, Iocated at
4000 Knights Trail Road, Nokomis, Sarasota County, Florida-

This application is being processed and is available for public
inspection during norrnal business hours, B:00 a.rn. to 5:00 p.m., Monday
through Friday, except tegal holidays, at the Department of
Environmental Protection, Southwest District Office, l-3051 North Telecom
Parkway, Temp1e Temace, Florida 33637-0926.
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REVISED PERMIT DRAWINGS

The Permit Drawings entitled Flexible Leachate Storage Containers, Central County Solid

Waste Disposal Complex, Sarasota County, Florida have been revised as needed per RAI No. l.
The revised Permit Drawings are included under a separate cover.
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GeoSyntec Consultants

APPLICATION FOR A PERMIT TO CONSTRUCT FLEXIBLE
LEACHATE STORAGE CONTAINERS AT CENTRAL

COUNTY SOLID WASTE DISPOSAL COMPLEX

1. INTRODUCTION

1.1 Terms of Reference

GeoSyntec Consultants (GeoSyntec) has prepared this permit application for the

construction and operation of a flexible leachate storage container (FLSC) facility at

Central County Solid Waste Disposal Complex (CCSWDC) located in Sarasota County,

Florida (west of I-75 and approximately 4 miles northwest of Nokomis). This permit

application is submitted to Florida Department of Environmental Protection, Southwest

District (FDEP) on behalf of Sarasota County Solid Waste Operations (Sarasota County).

In May 2006, Mr. Ayushman Gupta and Mr. Erik Nelson of GeoSyntec met with Ms.

Susan Pelz, Mr. Steve Morgan and Mr. Roger Evans of FDEP regarding the permitting

requirements for the proposed FLSC facility. In the meeting, it was agreed that two

applications will be submitted to permit the construction and operation of the FLSCs.

First, a solid waste application will be submitted to construct the FLSC facility. To operate

the FLSCs, a second application will be submitted to modifu the existing operation plan for
CCSWDC (to include the operations of the FLSCs). In addition, an Environmental

Resource Permit (ERP) for the FLSC facility is currently being prepared by GeoSyntec for
submittal to FDEP.

The required permit application form, FDEP Form 62-701-900(1) - Application to

Construct, Operate, Modifi or Close a Solid Waste Management Facility, has been

completed and is included in Appendix A. This permit application was prepared by Mr.

Juan D. Quiroz, Ph.D., P.E. and Mr. Ayushman Gupta, P.E. of GeoSyntec.

1.2 Site Information

CCSWDC is located on a 6,150-acre property at the north end of Knights Trail Road

in Nokomis, Sarasota County, Florida in Sections 1 through 4 and 9 through 16 of
Township 38S and Range 19E. CCSWDC currently consists of a Class I solid waste

landfill. The conceptual master plan for the CCSWDC includes a landfill footprint area of
268 acres, a total waste disposal capacity of about 40 million cubic yards, and an operating

life of more than 40 years. The planned CCSWDC landfill development will occur in five

phases. In October 1993, FDEP approved the construction permit for Phase 1 of the

FLI 109/FLSC Application-Rev0-March 2007.doc 28 Mar-07
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CCSWDC landfill, which was subsequently renewed in July 1997. The total landfill
footprint of Phase 1 is approximately 60 acres which are divided equally into five l2-acre

cells. The operation of Phase 1 started in June 1998.

At present, leachate from Phase 1 is pumped from leachate sumps (located along the

northern end of each landfill cell) to a 6 inch diameter high density polyethylene (HDPE)

leachate transmission line (i.e., forcemain). The existing leachate transmission line is
approximately one mile long and carries leachate from the landfill cells to the site's

leachate storage facility located south of the existing landfill. The leachate storage facility
consists of a double-contained concrete storage tank. The open-top, cylindrical leachate

storage tank has an inside diameter of 100 ft and height of 30 ft, corresponding to a total

storage capacity of about 1.8 million gallons. The secondary containment tank has an

inside diameter of 130 ft and height of 19 ft. The leachate is currently trucked from the

storage tank to a wastewater treatment plant for disposal.

The storm water management system for the site generally consists of sheet flow to

surface water drainage channels and then to storm water ponds located throughout the site.

Specifically, storm water from Phase 1 and future landfill phases is conveyed via surface

water drainage channels (and culverts) along the interior side slope of the existing landfill

area perimeter roads to Storm Water Pond Nos. I and2located northwest and southwest of
Phase 1, respectively.

L.3 0rganization of the Report

This report is organized into five sections. Following this introductory section:

Section 2 provides the project background and basis for this permit application;

Section 3 presents the FLSC facility, specifically the layout and configuration and

general operation procedures;

Section 4 presents the FLSC facility design

packages;

Section 5 outlines the construction quality

specifications; and

o Section 6 provides a summary of the FLSC design and permit application.

evaluation and associated calculation

assurance (CQA) plan and technical

FLI 109/FLSC Application-Rev0-March 2007.doc 28 Mar-07
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2. PROJECT BACKGROUND

In the last few years Sarasota County has experienced extreme rainfall events that have

required more leachate storage capacity than is cunently available at CCSWDC to maintain
the required minimum head on the bottom liner system of Cells 1 through 4 within the

Phase 1 landfill. Under emergency situations, additional leachate storage capacity was

potentially provided by Cell 5, a lined landfill cell. However, as waste filling activities
progress into Cell 5, an alterrrative leachate storage system is required for emergency

situations.

In addition, the extreme rainfall events have occasionally caused leachate breakouts

(from Phase 1) that have impacted storm water in the surface water drainage channel north
of Phase 1. In the past, any storm water that may have been impacted by the leachate

breakouts was contained within the northem surface water drainage channel until water

quality testing was completed to verif' whether the "impacted" storm water needs to be

treated or could be safely discharged to Storm Water Pond No. 1. As a result, an improved
impacted storm water emergency storage system is also desired by Sarasota County.

3. FLEXIBLE LEACHATE STORAGE CONTAINER FACILITY

3.1 Overview

Sarasota County proposes to construct and operate a FLSC facility at CCSWDC to
store additional leachate and impacted storm water at the site in emergency situations. The

FLSC facility will provide a leachate storage capacity of approximately 600,000 gallons.

Accordingly, the total on-site leachate storage capacity will increase from 1.8 million
gallons to 2.4 million gallons. The FLSC facility will also provide a 600,000 gallon

storage capacity for impacted storm water.

Additional details regarding the proposed FLSC facility are provided in the proposed

Permit Drawings titled Flexible Leachate Storage Containers, Central County Solid Waste

Disposal Complex, Sarasota County, dated November 2006, which are included in
Appendix B of this permit application. The following sections discuss the details

associated with the layout, configuration and operation of the FLSC facility.

3.2 Layout and Configuration

As shown on Sheet 2 of the Permit Drawings, the proposed FLSC facility will be

located at the northwest comer of the open field that lies south of the existing Phase 1

landfill and west of the on-site maintenance buildins area. The FLSC facility was situated

FLl I 09iFLSC Application-Rev0-Malch 2007.doc 28 Mar-07
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such that it could tie-in to the existing leachate forcemain that runs in a southerly direction
from Phase 1 to the existing on-site leachate storage facility. To convey impacted storm

water the FLSCs, an approximately 7,950-ft long, 6-inch diameter HDPE conveyance pipe

will be installed along the interior side slope of the site's perimeter road from Storm Water
Pond No. I to the proposed FLSC facility location (see Sheet 2 of the Permit Drawings).
The conveyance pipe will eventually cross under the access road that lies just north of the
proposed location of the FLSC facility. In addition, weir structures will be constructed at

the inlet locations to Storm Water Ponds Nos. I and 2. These structures will prevent

discharge of impacted storm water into the respective ponds from Phase 1 and future

landfill phases.

The FLSC facility will be built-up relative to existing ground, as shown on Sheet 3 5
of the Permit Drawings. A perimeter berm approximately 7 ft high with 3H:1V side slopes

and an 8-ft wide crest will encompass the FLSCs. Interior division berms will also be

constructed to provide separation between each individual FLSC unit. The FLSC facility
has a footprint of approximately two acres and consists of four individually lined and

sealed storage containers. Each FLSC has a maximum storage capacity of approximately
300,000 gallons. Two of the containers (FLSCs 2A and 28) will provide leachate storage,

while the remaining two containers (FLSCs 1A and 18) will provide impacted storm water

storage under emergency situations. FLSCs 1A and 18 will only be used for impacted

storm water. However, FLSCs 2A and 2B may also be used for impacted storm water, if
needed.

As shown on Sheet 6 of the Permit Drawings, the FLSCs will be constructed of 60-mi1

high density polyethylene (HDPE) textured geomembrane. The maximum liquid level
within each container is approximately 5 ft. Each FLSC is designed as an individual unit
with a double-liner system and individual leachate and leakage collection sumps. The

double-liner system consists of the following, from top to bottom:

o Double-sided drainage geocomposite (with 8 ozlyd' geotextile on both sides);

60-mil HDPE textured geomembrane;

Double-sided drainage geocomposite;

60-mi1 HDPE textured geomembrane; and

Geosynthetic clay liner (GCL).
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3.3 Operation

In general, the FLSC facility will be utilized only in emergency situations when: (i)
additional leachate storage capacity is temporarily required; and (ii) potentially impacted

storm water is required to be temporarily stored (until water quality testing is completed).

The FLSC facility will tie-in to the existing leachate forcemain that conveys leachate from

Phase 1 to the existing on-site leachate storage facility. A system of check valves and

inflow/outflow pipes will be utilized to convey leachate andlor impacted storm water to
and from the FLSC facility (see Sheets 8 through 11). Specific procedures have been

developed for each circumstance, and are summarized below.

If additional leachate storage capacity is required, leachate flow can be diverted from
the existing leachate forcemain to the designated FLSCs. Once the downstream leachate

storage facility is restored to normal operating conditions and can accommodate the

leachate volume temporarily stored within the FLSCs, the leachate will be pumped back

into the existing leachate management system for disposal. The FLSCs will be emptied

and remain empty until additional, emergency storage capacity is required.

If storm water is potentially impacted from Phase 1 or future landfill phases, the weir

structures located at the inlet locations of Storm Water Ponds Nos. 1 and 2 (see Sheet 2 of
the Permit Drawings) will be raised to prevent discharge to the respective ponds and

contain the impacted storm water within the surface water drainage channels. A
submersible pump will be placed on the concrete pad (see Sheet 12 of the Permit

Drawings) on the side of the weir where the impacted water is contained. The pump will
be connected to the impacted storm water pipeline at the adjacent cleanout locations shown

on Sheet 2 of the Permit Drawings. The impacted storm water will then be pumped via the

impacted storm water pipeline to the FLSC facility, and sampled for water quality testing.

If water quality testing indicates that the "impacted" storm water can be safely discharged,

then it will be pumped from the containers to the surface water drainage channel north of
and across the road from the FLSC facility. This surface water drainage channel will
eventually discharge to Storm Water Pond No. 2. lf waler quality testing indicates that the

impacted storm water requires treatment, then it will be pumped into the existing leachate

management system for disposal. The FLSCs will be emptied and remain empty until
additional, emergency storage capacity is required.

Ponded storm water that accumulates on top of the FLSCs and does not evaporate will
be removed. as needed. using a smali submersible pump. The pump will be lowered into
position on top of the FLSC using an extension rod such that the top geomembrane layer of
the FLSC is not damaged. Storm water will be pumped to the outer slope of the perimeter

berm.
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Additional operation details of the FLSCs will be provided in a second (i.e., permit

modification) application that will be submitted to modifz the operations plan for

CCSWDC and include the operations of the FLSCs.

3.4 Subsurface Investigation and Monitoring Well Installation

A subsurface investigation was conducted to evaluate the subsurface profile and

corresponding geotechnical properties of the foundation soils in support of the proposed

FLSC facility. One soil boring, designated as GB-l, was performed at approximately the

center of the FLSC facility footprint. Continuous Standard Penetration Tests (SPTs) with a

split-spoon barrel were conducted in the hollow-stem augered borehole to provide N-

values (blows/ft) and a continuous visual examination of the soil profile. The depth of the

SPTs and split-spoon sampling in the boring was continued until refusal (i.e., blows/ft
greater than 50) at approximately 20 ft below ground surface. The borehole was

subsequently backfilled with Bentonite pellets. The boring was performed on 1 August

2006 by National Environmental Technology, Inc. (Dover, Florida) under the field
direction/monitoring of GeoSyntec personnel. The soil boring log is included in Appendix

C of this permit application.

The foundation soils beneath the FLSCs generally consist of loose to medium dense

fine sands and silty sands. The observed ground water table at the time of the boring was

about 3.5 ft below the ground surface. Laboratory geotechnical testing was performed on

select soil samples obtained during soil boring GB-l. The laboratory geotechnical tests

performed consisted of grain size analyses, which were used to classiff the soils and

confirm the visual descriptions presented in the soil boring logs. The testing was

performed by Excel Geotechnical Testing, Inc. (Roswell, Georgia). The results of the

laboratory geotechnical tests are provided in Appendix C of this permit application.

The ground water at the site generally flows in a southwest direction. A shallow

monitoring well, designated as MW-l3, was installed approximately 50 ft southwest of the

outer toe of the proposed FLSC facility perimeter berm (see Sheet 3 of the Permit

Drawings), and is located at an assumed down-gradient location with respect to general

ground water flow at the site. The monitoring well is approximately 1Ol2-ft deep with a

screen length of 5 ft along the lower porlion of the well (i.e., from a depth of approximately

5 + ft to 1O1? ft below the existing ground surface). The monitoring well was installed on

1 August 2006 by National Environmental Technology, Inc. (Dover, Florida) under the

field directiorVmonitoring of GeoSyntec personnel. The monitoring well installation log

and well completion report is provided in Appendix C of this permit application. Monthly
ground water measurements at all existing monitoring wells. piezometers and staff gauges
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listed in Permit #130542-002-50 and at the monitoring of the well (identified as MW-13)

adjacent to the proposed FLSC facility will be performed to confirm the direction of
ground water flow. Monthly monitoring will commence in April 2007. and the required

information will be forwarded to the Department.

3.5 Prohibitions

The FLSC facilitv satisfies FDEP's siting criteria as stated in Rule 62-701.300(2).

F.A.C. Leachate or impacted storm water will not be stored or placed:

in an area where geological formations or other subsurface features will not provide

adequate support (stability of the FLSCs is discussed in detail in Appendix F of this

permit application):

within 500 ft of an], existing or approved potable water well or within 1.000 ft of
any community water suBply well

in de-watered pits:

in a natural or artificial body of water:

in an area subject to fre$rent and periodic floodins:

within 200 feet of a wetland (or body of water) except where the facility is desiened

with permanent leachate control methods. which will result in compliance with

water quality standards and criteria (lincr systcm lcakagc calculations for the FLSCs

are provided in Appendix G): or

on the rieht-of-way of any public higfiway" road. or alley.

4. DESIGN EVALUATIONS

4.1 Overview

The following design aspects were evaluated in support of the proposed FLSC facility:

(i) impacted storm water conveyance pipe stability; (ii) liner system anchor trench design;

(iii) perimeter berm stability; and (iv) liner system leakage and lateral drainage capacity. A
summary of each evaluation is provided below.

4.2 Conveyance Pipe Stability

The structural stability of the impacted storm water conveyance pipe and FLSC facility
leachate pipes (see Sheets 2 and 3 of the Permit Drawings) was evaluated with respect to

FLI I 09/FLSC Application-Rev0-March 2007.doc 28 Mar-07



GeoSyntec Consultants

applied overburden and/or traffic loading. The pipe stability analyses are presented in the

calculation package titled Pipe Stability Evaluation, which is included in Appendix D of
this permit application. Based on the pipe stability calculations that consider wall
crushing, wall buckling, excessive ring deflection and excessive bending strain, the

proposed conveyance pipes provide adequate structural stability with respect to the applied

external loads.

4.3 Liner System Anchor Trench Design

The adequacy of the liner system anchor trench design was evaluated for the FLSC

facility. As presented on Sheet 6 of the Permit Drawings, the anchor trench located along

the top crest of the perimeter berm will be constructed to hold in-place the liner system

geosynthetics. The liner system anchor trench design evaluation is presented in the

calculation package titled Anchor Trench Design Evaluation, which is included in
Appendix E of this permit application. Based on the anchorage calculations and FLSC

loading conditions, the proposed anchor trench depth of 2 ft is adequate relative to

geosynthetic pullout resistance.

4.4 Perimeter Berm Stabilitv

The impact of the FLSCs on the global stability of the perimeter berms was evaluated.

Two analyses were performed: (i) sliding stability along the base of the berm; and (ii)
rotational (foundation) slope stability of the berm. The stability analyses are presented in

the calculation package titled Perimeter Berm Stqbility, which is included in Appendix F of
this permit application. The results of the sliding stability analysis indicate that the

perimeter berm provides adequate buttressing for the proposed FLSCs. Similarly, the

results of the foundation slope stability analysis indicate that the perimeter berm and

subsurface soils provide adequate foundation support for the FLSCs.

4.5 Liner System Leakage and Lateral Drainage Capacity

The rate of leakage through the FLSCs, and primary and secondary liner systems (see

Sheet 6 of the Permit Drawings) was evaluated. These leakage rates were then utilized to
evaluate the conveyance capacity of the proposed primary and secondary leachate

collection layers such that specified maximum allowable heads on the liner were not

exceeded. Finally, the sump pumps were sized accordingly to prevent head build-up within
each leachate collection layer.

The liner system leakage and lateral drainage capacrty calculations are presented in the

calculation package titled Liner Leakage and Lateral Drainage Capacity Evaluation,
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which is included in Appendix G of this permit application. Based on the liner system

leakage calculations, the actual leakage rate through the secondary liner is negligible since

the FLSC facility will be used for a limited time under emergency situations only. In
addition, the maximum calculated head-on-liner values are less than or equal to the

specified maximum allowable heads that were limited to: (i) 12 inches for the primary

leachate collection layer; and (ii) the thickness of the lateral drainage layer for the

secondary leachate collection layer. These head-on-liner results indicate that the lateral

drainage capacity ofthe proposed leachate collection layers is adequate.

The sumps will be instrumented with leak detection transducers that will activate an

alarm light; and pumping of the sumps will be performed on an as needed basis. If a leak

is detected in the primary or secondary sump, the accumulated leachate will be pumped

back into the respective FLSC. Since the proposed FLSCs will be used for a limited time

under emergency situations only. any leachate that is re-introduced back into the FLSC

from the respective primary or secondary sump will not increase the amount of total

calculated leakage throueh the FLSC liner system as presented in Appendix G. As such

adequate leachate storage and containment is still provided by the FLSCs. Additional
leachate sump operational details are provided in the liner system leakage and lateral

drainage capacity calculation package (Appendix G).

5. TECHNICAL SPECIFICATIONS AND CONSTRUCTION QUALITY
ASSURANCE PLAN

It is assumed that the FLSCs will be constructed with high quality materials, that good

construction practices will be followed, and that a very good construction quality assurance

(CQA) program will be implemented. The Technical Specifications for all construction

materials are presented in Appendix H, and the CQA Plan is presented in Appendix I.
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Mr. Douglas H1T'nan, P.E.

Florida Department of Environmental Protection

Southwest District
13051 N. Telecom Pkwy
Temple Terrace, Florida 33637 -0926

Subject: Environmental Resources Permit Application
Flexible Leachate Storage Containers
Central County Solid Waste Disposal Complex

Sarasota Countv" Florida

Dear Mr. H)nman:

Transmitted herewith are four copies of the Environmental Resources Pernit

Application for the above referenced facility. Geosyntec Consultants is submitting the

application on behalf of the County of Sarasota'

If you, or your siaff, have any questions or need additional information, please feel

free to contact the undersiglred.

Sincerely,

i4055 Rivetedge Drive
Suii.'300

Tairpa, FL 33637

813-558,0990
813-558-9726

Erik J. Nelson. P.E.

Senior Engineer

Enciosures
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INTRODUCTION

1. TERMS OF'REF'ERANCE

On behalf of Sarasota County Solid Waste Operations (County), Geosyrtec Consultants

(Geosyntec) has prepared this Environmental Resources Permit (ERP) application for the

construction of flexible leachate storage containers (FLSCs) at the existing Central County

Solid Waste Disposal Complex (CCSWDC). The proposed FLSC facility wiil provide

additional (emergency) leachate storage capacity as well as storage capacity for potentially

impacted storm water that may be generated within the landfill portion of the site. As part

of this project, storm water control weirs will be constructed in the existing perimeter

storm water drainage channel around the landfill to provide a means of stopping potentially

impacted storm water from entering the on-site storm water ponds, specifically Storm

Water Pond Nos. I and 2. A pipeline will also be constructed at the site to convey

impacted storm water from the weir structures to the FLSC facility.

In July 2006, Mr. Ayushman Gupta and Mr. Juan Quiroz of Geosyntec met with Mr. Doug

Hyman and Ms. Allyson Minik of Florida Department of Environmental Protection

(FDEP) regarding the permitting requirements for the proposed FLSC facility. In the

meeting, it was agreed that an ERP appiication will be submitted to permit the construction

of the FLSCs. Note that a solid waste application to construct the FLSC facility was

submitted to FDEP on 9 November 2006, and is currently under review.

The remainder of this application presents a description of the proposed construction and

operation of the FLSC facility. This ERP application has been prepared to meet the

requirements of the FDEP Form No. 62-343.900(1) titled Joint Envtronmental Resource

Permit Application (dated 3 October i995). This ERP application addresses Sections A,

C, and H of the form, which are the sections applicable to this project. This permit

application was prepared by Mr. Erik Nelson, P.E. and reviewed by Mr. Juan D. Quiroz,
Ph.D., P.E. of Geosyntec.

2. SITE LOCATION

CCSWDC is located in Sarasota County, Florida, east of Interstate Highway 75, and

northeast of Nokomis, Florida. The CCSWDC site is located in Sections 2,3, t0, and 11 of
Township 38 South, Range 19 East. The site location is shown in Figure 1. The main

entrance of the facility is located at latitude 27" 17' 34", longitude 82o 23' 48", on highway

Ft0819/FISC App.DOC 13-Mar-07
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U.S.441. The center of the landfill footprint is located at latitude 27o LL' 47" and longitude

92023',09".

3. PROJECT SUMMARY

The proposed FLSCs are designed to provide additional (emergency) leachate storage

capacity, as well as storage capacity for potentially impacted storm water. The storage

capacity of each FLSC is approximately 300,000 gallons. Four individually lined FLSCs

will be constructed at the site. Two of the FLSCs will be constructed to temporarily store

leachate and two will be constructed to temporarily store potentially impacted storm water.

Piping within the FLSC facility will be constructed to prevent cross-contamination of
potentiaily impacted storm water by leachate. Piping for the FLSC facility will tie directly

into the leachate transmission line that runs from the existing landfillto the on-site leachate

storage tank. Valves will be installed at this connection to direct incoming leachate to the

appropriate FLSCs, as needed. Similarly, valves wiil be installed to direct outgoing

leachate or impacted storm water to the existing leachate transmission 1ine. Storm water

that is not impacted wi1lbe released to the surface water management system. Each FLSC

will be equipped with a submersible pump capable of pumping leachate from the FLSC

facility to the existing leachate storage tank or pumping impacted storm water from the

FLSC facility to the adjacent surface water management system. The FLSC area is not

intended for truck load out. Tankers transporting leachate for treatment willbe loaded at

the existing leachate storage tank. .

Each FLSC will be constructed of two high density polyethylene (HDPE) geomembrane

sheets welded together at the edges to create a bladder-type storage system. Each bladder

will supported by perimeter berms constructed of compacted soil. The area formed by the

soil berms will be lined and will provide secondary containment for the FLSC. Four

biadders will be constructed at the FLSC facility. Sheet 3 of t3 of the Permit Drawings

presents the proposed layout for the FLSCs. A copy of the Permit Drawings are included

as Appendix A. Each bermed cell area will be lined with a primary HDPE geomembrane

liner and secondary composite liner system that consists of an HDPE geomembrane

underlain by a geosynthetic clay liner (GCL). A geocomposite drainage layer will be

placed between the bottom liner of the FLSC and the primary HDPE geomembrane liner.

A second geocomposite drainage layer will be installed between the primary and secondary

liner systems. The permit drawings attached to this ERP application provide a detailed

deseription of each component.

Operation of the FLSCs will be done manually. In the event that additional leachate

storage capacity is required, the main leachate transmission line from the active landfill

cells will be closed off and leachate will be directed to the leachate FLSCs. Each FLSC
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will be equipped with a submersible pump which can be used to empty the FLSCs.

Leachate in the FLSCs will only be able to be pumped to the existing leachate tank through

a pipeline from the leachate FLSCs to the main leachate transmission line.

If storm water from active portions of the existing landfill is potentially impacted, the

affected portion of the perimeter storm water drainage charurel will be blocked off at the

nearest down gradient weir structure. A portable submersible pump will pump impacted

storm water collected behind the weir structure through a buried pipeline to the storm

water FLSCs. A sample of the storm water will be collected and sent for water quality

anaiyses. If the analytical test results indicate that the storm water can be safely discharged

then the storm water will be pumped into the storm water drainage channei located across

the road to the north of the FLSC. That section of the drainage channel discharges into

Storm Water Pond No. 2. If the analytical data indicates that the storm water cannot be

safely discharged, the storm water can either be pumped directly to the existing ieachate

storage tank or transferred to an adjacent FLSC designated for leachate.

4. ERP SUMMARY

This ERP application describes the impacts of construction of the FLSC facility, and

associated impacted storm water pipeline and weir structures on the existing landfill

facility. All features of this project will be located within the boundaries of the currently

permitted and developed portions of the site. No off-site construction activities are

proposed as part of this project. 'I'herefore, no impacts to wetlands, or other undisturbed

areas ofthe site have been propoSed.

Any run-off generated during and after construction activities are complete will be routed

through the existing storm water management system. The only impervious area created

by this project corresponds to the top of the FLSCs. The total area of impervious area

created will be approximately 1.5 acres. Precipitation that falls onto the FLSC will be

retained on top of the FLSCs. The top liner of the FLSCs wiil provide a separation barrier

between the contents within the FLSCs and the storm water collected on top of it.
Therefore, storm water collected bn top of the FLSC will be considered clean water and

can be released directly to the storm water drainage channel adjacent to the FLSC facility.

The storm water will be pumped off of the top of the FLSCs by hash pumps or small

submersible pumps if necessary.

Fin8l9/FLSC App.DOC 13-Mar-07
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5. APPLICATION ORGANIZATION

The organization of this permit application generally follows FDEP Form No.

62-343.900(1). Based on the type and size of proposed development, the County is
required to submit Sections A, C, and H of the form. The remainder of this document

presents the information required by Sections A, C, and H of the form. Section A provides

a description of the project and general information regarding the facility. Section C

provides brief descriptions of the proposed construction, surface-water and wetlands

impacts. Section H provides more detail regarding the proposed construction and its affect

on wetlands, and storm water management. A copy of the Permit Drawings submitted as

part of the solid waste application to FDBP on 9 November 2006 is also inciuded as part of
this ERP application.
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FORM#: 62-343.900(1)

FORM TITLE: JOINT ENVIRONMENTAL
RESOURCE PERMIT APPLICATION

DATE: October3,1995

SECTION A

PART 1:

Are any ofthe activities described in this application proposed to occur in, on, or over wetlands or other surface waters?

ny"s Xno
Is this application being frled by or on behalf of a government entity or drainage district? Xy"t flno

PART 2:
A. Type of Environmental Resource Permit Requested (check at least one). See Attachment 2 for thresholds and

descriptions.

tr Noticed General - include information requested in Section B'

I Standard General (Single Family Dwelling) - include information requested in Sections C

and D.

n Standard General (all other Standard General projects) - include information requested

in Sections C and E.

! hdividual (Single Family Dwelling) - include information requested in Sections. C and D.

E Individual (an otner lidividual projects) - include informationrequestedin Sections C and

E.

tr Conceptual - include information requested in Sections C and E'

- Mitigation Bank Permit (construction) - include information requested in Sections C and

F. (If the proposed mitigation bank involves the construction of a surface water

managemenr system requiring another permit defined above, check the appropriate box

and submit the information requested by the applicable section.)

! Mitigation Bank (conceptual) - include information requested in Sections C and F.

B. Type of activity for which you are applying (check at least one)

tr Construction or operation of a new system, other than a solid waste facility, including

dredging or frlling in, on or over wetlands and other surface waters'

E Construction, expansion or modification of a solid waste facility'
- Alteration or opelation of an existing system which was not previously permitted by a

WMD or DEP'

tr Modification of a system previously permitted by a WMD or DEP'

Provide previous permit numbers:-
tr Alteration of a system n
f Abandonment of a system n
D Removal of a system

Extension of permit duration

Construction of additional phases of a

system

C. Are you requesting authorization to use Sovereign Submerged Lands?

fly"s Xno
(See Section G and Attachment 5 for more information before answering this question.)

D. For activities in, on,or over wetlands or other surface waters, check type of federal dredge and fill permit

requested:

Xmaiviauat
!Nationwide

nGeneral

E. Are you claiming to qualify for an exemption? lyes Xno
If yes, provide rule number if known. 

-

[Programmatic General

[Not Applicable



FORM#: 62-343.900(l)

FORM TITLE: JOINT ENVIRONMENTAL
R-ESOURCE PERMIT APPLICATION

DATE: October3,1995

PART 3:
A. OWNER(S) OFLAND

B. ENTITY TO RECEIVE PERMIT (IF OTHERTHAN
oWNER)

Narne

Sarasota County
Name

N/A
Title and Company

Sarasota County Solid Waste Division
Title and Company

Address

4000 Kniehts Trail Road
Address

Ciry, State, Zip

Nokomis. FL34275
City, State, Zip

Telephone and Fax

941 861-1571
Telephone and Fax

C. AGENT AUTHORIZED TO SECURE PERMIT D. CONSULTANT (IF DTFFEREI{T FBq!4_4GEXrL-
Narne

ERik J. Nelson, P.E.
Narne

N/A
Title and Courpany

Sr. Engineer, GeoS]ntec Consultants
Title and Cornpauy

Address

14055 Riveredee Drive. Suite 300
Address

City, State, Zip
Tampa, FL 33637

City, State, Zip

Telephone and Fax

813-558-0990 Fax: 8 13-558-9726
Teleohone and Fax

PART 4: (Piease provide metric equivalent for federally funded projects):

A. Name of Project, including phase if applicable: Flexible Leachate Storage Containers.

Central County Solid Waste Disposal Complex

B. Is this application for part of a multi-phase project?

flyes Xno

C. Total applicant-owned area contiguous to the project?

6150 ac.; N/A ha.

D. Total area served by the system: 268 ac.; N/A ha.

E. Impervious area for which a permit is sought: 1.5 ac.; N/A ha.

F. Volume of water that the system is capable of impounding:
3.7 ac. ft.; N/A m

G. What is the total area of work in, on, or over wetlands or other surface waters?

N/A ac.; N/A ha. N/A sq. ft.; N/A sq. m.

H. Total volume of material to be dredged: 0 yd; N/A m

I. Number of new boat slips proposed: 0 wet slips; 0 dry slips



FORM#:62-343.900(l)
FORM TITLE: JOINT ENVIRONMENTAL

R ESOURCE PERMIT APPLICATTON
DATE: October3.1995

PART 5:

Project location (use additional sheets ifneeded):
Count(ies)!314sEla_
Section(s) l-4,9-16
Section(s
Section(s

Township 38 South
Township
Township

Range 19 East

Range
Range

Land Grant name, if applicable: N/A

Tax Parcel Identification Number: N/A

Street AddressRoador other location:4000 Knights Traii Road.

City,Zip Code, if applicable: Nokomis. Fl 34275

PART 6: Describe in general terms the proposed project, system, or activity.

Construct and operate flexible leachate storage containers to receive and manage potentially impacted stormwater and
excess leachate that may be generated at the site.

4



FORM#: 62-343.900(l)
FORM TITLE: JOINT ENVIRONMENTAL

RESOURCE PERMIT APPLICATION
DATE: October3.1995

PART 7:

A. If there have been any pre-application meetings, including on-site meetings, with regulatory staff, please list the

date(s), location(s), and names of key staff and project representatives.

11 July 2006. Allyson Minick. Doug Hvman

B. Please identify by number any MSSWWetland Resource/ERP/ACOE Permits pending, issued or denied for
projects at the location, and any related enforcement actions.
Agency Action Taken

C. Note: The following information is refr.i."a for projects proposed to occur in, on or over wetlands that need a

federal dredge and fill permit or an authorization to use state owned submerged lands. Please provide the names,

addresses and zip codes ofproperty owners whose property directly adjoins the project (excluding application) and/or (for
proprietary authorizations) is located within a 500 ft. radius of the applicant's land. Please attach a plan view showing the

owner's names and adjoining properfy lines. Attach additional sheets if necessary.

Date No.\Type of
Application

1.

N/A

N/A
5.

NiA
7.
NiA

2.
N/A
A

N/A
6.
N/A
8.

N/A



FORM#:62-343.900(l)
*Y$'"'-J3ffi 

iii{l\H['ils,l
DATE: October3.1995

PART 8:

A. By signing this appiicatron form, I am applying, or i am applying on behalf of the applicant, for the permit and any
proprietary authorizations identified above, according to the supporling data and other incidental information fi1ed with this
application. I am familiar with the information contained in this application and represent that such information is true,
complete and accurate. I understand this is an application and not a permit, and that work prior to approval is a violation. I
undersiand that this application and any permii issued or proprietary authorization issued pursuant thereto, does not relive me
of any obligaiion for obtaining any other required federal, staie, waier management district or local permit prior 'ro

commencement of construction. I agree, or I agree on behalf of the applicant, to operate and maintain the permitted system

unless the permitting agency authorizes transfer of the permit to a responsible operation entity. I understand that knowingly
making any false statement or representation in this application is a violation of Section 313.430, F.S. and 18 U.S.C. Section
1 001.

Erik J. Nelson. P.E.

Typed/Printe d Name of Applicant (lf no Agent is used) or Agent (lf one is so authorized below)

Signature of Applicant/Agent
Sr. Engineer'. GeoSntec Consultants
(Corporate Title if applicable)

Date

AN AGENT M.AY SIGN ABOVE ONLY IF'TIIE APPLICANT COMPI,ETES THE FOLLOWING:

B. I hereby designate and authorize the agont listed above to act on my behalf, or on behalfofmy corporation, as the

agent in the processing of this application for the permit andior proprietary authorization indicated above, and to fumish, on

request, supplemental information in suppofi of the application. In addition, I authorize the above-listed agent to bind me, or'

my corporation, to perform any requirements which may be necessary to procure the permit or authorization indicated above.

I understand that knowingly making any false statement or representation in this application is a violation of Section 313.430,
F.S. and 1B U.S.C. Section 1001.

-F

TypediPrinted Name of Applicant Signature of Applicant

Manager of Solid Waste Operations
(Corporate Title if applicable)

Please note: The applicant's orisinal sisnature (not a copy) is required above.

PERSON AUTHORIZING ACCESS TO THE PROPERTY MUST COMPLETE THE FOLLOWING:

C. I either own the property described in this application or I have legal authority to allow access to the property, and I
consent, after receiving prior notification, to any site visit on the property by agents or personnel from the Department of
Environmental Protection, the Water Management District and the U.S. Army Corps of Engineers necessary for the review
and inspection ofthe proposed project specified in this application. I authorize these agents or personnel to enter the property
as many times as may be necessary to make such review and inspection. Further, I agree to provide entry to the project site
for such agents or personnel to monitor permitted work if a per;nlt is granted.

,4- - /'rll'
Frank
Typed/Printed Name of Applicant

Manager of Solid Waste Operations
(Corporate Title if applicable)

6
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I\OTICE OF RECEIPT OF APPLICATION



FORM#: 62-343.900(1)

FORM TITLE: JOINT ENVIRONMENTAL
RESOURCE PERMIT APPLICATION

DATE: October3,1995

SECTION C

Environmental Resource Permit Notice of Receipt of Application

Note: this form does not need to be submitted for noticed general permits.

This information is required in addition to that required in other sections of the application. Please submit five copies of
this notice of receipt of application and all attachments with the other required information. Please submit all information

on 8 1/2" x ll" paper.

Project Name

County
Owner
Applicant:
Applicant's Address:

Flexible Leachate Storage Containers

Central County Solid Waste"Disposal Complex
Sarasota County, Florida
Sarasota County)
Sarasota Couniy
4000 Knights Trail Road, Nokomis, Florida 34275

I . Indicate the proj ect boundaries on a USGS quadrangle map. Attach a location map showing the boundary of the

proposed activity. The map should also contain a north arrow and a graphic scale; show Section(s), Township(s), and

Range(s); and must b9 of sufficient detail to allow a person unfamiliar with the site to find it'
*r6azre 1r-/

2. Provide the names of all wetlands, or other surface waters that would be dredged, f,rlled, impounded, diverted,

drained, or wouid receive discharge (either directly or indirectly), or would otherwise be impacted by the proposed

activity, and specify if they are in an Outstanding Florida Water or Aquatic Preserve:

N/A

3. Attach a depiction (plan and section views), which clearly shows the works or other facilities proposed to be

constructed. Use multiple sheets. if necessary. Use a scale sufficient to show the location and type of works.
5*u Aa)z:t:'z/- A "" f4'e/;f 1'?-at"t'?J&5'

4. Briefly describe the proposed project (such as "construct dock with boat shelter", "replace two existing culverts",

"construct surface water management system to serve 150 acre residential development"):

Install and operate Flexible Leachate Storage Containers (FLSC) to contain and manage potentially impacted

storm water and excess leachate generated at the site.

5. Specify the acreage of wetlands or other surface waters, if any, that are proposed to be filled, excavated' or

otherwise disturbed or impacted by the proposed activity:

filled Q ac.; 0 excavated ac.;

other impacts Q ac.

6. Provide a brief statement describing any proposed mitigation for impacts to wetlands and other surface waters

(attach additional sheets if necessary):
The FLSC will be constructed inside of the previously permitted and developed landfill complex, therefore no

wetlands will be affected by the proposed development.

t
1
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N 1,044,000

EXISTING CLASS I

(GELLS 1
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0 200' 400' 800'

SCALE: 1" = 400'

NOTES:

1. NORTHING AND EASTING COORDINATES

SHOWN REFLECT FLORIDA STATE PLANE WEST

ZONE NORTH AMERICAN DATUM OF 1983

(NAD83) AS ESTABLISHED BY OTHERS AND

PROVIDED BY THE CIIENT.

2. BASE MAP SHOWN IS USGS 7.5'QUADRANGLE
"LAUREL' OBTAINED FROM FDEP WEBSITE

WWW.LABINS.ORG

3. MONITORING WELL 13 WAS INSTALLED BY

NATTONAL ENVIRONMENTAL TECHNOLOGY,

rNc. (DovER, FLORIDA)ON 1 AUGUST 2006.

4. SITE DEVELOPMENT IS LOCATED IN TOWNSHIP

38 SOUTH, MNGE 19 EAST.
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SECTION H

INFORMATIOI\ FOR GEI\ERAL
EI\VIORNMEI\TAL RE S OURCE PERMIT S

FOR MINOR SURFACE WATER SYSTEMS



ENVIRoNMENTAL RESoURcE PTnmIT APPLIcATIoN

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT

2379 BROAD STREET @ BROOKSVILLE, FL 34604-6899 (3s2) 796-7211 OR FLORIDA WATS 1 (800) 423-1475

SECTION H

INFORMATION FOR GENERAL ENVIRONMENTAL RESOURCE PERMITS

FOR MINOR SURFACE WATER SYSTEMS

To obtain a General Permit for a Minor Surface Water Management System, the project must

meet atl of the requirements of Section A, Part 1 OR one of the requirements of Section A,

Part 2 and both of the requirements of Section A, Part 3. lndicate which threshotds appty to
your project and submit the information requested in Section B.

A. Project Thresholds

Part 1.

-X- The total land area does not equat or exceed 10 acres;

-X- The area of impervious surface witl not equal or exceed two acres;

N/A Any activities to be conducted in, on or over wettands or other surface waters witl consist

of tess than 100 square feet of dredging or fil.ting;

_X- The activities wit[ not utitize pumps for stormwater management;

_X_ The activities witt not utitize storm drainage facitities larger than one24 inch diameter

pipe or its hydrautic equivatent;
_X_ Discharges from the site witl meet State water quatity standards, and the surface water

management system wit[ meet the appticabte technicat criteria for stormwater
management in the Basis of Review;

N/A The proposed buitding ftoors wit[ be above the 100-year ftood etevations;

_X_ The surface water management system can be effectively operated and maintained, and;

_X- The proposed activities witt not cause significant adverse impacts to occur individuatty or

cumutativety.

Part 2.

- 
4OD-4.051(3) - NORMAL AND NECESSARY FARMING AND FORESTRY

Part 3.

_ Discharges from the site witt meet State water quatity standards, and the surface

water management system witt meet the appticabte technical criteria for

stormwater manaqement in the Basis of Review described in Rute 40D-4.091(1),

and

_ The Surface Water Management System can be effectiVety operated and

maintained.



I

B. Technical and Lega[ lnformation

1. Provide a copy of the boundary survey and/or a legol description ond acreage of the
total land area of contiguous property owned or controlled by the applicont, including the
project site.

A copy of the Property Boundary Survey has been provided as Figure G-8, originalty
prepared by CDM.

2. Provide recent aerials, legible for photo interpretotion with o scole of 1" = 400' or
more detailed, with total land, project orea and any on-site wetlonds delineated.

Sheet 2 of 13 of the Permit Drawings, Appendix A, is based on a recent aerial
photograph of the site. The project location as wetl as the location of other features at the
Central County Sotid Waste Disposal Comptex are shown on this sheet.

3. Provide a detailed topographic map (with contours) of the site ond odjacent
hydrologically related area. The location and description of bench marks (minimum of one per
major woter control structure) should be included.

Sheets 3 and 4 of 13 of the permit drawings, Appendix A, provide the most recent
topography for the FLSC facitity.

4. Describe the location, size (in acres) and type of any on-sife wetlands or other surface
waters.

Att wettand areas on the property are outside of the permitted, devetoped area of the
facitity. No wettand impacts are proposed for the devetopment, construction or operation of
the FLSCS.

5. Provide the project site development plon and ocreage of the total area of impervious
surface.

The site devetopment ptan is shown on Sheets 2 through 4 of 13 of the Permit
Drawings, Appendix A. The total area of impervious surface that witl. be created by the
proposed construction is tess than 1.5 acres. The proposed construction is such that any
precipitation tanding on the impervious areas wi[[ be contained within the impervious area.
Coltected storm water from the top of the FLSC may be reteased to the adjacent storm water
drainage channel at a later date if necessary.

6. Provide the Surface Water l{anagem'enf Sysfem design plans, calculations and reports
signed and sealed by a Florido Registered Professional Engineer, os required by law.

Calcutations pertaining to the proposed construction are provided in the Sotid Waste

Apptication to Construct FLSCs at CCSWDC prepared by Geosyntec consultants (November

2006). The Sotid Waste Apptication was submitted to FDEP in November 2006. Additionat
detaiI regarding construction is provided on the Project Drawings atso prepared by Geosyntec

consultants

7. Provide construction drawings signed and sealed by the design engineer showing the
Iocation and details of the Surface Water lAanagement System including but not limited to any
preserved wetlands, lakes, culverts, pipes, under drains, exfiltration trenches, discharge
structures, pumps ond related facilities such os paving, grading and erosion or sediment
control measures to be employed. '



Construction drawings have been provided and are attached to his document
Appendix A.

B. lndicote type of water quality treatment system used:

- 
Man-made wet detention _ )ff-line retention (Dry pond)

-On-tine 

effluent fittrotion (side bank or under drain filters)

-Off-line.underground 

exfiltration system 

- 
On-line retention (Dry pond)

- 
Wet detention utilizing natural wetlands XX Other (explain)

Storm water that is cottected on top of the FLSC witt be separated from the teachate
and potentiatty impacted storm water contained inside of the FLSC. Storm water accumutated
on top of the upper FLSC tiner witl be considered un-impacted water and witt be pumped into
the adjacent storm water management ditch at the site. Potentiatty impacted storm water
that is suitabte for retease witl be pumped across the roadway to the north and reteased back
to the perimeter drainage channet around the landfit[ area.

9. lf a Water Use Permit has been issued f or the project, state the permit number.

N/A

10. Indicate how ony existing wells located within the project sife will be utilized or
abandoned.

No suppty wetts wi[[ be utilized or abandoned as part of this project. One monitoring
wett witt be instatted approximately 50 feet southwest of the FLSC facitity. See
Section 3.4 of the Sotid Waste Apptication.

11. Provide a letter or other current evidence of potential acceptance by the operation
and maintenance entity, if the entity is to be a public body such as o city or drainoge district.
lf the entity is a homeowners or other association, final draft documents verifying either the
present or imminent existence of such on organization and its ability to accept operation and
maintenance responsibility are required.

Sarasota County has prepared a letter indicating their acceptance responsibitity for
operation and maintenance of the proposed FLSC facitity, Attachment H-1.

t
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lTroNs oF sEcTloNs 2,3, lo, AND 11, TOWNSHIP 38 SOUTH,
iAST, SARASOTA COUNTY, FLORIOA. DESCRIEED AS FOLIOWS:

OESCRIPTION

CENTRAL COUNTY SOLIO WASTE COMPLEX
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iE OF DOCUMENTSI THIS OOCUMEIIT IS AN INSTRUMENT OF SERV.
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I OR ADAPTATTON WIIL ENTITLE 8&A TO FURTHEf, COMPENSATION
ATES TO IE AGBEED UPON BY USER ANO B&4,

LIMTTS OF THE O.U.C. AREAS WERE TAK€N FROM INFORMATIOTI
/IOEO TO THIS FIRM SY CAMP. DRESSER ANO MCKE€, INc.

i SURVEY PERFORMEO 8Y BTSHOP & ASSOCTATES, ?8 SAMSOTA
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LEGEND
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THAT THIS PLAT OF LAND SURVEY REPRESENTS A FIEID
SURVEY PERFORMED ON NOV€M8ER 2?,I991 UNDER MY
DIRECTION AND THAT IT MEETS THE MINIMUM TECHNICAL
STANDARDS FOR SURVEYING IN THE STAYE OF FLORIDA AS
SET FORTH BY THE FLORIOA BOARD OF UND SURVSYORS.
PURSUANT TO CHAPTER !t72 OF TH€ FLORIDA STATUTES
AND CHAPTER 2tHH.6 OF THE FLORIOA ADMINISTRATIVE
cooE.

\ssocrATEs
BUSTNESS rr28l
)TA CENTER BLVO.
. FLORIDA 3'f240

DENNIS R. HOOVER
PROFESSIONAL LAND SURVEYOR
FLORIDA CERTIFICATE'44I9

RVEY NOT VALIO UNLESS IMPRINTED WITH AN EMBOSSED SEAL AND
INK.

!i'tc rc' tri
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SARASOTA COUNTY
"Dedicated to Qualttg Serutce"

Geosyntec Consultants
14055 Riveredge Drive, Suite 300
Tampa, FL32637

RE: Operation and Maintenance Acceptance
Flexible Leachate Storage Contairrers
Sarasota County Central County Solid Waste Disposal Complex

To Whom It May Concern:

This letter is to serve as an acceptance of the responsibility for the operation and maintenance of
the two compartment Flexible Leachate Storage Container (FLSC) as well as all related piping
and components.

The FLSC system is to provide backup temporary storage to our existing leachate management
program. All manufacture procedures and conditions will be incorporated into our scheduled
monitoring/maintenance pro gram.

Sincerelv-

t 0,ulr,*" 
4""

Paul A. WingierlE
Project Manager

t
I

Klprcjets\Central County Solid Wste Disposal Complcx\lrrchate\DRAFT 2- l2-07 P.W..d@
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NOTES

1, NORTHTNG AND EASTING COORDINATES SHOWN R€FLECT FLORIOA STATE

PLAN€ WEST ZONE NORTH AMERICAN DATUM OF 198 (NAD83) AS

ESTABLISHED BY OTHERS ANO PROVIDEO BY THE CLIENT

2. THE AEFIAL PHOTOGRAPH SHOWN IS SAS€D ON AN AERIAL SURVEY

PENFORMED ON 6 JULY 2OO5 gY LANOAIF MAPPING, INC. PEACtrREE CIil
GEORGIA.

3, MONITORING WELL 13 WAS INSTALLEO BY MTIONAL ENVIRSMENTAL

TECHNOLOGY, INC. (DOVER. FLORIOA) ON 1 AUGUST2006
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I. NORTHING ANO EASI]NG COORDINA]ES SHOViI\ REFLECT FLORIDA

STAIE PLANE VIEST ZONE NOR]H AMERICAN DATUM OF 1983
(NAOE3) AS ESTABLISHED BY O'IHERs AND PRO\IDED BY fiE
CLIENI

2. ELEVA'NONS ARE IN FEET AND BASED ON VER]]CAL CONTROL
MONUMENTS PRO\4DED BY IHE CLIENI

3, ]HE TOPOGRAPHIC INFORMA'NON SHOW\ IS BASED ON AN AERIAL
SURVEY PERFORMED ON 6 JULY 2OO5 BY LANDAIR MAPPINC, INC.,

PEACHIREE CITY, GEORGIA.

4. INE FLSC ELEVATIONS INDICATED ARE BASED ON AVAILABLE
TOPOGRAPHIC INFORMATION, IF DIFFERENT FIELD CONDITIONS ARE

ENCOUNTERED, ]NE ENGINEER SHALL MAI(E NECESSARY
ADJUS]I,iENTS lN THE FIELD.

iiiiroP 0F BERM

iiii EL 230

FLEXIBLE LEACHAIE STORAGE CONTAINERS

CENTRAL COUNTY SOLID WASIE DISPOSAL COMPLEX

SARASOTA COUNTY, FLORIDA

EL: (9a1) a61-1571 tAXr (941) 486-2620
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NOTES:

1. NORIHING ANO EAS]]NG COORDINA'TES SHOVUN FEFLECT FLORIDA

STAIE PLANE WEST ZONE NORTH AMERICAN OATUM OF 19Ef,

(NADE3) AS ESTABUSHED BY OTHERS AND PRO\IDED 8Y INE

CUENT.

2. ELEVAT]ONS ARE IN FEET AND BASED ON \€RIICAL CON1ROL

MONUMENTS PROV]OED BY THE CLIENI'

3. THE TOPOGRAPHIC INFORMATION SHOWN IS BASED ON AN AERIAL- 
SUNWV PERFORMEO ON 6 JULY 2OO5 BY LANDAIR MAPPING' INC..

PEACHTREE CITY, GEORGIA,

4, THE FLSC ELEVA'TIONS INOICAIEO ARE EASED ON AVAILABLE

roFocnepHtc tNFoRMATtoN. tF DIFFERENT FIELD coNDllloNs ARE

ENCOUNIERED, THE ENGINEER SHALL MAKE NECESSARY

ADJUS]NIENTS IN THE FIELD.

5, GEOMEMBRANE CAS \€NTS SHALL BE INSTALLED ALONG 'lHE

PERIMETER OF THE FLSC TOP CEOMEMBRANE AT A FREOUENCY

OF TWO PER SIDE. IHE VENT SHALL BE CONSIRUCTED BY

CUTTING A 6"0 HOLE IN IHE FLSC TOP GEOMEMBRANE AND I}IEN

WELDING THE TOP AND SIDES OF A 1' x 1' PATCH OVER THE

HOLE, LEAVING lHE BOTTOM EOGE OF THE GEOMEMBRANE PATCH

UNWELDED TO ALLOW FOR GASES TO ESCAPE'

6. THIS SHEET ONLY SHOiYS PARTIAL PIPING LAYOUT' SEE SHEET E

FOR OETAILFD PIPINC LAYOUT-

7- FLSC = FLEXIBLE LEACHATE ST0RAGE CoNTAINER' PLD =
PRIMARY LEAI{ DEIECTION, AND SLD = SECONDARY LEAK

DElECTION.>---

a.
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NOTES.

1. NOR'THING AND EASTING COORDINA]ES SHOWN REFLECT FLORIDA
S'TA]E PLANE WEST ZONE NORIH AMERICAN DA]UM OF 1983
(NAD83) AS ESTABLISHED BY O'IHERS AND PROVIDED BY THE
CLIENT.

2. ELEVAIIONS ARE IN FEET AND BASED ON VERTICAL CONTROL
MONUMENTS PROVIDED BY THE CLIENT,

3, THE TOPOGRAPHIC INFORMATION SHOWN IS BASED ON AN AERIAL
SURVEY PERFORMED ON 6 JULY 2OO5 BY LANDAIR MAPPING, INC,
PEACHTREE CITY, CEORGIA.

4. FLSC = FLEXIBLE LEACHAIE STORACE CONTAINER, PLD = PRIIr'ARY
LEAK DETECTION, AND SLD = SECONDARY LEAK DETECTION.

FLSC 18
(IMPACTED

STORM WATEB)

FLEXTBLE LEACHATE STORAGE CONTAINERS
CEN]RAL COUNTY SOLID WASIE DISPOSAL COMPLEX

SARASOTA COUNTY, FLORIDA
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FLSC = FLEXIBLE LEACHAIE STORAGE CONTAINER, PLO = PRIMARY
LEAK DEIECTION, AND SLD = SECONDARY LEAK DEIEC'fl0N.
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SPL 51OO*O2 SHALL SHUT

OFF THEIR ASSOCIATED PUMP AT A MINIMUM DEPTH OF 6 INCHES OF

FLUID IN THE STORAGE CONTA]NER

sPH-2000-01, sPH-2000-02, SPH-4100-01, sPH-4100-0? SHALL

ncrvet ntci LEVEL ALARMS LAH-2000-01, LAH -2000-02, LAH

-4100'01, LAH_4'1OO-02 RESPECTIVELY TO IND1CATE THAT THE

ISSOCIETEO STORACT CONTAINER IS FULL TO ITS PERMITTED LEVEL'

MSHXXO1.OX WILL ACTIVATE ALARM MAH-XXOI_OX IF LIQUID IS DETECTED

IN THE LEAK DETECTION SYSTEM.

FSLXXO1-OX WILL ACTIVATE LOW FLOW ALARM FAL_XXOI-OX lF A FLOW

nirt or ress rHAN FrvE GALLoNS PER MINUTE ls DETEcTED FoR oNE

MINUTE.

PERMIT DRAWING

'RMct 
FLEXTBLE LEACHAIE SToRAGE ooNTAINERS

CENTRAL COUNTY SOLID WAS'TE DISPOSAL COMPLEX

SARASOTA COUNTY' FLORIDA

LEACHATE MANAGEMENT SYS1EM

PROCESS AND INS1RUMENTAIION SCHEMATIC

cERnFlcaE No. 54021

*f,fu*,*
qD UNE SAAISS
€OO (NIGHTS AA1L ROAD
NOKOMIS, FLORIDA 34275
nl R51-1571 FAx: {941) 486-2620

N,

u no,

,r=.8:$ffi'k
14055 RIVEREDGE DRIVE, SUIE ]OO'

TAUPA. IORIOA 3]637 USA

ELi 81J-558-0990 FAX: 8rl-558-9726
ATJTAOR|ZAIS CERnfl CAE NO. 00004121

11 13

-6-



BACKFILL WITH
COMPACTID SOIL

(SEE NOTE 2)

ELEVATION VIEW

DEPTH VARIIS. Sil DEPTH

TO PROFILE ELEVATION



WELDED CONNECT1ON

WEIR SUPPORT BTAM (W6 X 15)

BRACTNG (W6 x 15)
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TEEL PLATE DETAIL
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BOTH WAYS
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NOTES:

1 WEIR BOARDS SHALL CONSIST OF 4''X6. LUMBER. BOARDS MAY BE FACFD

wiri r'reCrlrE oRADE PLYWooD oR orHER HARD sHE$lNc r0 REDUcE

LEAKAGE THROUGH BOARDS-

2. SOIL BACKNLL SHALL BE COMPACTED TO 95 PTRCENT OF STANDARD

PROCTOR OENSJTY (ASTM D698), AT A MOISTURE CONTENT WITHIN 2

PERCENTAGE POINTS OF OPTIMUM MOISTURE CONTENT.

3. CONCRFTE SHALL HAVE A M1NIMUM COMPRESSIVE STRENGTH OF 3OOO PSI

AT 28 DAYS

4. RE]NFORCING STEEL SHALL HAVE A MINIMUM TENSILE STRENGTH OF 60 KSI

5, CONCRTTE WEIR STRUCTURE SHALL EXTEND A MINIMUM OF 2FT ]NTO THE

EXISTING DRAINACE CHANNEL SIDE SLOPE.

6. CONCREIE ANCHOR BOL] HOLES SHALL BE 7" DEEP WITH A 1"0

7, THREADID ANCHOR BOLTS SHALL BE 7,/8'O' 3O4SS, RAWL CHEM-STUD

TYPE BOLTS (OR EOUIVALENT.)

1,' DIEP
GROOVE

1_.]t

I
J--

#4 REBAR 12" C-O-C
BOTH WAYS

I

o

12"

-T

WEIR

D_D,
SCALE '1" = 2

I
I

FLEXIBLE LEACHAIE STORAGE CONTAINERS

CEN'IRAL COUNTY SOLID WAS1E DISPOSAL COMPLEX

SARASOTA COUNTY, FLORIDA

EL: (941) 861-157r rAX: (941) a86-2620
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SECTION

DETAIL - TYPICAL
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NOTES:

1. PEFORATION D TAIL APPLIES TO ALL P1PES EXCEPT FOR THE FLSC INFLOW

PIPIS.

FLEXIBLE LEACHATE STORAGE CONTAINERS
CENTRAL COUNW SOTID WAS]E DISPOSAL COMPLEX

SARASOTA COUNTY, FLORIDA

MISCELLANEOUS DETAILS
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FLSC Storage Capacity Calculations
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ATTACHMENT 7



1.

DISPOSAL FACILITY GENERAT INFORMATION

Provide brief description of disposal facilicy design and operations planned under
this application:

This application is to construct a flexible leachate storage

container (FLSC) facility at CCSWDC which consigts of four lined ceI1s.

Each cell has a storage capacity of 300,000 gallons. Two of the cellg

will provide an additional leachate storage capacity and the remaining Ewo

cells will provide impacted sEorm water storagle.

2. FaciliLy site supervisor :

Title. fanager,/So1id Wagte

Frank Coggins

Operations Telephone, ( ea1 
)

fcoggins@scgov. net
E-Mail address (if awailable)

Disposal area: Total N/A acres; Used N/A acres; Available N/A acres.

Weighing scales used: [ ] Yes [/] No

Security t.o prevent unauthorized use: [/]

550-4150

t

5.

6.

7.

Yes []No

N/A $/tonCharge for waste received: N/A $/yds'

Surrounding land use, zoning:

I
t
t

Types

Resident.ial
trari nrrl l-rrr:l

Commercial

of waste received: N/A

Residential
Commercial
Incinerat.or/wtn ash
Treated biomedical
Water treatment. sludge
Air treatment sludge
lnri arrl |.rrr:l

Asbestos
Other Descri-be:

Industrial-
None
OLher Describe:

tl
Lll

C & D debris
Shredded/cut tires
Yard trash
qanl-i d l.ahL

Industrial
Industrial sludge
Domestic sludge

9.

10.

11.

12.

Salvagingpermitted: [ ] Yes [ ] No N/A

Attendantr [/] Y"= I I No Traj-ned operatorr [/] ves
N/ASpotLers: Yes t I No t I Number of spoLters used:

Sitelocat.edin: II Floodplain [] Wetlands [] Other

[]No

N/A

DEp FORM 52-701.900(1)
Effective 05-27 -Ol

Page 6 of 40



13.

14.

15.

16.

L7.

18.

19.

20.

2r.

PrcrnFrt-v re.nrdFd aS a

Tl:rr< nf nnor:f inn.

Disposal Sice in County Land

Monday thru
tll NoRecords:

Sunday

llnt t r< nf nnorr I i nt
-- -Y_-*-r-J:

24 hours a day

Days Workj-ng Face covered:

Elevati-on of water table' 16 rt. (NGVD 1929)

Number of monitoring wells:

N/A

Number of surface monit.orinq

Gas controls used: [ ] yes

Gas flaring: t I yes t{l

Landfill unit liner type:

'l'rmo nnnl- rnl c . I

1f:a r6^^rrarrr. I
L

t/l No

N/A

I Active

I Yes Vl

ar / nyasslve r\ / Atl
NoNo

rv / fi,

Natural soils
Single clay Iiner
Single geomembrane
Single composit.e
Slurry wa1I
Other Describe:

Double geomembrane
Geomembrane & composite
Double composite
None

22. Leachate col-lection method:

.{.t I uorrecE.].on papes
[ ] Geonets
[ ] well points
t I Peri-meLer dit.ch
[ ] Other Describe:

e:nd I rrrar
ffrarrcl Iarrar

TnfcrcFnfor frenr-h
None

23. IJeachate storaqe method:

t ,l Tanks
["] Surface impoundments with flexble sLorage containers
[ ] other Describe:

Leachate treatment

[ ] Oxidation
l- I Qannnrirrrr
t I adrranaaA
L /r -'vY

['] None
[ ] other

met.hod:

tl
I]

Chemical treatment
SetLIing

DEP FORM 62-?01.900(1)
Effective 05-27-01

Page 7 of 40



n PROHTBITIONS

LOCATION

(62-701.300, FAC)

N/A N/C

J.5 l.

x 6.

1.

_x_ 11.

DEP FORM 62-701.900 (1)
Effective 03-21-OI

Provide documentation that each of t.he sitinq crit.eria
will be satisfied for the faciliLy;
(62-70r.300 (2), FAC)

If the facility qualifies for any of the exemptions
conLained in Rules 62-70I.300(12) Lhrough (16), FAC,
then document this qualifj-cation(s) .

Provide documentatj-on that the facil-ity will be in
compliance with the burning restrictions,'
(62-7or.3oo(3), FAC)

Provide documentation that the faciliLy will be in
compli-ance with the hazardous waste restrictions;
(62-'70r.300 (4) , FAC)

Provide documenLation that the faciliLy will be in
compliance with the PcB disposal resLrictions;
(62-7oL.3oo (s) , FAC)

Provide documentation that Lhe facility will be in
compliance with t.he biomedlcal waste restrictions;
(62-70r.300 (6) , FAC)

Provide documentation thaL the facility wiJ-l be in
compliance with the Class r surface water restrictions;
(62-70r.300 (7) , FAC)

Provide documentation thaL the facility will be j-n
compliance with Lhe special wasLe for landfi11s
restrictions; (62-70I.300 (8) , FAC)

Provide documentation Lhat the facility wi-I1 be in
compliance with the special waste for waste-to-energy
facilities restrictions; (62-70I.300 (9) , FAC)

Provide documentation that the facility will be in
compliance with the liquid restrictions;
(62-70r.300 (10) , FAC)

Provide documenbation that the facility will be in
compliance with the used oil restrictions;
(62-'10L.300 (11) , FAC)

5.

10.

Page lI or +u



M.

g

WATER QUALITY AND

LOCATION N/A

LEACHATE

N/c

MONTTORTNG REQUTREMENTS (62-701.510, FAC)

Water quality and leachate monltoring plan shall be
submitted describing the proposed ground water, surface
water and leachate monitoring systems and shall meet at
least the followinq requirements;

a. Based on the information obtained in the

b.

hydrogeological investigation and sl-gned, dated
and sealed by the PG or PE who prepared it;
(62-701,. s10 (2) (a) , FAc)

A11 sampling and analysis preformed in
accordance with Chapter 62-\60, FAC;
(62-70L.510 (2) (b) , FAC)

Ground water monitoring requirements;
(62-70L. s10 (3) , FAC)

(1) DetecLion wells locaLed downgradient from
and within 50 feet of disposal units;

Downgradient compliance we11s as required;

Background wells screened in all aquifers
below the landfill thaL may be affected by
the 1andfi1l;

LocaLion information for each monitoring
well;

Well spacing no greater than 500 feet
apart for downgradient weI1s and no
^t'a)+,at t.hrn T(flO fapf anari- forYrsquer
upgradienL wells unless site specific
conditions justify alLernate well
cneai na<.

Well screen locations properly selected;

Procedures for properly abandoning
monitoring we1ls;

Detailed description of detection sensors
if proposed"

1.

(2)

(3)

(4)

(5)

(7)

(8)

3.4

DEP FORM 52-701.900(1)
ErrecErve v5-zt-vr

Page 32 of 40
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fill9 
Desisnation: D 448 - 86

Standard Classification for

Sizes of Aggregate for Road and Bridge Constructionl

This standard is issued under the fixed designation D 448; the number immediately following the designation indicates the year of

original adoption or, in tn. 
".r" 

if ri""f"", ?t 
" V.t. "f 

f,,i *"i'i"" 
'l' 

n"*Ut,. in parentheses indicates the year of lasl reapproval' A

superscript epsilon (t) indicates "" 
taii";ti changt since the last revision or reapproval'

1. Scope

l.lThisclassificationde|rnesaggregatesizedesignations
urrJ'tung.t in mechanical analyJei for. standard sizes. of

ioirJffi;gut" ana screenings for-use-in the construction

;;;fi;;;nce of various tvpes of highwavs and bridges'-"i.i 
Witft regard to sieve sizes and the size of aggregate as

deieimineO Uy ttre use of testing sieves.' the values in

iil;;;a rrrrit, ur" shown for the convenience of the user;

it"*.i"i ,fte standard sieve designation shown in paren-

ili*", irit. standard value as stated in specification E 1 1.

2. Referenced Documents

2.1 ASTM Standards:
dl:o rta"tnod for Sieve Analysis of Fine and Coarse

Aggregates2
p zf"ii"actice for Sampling Aggregates3.

I ii sp."iltcation foi Wire-ctotn Sieves for Testine

PurPoses"

I This classihcation is under the jurisdiction.of AsTM^committee D'4 on Road

r"a p""i"e-il;"riuts una is the cliiect responsibilitv of Subcommittee D04'50 on

Aggregate SPecificatiotts.
Current edition approved Maich 2?, 1986' Published^June 1986' Originally

published as D 448 - 3?T. Last privious edition-D aaY :.E9:'-;'i^iit Book oIASTM Standards, Vols 04'02 and 04'03'
r Annual Book of A'STM Standards, Vol 04'03'
o')nnuot Book ofASTM Standardq Vols 04'01 and 14'02'

3. Significance and Use

3.1 Contract documents may specify certain of these

aggregate sizes for specific uses or may suggest one or more

of these sizes as appropriate for the preparation of various

."i-p*au"t mixturis' in tott cases' closer limits on vari-

abiliiy of the aggregate grading may be required'

4. Manufacture

4.1 The standard sizes of aggregate described in this

ctassirrcation may be manufactured by means-of any suitable

process used to separate raw material into the desired size

i".t.t. S,""auia tit.t may also be produced by blending two

or more different components'

5. Standard Sizes

5.lstandardsizesofcoarseaggregate.shallcomplywith
ttr"'tir.t gi"en in Table 1' All sizes shall be determined by

meansoflaboratorysieveshavingsquareopeningsand
conforming to SPecification E I l'

6. Basis of Classification

6.1 Classification is based upott the size number and size

t";;;t;;;; itt ruut" t wiih the aggregate sampled in

"."iia"no 
with Practice D ?5 and tested for grading by

Method C 136.
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rf these

3r more
various
on vari-

in this

suitable
ied size

$ng two

fil|l o +as

1Vz-in.
(37.5-mm)

01o15

0to15

25 to 60

35 to 70

90 to 100

95 to 100

100

'100

100

The American Society tor festrh g and Matortals takes no positlon resp ecting the vatidity ol any patent ilghfs asserted in connection

wlth any ltem mentioned in this slandafd. Users o/ lhis stan dad ara exprcssty advised that detetmination of the validity of any such

patent rights, and the isk ol inlringement of such nghts, are entirely their own responsibllity'

This standard is s ubiecl to revision at any time by the rcsponsible technical Oomnittee and must be reviewed every five years and

ll not revised, elther rcapproved orwlthdrawn. Youi comments arc invited etthet lor revistbn ollhtls standad ot for additional standards

and shoutd be addressed to ASIM Headquafterc. Your comments wil! rcceive carelul conslderation at a meeting of the responsible

technical commlftee, which you nay atteid. ll you teel that you comments have not received a lak hearlng you shutld make your

views known to lhe ASIM Commlftee on Standards, 1916 Race St., Fhtladelphia' PA 19103.

TABLE 1 Standard Sizes ol Processed Aggregate

Amounls Finer than Each Laboratory Sieve (Square Openings), weight percent

No. 50
(300-
pm)

3-in.
(75-

mm)

Size
!um
ber

Nominal Size
Square

Openings

Vz lo 1v2-in.
(90 to 37.5'mm)

lo 11/2-in.

(63 to 37'5-mm)

to 3/4-in

(63 to 19.o'mm)

to f-in.
(50 to 25.O-mm)

to No. 4
(50 to 4.75'mm)

to 3/4-in.

(37.5 to 19.0'mm)

Vz-in. to No. 4

{37.5 to 4.75-mm)

to 72-in.
(25.0 to 12

to %-in.- 
(25.0 to 9.5-mm)

lln. lo No' 4
(25.0 to 4.75'mm)

to %-in
(19.0 to 9.5-mm)

to No. 4
(19.0 to 4.75-mm)

to No. I
09.0 to 2.36-mm)

.toNo,4
(12.5 io 4.75-mm)

.toNo.8
(12,5 ro 2.36-mm)

to No. I
(9,5 to 2.36-mm)

{nilo No. 16
(9.5 to 1.18-mm)

4 to No. 16
({.75 to 1.18-mm)
r.4lo 0A
(4.75-mm)

^ Screenings.

4.in.

mm)

3t/z-in.
(90-mm)

No. 8
(2.36.
mm)

No. 16
(1.1 8-
mm)

21/z-in.
(63-mm)

25 to 60

90 to 100

90 lo 100

100

'100

2-in.
(50-mm)

35 to 70

90 to 100

95 !o 100

100

100

to 15

35 lo 70

20 to 55

90 to 100

90 to 100

95 to 100

100.

100

100

0to5

0to5

01o10

0to15

t0 70

20 to 95

40 to 85

90 to 100

90 to 100

90 to 100

100

100

0to5

0to5

10 to 30

0.to 10

10 to 40

25 to 60

20 to 55

90 to 100

90 to 100

100

't00

0to5

10 to 30

0to5

0to15

0 to 15

20 io 55

30 to 65

40 lo 70

40 to 75

85 to 100

90 to 100

100

100

f -in. | ,/o.in. I n-in. I ve-in. I tto. I
(25.0-mm) l(19.0-mm) | 

(12.5-mm)l (9.s-mm) 
| 
(4.7s-mm)

100
1

,

24

| .1

467

'5

5b

5/

r6

,:67r

68

a

78

s

.no

I
t0

0to5

0to5

0tos

01o10

0lo5

0 to 10

5to25

0to15

5to25

10 to 30

20 to 55

85 to 100

85 1o 100

0to5

0to5

0to10

0to5

0to10

0to10

5to30

10 to 40

0to5

0to5

0to5

0tol0

0to10

to5

to5
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GRAIN SIZE DISTRIBUTION
Data Sheet 5b

Job No.
e,oir"1 Na4 5{0NE (EK h?r"$ D 4+b

Boring No Sample No. ---.---
Location ol Projecl

Tested By Date ol Testing

!{

:=
cr ,i.'t

100

hs
80

AN
0)

IF
C.

o
0)

40

zv

q
oR 3: $

FOt
oq
o

oo-!o$ fldqooo
Particle diameter, mm

oloc)qe
oo

Visual soil descriPtion

Gravel Sand

ClayCourse to
medium

Fine sitt

-a2

U.S. standard sieve sizes
Itoo

ooaoP
Ng

;A.icic;tiiz2
I I

I

I

I

ITl

Hi li I

i
I

I

I

I

I

I

I

I

I
I

I

I

I

I r
I

I

I L
I

I

I
I

I

I

I
I

t

I t
W

I

I
I

I

Soil classification

System

b'g*32vt'm= lg

Copyright o 1992 by McGraw-Hill, Inc'
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PIPE STRUCTURAL STABILITY OF THE 4.INCH PERFORATED PIPES

This worksheet was prepared to show the pipe stability calculations for the perforated pipes within the FLSCs. The methodology of the stability calculations presented

herein were presented in Appendix D of the engineering report titled "Application for a Permit to Construct Flexible Leachate Storage Containers at Central County Solid

Waste Disposal Complex,'dated November 2006.

PIPE DATA (Cher 2001Chemicalron

Pipe Diameter

tn

SDR Average lD Min. Wall Thickness Area with lD

in in in'
OD

in

11 4.500 3.633 0.409 10.37

OD= outside diameter

lD= inside diameter

CALCULATION OF APPLIED STRESS WITHIN FLSCs (FOR PERFoRATED PIFES) , :

The assumed overburden stress consists of approximately 2 ft of drainage gravel plus approximately 5 ft of liquid with an assumed density of 62.4 pcf.

lrr6", = L 7",u",. (ASCE, 1979 )

unit weight of the overburden material (assume 1 35 pcf for gravel and 62.4 pcf for the liquid)

D*= thickness of the overburden materials

oou= stress on the pipe due to FLSC loading

RESULTS

4-in Pipe

,= 1 35 pcf (gravel)

62.4 pcf (liquid)

Dou= 2 ft (gravel)

s ft (fluid)

-Lp)= 1.12

652 psf

4.53

Sharma and Lewis (1994) and Washington State (1987), see attached calculations

WALL CRUSHING

SDR=

RESULTS

4-in Pipe

20,
O --..-, = _-__---_--_:__ (phiilips 66, 1991 )

(sDR - l)
maximum applied stress which may be withstood by the pipe

compressive strength of the pipe

standard dimension ratio of the pipe

WALL BUCKLING

IiI F
ob,,"H":1.2t;frfr;lt" (Phlrips66,1ee1)

standard dimension ratio of the pipe

critical buckling soil pressure at the top of the pipe

modulus of soil reaction

modulus oI elasticity of the pipe material (Plastic Pipe Institute, 1993)

SDR=

E-

E-

1 500

11

300

66.3

psl

pst

ov=

SDR=

FS=

FLSC Pipe Stability-RAl No '1.xls Geosyntec Consultants



SDR=

Sn=

M"=

AX=

K=

^ (sDR- 1)q,o_

total external pressure on top of the pipe

standard dimension ratio of the pipe

tensile stress intensity

4-in Pipe

(Phillips 66, 1991)

E

SDR= 11

Sa= 23

E = 37000

psl

psi

psi

E'= k* M, (Setig, 1990)

modulus of soil reaction for the pipe bedding material

empirical factor assumed as 1 .5 (this factor varies from 0.7 to 2.3) (Selig, 1990)

constrained modulus

M =, E'\1,-') . (serig, leeo)' (l + vllt - 2v)

E"= 
Young's modulus obtained from Selig (1990) for the general fill material (see properties for SM material at 90% standard Procto0

v = Poisson's ratio (Selig, 1990)

4-in Pipe

Es= 2400 psi

v= 0.36

M"= 4034 psi

k= 1.5
'= 6050 psi

RESULTS FOR WALL BUCKLING

4-in Pipe

E'= 6050 psi

E= 37000 psi

SDR= 11 psi

Obucktinq= 500 PSi

FS= 1 10.5

RlryG DEFLECTION

Modified lowa Equation ,tv - D'KW'
FI"-. + 0.061 E'
r"

Rins Deflection = 
Ar
n
"od

(Koerner 1 998)

horizontal deflection, this is the horizontal increase in diameter

deflection lag factor which varies from 1 to 1 .5 (Koerner, 1 998).

bedding constant which varies from 0.083 to 0.11 (Wilson-Fahmy and Koerner, 1994).

Marston's prism load per unit length of pipe (overburden stress times the pipe outside diameter)

modulus of elasticity of the pipe material (obtained in calculations for wall buckling)

moment of inertia of the pipe wall per unit length = t3/'12

mean radius of the pipe = (D"d - 0/2
Doa= pipe outside diameter

wall thickness of the pipe

modulus of soil reaction for the pipe bedding material (oblained in calculations for wall buckling)

FLSC Pioe Stabilitv-RAl No 1.xls Geosvntec Consultants



RESULTS FOR RING DEFLECTION

4-in Pipe

BENDING STRAIN

t
Av=

D=

allowable eo=

4-in Pipe

' I * r''eo:1--!*loo (Mosher,1990)
IY

bending strain

deformation shape factor equal to 6 for design

minimum wall thickness

vertical deflection assumed approximately the same as AX obtained with the Modified lowa Equation

pipe inside diameter

allowable bending strain of 4.2 % (Chevron Chemlcal Company, 1994)

1.25

0.11

4.500

20

37000

0.409

0.006

2.05

6050

0.007

0.16%

UL=

K=

E-

Er-

AX=

psl

lb/in

psl

in

in3

in

nai

In

<3%

fa= 6

t 0.409 in

Av= 0'007 in

D= 3.633 in

0.13 %

allowable en= 4.2 %

FLSC Pioe Stabilitv-RAl No 1.xls Geosvntec Consultants



PIPE STRUCTURAL STABILITY OF THE 6.INCH PERFORATED PIPES

This worksheet was prepared to show the pipe stability calculations for the perforated pipes within the FLSCS. The methodology of the stability calculations presented
herein were presented in Appendix D of the engineering report titled "Application for a Permit to Construct Flexible Leachate Storage Containers at Central County Solid
Waste Disposal Complex,' dated November 2006.

PIPE DATA (Chevron Chemical 2001

Pipe Diameter

in

SDR OD Average lD Min. Wall Thickness Area with lD

rn in in in'
o 11 6.625 5.349 0.602 22.47

OD= outside diameter

lD= inside diameter

cA[cuLATtoN oF AppLtED STRESS WtTt{tN FLSCa (FOR PERFORATED plpEs) ,

The assumed overburden stress consists of approximately 2 ft of drainage gravel plus approximately 5 ft of liquid with an assumed density of 62.4 pcf

s-oo,.= L /.,Uo, (ASCE, 1979 )

Y*= unit weighl of the overburden material (assume 1 35 pcf for gravel and 62.4 pcf for the liquid)

D*= thickness of the overburden materials

oo,= stress on the pipe due to FLSC loading

RESULTS

6-in Pipe

135 pcf (gravel)

62.4 pcf (liquid)

D*= 2 ft (gravet)

s ft (fluid)

L-LP;= 1.12

= 652 psf

4.53 psi

WALL CRUSHING

JUK=

RESULTS

6-in Pipe

2c,
O rrr,rt : -= -- (PhilliPs 66, 1991)

(sDR - l)
maximum applied stress which may be withstood by the pipe

compressive strength of the pipe

standard dimension ratio of the pipe

oy= 1500 psi

SDR= 11

oc,,sr= 300 psi

= 66.3

wnlll- BUCKLTNG i

FI T'
o k,ckt":1.2 [;ffi;]"t (PhirriPs 66, leel )

standard dimension ratio of the pipe

critical buckling soil pressure at the top of the pipe

modulus of soil reaction

modulus of elasticity of the pipe material (Plastic Pipe lnstitute, 1993)

Sharma and Lewis (1994) and Washington State (1987), see attached calculations

SDR=

FLSC Pipe Stabilitv-RAl No 1.xls Geosvntec Consultants



6DR- 1)o-,,

(Phillips 66, 1991)

total external pressure on top of the pipe

standard dimension ratio of the pipe

tensile stress intensity

6-in Pipe

0*= 5 psi

SDR= 11

Sr= 23 psi

E = 37000

E'= k* M., (Selig, 1990)

modulus of soll reaction for the pipe bedding material

empirical factor assumed as 1 .5 (this factor varies from 0.7 to 2.3) (Selig, 1990)

constrained modulus

,S,

SDR=

cr-

M"=

RESULTS FOR WALL BUCKLING

6-in Pipe

M:,E'\1,-"),' (r + v)(r-2v)

D,KW
a /r - -=;-

t4 ,:. + 0.061 E'

. AI
Kil1P Delleclrcn

tl
"od

(Selig, 1990)

E-
Young's modulus obtained from Selig (1990) for the general iill material (see properties for SM material at 90% standard Procto|

Poisson's ratio (Selig, 1990)

tr = ouSu psl

= 37000 psi

DR= 11 psi

rchtinq= 500 psi

= 1 10.5

RING:DEFLECTION

Modified lowa Equation

(Koerner 1 998)

sL-

K=

t=

Er-

horizontal deflection, this is the horizontal increase in diameter
deflection lag factor which varies from 1 to 1 .5 (Koerner, 1 998).

bedding constant which varies from 0.083 to 0.'11 (Wilson-Fahmy and Koerner, 1994).

Marston's prism load per unit length of pipe (overburden stress times the pipe outside diameter)

modulus of elasticity of the pipe material (obtained in calculations for wall buckling)

moment of inertia of the pipe wall per unit length = t3/12

mean radius of the pipe = (Dod - 0/2
Doa= pipe outside diameter

t= wall thickness ofthe pipe

modulus of soil reaction for the pipe bedding material (obtained in calculations for wall buckling)

6-in Pipe
tr= 2400

0.36

4034

t.c

6050

psl

Ms= psi

psl

FLSC Pipe Stability-RAl No 1.xls Geosyntec Consultants



RESULTS FOR RING DEFLECTION

6-in Pipe

BENDING STRAIN

t

D=

allowable e5=

6-in Pipe

' /'-& *166 (Mosher,199o)€h = Jd_ Dr

bending strain

deformation shape factor equal to 6 for design

minimum wall thickness

vertical deflection assumed approximately the same as AX obtained with the Modified lowa Equation

pipe lnside diameter

allowable bending strain of 4.2 % (Chevron Chemical Company, 1994)

Dr= 1.25

= 0.11

= 6.625 psi

t"= 30 lb/in

= 37000 psi

= 0.602 in

= 0.018 in3

3.01 in

E'= 6050 psi

= 0.010 in

Deflection= 0.160 < 3%

6

0.602

0.010

5.349

0.'13

= 4.2

tn

tn

in

%

%

FLSC Pioe Stabilitv-RAl No 1.xls Geosvntec Consultants



PIPE STRUCTURAL STABILITY OF THE 18.INCH PERFORATED PIPES

This worksheet was prepared to show the pipe stability calculations for the perforated pipes within the FLSCs. The methodology of the stability calculations presented

herein were presented in Appendix D of the engineering report titled "Application for a Permit to Construct Flexible Leachate Storage Containers at Central County Solid

Waste Disposal Complex," dated November 2006.

PIPE DATA htlltps (;hemical uompany, 200

Pipe Diameter

tn

SDR OD Average lD Min. Wall Thickness Area with lD

tn tn tn in2

18 11 18.000 14.532 1.636 165.86

OD= outside diameter

lD= inside diameter

cA|icULAT|oNoFAPPL|EDSTREssw|THiNFLSCs{FoRPERFoRATEDPlPEs)

The assumed overburden stress consists of approximately 2 ft of drainage gravel plus approximately 5 ft of liquid with an assumed density of 62.4 pcf

6o,,=Z /o,,Do, (ASCE, 1979 )

0ou=

RESULTS

18-in Pipe

WALL CRUSHING

ov=

SDR=

RESULTS

18-in Pipe

SDR=

unit weight of the overburden material (assume 1 35 pcf for gravel and 62.4 pcf for the liquid)

thickness of the overburden materials

stress on the pipe due to FLSC loading

Per Sharma and Lewis (1994) and Washington State (1987), see attached calculations.

2o,
6"rr,rh: -- (PhilliPs66' 1991)

(sDR - 1)

maximum applied stress which may be withstood by the pipe

compressive strength of the pipe

standard dimension ratio of the pipe

1500 psi

SDR= 11

= 300 psi

FS= 66.3

WALL BUCKLING

t;t ri
obuckt":1.2tJffi]"' (PhilriPs66'1eel)

standard dimension ratio of the pipe

critical buckling soil pressure at the top of the pipe

modulus of soil reaction

modulus of elasticity of the pipe material (Plastic Pipe Institute, 1993)

1 35 pcf (gravel)

62.4 pcf (liquid)

2 ft (gravel)

5 ft (fluid)

-Lp)= 1.12

652 ps{

4.53

FLSC Pipe Stabilitv-RAl No 1.xls Geosvntec Consultants



(SDR- 1)q"
(Phillips 66, 1991)

total external pressure on top of the pipe

standard dimension ratio of the pipe

tensile stress intensity

18-in Pipe

=5psi
SDR= 11

Se= 23 Psi

E = 37000 psi

E'= k* M, (Selis, 1990)

modulus of soil reaction for the pipe bedding material

empincal factor assumed as 1 .5 (this factor varies from 0.7 to 2.3) (Selig, 1990)

constrained modulus

SDR=

Se=

E'_

M"=

E n-vlM-:, "'\', , , (selig, 1990)
' (1+ v)\t -2v)

Young's modulus obtained from Selig (1 990) for the general fill material (see properties for SM material at 90% standard Proctor)

Poisson's ratio (Selig, 1990)

RESULTS FOR WALL BUCKLING

18-in Pipe

RING DEFLECTIONi

Modified lowa Equation:

AX=

vL-

K=

E-

c-

D, KWA,r = Fy"'. + 0.061 E'r'

AY
KINP UCIICCIrcN

D,,,1

(Koerner 1 998)

horizontal deflection, this is the horizontal increase in diameter

deflection lag factor which varies from 1 to 1 .5 (Koerner, 1 998).

bedding constant which varies from 0.083 to 0.1 1 (Wilson-Fahmy and Koerner, 1994).

Marston's prism load per unit length of pipe (overburden stress times the pipe outside diameter)

modulus of elasticity of the pipe material (obtained in calculations for wall buckling)

moment of inertia of the pipe wall per unit length = t3/12

mean radius of the pipe = (D"6 - t)/2

Doa= pipe outside diameter

wall thickness of the pipe

modulus of soil reaction for the pipe bedding material (obtained in calculations for wall buckling)

18-in Pipe

Es= 2400 psi

v= 0.36

M"= 4034 psi

k= 1.5

E'= 6050

E'= 6050 psl

psi

psl

psi

= 37000

=11
= 500

- 44n E

FLSC Pipe Stability-RAl No 1.xls Geosyntec Consultants



RESULTS FOR RING DEFLECTION

18-in Pipe

BENDING STRAIN.

t

ar=

D=

allowable e5=

18-in Pipe

^ f 
*Au

e, = fi' Ji *lOO (Mosher, 19e0)IJ
bending strain

deformation shape factor equal to 6 for design

minimum wall thickness

vertical defiection assumed approximately the same as AX obtained with the Modified lowa Equation

nino incirlo 11;.malar

allowable bending strain of 4.2 % (Chevron Chemical Company, 1994)

Dr= 1.25

K= 0.11

D.a= 18.000 psi

wc= 81 lb/in

E= 37000 psi

- 1.636 in

0.365 ins

= 8.18 in

6050 psi

0.028 in

Deflection= 0.16% < 3%

1.636

= OO9A

= 14.532

= 0.13

in

in

in

%

%tr= 4.2

FLSC Pipe Stability-RAl No 1.xls Geosyntec Consultants



f'
COPY OF APPROPRTATE SECTIONS F'OR:

ASCE, "Design and Construction of Sanitary and
Sewers", Manual and Report on Engineering Practice
American Society of Civil Engineers, New York, NY,
1969, Reprinted L979.

Storm
No. 37,
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Selig, E.T., "Soil Properties for Plastic Pipe Installations",
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 c.l.l Pipe Perforations

By nature of their intended use, leachate collection lines must be perforated. The size and spacing

of the openings sho ld be determined based on hydraulic considerations. The effects of the

perforations should be considered in the structural design of the leachate collection pipes.

4C.1.1.1 Size and Spacing

A leachate collection line, to function correctly, must be capable of accepting all the leachate

flowing to it through the gravel drainage layer. After the pipe is sized to handle the flow, the size

and spacing of the perforations should be selected. The rate of flow into the leachate collection

pipes through the perforations is dependent on several factors, including the hydraulic

conductivity of the gravel material around the pipe and the head loss due to convergence of flow

to the perforations in the pipe.

W.T. Moody, as cited in U.S * Department of the lnterior (1978) determined the theoretical

relationship among the above factors and concluded that increasing the hydraulic conductivity of
the gravel envelope around the pipe was a more effective method for increasing the rate-of flow
into the pipe than increasing the size of the openings. Therefore, the selection of the size and

spacing of the perforations should be based on: consideration of standard perforated pipe

commonly available from manufacturer; bedding and backfill requirements for the particular

installation; and effects on pipe strength. For a given rate of leachate inflow and a perforated

pipe, the minimum required hydraulic conductivity of the gravel envelope around the pipe can be

determined using a procedure similar to that presented in U.S. Department of the lnterior (1978).

4C.1.1.2 Effects on Load Capacitv

The various design procedures for rigid and flexible pipes and the various pipe performance

limits are based on solid wall pipe. Pacey, et a1., as cited in Dietzler (1984) has suggested that the

effect of perforations could be compensated by arbitrarily increasing the earth load on the pipe.

Data presented in Dietzler (1984) indicated the inclusion of typical perforations in'the lover

quarters of 6-inch ABS and PVC pipe has little influence on pipe stiffness and deflection versus

load performance. Others have stated there are indications that perforations will reduce the

effective length of pipe available to carry loads and resist deflection suggest taking the effect of
perforations into account by increasing the load in proportion to the reduction in the effective

length. This later method appears to be an adequately conservative approach. If Lp equals the

cumulative length of the perforations per unit length of the pipe, L, then thelactual load on the

pipe should be increased as follows:

L
Design Load: Actual Load x L-Lp (4c-1)

Methods to determine the actual load are discussed in the following sections.

4C-3
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FIGURE 6: COOPER E-80 LIVE LOADING

$q!e: Cooper E-80 live load assumes 80,000
pounds applied to three 2'x 8' areas on 5'
centers such as might be encountered through
live loading from a locomotive with three 80,000
pound axle loads.

Source: American lron and Steel Institute,
Washington, DC

Uhit Load id Poirnds ppr Squaie Foot

APPARENT EXTERNAL PRESSURE DUE TO INTERNAL VACUUM, PI VACUUM gENETAIES A

compressive hoop stress in the wall of a pipe and acts to collapse the pipeline. Under vacuum
conditions, the value of Pr is positive. Pr is added to the other two external pressure components, Ps

and Pl, to obtain the total external pressure, P1, acting on the pipe. An internal vacuum generates
pressure equal to the absolute value of the vacuum. The maximum apparent external pressure due to

a vacuum inside the pipe is 14.7 psi (2,117 psf).

BURIAL DESIGN GUIDELINES The design engineer must select the proper pipe DR and speciff
the backfill conditions to obtain the desired performance of the'pipe-soil" system.

DESIGN BY WALL CRUSHTNG Wall crushing occurs when external vertical pressure causes the
compressive stress in the pipe wall to exceed the long-term compressive strength of the pipe material.
To design for wall crushing, the following check should be made:

(san - t) :"
Sn =-- 2- P,

Where: Se = Actual compressive stress, psi
SDR = Standard Dimension Ratio -\
Pr = Total external pressure on the top of the pipe, psi

Safety Factor = 1500 psi iSr (where 1500 psi is the compressive yield strength of Driscopipe HDPE pipe)

DESIGN BY WALL BUCKLING Localwall buckling is a longitudinalwrinkling of the pipe wall.
Buckling can occur over the long term in non-pressurized pipe if the total external soil pressure, P1,

exceeds the pipe-soil system's critical buckling pressure, P"n. Although wall buckling is seldom the
limiting factor in the design of a Driscopipe system, a check of non-pressurized pipelines can be made
according to the following steps to insure Pr < Po. All pipe diameters with the same DR in the same
burialsituation have the same critical collapse and critical buckling endurance.
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1.

2.
I
I

Calculate or estimate the total soil pressure, P1, 2t the top of the pipe.

Calculate the stress, S", in the pipe wall:

o _ (sPn-t)r,
Pa- 

2

3. Based upon the stress S" and the estimated time duration of non-pressurization, fi.nd the

value of ihe pipe's modului of elasticity, E, in psi (approximate value for E is 35,000 psi).

4. Calculate the pipes hydrostatic, critical-collapse differential pressure, P"

I
t
t
t
It
I
.

t
t
t
Ii-
:..

l;

*

,

P"=----T:e
n2G)or p.= 
Sr,

Where: (Dr',rrn/Drand = 0.95
p = Poission's Ratio = 0.45 for polyethylene pipe
E = stress and time dependent tensile modulus of elasticity, psi

E = 35,000 psi (apProximate)
D = Outside Diameter, in.
t = thickness, in.

S Calculate the soil modulus, E', by plofting the total external soil pressure, Pr, against a

specified soil density to derive the'soil stiain as shown in the example problem below Figure

7.

6. Calculate the critical buckling pressure at the top of the pipe by the formula:

P"o = o.8.ftdXPJ

Where: Pca = Gritical buckling soil pressure at the top of the pipe, psi

E' = SoilModulus, psi
P" = Hydrostatic critical-collapse differential pressure, psi

7. Calculate the Safety Factor: SF = P"o/ Pr.

8. The above procedures can be reversed to calculate the minimum pipe DR required for a

given soilpressure and an estimated soildensity.

ln a direct burial pressurized pipeline, the internal pressure is usually great enough to exceed the

external critical-buckling soil prbssure. When a pressurized line is to be shut down for a period, wall

buckling should be examined.

zz(,1 o)3 (n r* , o r*)t
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The ring stiffness constant (RSC) reflects the sensitivity of the pipe to installation
stresses. It is defined in terms of the pipe's deflection resultlng from ifri toaO apptieO Le-
ry9"n parallel plates as per ASTM D24I2 (recall Section 7.7-.2). Asdescribedin ASTM
F-894, RSC is the value-obtained by dividing the parallel plateioad by the resulting de-'
flection.(in percent) at 3"/o deflection. NotJthat most plastic pipe manufacturers f,uu. ,

an empirical formula, along with the necessary tablei of their pipe products, for the,.,l
evaluation of RSC values (e.g., see tt5]). eq. (7.1g) also reflects strongly on the type.:.,
condition, and placement of backfill both on the sides of the pipe una"abov" it (r;;ii

678 Designing with Geopipes Chap. 7

Thble 7.9) for values of the modulus of soil reaction 8,.
_ P_u" 

to the importance of the above formulation, several full-scale field and large-
scale laboratory trials have been published, which give valuable information. Watkins
and Reeve [3] have evaluated 375,450,and 600 *- 

"otrugated 
plastic pipe under stan- l

ene properties. Allowable fill heights for 108 cases are analyzed..The variatitn. u."Ls ,ii
follows: pipe diameters ranging from 100 to 750 mm; three pipe corrugation areas in

dard H-20 truck loadings to determine the minimum .oul. ,r"i"rrary to prevent pipe .,
damage and have also performed high pressure large-scale laboratory testi. Regariing ,'
the minimum cover tests, their results sliow the response given in Figur e7 .9.Heleit cai ,

be seen that for a limiting ring deflection of 5% (for this iarticular iipe) 300 to izi111rn
of soil cover is necessary. For the large-scale laboratory Gsts, the reiup ana typi.af Juiu
is shown in Figure 7.4e.

using the finite 
_element computer program ,,culvert Analysis and Design,,

(CAND--E-), Katona [16] has developid a series of design charts for allowable maxi-., ,
mum fill heights. The program has the pipe and surrounding soil in an inciemental
plane strain formulation. The pipe is modeled with connecteibeam-column elementJ .,

and the soil with continuous elements. The assumptions used are all reasonable, with
the possible exceptions of a bonded pipe-to-soil inierface and linear elastic polyethyl- ,:,.

e.ach_ pipe size; good and fair soil backfills; and short-t"r. uod loog-t"ri, pipe proper- l:
ties (E : 750 MPa and or: 20 MPa for a short-term life of 0.05 yeais, and E I riO ti,tpu '...

0 100 200 3oo 400 500 600 7oo 800 900
H = height of cover (mm)

Figure 7.9 Minimum cover values for H-20 loading on HDpE pipe. (Afterwatkins
and Reeve [3])
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L,X =
DLKbW,

(EI/f) + (0.061E.,)
:y

P(0.1L)

I14.9(RSC)/ D + 0.061E'l

where
y : vertical deflection (m),
D : inside pipe diameter (m),
P = load on pipe (kpa),
,L : deflection lag factor (usually 1.0 to 1.5),

RSC : ring stiffness constant (kN/m), and
E' : modulus of soil reaction (kpa).

Designing with Geopipes Chap.7

(7.r7)

7.2.2 Deflection lssues

An engineering approach to the quantification of deflection of buried pipelines has
b-eel developed by a sequential group of research faculty and students at Iowa State
University- Beginning with Marston in the 1920s evaluaiing rigid conduits (the term
used for shallow buried pipes), followed by Spangler in tqS0-t-920 evaluating flexible
conduits, and into the present by Watkins, the group and their colleagues havJ.,written
the. book'' for this type of research [12]. Key iisuei in the development are the use of
arching theory for gravitational force dissipation, the importancebf subgrade stability,
backill-type, and compaction conditions, and finally the ilexibility of thelipe structure
itself. Moser [13] presents the following equation, summarizing tlhe fo*a Siate group,s
effort for the deflection behavior of flexible (in our case plastif) pipe.

where

AX: horizontal increase in diameter (m),
y = vertical deflection (m),

D_9: leflection lag factor, which varies from 1.0 to 1.5 (dimensionless),
K,a : bedding constant, which varies from 0.g3 to 0.110 (dimensionlesi),
I/" : Marston's prism load per unit length of pipe (kN/m) (note that aiching is

not taken into account in this formula),
E : modulus of elasticity of the pipe material (kpa),
1 : moment of inertia of the pipe wall per unit length (m3),

EI : bedding stiffness of the pipe ring per unit length (kN-m),
r : mean radius of the pipe (m), and

E' : modulus of soil reaction (kpa).

The last term (E') has been the subject of intense discussion and research. Howard [14]of the U.S' Bureau of Reclamation has recommended the values given in Tablei.i,
which have relatively wide acceptance.

F'q. (7.17) can also be cast in terms of the laboratory plate loading test with the
following result. The equation assumes a bedding constani kr : 0.2 unj u.., the ring,
stiffness constant (RSC).

.::l::':,$

j:ijil
i-:-:+:l.ir' .

v_
D

,t'r'

(7.r8)
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7, Buried Pipe Design

The design of a subsur{ace pipe installa-
tion is based on principles of soil-struc-
ture interaction, that is the pipe and the
surrounding soil act together to control
the pipes performance. The role each
plays in controlling performance depends
on their stiffness relative to each other.

Pipes that are more stiff than the sur-
rounding soil are typically called rigid.
With riqid pipes, soil and surcharge loads
are transmitted around the pipes ring
from crown (top)to invert (bottom) by vir-
tue of the pipes internal bending and com-
pressive strength. Rigid pipes undergo
little deflection. ln Some ciicumstances,
polyethylene pipes may behave as a rigid
pipe, such as the installation of low DR

pipe in marsh soilS. Here the pipe has
greater stiffness than the surrounding
soil, so.the pipe properties become the
majoi determinant of burial strength. 

'

Pipes that are less.stiff than the surround-
ing soil are called flexible. With weak soil
support, relatively small earth loads may
cause flexible pipe deflection. However,
when properly buried, the surrounding
soil greatly increases the pipes load-carry-
ing capability as well as reduces the
earth loads reaching the pipe.

The earth load and surcharge pressures

applied to the soil backfillcause vertical
and horizontal pipe deflection. The horizon-
tal deflection, usually extension, results in
the pipe wall pushing into the embed-
ment soil. This action mobilizes passive

resistance forces, which in turn limits
horizontal deflection and balances the ver-
ticalload, More passive resistan0e is mo-

bilized with stiffer surrounding soil; so
less deflecti0n 0ccurs. Most polyethylene
pipe should be considered flexible be-

cause the pipes contribution to resisting
deflection is usually less than that of the
surrounding soil.

Therefore, with polyethylene pipe it is im-
portant to check each application to en-

sure that the installed design (which

would include both pipe and embedment
soilsl is adequate. The design procedures

in this section may be applied to both
rigid and flexible pipes

General Design
Procedure

Once the pipe diameter has been deter-
mined, a pipe is selected by its wall con-
struction. Lower. DR PLEXC0 pipes, and

higher RSC SPIR0LITE pipes have greater

external load capacity. However, greater

load capacity is also more costly, so the
optimum design is a balance of the pipe

strength and ernbedment quality that is

capable of handling the irnposed loads.
The completed buried pipe design should
specify the pipe size {0D or lD}, wall con-

struction {DR or RSC Class), required em-
bedment materials, and placement
(installation) requirements for that embed-
ment.

The initial design step is to determine

dead loads and surcharge loads. Follow-

ing this, the pipe selection is checked for
its ability to carry the imposed loads

lnformation on
this page rev.
lo/97-
supersedes all
previous issues,

l-
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Where terms are previously defined, and:

€ = wall strain, %

fr = deformation shape factor

Dr,4 mean diameter, in, {Equations (7-25} +- 
{7-261}

C = outerfibertowallcentroid, in (ZC= Vlqll

SPIR0LITE Pipe:

C=h-z
PLEXC0 Pipe:

C = 0.5 (1.06 t).

h = pipe wallheight, in

z = pipe wall controid, in

t = pipe minimum wall thickness, in

As pipe"defl'ects, bending strains'ociur in
the pipe wall. For an elliptically deformed
pipe, the pipe wall ring bending strain, e,
can be related to deflection by:

,AY2C
C - t^ 

- -
rn n' uMuM

To esti ate m deflec-
s'value wi d by 25%, br

tol lblnz. (The Hartley value in
7-8 for this ,with'l8 ft of
is 1700 psi.)

The load the pipe equal

D_tE- )(1 = 2160[h I
Substitu these values
35) si

1.5)

+2( , 
+ (o.o0t)(1500)

{7-38)

(7-3e)
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For elliptical deformation, fD = 4.28, How-
ever, buried pipe rarely has a perfectly el-

liptical shape. lrregular deform'ation can '

occur from installation forces such as

compaction variation alongside the pipe.
To account for the non.elliptical shape
many designers use fo : 6.0.

Lytton and Chua report that for high per-

formance polyethylene materials such as

those used by PLEXCO, 4.2o/oring bending
strain is a conservative value for non-pres-
sure pipe, Jansen reports that high per-

formance polyethylene material at an B%

strain level has a life expectancy of a
least 50 years.

When designing non-pressure heavy wall
(< SDR 17) PLEXC0 pipe, and high RSC
(several hundred) SPIR0LITE pipe, the
ring bending strain at the predicted deflec-
tion should be calculated and compared
to the allowable strain.

In pressure pipe, strdss from deflection

.and internal pre.ssure should not ixceed
the materials long term design.stresi rat-
ing. See Table 7-9, below.

Tahle 7-9 Safe Pressure Pipe
Deflection

Find the ring bending strain in the wall bf
the SPIB0L|TE 36" Ciass 100 piperh'Exam-
ple 7 -12.

Solution: Use Equation (7-37) and fn :
6,0. Bulletin No. 910 gives: h: 2.02in.,
andz:0.58in.

e = 6 (0.0237)
2.02 - 0.58

36 + 2 (0.58)

e:0.0055:0.55%
The strain is well below the allowable
strain of 4.2 percent for profile pipe.

Design nsiderations
For

under cover does
Soil structure in-

methods must be

modified installations. The de-

signer s
casesl flotatiori bient soil
c0ver ) ring live load,

) upward buckling to flooding
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velop the
epth
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required to de-The

interaction de-
pends on the
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Shallow

ng design
pipe behaves
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flexible wi

bending.

At depths less than one pipe di-

ameter, action may not be

fully an applied surcharge

load a bending load on
the pipe crown. For

llo

!i

installation

[oad

The

that
brar

loa

little

lnformation on
this page rev.
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DR or SDR Safe Deflection as % of
Diameter

3 2.5 8.5

ID 7.0

1l 6.0

17 5.0

13.5 4,0

1l 3.0

I 2,5
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as a mem-
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FLI 109, Rev. 0

Section 02770: Geomembrane

SECTION 02770

GEOMEMBRANE

PART 1 GENERAL

1.01 SCOPE

A. The section includes requirements for geomembrane products and installation.

RELATED SECTIONS AND PLANS

A. Section 02100 - Surveying

B. Section 02200 - Earthwork

C. Section 02215 - Trenching and Backfilling

D. Section 02140 - Geocomposites

E. Section 02180 - Geosynthetic Clay Liner (GCL)

F. Construction Quality Assurance (CQA) Plan

REFERENCES

A. Latest version of the American Society for Testing and Materials (ASTM) standards:

i, ASTM D 638, Staradard Test N{ethod for Tensile Prsperties of Plasties,

1. ASTM D 6693. Standard Test Method for Tensile Properties of Plastics.

2. ASTMD746. Standard Test Method for Brittleness, Temperature of Plastics

and Elastomers by Impact.

3. ASTM D 792. Standard Test Methods for Specific Gravity (Relative Density)

and Density of Plastics by Displacement.

4. ASTM D 1004. Standard Test Method of Initial Tear Resistance of Plastic Film
and Sheeting.

5. ASTM D 1204. Standard Plastics Test Method for Linear Dimensional Changes

of Nonrigid Thermoplastic Sheeting or Film at Elevated

Temperature.

FLI I09/Specifications 02170-l 28-Mar-07



FL1 109, Rev. 0

Section 02770: Geomembrane

Standard Test Method for Flow Rates of Thermoplastics by
Extrusion Plastometer.

Standard Test Methods for Density of Plastics by Density-

Gradient Technique.

Standard Test Method for Carbon Black in Olefin Plastics.

Standard Test Method for Environmental Stress Cracking of
Ethylene Plastics

Standard Test Methods for Determining the Integrity of Field

Seams Used in Joining Flexible Polymeric Geomembranes.

Standard Test Method for Measuring Nominal Thickness of
Geotextiles and Geomembranes.
Standard Test Method for Evaluation of Stress Crack Resistance

of Polyolefin Geomembranes Using Notched Constant Tensile

Load Test.

Recommended Practice for Microscopical Examination of
Pigment Dispersion in Plastic Compounds.

Standard Test Method for Measuring the Core Thickness of
Textured Geomembranes.
Standard Test Methods for Determining the Integrity of
Nonreinforced Geomernbrane Seams Produced Using Thermo-

Fusion Methods.
16. ASTM E96-00. Standard Test Methods for Water Vapor Transmission of

Materials (Procedure BW).
17. ASTM D 3895 Test Method for Oxidative Induction Time of Polyolefins by

Thermal Anal)'sis
18. ASTMD5885 Test Method for Oxidative lnduction Time of Polyolefin

Geosl,nthetics by Hieh Pressure Differential Scaming

Calorimetry
19. ASTM D 5321 Standard Test Method for Determinine the Coefficient of Soil

and Geosynthetic or Geosynthetic and Geoslznthetic Friction by
the Direct Shear Method

B. Latest version of the Geosynthetic Research Institute (GRI) test methods:

I. GRI-GMI3 Test Properties, Testing Frequency and Recommended Warranty

for High Density Polyethylene (HDPE) Smooth and Textured

Geomembranes.

2. GRI-GMI9 Seam Strength and Related Properties of Thermally Bonded

Polvolefin Geomembranes

6. ASTM D 1238.

1. ASTM D I505.

8. ASTM D I603.
9. ASTM D I693

r0. ASTM D 4437.

r l. ASTM D 5199.

t2. ASTM D 5391.

13. ASTM D 5s96.

14. ASTM D 5994-

15. ASTM D 6392.

FLI 1 09/Specilications 02110-2 28-Mar-07



C.

FLl 109, Rev. 0

Section 02770: Geomembrane

Latest version of Federal Test Method Standard (FTMS).

1. FTMS 10112065 Federal Test Method Standard for Puncture Resistance and

Elongation Test (1/8 lnch Radius Probe Method).

WARRANTY

Furnish a 2}-year written warranty against defects in materials. Warranty conditions

concerning limits of liability will be evaluated by, and be acceptable to, the Engineer.

SUBMITTALS

Submit the following information to the Engineer for review not less than 45 calendar

days prior to geomembrane use.

1. Geomenrbrane manufacturer capabilities, including:

a. daily production capacity available for this Contract; and

b. manufacturing quality control procedures.

2. A list of 10 completed facilities for which the manufacturer has supplied a minimum

total of 10,000,000 square feet of polyethylene geomembrane. Provide the following
information for each facility:
a. name, location, purpose of facility, and date of installation;

b. names of owner, project manager, design engineer, and installer; and

c. thickness and surface area of geomembrane provided.

3. Origin (resin supplier's name, resin production plant) and identification (brand

name, number) of the polyethylene resin used.

4. Certification ofminimum average roll values (95 percent lower confidence limit) for

physical, mechanical, and environmental properties and the corresponding test

procedures for the geomembrane properties listed in Table 02170-1. Submit values

that are specific to the resin used in manufacture.

5. Certification that welding rod or granules are compatible with the specifications and

the resin of the geomembrane furnished for this project

6. Manufacturer warrantv as soecified in this section.

B. Submit to the Engineer for review not less than 30 calendar days prior to geomembrane

use the following documentation on the resin used to manufacture the geomembranes:

1. Copies of quality control certificates issued by the resin supplier including the

production dates and origin of the resin used to manufacfure the geomembrane for

this Contract.

2. Results of tests conducted by the manufacturer to veriff the quality of the resin used

to manufacture the geomembrane rolls assigned to the project.

1.04

1.05

A.

A.
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3. Certification that no reclaimed pol)mer is added to the resin during the

manufacturing of the geomembrane to be used for this project.

Submit to the Engineer for review the following documentation on geomembrane roll
production at least 14 calendar days prior to transporting any geomembrane to the site.

1. Manufacturing certificates for each shift's production of geomembrane, signed by

the manufacturer quality control manager.

2. Certificate shall include:
a. roll numbers and identification;
b. sampling procedures; and

c. results of manufacturer quality control tests, including descriptions of the test

methods used (the manufacturer quality control tests to be performed are glven

in Part 2 of this section).

Submit to the Engineer for review the following information from the installer at least 14

calendar days prior to mobilization of the installer to the site.

1. Layout drawings showing the installation layout identifuing geomembrane panel

configurations, dimensions, details, locations of seams, as well as any variance or

additional details which deviate from the Construction Drawings. The layout

drawings shall be adequate for use as a construction plan and shall include

dimensions, details, etc. The layout drawings, as modified and/or approved by the

Engineer, shall become part of the contract.

2. Installationschedule.
3. Copy of installer's letter of approval or license by the manufacturer.

4. lnstallation capabilities, including:
a. information on equipment proposed for this project;

b. average daily production anticipated for this project; and

c. quality control procedures to include quality control organization.

5. A list of 10 completed facilities for which the installer has installed a minimum of
5,000,000 square feet of polyethylene geomernbrane. The foiiowing information

shall be provided for each facility:
a. the name and purpose of the facility, its location, and dates of installation;

b. the names of the owner, project manager, and geomembrane manufacturer;

c. name and qualifications of the supervisor of the installation crew;

d. thickness and surface area of installed geomembrane;

e. type of seaming and type of seaming apparatus used; and

f. duration of installation.
6. Resumes of the installer superintendent and quality control chief to be assigned to

this project, including dates and duration of employment.

D.
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l. Resumes of all personnel who will perform seaming operations on this project,

including dates and duration of employrnent.

8. Evidence that the installation crew has the following experience'

a. The superintendent shall have supervised the installation of a minimum of
2,000,000 square feet of polyethylene geomembrane.

b. At least one seamer shall have experience seaming a minimum of 500,000

square feet of polyethylene geomembrane using the same type of seaming

apparatus to be used at this site. Seamers with such experience will be

designated "master seamers" and shall provide direct supervision over less

experienced seamers.

c. All other seaming personnel shall have seamed at least 100,000 square feet of
polyethylene geomembrane using the same type of seaming apparatus to be

used at this site. Personnel who have seamed less than 100,000 square feet of
seams shall be allowed to seam only under the direct superuision of the master

seamer or Suoerintendent.

E. Submit to the Engineer for review at least 14 days prior to geomembrane placement, a

certificate of calibration less than 12 months old for the field tensiometer. Tensiometer

shall be calibrated within one year of date of test. Calibration shall be traceable to

national or industry recognized standards where possible.

Submit subgrade acceptance certificates, signed by the Installer, for each area to be

covered by the geomembrane priol to that area being covered by geomembrane.

Within 14 calendar days of completion of the geomembrane installation, submit to the

Engineer the executed installation warranty as specified in this section.

F.

G.

A.

B.

1.06

C.

D.

CONSTRUCTION QUALITY ASSURANCE

The construction of the geomembrane component of the liner system system will be

monitored by the CQA Consultant as required in the CQA Pian.

The CQA Consultant will perform material conformance testing of geomembrane

materials and installation quality assurance testing of the geomembrane liner seams.

The Contractor shall be aware of the activities required of the CQA Consultant by the

CQA Plan and shall account for these activities in the construction schedule.

The Contractor shall correct all deficiencies and nonconformances identified by the

CQA Consultant at no additional cost to the Owner.
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PART 2 PRODUCTS

2.0t RESIN

Provide geomembrane manufactured from new, first-quality polyethylene resin. Do not
add reclaimed polyrner to the resin. The use of polymer recycled during the

manufacturing process is permitted if performed with appropriate cleanliness and if the

recycled polymer during the manufacturing process does not exceed 2 percent by weight
of the total polymer weight.

B. Use high density polyethylene (HDPE) resin for liner system geomembranes having the

following properties:

1. Specific Gravity: 0.932 minimum (ASTM D 792 Method A, or ASTM D 1505)

2. Melt Index: 1.0 s/l0 min.. maximum (ASTM D 1238 Condition E)

2.02 GEOMEMBRANE PROPERTIES

A. Fumish 60-mil HDPE textured geomembranes having properties that comply with the

required values shown in Table 02770-I.

B. In addition, furnish geomembrane that:
1. contains a maximum of 1 percent by weight of additives, fillers, or extenders not

including carbon black;
2. does not have striations, pinholes, bubbles, blisters, nodules, undispersed raw

materials, or any sign of contamination by foreign matter on the surface or in the

interior;
3. is free of holes, blisters, modules, undispersed raw materials, or any sign of

contamination by foreign matter; and
4. is manufactured in a single layer (thinner layers shall not be welded together to

produce the final required thickness).

C. For CQA laboratory testing. the certified testins laboratory shall follow the specific
procedures and conditions listed below:
1. Place the materials to be tested in the shear box. For the geomembrane-

geomembrane interface shear strength tests:

a. Use a test specimen configuration of (from bottom to top): rieid substrate

with textured eripping surface. 60-mil textured HDPE geomembrane. 60-mil
textured HDPE geomembrane. and rieid substrate with textured grippine

surface.
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2. Perform the direct shear tests at normal stresses of 500 pounds per square foot.

Report the peak and large-displacement (2-inch displacement) shearing resistance

for each test.

3. Use fresh specimens for each normal stress.

4. Repeat any tests for which the shear displacements do not occur along the desired

interface
5. For the geomembrane-seomembrane interface. the testing laboratory shall report

peak and large displacement shear strengths for each of the respective tests in
terms of secant friction angle. The results shall meet or exceed a shear strength

normal load of 500 psf.

MANUFACTURING QUALITY CONTROL

Resin:
1. Sample and test resin at a minimum frequency of one test per rail car to demonstrate

that the resin complies with the requirements of this section. Perform tests on resin

after the addition of additives to the virgin resin' certifz in writing that the resin

meets the requirements of this section.

2. Do not use any noncomplying resin.

Rolls:
l. Continuously monitor for geomembrane defects during manufacture.

Geomembranes shall be subjected to continuous spark testing by the Manufacturer

at the factory.
2. Do not supply geomembrane that exhibits any defects.

3. Regularly monitor for geomembrane thickness during manufacture.

4. Do not supply geomernbrane that fails to meet the specified thickness.

5. Sample and test the geomembrane, to demonstrate that its properties conform to the

values specified in Table 02170-1. Perform the following quality control tests at a

minimum of once every 50,000 square feet, with the exception of thickness, which

shall be measured for each roll:

B.
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Test

thickness
yield strength
yield elongation
tensile strength
tensile elongation
tear resistance
carbon black
carbon black dispersion
specific gravity

Iest

SP-NCTL

If a geomembrane sample fails to meet the quality control requirements of thrs

Section, sample and test rolls manufactured, in the same resin batch, or at the same

time, as the failing ro11. Continue to sample and test the rolls until the extent of the

failing rolls are bracketed by passing rolls. Do not supply any failing rolls.

The following tests shall be run a minimum of once per every 250,000 square feet.

Provide written certification that the geomembrane meets the material requirements

as per the following test procedures. Provide written certification that these tests

have been performed on geomembrane samples representative of rolls delivered to

the site.

FLI 109, Rev. 0

Section 02770: Geomembrane

Procedure

ASTM D 5199 (smooth) or ASTM D 5994 (textured)

ASTM D 88 6693

ASTM D 88 6693

ASTM D 88 6693

ASTM D E8 6693

ASTM D 1OO4

ASTM D 1603

ASTM D 5596
ASTM D 792,Method A or ASTM D 1505

Procedure

ASTM D 5397

C.

2.04

A.

Permit the CQA Consultant and/or Engineer to visit the manufacturing plant for project

specific visits. If possible, such visits will be prior to, or during, the manufacturing of the

geomembrane rolls for this project.

LABELING

Label the geomembrane rolls with the following information.
1. thickness of the material;
2. length and width of the roll;
3. name of Manufacturer;
4. productidentification;
5. iot number; and

6. roll number.
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B. Geomembrane rolls not labeled in accordance with this Section or on which labels are

illegible upon arrival at the site will be rejected and replaced at no additional expense to

the Owner.

TRANSPORTATION, HANDLING AND STORAGE

Deliver geomembranes to the site at least 14 calendar days prior to the planned

deplolrnent date to allow the CQA Consultant adequate time to perform conformance

testing on the geomembrane samples as described in the CQA Plan.

Provide proper handling and storage of the geomembrane at the site. Protect the

geomembrane from excessive heat or cold, dirt, puncture, cutting, or other damaging or

deleterious conditions. Provide any additional storage procedures required by the

Manufacturer.

C. Store geomernbrane rolls on pallets or other elevated structures. Do not store

geomembrane rolls directly on the ground surface. Do not store more than 3 rolls high.

PART 3 EXECUTION

3.01 FAMILIARIZATION

Prior to implementing any of the work described in this section, the Contractor shall

become thoroughly familiar with all portions of the work falling within this section.

lnspection:
1. Prior to implementing any of the work in this section, the Contractor shall carefully

inspect the installed work of all other sections and verifu that all work is complete to

the point where the installation of this section may properly commence without

adverse impact.
2. If the Contractor has any concerns regarding the installed work of other sections, the

Contractor shall immediately notify the Engineer in writing. Failure to inform the

Engineer in writing or continuance of installation of the geomembrane will be

construed as the Contractor's acceptance of the related work of all other sections.

SUBGRADE SURF'ACE PREPARATION

2.05

3.02

A.

B.

A.

B.

A. The Contractor shall
geomembrane will be

provide certification in writing that

installed is acceptable. Where a GCL

02710-9

the surface on which the

is instalied on the subgrade
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prior to the geomernbrane, the Contractor shall inspect the subgrade prior to GCL

installation. This certification of acceptance shall be given to the CQA Consultant prior

to commencement of geomembrane installation in the area under consideration.

Special care shall be taken to maintain the prepared surface.

No geomembrane shall be placed onto areas of standing water or hydrated GCL

Any damage to the GCL or prepared subgrade caused by installation activities shall be

repaired at the Contractor's expense.

GEOMEMBRANE DEPLOYMENT

General:
1. Textured geomembrane is to be used for all liner construction indicated on the

Construction drawings.

2. The Contractor shall produce layout drawings prior to geomembrane deployment.

These drawings shall indicate the geomembrane configuration, dimensions, details,

locations of seams, etc. The layout drawings must be approved by the Engineer

prior to the installation of any geomembranes. The layout drawings, as modified

and/or approved by the Engineer, shall become part of these specifications.

3. Do not deploy geomembrane until the layout drawings are approved by the

Engineer.
4. Do not deploy a geomembrane panel in an area until the CQA Consultant has been

provided with a cerlificate of subgrade acceptance for that area.

5. Do not deploy geomembranes until CQA Consultant completes conformance

evaluation of the geomembrane and performance evaluation of previous work,

including evaluation of Contractor's survey results for previous work.

6. Deploy each geomembrane panel in accordance with the approved layout drawings.

Field Panel Identification:
1. A geomembrane field panel is a roll or a portion of roll cut in the field.

2. Give each field panel an identification code (number or letter-number). This

identification code shall be agreed upon by the CQA Consultant and the Installer.

Field Panel Placement:

i. Place each geomembrane panel one at a time and seam each panel immediately after

its placement.

2. Use temporary rub sheets as required to prevent displacement or damage to

underlying geosynthetics. High spots in geomembrane-backed geospthetic clay

3.03

A.

B.

C.
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liners shall be covefed by a temporary rub sheets during placement of
geomembrane.

Do not place geomembrane panels when the ambient temperature is below 40'
Fahrenheit (F), unless authorized in writing by the Engineer. For cold weather

(<40'F) deployment, use the additional procedures authorized in writing by the

Engineer.

Do not place geomembranes during any precipitation, in the presence of heavy fog

or dew, in an area of ponded water, or in the presence of high wind.
Ensure that:
a. No vehicular traffic drives directly on the geomembrane.

b. Equipment used does not damage the geomembrane by handling, trafficking, or

leakage of hydrocarbons (i.e., fuels).

c. Personnel working on the geomembrane do not smoke, bring glass onto

. geomembrane, or engage in other activities that could damage

geomembrane.

d. The method used to unroll the panels does not scratch or crimp the

geomernbrane and does not damage lower geosynthetics or the supporting soil.

e. The method used to place the panels minimizes wrinkles (especially differential

wrinkles between adjacent panels). The method used to place the panels results

in intimate contact with geosynthetic clay liner. Adjust or repair any area of
geomembrane wrinkles where the wrinkle height, measured perpendicular to

the slope during the hottest portion of the day, is more than 4 inches.

f. The method used to place the panels does not cause the panels to lift up or

trampoline during the coolest portion of the day.

g. The geomembrane is anchored or weighted with sandbags, or the equivalent, to

prevent damage or uplift from wind. tnstall sufficient anchoring or weighting

to prevent uplift and maintain such system until overlying material is placed.

6. Replace any field panel or portion thereof that becomes damaged (tom, twisted, or

crimped). Remove from the work area damaged panels or portions of damaged

panels.

7. Geomembrane installation shall not occur durine non-davlieht hours.

D. Do not install geomembrane between one hour before sunset and one hour after sunrise

unless approved by the Engineer.

J.

A

5.

the
the
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F'IELD SEAMING

Personnel shall be experienced as specified in this section. Do not peform seaming

unless a "master seamer' and the CQA Consultant are on-site.

Orient seams parallel to the line of maximum slope (i.e., oriented down, not across, the

slope). Minimize the number of seams in corners and at odd-shaped geometric locations.

No horizontal seam shall be less than 10 feet from the toe of the slope, except where

approved by the Engineer. Do not locate seams at an area of potential stress

concentration.

Weather Conditions for Seaming:

1. Do not seam geomembrane at arnbient temperatures below 40oF or above 104oF,

unless authorized in writing by the Engineer. For cold (<40'F) or hot (>104"F)

weather seaming, use the additional procedures authorized in writing by the

Engineer.
2. Measure ambient temperatures between 0 to 6 inches above the geomembrane

surface.

3. In all cases the geomembrane seam areas shall be dry and protected from wind.

Overlapping and Temporary Bonding:
l. Geomembrane minimum fi of4

for welding and to alltlw peel tests to be

performed on the seam. Any seams that cannot be destructively tested because of
insufficient overlap are failing seams.

2. Control the temperature of the air at the nozzle of heat bonding apparatus such that

the geomembrane is not damaged.

Seam Preparation:
1. Prior to seaming, clean the seam area and ensure that area to be bonded is free of

moisture, dust, dirt, debris of any kind, and foreign material.

2. If seam overlap grinding is required, complete the process according to the

Manufacturer's instructions or within 60 minutes of the seaming operation. Do not

grind to a depth that exceeds ten percent of the geomembrane thickness. Grinding

marks shall not appear beyond 0.25 inch of the extrudate after it is placed.

3. Align seams with the fewest possible number of wrinkles and no "fishmouths".

General Seaming Requirements :

1. Extend seams to the outside edge of panels to be placed in the anchor trench.

A.

B.

D.

C.

F.

E.
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If required, place a firm substrate such as a flat board or similar hard surface directly

under the seam overlap to achieve proper suppofi.

Cut fishmouths or wrinkles at the seam overlaps along the ridge of the wrinkle to
achieve a flat overlap. Seam the cut fishmouths or wrinkles and patch any portion

where the overlap is less than 6 inches with an oval or round patch of geomembrane

that extends a minimum of 6 inches beyond the cut in all directions.

Place the electric generator used for power supply to the welding machines outside

the area to be lined or mount it on soft tires such that no damage occurs to the

geomembrane. Properly ground the electric generator. Place a smooth insulating

plate or fabric beneath the hot welding apparatus after use.

Seaming Process:

1. Approved processes for field seaming are extrusion welding and fusion welding.

The primary method of welding shall be fusion. Seaming equipment shail not

damage the geomembrane. Use only geomembrane Manufacturer-approved

equipment.
2. Extrusion Equipment and Procedures:

a. Maintain at least one spare operable seaming apparatus on site.

b. Equip extrusion welding apparatus with gauges giving the temperature in the

apparatus and at thenozzle.
c. Prior to beginning a seam, purge the extruder until all heat-degraded extrudate

has been removed from the barrel. Whenever the extruder is stopped, purge the

barrel of all heat-degraded exttudate.

3. Fusion Equipment and Procedures:

a. Maintain at least one spare operable seaming apparatus on site.

b. Fusion-welding apparatus shall be automated self-propelled devices equipped

with gauges giving the applicable temperatures and pressures.

c. Fusion-welding apparatus shall produce a double-track seam.

d. Abrade the edges of cross seams to a smooth incline (top and bottom) prior to

extrusion weldins.

Trial Seams:

1. Make trial seams on excess pieces of geomembrane to veriff that seaming

conditions are adequate. Conduct trial seams on the same material to be installed

and under similar field conditions as production seams. Conduct trial seaming at the

beginning of each seaming period, and at least once each five hours, for each

seaming apparatus used that day prior to seaming. Also, each seamer shall make at

least one trial seam each day, for each day that seaming is performed by that seamer.

Conduct trial seaming under the same conditions as the actual seaming. Prepare

trial seams that are at least 15 feet long by 1 foot wide (after seaming) with the seam

4.

G.

H.
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centered lengthwise for fusion equipment and at least 3 feet long by 1 foot wide for
extrusion equipment. Prepare seam overlap as indicated in the "Overlapping and

Temporary Bonding" Article of this Part.

2, Cut four specimens, each 1.0 inch wide, from the trial seam sample. Test two
specimens in shear and two in peel, using a field tensiometer. The test specimens

shall not fail in the seam. If a specimen fails, repeat the entire operation. If the

additional specimen fails, do not accept the seaming apparatus or seamer until the

deficiencies are corrected and two consecutive successful trial seams are achieved.

A seamer may start production seaming prior to testing of the trial seams. In the

event the trial seam fails, all production seams by the seamer are failed seams.

Nondestructive Seam Continuity Testing:
1. Nondestructively test field seams for continuity over their full length. Perform

continuity testing as the seaming work progresses, not at the completion of field
seaming. Complete any required repairs in accordance with the "Defects and

Repairs" Article of this Part. Apply the following procedures:

a. use vacuum testing for extrusion welds; and

b. use air pressure testing for double-track fusion seams.

2. Vacuum Testing:
a. Use the following equipment:

i. A vacuum box assembly consisting of a stiff housing, a transparent

viewing window, a soft neoprene gasket attached to the bottom, port

hole or valve assembiy, and a vacuum gauge.

ii. A system for applying 5 pound per square inch (psi) gauge suction to the

box.
iii. A bucket of soapy solution and applicator.

b. Follow these procedures:

1.

ii.

Energize the vacuum pump and reduce the tank pressure to 5 *1 psi

gauge.

Wet an area of the geomembrane seam larger than the vacuum box with
the soapy solution.
Place the box over the wetted area.

Close the bleed valve and open the vacuum valve.

Ensure that a leak tight seal is created.

Examine the geomembrane through the viewing window for the

presence ofsoap bubbles for not less than 20 seconds.

Ifno bubbles appear after 20 seconds, close the vacuum valve and open

the bleed valve, move the box over the next adjoining area with a

minimum 3 inch overlap, and repeat the process.

FLI 109/Specifications
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viii. Mark all areas where soap bubbles appear with a marker that will not

damage the geomembrane and repair in accordance with the "Defects

and Repairs" Article of this Part.

3. Air Pressure Testing:

a. Use the following equipment:
i. an air pump (manual or motor driven) or air reservoir, equipped with a

pressure gauge, capable of generatin g and sustaining a pressure between 25

and 30 pounds per square inch;
ii. a rubber hose with fittings and connections; and

iii. a hollow needle, or other approved pressure feed device..

b. Foliow these procedures:

i. Seal both ends of the seam to be tested.

ii. lnsert needle, or other approved pressure feed device, into the tunnel

created by the fusion weld.
iii. lnsert a protective cushion between the air pump and the geomernbrane.

iv. Energize the air pump to a pressure between 25 and 30 pounds per

square inches, close valve, and sustain the pressure for not less than 5

minutes.

v. If loss of pressure exceeds 3 pounds per square inches, or does not

stabilize, locate faulty area and repair in accordance with the "Defects
and Repairs" Article of this Part.

Cut opposite end of air channel from pressure gauge and observe release

ofpressure to ensure air channel is not blocked.

Remove needle, or other approved pressure feed device, and seal both

ends in accordance with the "Defects and Repairs" Article of this Part.

J. Destructive Testing:

1. Perform destructive seam tests to evaluate seam strength and integrity. Perform

destructive testing as the seaming work progresses, not at the completion of field

seaming.

2. Sampling and Testing:

a. Collect destructive test samples at a minimum average frequency of one test

iocation per 200 feet of seam length and at additional locations of suspected

nonperformance. The CQA Consultant will select test locations, including

locations with evidence of excess geomembrane crystallinity, contamination,

offset seams, or any other evidence of inadequate seaming.

b. Cut samples at the locations designated by the CQA Consultant at the time the

locations are designated. Number each sample and identifu the sample number

and location on the panel layout drawing. Immediately repair all holes in the

geomembrane resulting from the destructive seam sampling in accordance with

vi.

vii.
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the repair procedures described in the "Defects and Repairs" Article of this

Part. Test the continuity of the new seams in the repaired areas according to

"Nondestructive Seam Continuity Testing" Article of this Part.

c. Cut a minimum of two strips 1 inch wide and 12 inch long with the seam

centered parallel to the width from either side of the sampie location. The

distance between these two specimens shall be 42 inches. Test the two l-inch
wide strips in the a gauged field tensiometer in the peel mode. The CQA

Consultant may request an additional test in the shear mode. If these samples

pass the field test, prepare a laboratory sample between the two field test strips.

The laboratory sample shall be at least 1 foot wide by 3.5 feet long with the

seam centered lengthwise. Cut the laboratory sample into three parts and

distribute as follows:
i. one portion 1 foot long to the Installer;
ii. one portion 1.5 feet long to the CQA Consultant for laboratory testing;

and

iii. one portion 1 foot long to the Engineer for archival storage.

3. In the event of failing field or laboratory test results, the Contractor may reconstruct

the entire seam between two passing destructive tests; otherwise, the CQA

Consultant will identify the extent of the nonconforming area following the

procedures glven in the CQA Plan. Obtain additional samples for testing as

requested by the CQA Consultant.

Defects and Repairs:
1. Inspect the geomembrane before and after seaming for evidence of defects, holes,

blisters, undispersed raw materials, and any sign of contamination by foreign matter.

The surface of the geomembrane shall be clean at the time of inspection. Sweep or

wash the geomembrane surface if surface contamination inhibits inspection.

2. Test each suspect location, both in seam and non-seam areas, using the methods

described in the "Nondestructive Seam Continuity Testing" Article of this Part.

Repair each location that fails nondestructive testing.

3. Cut and reseam wrinkles not conforming with Part2 of this Section. Test the seams

thus produced like any other seam.

4. Repair Procedures:
a. Repair any portion of the geomembrane exhibiting a flaw, or failing a

destructive or nondestructive test. Use the most appropriate of the available

procedures:

i. patching, used to repair large holes, tears, undispersed raw materials, and

contamination by foreign matter;

ii. abrading and reseaming, used to repair small sections of extruded seams;

iii. spot seaming, used to repair minor, localized flaws;

FL1 1 09/Specifications 02770-16 28-Mar-O7
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iv. capping, used to repair long lengths of failed seams;

v. topping, used to repair areas of inadequate seams, which have an

exposed edge less than 4 inches in length; and

vi. removing bad seam and replacing with a strip of new material seamed

into place (used with long lengths of fusion seams).

When making repairs, satisfu the following:
i. abrade surfaces of the geomembrane that are to be repaired no more than

60 minutes prior to the repair;
ii. clean and dry all geomembrane surfaces immediately prior to repair;

iii. onlyuse approved seaming equipment;

iv. extend patches or caps at least 6 inches beyond the edge of the defect,

and round cofiIers of patches to a radius of at least 3 inches; and

v. cut the geomembrane below large caps to avoid potential for water or gas

collection between the two sheets.

5. Repair Verification:
a. Test each repair using the methods described in the "Nondestructive Seam

Continuity Testing" Article of this Part. Repairs that pass the nondestructive

test are adequate unless the CQA Consultant elects to also perform destructive

tests. Re-reoair and retest failed tests.

ANCHORACE SYSrnrvr

The anchor trench shall be excavated prior to geomembrane placement to the lines,

grades, and configuration indicated on the Construction Drawings.

Slightly rounded corners shall be provided in the trench where the geomembrane adjoins

the trench to avoid sharp bends in the geomembrane.

Temporarily anchor each geomembrane panel in the anchor trench at the crest of the

slope as soon as the panel is deployed or positioned.

Do not entrap loose soil, sand bags, or other materials between or beneath the

geosynthetic layers.

Do not backfill the anchor hench until all geosynthetic layers are installed in the anchor

trench. Backfill in accordance with the Construction Drawings and Section 02215.

F. Do not damage any geosynthetic layer when backfilling the anchor trench.

A.

B.

D.

E.
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B,

FLl 109, Rev. 0

Section 02770: Geomembrane

MATERIALS IN CONTACT WITH THE GEOMEMBRANE

Take all necessary precautions to prevent damage to the geomembrane during the

installation of other components of the liner and final cover system.

Do not drive equipment directly on the geomembrane. Only use equipment above the

geomembrane that meets the following ground pressure requirements.

Maximum Allowable
Equipment Ground Pressure
(pounds per square inches)

<5
<10
<20
>20

SURVEY CONTROL

A. Survey the installed geomembrane liner
02100.

Minimum Thickness of
Overlying Material

(inches)

12

18

24

36

3.08

3.09

A.

B.

and final cover in accordance with Section

GEOMEMBRANE ACCEPTANCE

The Contractor shall retain all ownership and responsibility for the geomembrane until
accepted by the Owner.

The geomembrane shall be accepted by the Owner when:
1. the installation is finished;
2. all documentation of installation is completed including the CQA Consultant's

final report; and
3. verification of the adequacy of all field seams and repairs, including associated

testing, is complete.

PROTECTION OF WORK

The Contractor shall use all means necessary to protect all prior work and all materials

and completed work of other sections.

In the event of damage, the Contractor shall make all repairs and replacements

necessary at no additional cost to Owner.

A.

B.

FLI l09iSpecifications 02710-18 28-Mar-0?
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Section 02770: Geomembrane

TABLE 02770-I
REQUIRED HDPE GEOMEMBRANE PROPERTIES

Properties Qualifiers Specified Values

Textured

Test Methodunits(r)

Physical Properties

Thickness

Specific Gravity

Carbon Black Content

Carbon Black Dispersion

Oxidative Induction Time (OIT)(3)

(a) Standard OIT

OR

(b) High Pressure (OIT)

Mechanical Properties

Tensile Properties

1. Force Per Unit Width at

Yield

2. Tensile Strength (force
per unit width at break)

3. Elongation at Yield

4. Elongation at Break

Tear Resistance

Puncture Resistance

Nominal

Minimum

Minimum

Range

N/A

Minimum

Minimum

Minimum

Minimum

Minimum

Minimum

Minimum

mils

N/A

%

none

minutes

lb/in

ib/in

%

%

lb

lb

54

0.94

4aZ-J

8 of l0 in Category I or 2

and all in Category 1,2,or
a
J

Ee 126

q290

ASTM D 5994 (T)

ASTM D 792

MethodA or
ASTM D I5O5

ASTM D 1603

ASTM D 5596

ASTM D 3895

ASTM D 5885

ASTM D 6693

ASTM D 6693

ASTM D 6693

ASTMD 6693

ASTM D 1OO4

Die C Punchrre

ASTM D 4833

100

400

t2

100

40

80
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TABLE 027 7 0 -l (continued) FL0819, Rev.0
Section 02770: HDPE Geomembrane

Properties Qualifiers Units(l) Specified Values

Textured

Test Method

Environmental Properties

SP-NCTL Minimum 200Q)hrs

Notes:1. % percent

c : grams

min : minutes
lb/in : pounds per inch
lb pound
oC degrees Celsius

hrs hours
2. Time-to-failure at a tensile stress of 30 percent of the tensile yield strength. For textured geomembrane, test is conducted on

smooth geomembrane from the same resin lot (batch) as the textured geomembrane fumished.

3. The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the

geomembrane.

ASTM D 5391
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Section 02770: HDPE Geomembrane

TABLE 02770-2

REQUIRED HDPE GEOMEMBRANE SEAM PROPERTIES

Properties Qualifiers units(3)

Specified Values

Smooth Textured

Test Method

Shear Strength(t)

fusion

extrusion

Peel Adhesion

fusion

extrusion

Minimum

Minimum

Minimum

Minimum

lb/in

lb/in

lb/in

lb/in

t20

+o8 120

FTB(2)

te9L

qg18

120

le8 120

FTB(2)

7&9J

%L8

ASTMD 6392

ASTM D 6392

ASTM D 6392

ASTM D 6392

I Notes: I . Also called "Bonded Seam Strength". Value is at material yield point and failure shall occur in material outside of seam

- 
area.

2. FTB : Film Tear Bond. (Maximum 10 percent seam separation)
3. 167it1: pounds per inch

IEND OF SECTIONI
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Experimental Friction Evaluation ol Slippage Belween Geomembranes, Geotextiles and Soils
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Geomembranes
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I

a
It

A conmon failure neehanlsn of geomenbrane lined slde
slopes of impoundnents and reservolrs Ls by slipping of

"o*po^"nt" 
wirhin the liner system or of che cover soil'

Lrhlle safe desigo is lndeed posstble, the fricEion
values betFeen indivldual conPonents are requlred and

are essentlally not avalLable to date. This study Eo-

cuses on presenting a test methodology aod data base for
friction values betveen thlee sol1 tyes, four geomen-

branes and four geotextiles. Seen i.s that the values
vary uldely in accordance with the mterlals belng used'
Hobili-zed frlction values from 602 to 1002 of the in-
trlnsic values of the Eaterlal by ltseLf veredeternined'
Detalls of ch€ tests and indlvidual values are rePorted'

INTRODUCTION

The usual design goal of excavated or bulll-up in-
poundnents is to bulld the slde slopes as steeply as

possible. Ttls is Partlcularly tne at sites of hlgh
sater tabLe or ln contaitrlug largevoluneswith resPect
to the available land area. To ellf,inate, or ninlnlze'
the loss of the coBtaioed J.iquids or generated leachates
it is usual-ly neqessaly to line both the botton and

sides of such lmPoundnents. For the Purpose of thl's
sEudy, the primry Liner vlll be assuoed to be a flexl-
b1e nenbrane liner (FI&)' i.e., a geonembrane, nade from
polyneric marelials into relatively thin sheets, 20 ml1s

lo 100 mils thick, and adequacely seaned togeEher
sherever joints are necessary. In sone clrcuostances lt
is necessary to sandelch thls geomenbrane betseen one or
two geotextlles, which are porous woveo or oonwoven

fabrics that serve the following functions:

The BeoteKtlle underliner :

a prevents underlying stones and sharP objeccs
!rou Puncturing Lhe geonembrane

; provldes a clean worklng surface for Placement- of tft. geomenbrane and the mking of field seans

1 provides sore support (relnforuenent) over aeak

areas in the subgrade
a acts as a laEeral transnitter of water and gas

wilch nay qone up fron the subsurface soil be-
neath the geomenbrane -- C-n thls ease' one must

select a bulky, needled nonwoven geotextLle
which possesses adequate transnissivity' (1'2)

The seoi:extile overliner:

a protects che geone&brane fros puncture of stones
- in ttre cover soll or io the landfil-led ffiterlal

itself
a provldes some load sPreadlng capabillty torheavy
- obi."t" ln the landfl1l, i'e' rei'nforcement

I ptlt.."" the geonembrane from ozone and ultra-
- riolat attack for cases vhere che llner system

ls not soil covered

Usually' but certainly not alvays, the sandtlched geo-

*tb..i.. liner is covered sith a layer of soil' Thls
loter "oif 

should be select oaterial vith good gradation

and strength characteristlcs so that it can be easlly
fi"..a "ni 

coopacted in as thin a layer as Possible'
Usually its thickness is frou 3o'48 to 9l'44 centlseters'
ln nany cases it serves a dual role as protection lo the

iir"t iy"a"t and as a leachate collection system contain-
r""t r"i:-", i.e.. pipe uoderdrains are placed withln it'

With the above thoughts 1n sind, lhe general cross

section of the side slopes of llned iupoundnents con-
i.irfog liquia" and/ot soLlds ls presented !n Flgure l'
Note ciat ihe followlng alternates for the liner syster
can be used!

1 geooenbrane alone (GX)

t geon.nbrane plus cover soil (GM/CS)

I i"ot"*tff" underllner plus geomenbrane (GTU/GH)

I leocexttl. underllner plus geonembrane PIus
cove! soiL (Gru/cu/cs)

o geoEextiLe underliner plus geonenbrane plus geo-

iextire overliner (GTU/GM/GTo)

o geotextile underlLner plus geoneobrane .plus geo-

iextile overliner plus cover soil (GTU/GM/GTO/

cs)

Upon the decislon as to the cholce of above liner systen
and. a knowledge of the depth of the inpoundment' the
critical varlible becomes the slope angle and the gener-

al stability of the lined side slopes'

The analysls of slope stability for both honogene-

ous.and heterogeneous soil msses i-s vel1 developed in
geotechnical engineerlng Practice' -However' 

the,analy-
;is of stability when flexible slmthetlc sheets (geo@n-

it..." u.a geoclxtiles) under eension are Plaeed on the

slope face Is stitl in lrs lnfancy' Thls situatlon
falis inco the geneFal classificatlon of soll'-structure
interaction probl-ens. The three Ejor elemencs-neces-

""ty 
ao.*a.na organized sloPe stabllity analysis l-nto

nembrane-1lned inPoundoents are:

(a) Data on lj.nitlng shear strength along inte!-
faces betveen soiLs, geouenbranes and geotex-
tiles.

(b) Effect of tension in the liner system (Provided

for by the anchor rrench) on the overall s1-ope

s tab i11t Y .

'191
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(c) Effect of sllppage between so11s, geomenbraoes
and geor*tiles and lts ..f.tfon"nip io-it,"general stress_strain behavior of tirereterials,

This paper j.s a reporr of experlnental aork thatccncentrates prlmarily on iten (a). tt extends pub_lished data on frlction I
aad presenLs ."" o.iu-o""ii:::1"3:i';:;:li:rT:i:::"'
soils and Beouembranes and also between g""i"*iii." 

".0geonembranes. Item (b) is nore analytfcJt tnan experi_menral, and ls only considered briefiy h;;.il." io""r".,a review of analytical meChods is inciuded 
"in"" i. p.o_vides a basis for further qork 1n this area wlth theexperimenral data obtalqed and presented. e i.i"i of._cussion of iren (c) is idcluded, but ir i" u.tr.iiv .sumary of a more extended reporr soon to b"-;;;i1"_ble. (3,4)

ANALYSIS OF STABILITY OF LINED SIDE SLOPES

"l:1" 
are two najor areas of concern sith respecrto stability of the slde slopes of a llned 

"."f.""i..,glgpg stabillry of the soil subgracte, 
".i"."i'i1.i".i"""and compacted enbankment under the lioer and -Ctlppnc.eithin the liner systen conslsting oi g.or;^uffio_textlles and cover soi.l-

Analysis of general slop_e stabllity involves deter_niqation of the factor oi satety againbt shear failurealong an undeflned crltical 
"u.?""!, ;;;"ii;-;"";;"o ."be circular. Deslgn centers around the seleetioo of theaPPropri.ate geongtry, naterlals and other nea6ures toobtain the desired facror of safety. ne arirfig-f"...for rcsr sLope failures is the appiied 

";.;;;-;i:.; "continuous surface that results fiom body and 
"ri"f,".g.forces. The resistance is provid.ed by the coheEive andfrlcri-cnal strength of the soil and oiher *a".i"i"along a slip surface. ScheEticalLy, rhis type of afailure.is shom in Figure 2(a). p;;p;;-;.;i;; ;; u.._veqa this situation fron occurring ts welt wlifrin tirestaLe-of-rhe-art of geotechnical inglneeri"g- -i; ;",indeed, an inportant considerarion i"t fa ii'U.yo.j tf,"scope of this paper.

Slippage between the varlous conponents of the4ner system, however, is of very real concern and isthe general thrust of this study. It is shom 
""t"r"ar_cally 1n Figure 2(b) for borh rhe g.o.e.bran. fii"i'ry"_len and the cove! soil over rhe liier. Th;-;.;i;;-pro_cedure in thls case of a llner fallure 

"fong "-tio*,surface is straighfonard once the values oi fricliu,3re knom between th€ varlous interfaces involved, As_suning these vaLues are knom a force potygo, .ur'U"dram_consisting of the folloving rt.r" 
"ii"t ;;; ;i"*and i.llustrated ln Fj.gure 3.

I The velght of the liner system and cover soil(tf present); vhich acr vlrrtcally ar*".ii-twa
and Wpg)

1 The. tenslle strength of the liner systen (qeo_
rembrane plus georqtlles, if presentl; 

"f,i"i,acts along the slope and ls eventually nobllizedln the anchor trench (T)
a lhe possible resistance to fallure of a sMll

wedge of cover soil at the toe oi tf,e sfop.:whlch also acrs along the slope (gn ,na f*.ij ?he unknom fricrional forces'(F1 
"'na 

fNni"irnr"r,acr ac dLfferenr fricrion-ang1es"(66 
"nJ-iXg;,where the friction aogle 6tr 1s che mlnlmn"iatue

between any iaterface in tiie liner systen androst be decernined experinentally (tirisitmis ttespeciflc focus of chls paper) 
"na inu f.i;li.nangle 6pg qhich is conpletely within che coversoil and is generaLly eqral io tn. f.i.iio"-angle of the soil.

152

- fti: type of problem is best solved by assuning afactor of safety and applying it to 6A and'6nn. I tor""polygon for the neurral block is drarn co oUiiin. t.i"tvalue for EO;U. Thls value is then oade equal to EA andls used in consLructlon of a force polygon for the ac_tlve zone. lf closure of the actlve ."1. pofygo; i" ol_tained, the initiafly assumed facror of saiety"is cor_rect. If not, successive rrials uslng differlnt val.ueswtll be required uatil a graph can bc dram to accurare_1y assess rhe actual facror ;f safery. u"."ify-iirr" o.four trlaLs are necessary-

Critical in this design process, and not avail.ablein the required forn as far ai the authors aa. ar..u,is the value for lnrerface frictlon betueen 
"oipo."na"of,che litrer syscem, i.e., 64 values. The deslgi valuewill be the ninlron value betveen any component ;f thelloer systen; soil, geonenbr"n" o, g.ot"*ti,f.. it rs,o! course, @terial dependent so that each speclflcMterlal qill have to be experinentally evaluated. Thlspaper describes such experiments and p-r".a.t" d"ta oo auide range of solt types, geonenbranes and geotextiles.

TEST DETAILS AND PROCEDIJRES

A nodifled dlrect shear apparatus vas used to e_valuate frlction values hetween soils, geooembranes andgeotextiles in varlous conblnations, tn thts type oftest, the two Mterials being evaluated were plac.ed ina split shear box, as shom ln Figure 4. T1]e shear boxused had dirensions of 10.L6 X 10.16 centimeters. IorsoiL-testing the depLh in each part of the shear boxwas 2-54 centineters of soll. For conposite 
"oit .nageonenbrane or soil and geotextile testing, the soilwas placed in the upper half of the sneario* and thefabric was in che lower ha1f. Rarher than lajingloose in rhe lover hatf of the shear Uox, tne'ee8_

nenbrane or geotexcj.le was flrnLy aEtached to I plexi_glass block so that wrinkling could not occur. ForgeonenbraRe on geotextj.Ie testing, each Eterial wa6attached to a separate plexiglass block and placed op_posi-ng one another in thd two parts of the tlst device,Al1 mterials were tested it salurated condttLon, withthe soils belng placed at about 902 of their *i*^density (AsRM D_698). This appararus ,"a .""i,"iq"J"
aPPears to be eas{er to perforn than other shear boxtests and be uore representatLve of field boundarvconditions than pullout tests, see Collios, e;-;.t5)

.T.-"orn3t stress range used in these tests wasv€rred lron 2.O psl to 15 psi. These values are soEe_Lftat loser thatr iD normal geotechnical testing Uri-pro_bably better reflect the low nornal stresses lhatshallow cover soils inpose on typical liner 6ystens.
The shear phase of the test was defornation controlledat a displacement rate of .127 nillineters/nin. ft,i"low defornation rate assured conplere ai""ip"ti..-rfpore watet pressures during the test, Typical datathat resulted from these tests are shom-in Flgure 5.Here a ser of differenr types of g"or"_Ur".", i.i! 

-

eacn tested vith a concrete sand (sleved through atl10 sieve) at 6.0 psi of nornal stress. typfl"f-elastic-plastic response curves are obsewed, eachhavlng a well defined Mximm value of shear'stress.

- Upon testlng these same sets of materials at dlf_ferent nornal stresses one can plot the peak 
"fr""a--streas versus apptied nornal stress on M;hr's stressspace, as shot'n in Flgure 6. Note that all fallure en_velopes pass through the origin atCesting to lhe facEtha-t there is no (or noo-neasurable) coheslon 1n thesoils tested nor adheslon Detween these soils and thefabrics evaluaEed. (This uould nor have b"u. t;; .;."1f fine grained soils such as clays or cohesive sllts

faa.bgen used). 
_The slope of these curves, .fi"r-p.._sented as an angle, is the desired value for design pur-

Poses. In a1l cases 1n thls study, the response ias
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linear and the data spread in a given locus of poincs
sas noninal.

After each shear fallure. the directlon of detorma-
fioa vas reversed, and the test repeated. The purpose
of this exerclse was to iodlcace residual fllction
aogles wtrere nenbraoe tension is aLternately iRcreased
and reduced as the level of a storage lagoon changes-
Sucil reversals of strain directioa r.ay cend to ali8n
partlcles alorg the shear plane, and reduce slip resis-
taoce. However. the difference betteen initial and re-
peared shear strengths was negligible in 

"11 
s35s5'(3)

MATERIALS TESTED AND RESULTS

Three granular soil gypes were used in these tests:

(l) Ottawa sand (SP) vith d16 = O.42 m; CU = 1.9
and rouoded partlcle shaPes.

(2) Concrete sand (5P) with d1g = 0.20 nm; CU =
2.6 and angular Particle shapes.

(3) llica schist silty sand (Su) vith dlo = 0.057
nm; CU = 5.1 and angular partj"cle shaPes-

Thus the three soll types selected give a contrast ln
particle shape, slze and unlformity. They are llnlted
however, to granular soils with essentlally no plastlc-

lour types of geomenbraoes (using five separate
surfaces) sere used in these cests. They oere all
tested in their manufactured directions.

(1) High density polyethylene (HDPE) vhich vas 20
nils thick and can be characterized as being
stlff, hald and smooth as far as physlcal or
frictlonal characteristics are concerned.

(2) Erhylene propylene diene nonomer (EPDM) which
was 30 nils thlck and can be characterized as
being flexible, sofc and snooch'

(3) Polyvinyl chlorlde (PVC) whlch was 30 nils
thtck and characterized as beiog of medium
stiffness and hardness ard rough on one slde
whlLe smooth on the other side. Both sides
weEe used during these tests.

(4) Chl-orosuJ-fonated pofyethylene (CSPE) vhich sas
reinforced with a fabrlc scrim and was 36 oils
chtck. It is characterized as being of nediun
stiffness and hardness, but vas of vawy rough-
ness due to the Laminated 10 x 10 scrim reio-
forcement contained vithin it.

tr'our types of geotextilesuereused in these tesLs
whicb represented each of the general.manufacturing
classiflcations of these MteriaLs. to, They uere al1
tested in thelr nanufactured directions.

(1) l.Ioven nonof ilament. polypropylene fabric
(Carthage Mills Polyfllter x) which ls charac.-
terized as belng a thin, stiff fabric sith a

relatively high perceot open area as far as
physical or frictional characceristlcs are con-
cerned.

(2) I.loven silt film (tape) polypropylene fabric
(Mirafi 500 X) vhich is characcerized as belo&
a thin, flexible fabrlc with a low Perceot oPen
area.

(3) Nonqoven heat se! polypropylene fabric (duPont
3401) which is characterized as being a

thin, flexible fabric vith a relatlvely lot
oPen area.

(4) Nonvoven needled polypropyleoe fabric (crown
Zellerbach 600) which is characterized as being

International Conference on
Geomembranes
Denver. U.S.A.

a conpressible, rhick, buLky, very flerible
fabric vlth a relatively high open area'

These three soil types, four geomenbranes types and

four geotextlle types vere tested {lthin their om cate-
gories and agalnst one another in rhe Mnner described
in the previous section- The results are Siven in Table
L in two ways. The Plincipal informatlon (for deslgn
purposes) ls Biven as angular values of frlction angle;
"6" values for the soil by ltself and "5" values for the
conposite behavlor. In parenthesis is given tlre rela-
tive anount (for conparlson purposes) of mobilized soil
strength thar fhe geomenbrane or Seocextlle gives' i.e',

s=t"t9can I
rhere

E - efficlency ratio
tan 6 - tangeot of soil to narerial friction angle
tan O = taogent of soil frlction angle, wbere

r=c+6ntand
q = g6hesion (zero for these Sranular soils)

7 = offeeriwe nor@I stress

Table I - Summary of Friction Angle and Efflciencies (In
Parentheses) For Soils' Geonembraoes and Geo-
textiles Testing ln chis Study

INTERPRETATION OF RESIJLTS

Table 1, parts rratt and "b" shov the results of the
direct shear tests for friction between varl-ous soils and

synthetic naterlals in terns of friction angle ($ or 5)

Cotrcrete sand
(d = 30")

ottasa Sand
fd = 28")

Mlca Schis
(6 = 26')

EPD},1 24' (.80) 20" 71) 24" (.92)

(Rough )
PVC

(Smooth)

27' (.90) 2s" (.96)

2s" (.83) 2r" (.81)

CSPE 25' (.83) 21'(.75) 23' (.88)

HDPE 18" (.60) 18" ( .64) 17 " ( .65)

Soll to Ceotextile Friction Angles
Concrete Sand

(d = 30")
ottaua Sand

(6 = 28')
Mica Schist

(d, = 26')

z 600 lo" (1.00) 25'(.96)

Typar 340I ?6" ( .87)

Polyfilter x 26' (.87)

too x 24" (.80) 24" (.86) 23" (.88)

es
----<lj:j:,memDrane

leo t extile----- E?D}1
n) 

PVC (s CSPE HDPE

:z 600 23" 23' ZL 15. 8'

ypar 3401 L8' 20" 18" 21 t1

'olyfllter X T7 II 10"

i00 s 2L 28' 24" 13 10'

10?
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and lelatlve efficienc]' (E). It can be seen rhar the
frlction betqeen all soils and the geotexriles or geo-
membranes is less lhan that of the soil irself. Conse-
quently, soil to fabric frlction governs the design of
a slope, recall Ilgure 3, Soil to geotexrite frlctlon
generally exceeds soil to geomembrane frlction- There-
fore, placenent of a geotextile over or under a l1ner
(as discussed in the introductlon) will tend !o allow a
steeper s1ope, provided that both fabrics are securely
anchored. If the anchor fails, rhen rhe safe slope
angle sill obviously be decreased. part "c,' of this
table shous that geotqtile to geonembrane frictloo 1s
relatiwely low and depends Breatly on the particular
type of geonenbrane belog used.

Certain additional trends can be inferred from the
data of Table I that allow prediction of ihe behavior
of other @terlals not represented in ihe testing pro-
gran. The three soils were selected to i.ndicate the in-
fluence of partlcle angularity and gradation. For Ln-
stance' EPDM is a snooth, flexible and surficially sofr
Ecerial. The frlction angle with angular soil is
higher than Ehat vlth rounded sol1, Here, rhe higher
friction resulted fron surface petretratlon, and surface
scratches in the geonenbrane were noted wlth the con-
crete sand lests, A high relatlve efflciency (922) sas
obtained vlth rhe well graded silty sand probably due to
the hlgh contact area betseen the soil and the geonen-
brane aod the surface roughness induced by dlstortlng,
but not plercing, the soft surface. Ihus, it is worth-
vhile to use angular and well graded cover soils on soft
nenbranes.

In conErast, the stlff, hard and smooth iIDPE vas
fairly lnsensltive fo soll type. Sur:"ace roughness
ls not induced by norul stress on the HDPE to soi.l in-
terface, and los friction angles and relatlve efficieucy
Indexes resuLt, It vculd appear that it is necessary to
place and anchor a geotexti.le over the naterlal 1n order
to bulld a steep slope vith HDPE.

As expected, the aogular sol-l readily penetrated
into nost of the geotextiles, and the relatlve effl-
clencles of all geotextlles and partlcularly, the
needled-punched fabric, are parti"cularly hi.gh. One
generall.zation that can be nade is fhat ls lt easter to
estlEte soll to geotextile frlctlon for nonvovea than
uoven fabrLcs, There are a wide range of fabrlc open-
ings in the non-povena, whereas the voven geotextlles
have a nore regular pattern and llniCed openlng slze
range. llence, while the speclflc gradatlon of one sol1

.type My allow considerabLe fabric penettatlon, a
sllghtly coarser soil sil1 not lnterlock as se11. How-
ever, thls aoal.ysis does not take loto account the ten-
s11e strength or puncture reslstance of poven naterials;
para[eters whlch my be of equal inportance in a parti-
cular sltuation,

Cerlaln addltlonal trends are evident in part "c"
of Table 1. The pliable EPDU readlly takes on the im-
prlnt of the opposlng geotqtlle durlng condueting of
the test, producing a surfaqe roughness resultlng ln lm-
proved behavlor, I{ence, speclal care nust be taken to
assure tbat an overlylng or underlylng geotextile is
securely anchored. The relatively stiff woven moooflla-
nenE Seotextile, substanilal.Ly lnteracts (nechanically)
with only the EIDU, The effect of geotexrile stiffness
is particularly evident sith the scrim-reinforcenent
CSPE, sucb rhar the reLatively stlff Donofilanent geo-
textile loprints the CSPE naterial around the reinforce-
nent grid, but does not deform sufficiently to contact
ruch of the soft materl.al below and between the srid.

It musL be noted, however, that the selection of a
liner system (geonenbrane, geotextile and soil cover)
is dependetrt not only on the above friction behavlor but
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also on the basls of chenical resistance to the inpounded
mterials, availability and cost. As noted in the 1n-
troduction, geotextl-les are enployed wirh 11ners for
purposes ocher than friction. Final1y, the subgradesoii
is usually ihat vhLch ls narlve Eo the slte. Conse-
quently, the cover soll ls often the only nacerlal of
concern which can be selected largely on the basls of
its nechanical properties.

SIJ}ftTARY AND CONCLUSIONS

Proper deslgn of geonenbrane lined slde slopes is
necessary vhenever slopes Breater than approximately 4
(horlzontal)on 1 (vertical) are contenplated, Since
this usually is the case (except ln areas where large
laod areas are available), one nust consider ac least
tso differenr failure nechanisns. one is a general
slope stability fallure of a large Mss cqnsisling of
the liner systen and subsoils vhLch ls an area beyond
the scope of this paper but pell withln the scate-of-
the-art. The other is lioear sllppage between indivi-
dual componeqts of the liter systen or of the cover
soil. Thl-s latter aspect pas the concentration ln this
study. Elements of the general design were presented
j.llustratlng the need for experlmental data on friction
betweeo so119, geonenbranes and geotextiles' To{ard
supplying this needed data base, a mdified dlrect shear
t.est sas used on a variety of naterlals of different
lnterfaces.

Three sqll types, four geonenbraoes and four geo-
textiles were evaluated, ,bere rhe geomembranes mobi-
llzed fron 607 Eo 862 qf the soll frlctlon aod the geo-
textiles mobLlized frqu 801 to l0OZ of che soil frlc-
tion of those soils tested- Frictlon values for geo-
uembranes on geotextiles were relatively 1ov, suggesting
the need for careful choice betueen Mterials phen used
in a conposite manner and high assurance of anchor in-
tegrity. The need for additlonal data ln this regard
seens Jusllfled,

conceroing addltlonal lnvestigations on thls sub-
Ject, the lack of data uslng soils wlth coheslon 1s ob-
v1ous. Indeed, such soils are encounceretl as subgrade
@telials, aod thelr shear scrength values (cohesi,on
and friction) should be evaluated. Regardlng design
nuch remalns. Included here vas a llnit equilibriuu
Fethod of analysis, Needed ls a method whlch ls based
on the entlre stress vs, strain behavlor of the @teri-
als involved. l.tork ls currengly ongotng ln thls regard.
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Flg. 1, - Typical Cross Seclion of Impoundnent or Re-
servolr Slope vith Geonenbrane Liner System
and Cover Soil

to) TYPES OF SLOPE STABILITY FAILURES

Fig. 2. - General. Types of Failures of Lined lnpound-
nents or Reservoir Slooes

Aclive Zone

- Design Decails of Geomenbrane Liner and cover
Soil Under !trcipient Slippage Failure with
Corresponding Force Polygons

Anchor Ni\- Londfill or?;il; *j%It

(b} TYPES OF LINER SLIPPAGE FAILURES

Flg. 3
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4
STRATN (%)

Fig. 5. - Typical Shear Stress vs. Scrain Curves Gener-
ated in rhLs Study- Illusf,rated is Concrete
Sand on Four Geomenbranes at 6.0 psl Norml
Stress (Values Include 0.50 psl t4achlne Tare)

46
NORMAL STRESS lpsi)

Fig. 6. - Failure Ervelopes for Concrete sand on Four
Geomembranes Where Resulting Friction AngIes
Range from 18" to 27" (Figure 5 Values are
Included lrere at 6.0 Dsi Normal Srress)
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Shear Device Used to Deternine Friction Values
in this Study
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STRESS vs. STRAIN CURVES FOR
CONCR€TE SAND ON GEOMEMBRANES
AT 6.0 osi i{ORMAL STRESS

FAILURE ENVELOPES FOR

CONCRETE SAND ON

GEOMEMBRANES

PVC (R



COPY OF REFERENCE SOURCE:

Williams, N.D., and Houlihan, M.F., "Evaluation of Friction Coefficients Between

Geomembranes, Geotextiles, and Related Products," Proceedings of the 3'd

International Conference on Geotextiles, IFAI, Vienn a, 1986.



EVALUATI ON OF FRI CTION COEFFICI ENTS BETWEEN G EO MEM BRAN ES. G EOTEXTILES
AND RELATED PRODUCTS

EVALUATION DU COEFFICIENT DE FROTTEMENT ENTRE GEOMEMBRANES. GEOTEXTILES ET
PRODUITS ASSIMILES

BESTIMM U NG VON R EI B UNGSWIN KELN ZWISCH EN G EOTEXTILI EN, G EOM EM BRAN EN
UND VERWANDTEN PRODUKTEN

Waterproofing and Liners

SAfl

WILLIAMS, N, D., Georgia Institute of lechnology, USA

HOULIHAN, M., Law Environmental Services, USA

Third International Conference on Geotextiles,
1986, Vienna, Austria

Traennflaechen-Relbungekoefflzlenten rerden fuer t6
Geo-Kungtatoff,e auf 12 verech{edenen Trennflsechen
vorgeatellt. Dle Relbungskoefflzlenten rurden rtt llllfe
el.nes dlrekten Schervereuche-Geraet beetlnat, d66 den
vtrkllchen Gegebenhelten 1r Feld sehr nahe kooilt. Dle
analytlachen llethoden und Geraete rerden beechrleben.
D1e Ergebnlse zeigen, dag der Trennflaechen-
Relbungekoetflzlent haupte6echllch elne Funktlon von
PoLyner-Typf Oberflaechenrauhlgkelt, Faeergroeaae(bzv-
durchredser) und llaechenabstend lBt. Dle godenrrt und
Eodenatelflgkelt heben auch elnen Elnfluge guf die
GroeeBe dee Trennflaechen-Relbungarlnkels. Beaonder€

.dannrvenn der Eoden gegen fl€xlbte Geo-Kunetetoffe,
relche 1n dlrekten Kontekt rl.t offenen llaecben oder
begonderg poroeaen ltaterlallen z. B. eynthctlache
Entraeeaerungsnetze, snllegt.

Layer, a prlnart/ llner, a leak detectlon layer, and a
conpo8tte aecondary llner. Conventional leachate
collectlon and leak detectlon 1ayer6 typicall.y consLat of
30.5 cn (12 lnchl thLck lEyere of 6and vith rlnlnun
hydrEullc conductlvltl.eg of .01 ca/eec. The guldence
docunent rakee provlalon for th€ uae of .lnnovatl,ve.
raterials ln the leachate collectlon end leak detectlon
Ilfers. These tinnovetlver rEterlale aay be thl,ck,
hlghly tranerleglve voven or nonuoven geotextllce,
aynthetl,c neta, or other dralnage raterlels.

The prtnary l!.ner la s flexlble nenbrane of gufflcient
thlckness to realet puncture or degradetLon due to
chellcal contsct or epplled stres6. The aacondery
conpoelte llner conelats of 6 flexlble n€nbrene overlylng
a 9l cr (36 lnchl thick leyer of conpscted clay rtth a
narl[uq hydraullc conductlvlty of lxl0-7 c faec.

Interface frlctlon paraneteie are prieented for L6
geoeynthetlcB on {2 lnterfscee. The frlctlon parsretereyere neeaured uslng a nodlfled dlrect eheer devlce under
condltlona rhlch cloeely rodel fleld condltlong.
Degcrlptlona of the analytlcaL rethode and equlpnent arepreEented. The analytlcal reeultg lndlcate that the
lnterface frlctlon angle 1a largely e funct{on of the
type of geoeynthetlc. polyner type, and the contaat
surface area and the geonetry of eynthetlc dralnage
r8terlals. The type of so.ll and eoll conpreeelblllty nayalso lnpact the nagnltude of the lnterfece frlctlon
rngle, partlcularly rhen placed agalnat flexlble
geoeynthetlca rhlch are ln dlrect contect rlth open
natrlx or hlghly poroua naterlals such aa aynthei,tc
dralnage neta.

I. II{TRODUCTIOI{

Recent releasee of toxic chenlcalE to tbe
envlronnent guch aE the Di.oxln contanlnatlon end
aubgequent evacuatlon of the cttf of Tlnea Beach,
lllssourl, have lncreased the publlc evarenese of the
problena assoclated rlth dlspoeal of cherlcal raete
naterlale. In an e{fort to provlde safe, long tern
contalnrent of chetlcal. yaate6, and ln responBe to
congreaalonal requfaeoente, the Unlted Statee
Envlronnental Protectlon Agency (Ept) haa provided a
guldance docusent for the de6Lgd of hazardoug raete
landflllg and eurfsce lnpoundnente (l9g4,g).

The guldance docurent nandatea the uee of double llnere
rlth leEchate collectlon end lerk detectlon layera ae
shovn ln Flgure l. The guldance docuilent recoraends e
Iendftll proflle conalatLng of a Leachate collectlon

$tL oR r^sE

uflo6tuR6lo-totL

FIGURE 
'. 

TYPTCAL CROSS.SECTIONS OF COMPOSITE DOUBLE
LINER SYSTEMS FOR HAZAROOUS WASTE LANDFILL,.
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Due to the expenBe lnvolved ln conetructlng hazardoue
raete Iandfllla and surface ltrpoundmenta, 6nd the
dlfflculty ln obtalnlng an operatfng pern{t, the
optlnlzati.on of epace vlthln the Iandflll Is a prlnar)'
conslderatlon ln deaign. Slnce the eurface aree of the
lendftll 18 ttrplcelly llnlted, the noet e{tlclent uee of
evallable 6pace tlplcally requlres that the elde elopea of
the lendflll be coogtructed at as 6teep an anqle as
poeelble.

In order to construct the double llner eyatene on steeper
elopee than le poaalble udlng sand or gravel leschate
collectlon or leak detectl,on layera, aynthetic nets snd
other drainage reterlele have beeore yldely ueed.
Horever, the evaluatlon of atablllty o{ the double l.lner
syatenB, eapeclally rhen synthetlc layere are placed ln
dlrect contEct, la not etrelghtforrard. Indeed,
here.tofore, data did not exlgt to evaluate frtctlon
betyeen lalerE and the overall stsblltty of a etope rlth
rulttple layere of aynthetlca parallel to the alope.

A rodlfled dlrect ehear devlce hae been ueed to evaluate
the frlctlon coefficlenta betyeen four typee of {lerlble
lenbrene llners (FllLl, 6even types of geotextlles, three
typea of synthetic neta, and tro other typee of dralnage
raterlsle. The equlprent, .ethodol,ogy and reeulta of the
analyaea are dlecuesed aubeequently.

2. BACKSROUID

The dlrect ahear devlce le rldely ueed to evalurte
lnterface frlctlon cmfficlente betreen cohes{onleaa
roll6 and geoE ttthetlcs (3,6,7, rnd 81, and betr€en
nult{ple layero of geoEynth€tlcd (6r. The analyeee are
typtcelly perforr€d at mnEtgnt ratea of straln ranglng
fror O.127 to 100 nr/n1n (O.005 to { lachee/nl,nl st
norral gtreeeei renglng fron 10 to 383 kPa (2O9 to 8Oo0
pEfl. The type of teat, deacrlption of the alldlng
lnterfBce, co€ftlclent of fr1ct1on, Lnterface frlctlon
rnEle end sdh?slon troo th€ prevloqa analyses are
surnsrlzed ln Teble l.

There sre several fundarental dlfferencee 1n the teatlng
€quipnent rnd rethodologles ueed to evaluate the frlctlon
parsi€ters. Tro baelc types of lnalyEes are
perforred: pullout and dlrect ahear. In the pullout test
(2) the geoeynthetlc le. pulled relative to the adjqcent
soil l.yerE. The dletrlbutfon of ahear atresa 1s
tonllnear untll tranalatl,on occura. Slnce the horlzontal
Ioed 1E applled dlrectly to the geotynth€ttc, the
geosynthetlc tends to stretch reletlve to the aoll,
oreatlng e very anooth gurfece. Therefore, the frlctlon
psraretera reasured ln a pullout te6t sre ltkely to be
lorer than thoae reseured 1n a dlrect €he6r tegt.

In a dtrect ahear tegt (31617r and 81, the horizontal
lead 1g Bpplled to the top aoll lafer, thua nodellng the
ostual Btregs tranefer condltlona ln the fl.eld. The
geosynthetlc ray be placed looaely betreen Eoll layers
(Sectlon {l and allored to slld€ on the pl6ne of rldhur
realatance. Slnce the geoeynthetlc aurface nay be
lrreguler (rhen lt lan't gtretchedl, greater horlzontsl
loada are requlred to cauge elidlng becauae rork tuEt be
perforned aa dllatlon occurt at the lnterf6ce.

The nethod used to nount the aarple ln the dlrect ahear
teata vsrleg fror teet to teat. llartln et al. (1984, 6)
nttech the geoaynthetlc to a plerlglaas plete ln such a

rsy that no slldlng cen oscur. A eoll l.ayer le
dlapleced retatlve to the plexlglaae plate/geosynthetlc
leyer to evaluste frlctLon coetflclente. A ehllar
procedure la euployed by llylea (1982. 71. Due to the

stlff, Baooth geoai'nthetlc aurface and the enall apectnen
dhenslona (61, the l-nterface frlctlon peranetere ere
allghtly lorer than the fleld ealuea.

Third lnternational Conlerence on Geotextiles,
1986, Vienna, Austria

TABLE 1. SUIITIARY OF THE IIITERFACE FRICTIOT{
PARITIETERS IIEASURED IH PREVIOUS ANALYSES

TEST INTERFACS DESCRIPTIOII
ITETH

0S lltlGeotextlle/llDPE
DS l{tf Geotextlle/PVC

Ds Flbertex 500/EPDr
DS Fl.bertex 6OO/PVC
DS Flberter 6OOIC*E
DS Flberter 6O0IHDPE

DS Typar 3tlOl/EPDll
DS Typar 3{01/PVC
DS T)'par 3,101/CSPE
DS Typar 34el/HDPE
DS Polyftlter X/EPDll
DS Polyfllter X/PVC
Ds Polyfllter X/CSPE
DS PolyfUter X/IDPE
DS llirafl SooS/EPDlt
DS lllrafl 500S/Pvc
Ds Ilraft SOoS/CSPE
DS ilrafl 50CS/nDPE

- Dlrect Bhear devl'ce
= Coelflclent of trlctlon
= Interface frictlon engle
= ldleglon

uda
(-! (deg) {Psf}
0.16 9 0
o.25 14 0

to 0. 19 to 2{ to lO0
0.42 23
o.40 22
6.27 15
0.1{ I -
o.32 t8
0.3,[ 19
0.38 2l
o. t9 ll
e.31 t7
0. l9 lt
0.16 9 -
0.ll 6 -
0.38 2t
0.,19 ?6
1r.23 13
0.le lo

Sarens and Budlnan (1985,9, utlllze a iodlfled dlrect
shear devlce to accolnodate r geoBynthetlc leyer betreen
tro 6otl layera. The top 60ll layer uaed ln the analyseE
le a synthealzed cleyey srnd rhlle the bottor leyer
la a cruehed llmetone. The geosynthetla Ia
conetralned on ole boundary so that glldlng could occur
elther betveen the geoeynthetlc and the clayey sand or
b€treen the geoeynthetlc and the llneatone. Due to the
lregular boundary et the goaynthet!'clllneetone
lnterface, the lnterface frlctlon values betreen the
geoEynthetlc and clayey eand ray be ellghtl'y hlgher than
they rould be tf the clayey aand le pleced on both aldea
of the geoslnthetlc.

3. EOUIPIIEIIT

The nodtflad dlrect ehear device at the Georgle Instltute
of Technology (Se€ Flgure 2l scconnodates EP.cLnens rlth
dtnenelono of 3O.5 bt 3O.5 ca lL2 by 12 lnches! plrced
betyeen tro Eoll Laters rhlch are sbout 5 cl (2 lncheal
tbick. A force ls lppll.d perpendlcular to the slldlng
eurface by r pneuratlc Pleton.and yoke rhlch 16 rounted
on lerar ball buehlnge to provlde frlctlonlass .ovenent
durlng alldlng. ?he botton aoll layer 1e snchored to .
table and rcmetna atatlonary durlng the teat. The

horlzontal force Ie provlded by another pneunatlc Plston
devlce sttached to the top aoll rold. The horlzontal and
norral forcea Ectl'ng on the spectren are treaaured ualng
losd cells and algnal condltlonlng equlprent.

The rexlnuo horlzontsl and vertlcal' stresa rhlch c€n be

applled by the aPParatud as Presently confLgured ls rbout
100 kPa l2OOa pafl. The rate of de{ornatlon of the
borlzontal platon c.n be vsrled fror 6bout O.O03 to g'3
arlnln (O.0061 to O.0l 1nlllnt. The horizontaL
dldplacenent of the top eoil layer relatlve to the botton
soll lay€r le nonLtored uslng elther a dlal gauge or
LVDT.

Due to the lor total stress cepaclty of the atEten, the
apparatue 1g best deBcribed aa conpllant. Thet 16, the
streee bullde up elorly untll the peak streae ls reached,
at yhlch polnt there la slldlng elong a surfEce at a

congtant rate of straln- The elov bulld-up of 8tr€64
rlth the conpllant eysten lakea lt poeelble to neaaure
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FIGURE 2. MODIFIED DIRECT SHEAR DEVfCE

the peek atreae and etatlc coefflclent of frlctlon aarell es the realdual atrees and dyn€rLc coefflcient offrictlon.

4. APPnoACll

faterfe.ee frtctlon vslueE are leEaured fsr ellxteen
dl,fferent ttpee of geoeynthetlcr. ard {2 lbterfirceg. The
geoaynth€ttc -ldyere 6re placrd bctieen tro layera od
€oll &t9 dercribed l.n seetlon 5- The geos.yothettca
ug.d tt| the frlctlon analysea cen be divl.ded into three
cloeeea of raterlala; flexlble nerbrsne llners (FiLl,
geotextllee, end Eynthetlc dr*lnagp productE" The
geoayathetl.ce ueed ln the analyeee rere eeleeted because
they sre rldel! uaed for dralnag€ appllcatl,ona at
hazardoue regte containnent fscllltleg.

'1.1 FLexlble lielbrene L1ner6

{.1.1 Polyvlnyl Chlorlde (PVC}. Snooth, 30-n1} thlck
PVC fror Staff Industrlee rlth a grab tenslle atrength of
32 k[/r (183 lbe/ln, ASTII D-75tA).
{.1.2 Hlgh Denatty Polyathylene (HDPE}. Snooth, 60-ntl
thlck sheete of HDPE fron Gundle L1nlng Syetens rlth a
grab tenelle etrength of 63 kll/r (360 tbe/ln) snd an
ilegtlc rodulua of 76O,O6O kPa (110,9O0 pe1).
,1.1.3 Llnesr Lor Denelty Polyethylene (LLDpEt. Smooth
80-rll thlck LLDPE fron Natlonal SeaI Corp. rlth e greb
ten6i.l.e atrength of 29 kll/o (167 lbe/lnt and an elaatl.c
rodulue ot 62Q,Q0O kPa (90,O00 pel).
{.t.4 ChloroBuLfonated Polyethylene (Hypalon).
Polyester telnforced {fO by 10 scrLn) Hypalon fron Staff
Induatrl€s rlth a grab tenelLe atrength of 35 ktl/n (200
lbe/ln l.
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,1.2 Geotextllee

4.2.L Trevlra 2125. llonroven, needlepunched, staple
polyeeter geotextlle from Hoechet F1ber6 Induatrlee
(HFI). The fabrtc t,a double-punched on one alde and
alngle-punched froa the other alde. The tenElle atrength
le 25 kl{/m, (1,1O lbe/ln. ASTI D-1682)-
4-?-2 Tr*tra .L!5. fmnval aeedfegqcbed, @ntlnuoua
f,L.lament po'lfesterr geote:t.f]e f,r@. Ef,i!. llie grsb. tenslle
slrength Lg 66 kl|/n (34O libe/tot-
,G.2-3r Tre?fra 5117. llonroven, red-lepunched" rtaple,
freat-celendered polf€ater geo.tertlle fron HFf- lbe grab
tena{le etreogt.h La.22 kld/n (125 lb6/1nt, iDl-
4..2.t1 6eo:lo!. !50O, llovm geotertlle fbon. l{tco.lon.
61-d1rectloBal atranda. are mtlDudua md nsde of,
polypropy-[se CrsP] end polyeater (fI-tI]'- lhe grab
tenel.le.Etrength le. 193, ldfTm (ltOG Lbe/ln) ini the rerp
d{rectlmr ad: 49O kt{Ir' (2806. Ibe.(bli tn trhe flll
dlrectl.oru
4..2.5 Typar 340I. llonFven, coEtlrudug f!-[rent
poly-propylene hea,t honded geotert-!.Ie fim Dupont. The

Er6b.tenslle atrengtll le 26' h.[/h fl50, Ibeltn)..
{.2.6 Flbertex 300. llonrovenT sntlnuous fllanent
needle-punched polypropylene geotextlle fFon CroYn
Zellerbach. The grab tenelle etrength Le 37 kX/^ (2lO
Ib6/lnt.
4.2.7 tltratl 1,10[. l{onroven, continuoug fllanent,
needle-punched heat-bonded geotertlle fron lllrefl.
Tenalle strength 1a 2l kt{h (l2g lb8/1n1.

{.3 Dralnage Products

{.3. I Tenaar Dll3ll. lledlur d.n61ty polyethylane drainage
net fror the Tengar Corporatlon. The tenelle Etrength ls
{.4 kll/n {25 lbe/ln).
{.3.2 Gundnett G-3. High denai,ty polyethylene dralnage
net fron Gundle Llnlng Systens.
,1.3.3 J-DRaln 100. Hlgh denalty polyethylene dralnage
oet rlth a geotet(tll€ glued to one Elde. Tenelle
atrength ls 5.3 kl{/n (3O lba/tnl.
i1.3.4 Enkadr8ln. llylon ilattlng fron Enka of Anerlca
heat bonded to a nonroven, pol,yest€r geotextlle fro!
Stabllenka. The grsb tenslle atrength 1s 16 k|{/! (94
tba/lnl In the nschlne dlrectlon and 9.5 kl{/n (5.1 lbe/ln)
1n the sros6 dlrectlon.
{.3.5 lttradraln. Poly.,€tyf;eae.vslfle Btructure dralnage
eorce ficol ll1tr!!f! gluedi td e troffien; hael!-l{mded
proJ..ygmgyllene geote!.titre (illtitr86! f,ins)t-

,L t SotI

Tlie cof.l uaed $n the'frfctfon anslyrea !e. e' aardi clay
sollr. synthetlcally produced tn: the faboratony. The eoll
coneletg of 90.X (by relghtl Ottara ?O/3O gand and lOf
Ee.tonlte clay. The 6and hee e DSO oG. O.7 aE and. a DtO
of O- 58 rn, rlth a undf,nrnl,ty coefflctent of, t..3. The
plB8ttclty lndex of th€ aotl ts about 15.

t(odlfled and Stsndard proctor teEt; (AsTtl DlsZ and D698,
reapectJ,vely) are perforned to eseluate the relstlonshlp
betreefi coopactlve elfort tnd the dny denslity and r8ter
content. of the aofl. The €oll 1s corpacted ln the top
and botton roldb at a. apeclfled denelty and rEter
content. For the frlctlon ana.lyEes the aoll rsa
€.pcated to a dr' ienelty, of L4.2 kll/cubtc neter (112.6
pcf) coffeapondlng to 9514 of the llodlfl.ed prostor laxlDun
drX denstrty" and. e reter content of 15.51.

5. IIETHODOLOGY FOR FRICTIOII AI{ALYSES

Folloylng conpactton of the eoll ln the botton Portlon of
the sheBr box, thp geoaynthetlca are trlnned to 3O.5 by
,16 co (12 by 18 tnchee) and nounted above the aoll aa
€hoyn ln Flgure 3. The top layer of eoll le then placed
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TAELE 2. RESULTS OF FRICTIOil AIIALYSES

TEST SLIDII{G SURFACE u d s
t{U11. (-} (deg} (kPE)
I HDPE/Trevlra 2125 .JZ2__**._IO,._,--_l-.9-.

s 2 IIDPE/Trevlra ll35 .jrJ--.-.-..,.L2.. ., -...^.,-L.L
3 HDPE/Flbertex 3o0 . L77 ___.-_Lo, __' _-!:9.
4 tIDPE/GeoLon 1500 . t6S _,-..____-9_ __.. .-_!:l*
5 PvclTrevtra 2125 .326 18 2.3

NORMAL LOAD
ANCHORAGE FOR
CONFIGUR ATION
oPTt'ON *2

LOAD PLAT€

TOP SOIL BOX

BOTTOM SYTTHETIC
LAYER

TOP SYNTHETIC
LA YER

LATERAL
LOAD

ANCHORAG€ FOR
CONFTGURATION
oPTtoN * I

aoTtoM sotL aox

FIGURE 3. SPECIMEN CONFIGURATION

above the upp€r geosynthetlc layer end conpacted to the
deglred noleture content and denelty.

Three dlfferent epeclmen nounting proceduree are uged 1n
the analyaea. The flrat nountlng conflguratton le ueed
to eueluate the lnterfece frlctlon paraneters betveen
dralnage layere and geotextlles. For theae analyeee,
geotextlle layere are placed above and beloy the
aynthetlc dralnage core. Slldlng occurE on one of the
planes betreen th€ geotextlle ud the dralnage layer.

The gecond and thLrd nountlng prmedurea are uaed yhen it
le neceqBery to neaeure the lnterface frlctlon
coefflclenta on an lnterface vhlch haa a htgher
coefflclent of frlctlon than another lnterface 1n the
speclnen. The aecond nountLng prodedure ls uaed 1n th€
evaluetlon of frlctlon coefflclent betreen the FIIL and
the geotextlles or dralnage corea. Slnce the loveet
lnterfece frlstlon coefflclenta are betreen the 60ll and
the FllL, the FfL nuet be atteched to the frane (See
Flgure 3r. Thla constrslne sliding to be bptreen the FttL
and the other geoeynthetlc.

In the event slldtng occura on the plane betreen the
upper geogynthetlc and the upper aolL layer, the thlrd
nountlng procedure la enployed. Uetng thle procedure,
the lover geoeynthetlc layer la attached to the frane as
ln procedure 2. The top geoeynthetlc lsyer 1a vrapped
around the leadtng edge of the upper sheer box aad placed
under the lord plate (See Flgure 31. ThIa constralng
alldlng to be betreen the tro layer of geoeynthetlce.

After the apeclnen ha€ been .placed ln the devlce and
properly anchored, the top portlon of the ehear box le
ottached to the yoke, aa ehov ln Figure 2. The nornal
load (l{l le then applled (890, 1110, 2223, or 44SO
.llertons, or 100, 250, 500 or 1000 lbe, reapectlve,Lyl
uslng a pressure regulator and the vertlcal Bellofrar
Pleton Devlce. Once the nornal atreeg hae been appl1ed,
the oll regervolr lE pr€saurlzed to 1620 kpa (gO pel,
uaing the hlgh pre8Bure regulator.

The needle valve la adJuated to provtde the deelred rate
of etraln, snd the thiee-vay-valve ls set to strain
control. The horl.zontal dleplacenent (HD6f End
horlzontal load (T) are then meseured ag a functlon of
tlne for the duretlon of the teet.
0nce the peak horlzontEl load ls reeched, the preesure i-n
the horl.zontsl.and vertl.cal Bellofran Plgton Devicee l"e
releaaed, th6 soll LE rmoved and reconpacted, the
epecLaen reconflgured, and the teat aequence repeated at
the deelred nor.nsl gtreGie.

5. DATA REDUCTIOI{

The coeff{ctEnt of frlctlon. vhlch le tabul-ated .ln Table
2, la the dynanlc coefflclent of frlctton Bt a atraln
rate oJ approxluetely 0.O01lnln. The realdual srr"as

35 Trevlra 6tl7lJ-DR61n .378 2L 1.6
36 Trevlra 2l25l6an. G3 .376 21 1.9
37 lllrafl 1{0lll6un. G3 .416 22 L.7
38 Typar 3401/Gun. G3 .344 t9. 0.5
39 Trevira 6ll7lGun.. G3 .374 2L 2.9
40 [yp6lon/J-DRa1n l0o .260 15 1.3
41 PVC/J-Dnatn l0o .L97 ll 1.3
42 HDPE/J-DRgj-n IOO ,2OO ll 1.9

durlng alidlng ie obta!,ned fron the graph of ehear etreee
versus gtrlln. The coefflclent of frlction at the
lnterface Le evaluEted f,ror a graph of the reeldual ahear
streEa se a funtlon of the Epplled nortral etreas (See

Fl.gure tu. The reeldual ghear gtrege Ia elculated ae
follora:

r = !-:-t
A

llhere, T = The horlzontal load (Fl,
f = The devlce frlctlon (F),

' A = The contact area betreen the slldtng layerg
at the loterfece (L21,

I = The 6hear atresd (F/L21.

The contgct area betveen the elldlng layers at the
lnterfece varled 66 a functlon of tlne becauEe the top
portlon of the ghear box elldea relatl've to the botton
portlon of the ahear bo:(" The contact area at any
Lnatant ln tlne le evaluEted uelng the horlrcntsl
dlBpla6enent !

.327

.28s

.351

. !74

.217
ll LLDPE/Flbertex 300 ,228

-\fZ LLDPE/GeoIon 15Og . r7l
13 Hypalon/Trevlra 2t25 .342
14 Hypalon/Trevlra ll35 .435
15 Same as t4 (Ouallty Control Senplel
16 Hypalon/Geolon 1500 .359
L7 Hypalon/Flbertex 3oo .453
18 HDPE/Teneqr Dll3f .266
19 PVClTenear Dl{3H '261
20 Hypalon/Tenear Dil3ll .322
2L HDPE/lllrEdratn .1OO
22 PYC/ltlradrain .436
23 Hypalon/lllradreln .524
24 t{DPE/Enk6dral.n .161
25 PVC/Enkadraln .311
76 Hypal,on/Enkadraln .439
27 Trevlra 2123/DN3V .350
2S l{lrafl' l4gl{/Dll3U. .384
29 Tl,par 3401/Dil3U .385
30 Trevlra 6117/Dll3U .390
31 Trevlra 2125lJ-Dne1n .393
3? [lrsfl 14011/J-DRELn .508
33 Typar 3,[0]/J-DRqln .344
34 Sane ae 33 (Ouslltlt Control Sarpl€)

6 PVClTrevlra 1135
7 PVC/Flbertex 3OO

I PVClGeoIon l50O
9 LLDPE/Tr€vlre 2125

l0 LLDPE/Trevlra 1135

l8
l5
zo
10
L2
13
l0
L7
21

20
21
!E-
t5.
18.
5-
21
2a
9T

23
l9
2L
2t
2r:
2L
27
l9

2.L
2.O
1.9
1..4
1.9
1,8
t?
2.4
L.2

1.8
1.5
l.{
t.o
2.3
o.9.
1.9
0.9
1.3,.
0.9
tD.6
1.9
2.1
0.3
1.0
0.8
o.o
0.5

(lt

A = Al - (i)HDG (2'

A1 = The lnltlsl contact area at the begfnnlng
of the analysLa (Lzt,
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I = The yldth of the speclmen (L,, and
HDG = The horlzontal dlap!.acenent (Ll.

The nornel atreae, or, 1a equef to the vertlcal load. Nl
.di.vlded by the contact area, A. The coefflclent of
frlotlon, p , lB the 6lope of the beet fl! etralght llne
.vhen the reeldual Ehear atreBd la: plctted versua the
coreaponding nornat strees. The lnterfece frtstlion
aBgle. &, da coflguted ag fol-tars:

[ = 196 (p]

The lntercei:t of the beet flt stralght llne ie the
adheelon et the lnt.erface. The adhealon. a, lB the ah€ar
etresa at the lnterfece rhen the nornsl atresg la zero.
Even though the sdheeton contrlbutee to the ehear etrege
and trlctlon noblllzed at the lnterface, the adheglon le
typlaally neglected Ln atablllty evaluatlone.

7. RESULTS OF FRICTIOI AI{ALYSES

The reaultd of the 42 frlctlon anaLyaes, rhlch are
sunngrlzed ln Table 2, can be dlvlded into three types of'anelyaea: Slldlng betveen FI{LE End geotextlles; e)-1d1ng
betveen Fl{La and Byothetlc dralnage materlela; and,
.al.Ldlng betreen geotextlles and dralnage irets.

7.f FillGeotextlle Slldlng

The geotextlleE selected for thlB gloup ot anelyaea are
typically utlllzad for nenbrane underlayers. fn general,
the hlgheat lnterface JrlctLon anglea vere neasured
agalnst Hypalon, follored by PVC, LLDpE and HDpE. The
lnterface frlctlon angles verled from 17 degreea (Trevira
2125) to 24 degreea (Flbertex 3OOl for Hypalon, 16
degreea (Flbertex 300) to 20 degreea (Geolon 1500t for
PVC, 10 degre€B (Geolon l5o0l to 13 degreeb (Flbertex
30Ol for LLDPE, .nd 9 degreea (6eolon l500l to 12 degreee(Trevlra lt35l for HDPE.

The frlctlonal raalstance betreen geogynthetlc leyers ie
due prlnarlll to Blldlng.betreen layere and diletlon at
the lnterface. For very rough nenbranee, llke flypalon,
dllatlon et the lnterface 1g the neJor conponent ot the
frlctlon at the lnterface. ls defornstlon occura, energy
ls expended to dlaplace the ogerlylng dotl layer uprard
to ellor the goatextlle to Bllde relatlve to the Hypaton.
The rorlt requlr€d for dllatlon le a fusetlor.otr the
epplled norral atresa and tie flexlbnlttf end gttf,fneee
of th€ geote:etl.le.

For dlspl.cerent of a geotexttle relattrve.to. verf
flexl,ble aelbranag euch ae PVC, alldlng and dllet1on are.
alao hportent. The dlsplacement of the FiL agaln€t I
confortable soll boundarl reaultB fn the forl*tion of a
sllghtly undulated eurface. It(e to the eurface
unduletLon, dLlatlon occure at the trntertace durlng
alldJ.ng, reaultlng ln a relstlvely hlgh lnt€rface
frLctlon angl,e. llon-unlforn roven geoter(tlles such aa.
Eeolon l5O0 accentuete the fornatlon of the unduletlona
especlally at bigh noraal gtregeea, reaultlng in hlgher
frlctlon values. In addltlon, elnce pVC ia a relatlvely
soft naterlEl, the adheelon betreen the geotextlle and
PYC le eltghtly hlgher than lt ls for stlffer FttLe.

Eoth LLDPE and HoPE Ere relatlvely Etlf{, andoth Fllla
vhen conpared vlth Hypalon qnd PVC. Since the eurfsce 18
relatlvely Btlff End snooth, the prlnery soutce of
frlctlon betreen the geotextllee and the FHLa iE Blldlng.
Thp [Bgnltude of the tntertace frlctlon angles for
dlaplacenent of geotextllee relatlve to LLDpE and HDpE ia
pr1ner1ly g functlon of the polyner type, the contact
Burface area, and the eurface roughnesa of both the
geotextlle and the FllL. Woven geotextllea, vhlch tend to
hsve leBe area {n contact ylth the gmtextlle, generally
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FIGURE 4. SLIDII{G BETUEEI{ FIILE At{D GEOTE,(TILES

have lover lnterfgce frl.ctlon angleE than do nonroven
geotextllee agalnst HDPE and LLDPE. In addltlon,
polyeEter geotextlles have allghtly hlgher frlctlon
coefflcl-ente thEn polyprop).lene geotextileB for alidlng
egei.nat Fllle,

Increaelng the eurface roughneee of the FilL (erbossnent)
can regult in e very large lncreaee ln the lnterface
trlctlon angle. ller emboaanent technlquee heve recently
been lntroduced yhlch provlde a three-fold Lncrease ln
the lnterface frictlon qngle betveen geotextilea and the
erbosaed FllL.

7.2 FllL/DraLnage Layer Slldlng

The frictlon psranetera of four drelnage materlaldi
?enear Dll3!1, I{lradraln, EnkEdraln gnd J-DRaln leO, rere
evaluated agalnet 3 Flllg; HDPE, PVC, Bnd Hypalon. In
generEl, the hlgheet frlctlon valueE rere neaaured for
audtng rgainat Hypalon, folloved by PVC, and IIDPE. The
tnterfecs frlettun. anglee, varled'f,roo: l{i dbgreea
(J-DRaCa !0O.1 to 28: degneee fll*radrelnl f,on lSpelon, ll
dEgreeE (J-DR€J,[ fOO,] to,2,,1 degreee (lllradrEln] for PVC'
and 6 degreee. (lilrgdraln.) t(L 15. deg.reeB (Teraar DN3t{) for
HDPE.

Slnce llypelon haa large Burface,undul,atlone sbove the
6cr1n,. lihe interfEce frLctlon coefflcienta afe largell' a

result of york requlred. for &[lation} The hfghest
lnterface frlctlon anglea rere treaaured fbr lllrgdraln,
rhich fe s relattvely gtlff naterlel. Slnce llr.draln la
eo etlff, lt does not defbrm. appreciablly rhen, the
dralnsge layer ls' dleplaced relstlve to tlie FltL.
Therefore, nore dllatlon or: vert{cle d:lslrlacenent 1s
requlred to get the ltlradratn to rose relatlve to the
llypalon. The other dr*lnage. naterlslg are rore flexlble
than lllredraln vlth leee contsct area, therefore the
dllatlon End alldlng conponenta of the.frlctlon Ere
lorer.

The PVC llner j,e very flexlble and conforne to the
surface of the eo1l. At hlgh norngl stressea, atrese
concentiatlone develop at the contact polnts betreen the
nodea of the dralnage naterLsl, and the Fenbrane. Since
the neubrane le very flexlble and the goll le
compreaAlble, the aeubrane./eoll lnterface becouee
dlstorted. The interface frlctlon angle betreen the PVC

and the dralnage traterlel la prlnarlly a functlon of ihe
conpresslb1llty, shear a.trength and dralnage condltlona

(31
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of the rclI; the tenslle etrength and nodulue of the Fl{L;
the etlffneae, contact 6ree and geonetry of the drsinage
naterlall and, the nornal streao. For very stlff
dralnage naterlale llke lllradr61n, tbe dralnage aaterla.L
doe6 not defori very nuch ln ahe6r ao nore york le
requlred for dll;tlon at th€ lnterface. Therefore, the
interface frlctlon valuea agalnat PVC are hlgher for
lllradraln than for leee stl.ff, rore confornable neterlele
llke J-DRaln 100 and Tensar Dl{31f.

The IIDPE .Llner ig relat{vely Btlff and arooth conpared to
Hypalon and PVC. The Lnterface frlctlon resutte
prlnartly fron alldlng and 1e a functlon of the contect
area, the polyrer type and the Etlffneae of the FtlL and
dr€lnage raterlal and the nornal etresa. tledlun deneLty
polyethylene neta, t lke Teneer DH3ll, havp a relatlvely
hlgh contact surface area and a hlgher lnterface fnlctton
angle. Very etlff dralnage naterlals tlth eoooth
contaat gurfacee llke lllradraln have very lor lntenface
frlctlon anglea agalnat HDPE.

7.3 Geotextlle/Dralnage l{et Slldlng.

The i.nterface frlctlon propertlee betreen geotextltea and
dralnage raterlals are evaluated betreen four geotextlleB
(Trevlre 2125, l{lrafl 14011, Typar 34Ol end Trevlra 6117t
and three dra{oage netB (Ten6ar Dl{31, J-DRaI,n lO0 and
Gundnett G3l. In general, the Lnterfsce frlctlon anglea
ere hlgher for lllrefl. l40ll, folloved by Trevlra 6117,
TrevlrB 2125 znd Typar 34O1-

Slnce tbe geotextlle ls verl flexlble and the drainage
nets Bre 6t1ff conpared to the ao1l. the soll conprea6e6
nore adJacent to the nodes of the drainage nets. Thle
resulta ln the.erbednent of the geotextlle snd dralnge
net ln the aoll. The anount of ehbedaent ls prherlly s
functlon of the po.Lyner type and Bt{ffneas of the
drainage net; the coatact area of the nodee; the polyrer
type, pri-rary and aecondary bondl,nq, grab tenslle
strength and ele€tlc noduJ.ua of the geotextlle; and, the
type, conpre€aiblllty aDd ahear etreagth of the so1l.

F6r a glvr6 t?Se of ao{l, the htgheat lnterface frlctlon
anglee oeur fof the geotextlle: rtth the lore;t tenaile
strength and rodulue. The rnount of enbednent la greater
for theae raterlalsr. therefore, rore vork 1a requlred to
dlsplice the net reletlve to the geotextlle.

8. COI|CLUSIOilS

The follorlng conctuatone end obaervattona are developed
ae a reault of the frlctlon enrlysea for the nalerlols
evalusted:

8. I For alldlng betreen FllLe and geotexttlee, the
hLgheat average lnterface frlcti,on anglea sre agalndt
llypaloD {21 deg. l, follovod by PVC {18 deg. r, LLoPE (11
deg. ), and IIDPE (10 deg. ).
.8.2 For elldlng betreeo FllLe and eynthetic dralnage
leterlals the hlgheet Everage lnterface frlctlon anglea
are agalnet llypalon (p5 deE. )r follored by PYC (17 deg. l,
and IIDPE tl6 deg. ).
8.3 For alldlng betreen geotertllae and draJ.nage neta
the hlghest average lnterfece frlctLon anglee are agalnst
fflraft l,l0l{ (23 deg.. ), follored by Trevlra 6117 Qf
deg. l, Trevr.r€ 2t2S lm deg. ), and TTpar 3401 QO .deg.l-
8./t The.prhary co.ponenta ol lnterface frlctlon betreen
rultlple Is.1ma .of geoaynf,ihttrce rne slJ-dlng betren
layers and di'lBtlon qit the lnterfsce- The hlgheat
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ABSTRACT

Cornposite lining and cover systens containing geosynthetlc and soll
conponenEs are used extensiveiy in waste cont;lnment facillties - The

structural lntegrity of Chese systems must be naintalned throughout the

lifeciroe of the r"citity in order to provide for adequate Performance'

The state of practice for predictini the stresses generated within
conposite systens considers only lirnit state equilibrlurn' A flnite
difference nethod which considers both force equilibrir:m and 1-oad-

displaceuent coapatibility for predicting these stresses is presented and

cornpared with the state of practice' The proposed finite dlfference

method, GEoSTRES, accounts for the stress-strain behavior both within
individual coBponents and at the lnteifaces between comPonencs '

A database of axial load and incerface shear test resulls for
geonenbranes, geotextiles, and geonets is described and used to define

baseline interface properties. F"r"rutrlc sEudies are conducted rJlth the

rnodeltodeternlne"t'"',andstrainlevelsinthegeos]mthetlc
conponents. Six cover syster configuratlons and slx linlng systeu

configurations are presented and analy-zed to_ lde-nclfy crltlcal behavlor

and to evaluate the sensltivity to speeific loading conditlons '

Long, J.H., J.J. Daly, and R'B' Gilberc'
sTRilCTURAt INTEGRITY OF CEOSYNTHETIC LINING AND

I.IASTE IANDFILLS
Final Project Report, Office of SoLld lJaste

Illinois, luly, 1993, Urbana, Illinols, 284pp'
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CHAPTER ONE

INTRODUCTION

While rnethods to reduce and recycle waste are lnportant to ldencify
and develop, landfills still receive the rnaJor portion of solld saste

generated in l11lnols, and will probably contlnue t-o-do so for 
'1any 

years'

In rhe state of Illinois a1one, 93 solid waste landfills have appl-ied for
perrnirs to inltlate closure ln :tgg2. obvlously, nelr landfills v111

continue to be sited and built, and old landfills vill need to be covered'

considerable regulatory effort has been directed toward ensurlng

rhat cover and lfnirig systlns for landfi1ls are as lnperneable and

reliable as possible. l"o"ynttetic linlng systens are ofcen speclfied, to

pro.riae the reliability rJquired Uy regi'fatory agencies' However' the

soll/geosynthetlc llnlng systens itr"t !"rforo _so vell to lsolate the

\raster can cause serlous englneering.oo.L-" vlth respeet to stabil-lty of
the slopes wlchin . a tanatrtr, and stresses vithin the soll and

geoslmtheties.

Betrer tools to predict stresses ln landfill covers and llnlngs are

necessary to design safer, more economlcal landfilLs, and to assess

advantages and Oisfdvantages of changing landfitl geonetry, constructlon
nerhods, or materials used in the li;fnA or cov-er-systetrs' lot example'

new products are being incroduced into tle 1andfil1 constructl-on lndustry
which provide greateiintetface scrength. Higher in;erface strength ray
allow ltoillg or cover s)-opes co be steePer, and, provlde greater econony

for a landfill. orher new producrs include thin layers (e.g. geos)mthetlc
glay liners, GCL) which uay be used as a rePlacement for thlck clay
Iayers. Holrever, tt" conpr;ssive and tensiLe strength, as weII as the

lnterfaee strength properiles for GGL's are gulte dlff,erent fron the

materlals they replace.- e nethod is needed Eo assess effects of materlal
properties an-d landflll geometry on stresses within landflll llnlng and

cover systems.

presented herein are the results of a study sponsored by the 0fflce
of Solid Waste Research (OSWR) to:

' r develop a structural rnodel for analyzing and predlcting tensl'le
scresses and behavlor of ltntng and cover systen'

o develop basellne configurations, geometrles '
proPettles, and

a use the structural nodel to assess and understand the behavl0r of
llning and cover sYsEens-

A nurnerical rnodel cal1ed GEOSTRES was developed whlctr prediccs the

behavior for a cover or linlng sysEen, and the stresses I'n each of the

i;;"i;;.i-.orporr"rr.s that cornprise che sol1/geosynthetic composlte' The

formulatlon of GEoSTRES provides a naJor advantage over other, currently
used rnerhods. GEOSTRES maintalis both equllibriurn and scraln
compatlbillty to compute stresses and deformatlons wlthin lndlvldual
cornponents (iot1 and geoslmthetics) in the llning or cover syscen'

and naterial



This reporc includes eleven chapters and eleven appendices. chapter
Two provides general background infonnation and a staEement of need.
Baseline configurations, geometries and properties for a cover and lining
syscem are established in Chapter Three. Identifying basellne values
provides a basis for example cover and lining syscems used throughout chis
report. Chapter Four describes a current analytical Dethod that uses
limit equilibriu.o to assess stability of cover and lining systens. The
ability of Ehe limit equilibriurn nethod to predict tensile loads ls
demonstrated for a soil/geosynthetic cover system. chapter Five
introduces a limit method used for determining how stresses are
distributed wichin a rnulriple layered cover or lining systen.

Chapter Six introduces three sinple nurnerical nodels for a cover or
lining systen using equilibriun and st.rain conpatibility. However, the
sinple nodels assume either linear behavior, or llmlt behavior. A more
general approach is dlscussed ln Chaptef Seven. The cornputer progras
CEOSTRES is introduced and described. The GEOSTRES model is a Column on
Elastie Foundation (COEF) model which allows for rnultlple columns and
interfaces. Each column may exhibit non-linear axial load deflectlon
behavior. The interfaces may also exhibit non-linear behavior betueen
shear load and shear displacement. These features are important because,
as demonstrated ln this reportr both non-linear load-deflection behavior,
and interface shear stress-displacement behavlor, are cornmonly exhlbtted
by geosynthetic and soil rnaterlals. Results are given for exanple cases
to identify the differences betveen predictions made wlth a nodel that
observes strain compatibility and equilibrium with nodels that observe
equilibrium only.

Chapters Seven and Eight present the results of GEOSTRES analyses for
several cover and lining systems, respectively. The baseline cover and
lining systems for rnunicipal and hazardous lrastes, developed in ChapCer
Three, are analyzed. Variations from che baseline systems are also
exannined to illustrate the effects of substitucing a rough geomembrane for
a snooth geourernbrane, and for including a stiff geogrid ln the uppermost
soil layer. Finally, conclusions are summarized in Chapter 10.

Several Appendices (A K) are included to provide details on
properties for interfaces used in this study. Appendix J provides che
details for the solution for a column on an elastic foundation. Appendix
K includes both the axial and interface mechanlcal properties for profiles
1-12. The appendices reflect a slgnificant effort to collect, collate,
and presenc dat3 relevant to the naterial and interface properties of soil
and geosynthetic materials.
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ABSITACT

composlte llnlng- and cover systens containlng geoslmthetlc and soil conponentsare used extenslvely t-n vasce contalneent facllLtlr". The structural lnteg;ity oftjrese systeDs must be maintalned throughout the llfetlue of the faclllty in order toprovlde for adeguate perforuance. The state of practlce for predlcElng the stressesgenerated wlthln conposlte systerns considers onty lfintt stage equilibrlun. A flnltedlfference nethod vhich considers both force equillbrlun 
"rra 

load-displacementconpatlblllty for Predlctlng these stresses ls preslnted and compared wlth the scateof practlce.

INIT.ODUCTION

Composlte ll.lrln-e and cover systems contalnl,ng geoslmthetlc and soll cornponentsare used extensLvely ln waste contalrrment factlLtt"f .- Tt.". systens serve as barrlersto control the nigratlon of contamlnancs to the envLronment. stresses are generatedrtlthin lining and cov-er systens durlng conscructlonr waste placement and wascesettlement' RuPture of any of the geosynthetic couponencs withln a couposlte systemd1e to high stresses may conprornise 1ts -ablllty 
to .".*" as an effectl-ve barrier. Inadditlon, the expected loads carried by geosynthetic components are needed to designgeos)mthetic anchorage systens (e.g. anchor trenches at slope crests) propert!.rlna-l{' the- long tern perfornance if " geo"lmthetlc (e.g. creep, stress cracking,etc') is a firnctlon of the stress level Lt it. geoslmthetic. il.erefore, accuratepredlctlons of stresses rrlthln the geoslmthetlc coil-ponents of lin1ng and cover systenswrder different loadlng condltions can be of considerable trnportarice.

The current state of practice for evaluaELng stresses wlthln linlng and coversystems ls to consider 1lnlt state egullibritrn 1e.t. utcherl , et. al . 1990; Koerner,1990; and Glroud and Beech, 1989). Ttre tensile force Ln each geosynthetlc 1ayerrequlred to nalntaln equlllbriun wlthln the system l-s calculated bi assuulng that themaxinun shear stress is rnobilized at eaeh intlrface rrithln the 
"y"i.r. There are tvonajor llnitatlons to this approach. First, the nobllized interface shear resistance

1: .a functlon of -relative dlsplacernent betneen adJacent. layers. For relativedisplacernents less than that required to rnobilize peak interface strength, interface

Geosynthetics'93 - Vancouver, Canada - 1389



shear resistance is roughly proportlonal to displacenent. As che relatlve dlsplacenenc
increases beyond that required to noblllze peak strength, the shear resistance
decreases fron peak to a residual or large dlsplaceroent strength. Therefore, a range
of nobillzed shear reslstances ls avallabLe for each lnterface, and selectlon of a
slngle reslstance value for use in the llnlc analysi-s ls unclear. Second, lfunlt state
equillbriuro nethods ignore the axlal stress-scraln relatlonship nichin each layer. The
lnitlal axial stlffness nay be signLflcantly dlfferent Fmong varlous geoslmthetic and
soll uaterlals. As a llnlng or cover systen ls loaded, che stlffer comPonents withln
the systero tend to support nore load than the less sElff conponents. Therefore,
conslderatlon of axlal load behavlor in addltion to lnterface behavlor ls necessary to
predlct stresses accurately

To account for the llnit equlllbrtun llnitatlons dLscussed above, l{llson-Fatrny
and Koerner (1993) adopted a tso-dlnenslonal flnlte eleloent approach. The flnlte
element nethod provldes a poverful computational tool for tnvestlgattng Cvo-dlmenslonal
effectss while conslderLng both shear reslstance-dLsplacenent cooPatlblllty at
Lnterfaces and axlsl stress-straln compatlblllty vlthln comPonents. However, flnlte
element tools typlcally regulre a 1evel of effort ln dlscretlzlng the geometry and
perfornl.ng nrrmerlcal calculatlons that ls more sultable for checklng a flnal deslgn
conflguratlon. Flnlte elernent methods generally are too cumbersome for analyzlng
rnulCtple confLguratlons requlred for deslgn optfuolzatlon and extenslve Paraletrlc
studLes.

A fLnlte dlfference nethod ls presented hereln to analyze conPosite llnlng and
cover systens. Ttrls approach offers the advantage of slupltclty'ln forrnulatlng the
problem and ln perfornlng the nuEerlcal calculatlons rhlle conslderlng shear
resistence-dlsplacernent and axlal- stress-strain coupatlblllt;r. An exanple ustng a

typical cover system ls presented to corpare results of the approach proposed trlth the
clrrently acc.pt"d llnlt state approach and to evaluate factors whlch lnfluence the
dl-strlbutlon of stresses ln composlte systems.

PROPOSED A?PROACE

Ttre approach proposed for evaluatl.ng stresses wlthln lintng and cover systeBs
uses lnelastlc, non-llnear sprlngs to nodel the shear resistance-displacernent behavlor
at each interface and to nodel the axlal load-dlsplacement behavior wlthln each

component. Let rn represent the nrmber of couponents or layers wlthin the system and

let L represent the total length of the system. Each Layer withln the system ls
modeled one-dlmensionally, and 1t is divided lnto a serles of n nodes along the layer
as shown on F1g. 1. Nodes are numbered successlvely down a coluur startlng ln the
upper left corrier of the systen (Flg. 1), yleldlng N total nodes shere N ls equal to
tire nruber of nodes per layer (n) rnultlplled by the number of layers (n). Shear

springs vlth sttffness t; aie located betseen nodes of adJacent comPonents (layets).
k, 1s related to the lnterfaclal shear uodulus by the followlng relatlonship

b - r(L/n+LlW
"aa (l)

where r represents the shear stress, A represents the relative dLsplacement ec the

Lnterface, L/(n+l) represents the dlstance betneen adJacent nodes ln a layer' ""9 I
represents wldth. In thls analysls, a unlt wldth is assuned. In addltlon' axla!
spilngs wlth stiffness k are located between adJacent nodes wlthln a glven Layet'
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k. ls related to the exial nodulus of the naterlal by the following relatlonshlp

where E. represents the secant nodulus, A represents the cross-sectlonal area for aunit sldth, and Lrz(n+l) agaln represents the dlstence betneen adJacent nodes. The
boundarles at the perlueter of the system are a.ssuned to be ftxed.

The tenslle load Ln each geoslmthetlc layer ls evaluated by satlsfying both
systeu equllibrlun and load-dlsplacernent conpatlbtllty. Conslder an tndivldual node
as shown on Flg. 1 where I represents the node of Lnterest. By evaluatlng foree
egulllbriurn ln the x dlrectlon, tfre followlng equatlon l-s obtalned

Ett = .9r - &a(i,r-ra) (0J-6J-r) + &6*a,r) (6J*r-0J)
(3)

&tr*,,,rt (01-0r.1) + ktu,t-, (0r-1-01) = e

where 5 represents dlsplacenent and Ss represents the external shear force per r.urlt
sldth thet ls applled to node 1.

In conslderlng force equlllbrltrn for each node rrlthln the systen, a system of N
eguations rltth N rurknowns (1.e. each 61) Ls obtained. Ttrls systen of equatlons ls
represented by the followlng ln uatrlx fom

lcl .t61 = [s] (4)

vhere [C] represents a NxN ruatrlx of coefflclents, [6] ls a 1xN natrlx of displacements
for each node, and [S] represents a 1xN natrLx of external shear forces for each node.
For a glven rolr 1 fn [C], the non-zelo coefflclents are glven by the followlng

t- - ErA
^a - lf(n*ll

Cl,t-" = -k (r,r-r)

ct,t-t = -&(t,r-r)

Ct,t= ktr,r-rt +&tr,r-rt +ku.r.l) *&rtr.r,r)

(2)

(5)

(6)

(7)

(8)

(e)

algorlthns to obcaln the

Cr,t*t = -&(r.r,r)

Ct,lr, = -&a{t*r,t}

The system of N equations can be solved uslng standard
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dlsplacernent matrix for a glven seL of coefflclencs.

Slnce relatlonshlps betrween axlal load and dlsplacenent and between sheer load
and displacement ra. ttoollrtear for most geoslmthetlc and soll conPonents, an lteratlve

"pp.o""L ls used to solve for dlsplaceuents. The flrst iceratlon assumes lnltlal
r.iou" for each k. and k" and an lnltlal set of dtsplacements ls obtalned' The next
Lteratlon ls based on dlsplacenents of the prevlous analysls. Values of k. and kt are

re-evaluated, the analysls ls perforned, and a second set of displaceuents is obtalned'
The arralysls ls t"p""t"d t-ift convergence ln the d!-splacenents i-s achieved' A

graphicai representatlon of the lteratlve approach ls shown on FLg. 2. An inEeractlve
coqputer progran, GEOSTRES, has been developed to Perform these calculatlons'

tffi
lg;o-

tro-o.-
Fo+
F-o.--o-

@
l{od. n

l.Jodo l-rl llodo l+m

Flgure 1. Hodel of llnlng or cover systen'
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Displocement

Ftgure 2. Graphlcal representatl.on of lteratlve approaeh to obtain
load-dlspleceaent conpatlbllity.

II,LUSTNATnIE ErAUPIJ

An exaople problem ls presented to deaonstrate the approach proposed for
eval.uating stresses ln llnlng and cover systens. A QrytcaL conposLte cover system as
shown on Flg. 3 ls used for thls purpose. A constant slope helght of 8 n wtll be
assumed in all calculations, whlle the grade of the slope will be varled. Ttre soll
cover ls 0.92 tr thick with a unlt wel-ght of 18.7 kN/n3. Ttre shear reslstance
Parameters are presented ln Table 1 for the varLous lnterfaces, and the load-
dLsplacenerit relatlonshlps used as lnput to GEOSTRES are shown on Flg. 4 for a gLven
notmal stress of 15.7 k\t/n2 (1.e. the normal stress at the bottom of 0.93 n of cover
soll at 25 percent grade). Ttre shear reslstance versus dlsplacernent relatLonshlps are
based on both a revlew of publtshed data and unpubllshed large scale direct shear
testlng results. Ttre sanpl.e sLzes for these large scale tescs are tlplcally on the
order of 300 m by 300 ruu. lhe axlal load versus strain relatlonshlps for the varlous
comPonents are shorsn on Flg. 5. These relatlonshlps are typlcal of results from
tenslle tests on wlde wldth specinens (Koerner, 1990), and represent short-tern
strengths (1.e. creep Ls not consldered). As shown on Flgs. 4 and 5, polnt-wise linear
load-defo:matlon relatlonshlps have been assr.ued for stnpttcity; however, the finite
difference approach ls general and non-Ilnear relatlonshtps can readlly be
accomodated.

- Llnlt Equlllbrlun Aoproaches Stresses slthln the cover sysEen are predlcted
uslng the llntt equllibrlun approach proposed by Glroud and Beech (1989). Two slighr
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Table 1. Interface shear resistance versus dlsplacenenu relatlonshlps for exarple
problero.

Interface

Frictlon
Angle

(')
Intercept

(kN/n)

Displace-
ment
(m)

Frlctl-on
Angle
(")

Intercept
(kN/n)

Displace-
nent
(tnn)

Cover So11/
Geotextile

30 0 10 30 0 10

Geotextlle/
Geonet

13 0 1.25 l1 0 2.5

Geonet/
Geomeubrane

L2 0 2.5 9 0 3

Geonembrane/
Clay

0 10 0.5 0 6 9

E

zl(
!
o
o
J

Ex

75 100
Axiol Stroin (%)

Figure 5. Axia1 load versus stress for coroponents ln example problen.

i+t,
b--

Nc{e: Soil coner b in compression
while geosynthetica are in tension.
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varlatlons of the Glroud and Beech rnethod are also used to lllustrate the effect of
buttress load on axlal loads ln the componencs. fhe llmtC equlllbrfi-rn approach sssumes

a noblllzed soll resl-stance at the toe (buttress) and a rnobLllzed lnterface sErength
along the slope of the potentlal slldlng surface. Any unbalanced_forces are carrled
by tenslle loads ln the souponents above the potentlal fallure surface- Results from
tirree llnit equlllbrfi:n methods are compared. Each of the nethods are dlstlngulshed
by assumptLons that affect nobllizatlon of the buttress load.

The fLrst lfunlc approach !s conslstenc $lCh che Glroud and Beech (1989) meEhod-

Itre nethod requires thaC all drivlng forces be resisted flrst by lnterface shear and

cogpresslve load ln the so!l. tenslle loads are carrled by the geos1mthetics only
after drlvlng forces exceed reslstLng forces provlded by shear and the soll conpressLve

load. Ttre approach follows a ratlonale that the soll eover ls the sLiffest element
(flg. 5) in lhe cover systen; therefore, a slgnlflcant portLon of the total drlvlng
force should be resist"a Uy compresslve loads ln the soll. For ltnlt analysls, the
totsl drtvlng force less the axlal capacity of the soll ls rnoblllzed at the
soll/geotextlle lncerface rrhlle the large displacenenc reststance ls moblllzed at the
other-lnterfaces. ltre total tenslle load that nust be carrled by the geosjmthetlc
components (1.e. the surnnatlon of the lndlvldual geosynthetlc lo_ads) to saclsfy

"qrri1brl,- 
ls plotted as a functlon of slope grade tn Ftg. 5 as the cu:ffe labeled

'l{axlnum So11 Buttress.r Slnce the geonetr/geoneubrane lnterface provides the ninlnun
shear reslstance (Table 1), the syslen wlil sllp along thls lnterface and the total
tenslle load ln the geoslmthetlcs- ls earrled by only the geotextlle and the geonet.
Itre geoslmthetlcs r"iry io tensLle load unttl the soll reaches lts axtal capaclcy at
a sl-opelrade of approxlnately 44 percent (23.70). Thls approach provldes a lower
bound-estlnate of the tenslle stresses ln the geoslmthetlcs.

A consel:vative approach rrould assume the butEress carriea no axlal load;
therefore, the drlving toices are reslsted only by a cornbinatlon of tenslle load ln the
geoslmthetics and shear between the underlytng geosynthetics. Analysls I's conducted
ty aiplyfng the rotal drlvlng force along itr. i_offTgeotextlle Lnterface and uslng the
f'"rge aispiac"nent strength"-"t .U otheilnterfaces. Results are plotted on the cul:ve

labeled iNo Soll Buttress" ln Flg. 6. For slope grades less than 15 percent (9.0o)'
the geoslmthetlcs carry no load "irr.e the lnterface frlctlon angle for the geottet/geo--
rnembrane ts 90. Ttre tenslle l-oad lndlcated by the nNo So11 Buttress' culi\te ln Flg. 6

exceeds the comblned tenslle scrength of the geotextlle and geonet for slope grades

greater than about 20 percent (11.3;). Thls approach yields verT hlgh values for loads

It the geoslmthetlcs and ls considered to provide an upper-bound estlmate for
geosynthJtic load. ltrerefore, the resuLts of ltttt analyses uslng the "No- Soll
iuttless" and the ouaximun So11 Buttress" approach provide uPPer borrnd and Lower bormd

estigates of load expected ln the geosynthetlc components, resPectlvely.

A lirnlt approach that ytelds results between the trro extremes essumes that the

axlal load ln the soll and the shear reslstance ac the soll/geotextlle lnterface are

both at the same proportton of their llnlts. ltrerefore, 8t a slope grade Just prlor
to fallure of the soll cover, the axlal load and the shear reslstance at the

so1l/geotextile Lnterface w111 both be at thelr resPectlve lfuntts. Iarge displacenent
resistances are assurned for all of the Lnterfaces below the soll/geotextlle lnterface'
The curve labeled nProportloned Soil Burcressi ln Fig. 5 relresencs ttre results
obtained for thls case. The magnltude of the geoslmthetlc tenslie load is bettreen the

extrene cases of'No So11 Butcress'and nHaxirnun SoiI buttress.' Ar<ial loads'for each

couponent are shown ln Ftg. 7 as a Percentage of thelr maxlmum strength' }"-:i::l
loai ln the soll cover lncreases gradually as the slope angle lncreases. The geoneL

carri.es load for a slope grade exceeding 18 percent (10't. Thts identifles shere

:.
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sridlng lnltiates along the geonet/georoenbrane lnterface. siullarly, the geotextirebegins to carry load shen the slope grade exceeds 22 percent (L2.4"i. once sllppageoccurs along the geotextl-le/geonet lnterface, the geotextile road increasesslgnlflcantly wtth- increaslng slope. The comblned tenslle load of the geonet andgeotextlle ls equal to the geosynthetlc load shown in Flg. 5 as 'proportloned sollButtress." The geomeubrane carrLes no tenslle load.

Propqsed l{ethod - GEoSTRES Results from llnir analyses (Flgs. 6 and 7)demonstrate that a wlde range of loads ln the soll and geos)mthettc components can bepredlcted' unfortunately, the llnit nethods provlde no guldance to assess whtchassumptLons result Ln reasonable predlctl"ons for load. To evlluate the consequence ofthese assuuptlons, a conslderatl-on of shear resistance-displacenent and axlal acress-straln conpatlblllty ls necessa.ry. The example problen has been analyzed using cEosTREsby dlvlding eaeh Layer lnto 100 nodes. Results are shown on Flgs. L and 8. lhe totslload carried by the geosynthetlcs (Frg. 6) falls between the llnlt state assumptronsof "Proportioned sol1 Buttressn and "MaxLmum soll Buttress,i lndlcatlng that ti relyon the soll to provlde the fu1l reslstance is unconservatlve, and to assr.rme nobuttressing at the toe of the soll covetr ls overly conservatlve. For slope grades lessthan about 21 pereent- (1._e. a slope angle of lio whlch ls the mLnluum peak frlctlonangle et any lnterface), the geoslmthetl-s carry snall loads; however, foi slope gradesgreater than 2L percent, the load carrled by ttre geosynthetLcs lncrea""s r"pidl! orr"ra snall I'ncrease 11 the- sl-ope grade. the sirarp Jirp r" the axlal load carried Ly thegeoslmttretl'ce results from the post peak behavloi 
"i 

the lnterface reslstance between
the geonet and the, geonembrane (Ftg. 4). once peak resLstance ls raoblllzed, addltlonaldefornatlon I'n the system causes the shear reslstance to decrease to tts largedtspiaceuent vaLue end the load ln the geoslmthetlc couponents correspondlnglylncreases. After the lnitlal Jr.rup, the tensile ioad Lncreases gradually 

"" ih" srJplgrade steepens.

20 25 30
Slope Grode (%)

Flgure 6- Geosynthetlc load versus slope grade for exanple problen.
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Flgure 8. Predlcted axial loads for exanple problern uslng GEOSTRES.
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Predlctlons for losds ln the cover syscen cotrponents uslng GEoSTRES are shown onFig. 8. A comparlson wlth Fig. 7 denonstraLes that very dtffeient loads result fron
nethods that consider equillbrlurn only. The loads tn ihe geonec and the geotextile
predlcted by GEOSTRES are generally nuch smaller than rhose predlcred uslng the llnir
approach due to greater resistance provl-ded by the cover sot1. Additlonally, tnsight
lnto the complex behavior of the systen due to lnteractl.ons between components can be
obtal-ned frou Flgure 8. _ For example, the tenslle load ln the geonec 

"ltrU" sharply
after lnltial sllppage along lts lower lnterface wlth the g"or"rbr"rre [1.e. at a "foplgrade of 21 Percent or 12o nhich is the peak frictlon angie of the geonet/geonenbrane
lnterface (Flg. 4)l and peaks at approxlnately 25 percent where "frpp"g" lntrlates
along its upPer Lnterface wlth the geotextile. Here, the resistance at the
geotextile/geonet lnterface decreases rapldly to its large dlsplacenent strength and
Iess load can be transferred to the underlylng geonet; thus, the load ln the geonet
decreases. Also, the load ln the geotextile lncreases ln response to the decrease ln
lnterface reslstsance e.t lts base. As the slope grade lncreases further, the axlal
Ioads ln the soil cover and geotextile contLnue to lncrease to reslst the larger
drlwing forces nhlle the axlal load ln the geonet decreases sllghtly. Flna!-ly, lt. ls
lnterestlng to note that sone loads are predlcted ln the components even ac slope
angles less than 12o (1.e. the peak frlctlon angle for the lnterface provldlng the
ninlur.ru resl.stance). A llnit approach rould predlct no loads at slope angles lower
than 12o; however, the flnite difference uethod predlcts noblllzatlon of axX.al loads
due to defornatlons vlthln the systen to accomodate even snall drlving forces. Ttrts
exanPle deuonstrates that lt ls Lnportant to have a complete understandlng of how
conPonents Lnteract nlthln the sy6ten to deslgn the systern effectlve!"y, especlally
conslderlng that the ruost complex behavlor occurs at slope grades comonly used ln
practLce (t.e. 1O to 50 percent).

t1re lnfluence of strength and defornatlon parameters on conponent atress levels
ls denonstrated uslng results from a llnited sensltlvity study for the illustratlve
example. GEOSTRES rras used to conduct the study. lhe followlng paramecers were
considered: the lnltlal axlal stiffness of the cover soll, the peak shear dlsplacenent
at the geomembrane/cLay Lnterface, and the avallable shear reslstance at the
georoenbrane/clay interface. A slope grade of 25 percent nas selected for Ehe study,
and the results are presented ln Table 2.

Since the cover soil carrles a sl.gnlflcant portlon of the total reslstance as a
coupresstve load, the axlal stlffness of the soll may have a slgnlflcant influence on
the results. The lnlttal soll stLffness rras lncreased and decreased by a factor of 2,
and the results are presented as Cases 1 and 2, respectlvely, ln Table 2. Increasi.ng
the soll stlffness by a factor of 2 results Ln greater load carried by the soil and
Iess carrled by the geosynthetlc components, whlle the opposlte result occurs when the
soil stlffness decreases by a factor of 2. However, the nagnltude of load change ls
less than a factor of 2. For exa.uple, lncreaslng soLl silffness by 2 resulis ln
approxlmately 25 percent less load ln both the geotextlle and geonet. Decreaslng the
soil stiffness results in 29 percent greater load ln both conponencs. Thereforel the
axial stiffness of a slngle conponent wlthln the system can substantlally lnfluence the
loads developed wlthln that conponent as well as wlthin other conponents ln the system.

Importance of the lnterface shear-dlsplacement behavior ls lllustrated below.
The shear reslstance versus displaceroent relatlonships for lnterfaces wlth geos1mthetlc
corponents are typlcally obtalned ln the laboratory; however, these relatlonshlps are
senslttve to test condltlons, test nethods, and scale of the test. ltre peak shear
dLsplacement for the non-textured geoneubrane/clay Lnterface was lncreased by a factorof 10 (1.e. the shear d.lsplacenent at peak was lncreased fron 0.5 nn to 5.0 nn) and ls
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I

noted as Case 3 in Table 2. The axlal load ln the geonenbrane increases from 0.13 kl{/rn

to 0.73 kg/n due Eo the lncrease ln che peak dlsplacement whlle the exlal loads ln the

other couPonents are essenttally unaffected. Slnce larger dlsplacenent ls requlred to
noblllze peak shear reslstance "t th" base of the geornenblane, the geomembrane carrles
uore load-axla11y as axial stralns are developed. However, the lncrease Ln axlal load

vlthin tlte geouembrane ls lnslgnlflcant-

Table 2. Sensltlvlty study results for exauPle problen wlth 25 Percent slope grade'

A:<1al
Load

(kN/u)

Ratio
rllth
Base

A:clal
Load

(klVn)

Ratlo
nlth
Ease

A:<lal
Load

(kl{/n)

Ratio
slth
Base

A,xtal
Ipad

(ktl/u)

Ratlo
vlth
Base

Bgse Gase -39 1.00 6.0 1.00 5.4 1.00 0.13 1.00

Gase 1 -42 1.09 4.5 0.75 4.1 o.76 0.13 1.00

Case 2 -36 0.92 7.8 L.29 7.0 r.29 o.13 1.00

Case 3 -39 1.00 6.0 1.00 5.4 1.00 0.73 5.5

Case 4 -42 1.08 6.1 1.01 5.5 1.01 6.7 s1

Notes:
Case 1 - Increase axtal stlffness of cover soll by 2'
Case 2 - Decrease axlal stlffness of cover soll by 2'
Gase 3 - Increase peak shear dlsplacenent at geomeubrane/clay lnterface by 10'

Gase 4 - Replace conpacted clay wlth bentonlLe panels'
Tenslon ls i.ndlcated by posltlve values.
Coupresslon ls lndlcated by negatlve vaLues'

Replacenent of the cornpacted clay wlth bentonlte panels ls consLdered as Case 4'
A qrptcai shear resistance versus dtsilacenent reLatLonshlp for the,bentonite panel

lnterface slth a non-textured geonenbrlne ts gLven as follows: a peak frlctlon angle

of 90 rnoblllzed at 5 m and a resldual frlctlin angle of 8o noblllzed at 13 r"rn' ltre
resultl.ng geoslmthetlc loads for the 25 percent slope grade wlth the bentonlte panels

are presented as Case 4 ln Table 2. The axlal load ln the geornenbrane lncreases to 5'7

ldrzu aue to the sualler avallable shear resistance at the base of ttre geornernbrane'

shtle the axlal loads ln the other components rernain essentially unchanged- ltrerefore,
the aval.lable shear reslstance at tlle lnterfaces has a slgnlficant lnfluence on the

axtal loads developed vlthin the geoslmthettcs-

coNcl,gstrol{s

A flnlte dlfference Dethod for evaluatl.ng stresses ln soll and geoslmthetl.c

coDponents of l-lnlng and cover systens ls developed ln this paper' The approacn

satisfles force equtitbriuo and loaa-aeformatlon conpatlblllty at lnterfaces and wlthln

couponents. A typLcal cover systeu l-s analyzed to compare the results of the Pro99":1
approach wlth results of the curreJty ."l"pted 1-1n1c state approach' Ilhlle llnlt
state nethods can ldentify upper and lJwer bounds for conponent loads, the dlfference
betgeen the tvo bounds ls too Ereat to assess a reallstlc loaa in the geosJrntheclss'

Coryared to the approach proposed, the llnlt state approach can slgnlflcantly over' :
,*
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predlct, or under-Predlct loads ln components. Furthernore, the llnlt seate approach
predlcts tenslle load 1n a geoslmthetlc layer only when sllppage occurs on lts lower
Interface. The proposed approach also shons that a geosynthetLc can develop tenslle
load frorn sllppage on lts lower Lnterfaee, but ln addltlon, can develop load when
sllppage occurs along other underlylng lnterfaces.

Ttre luportance of strength and deformatlon perametera are lllustrated wlth
results of a llnlted sensl-tlvlty Btudy. The resulte demonstrate that changes in
strength and defornatlon parameters of lndlvldual components can be slgnl-ffcant, or
lnslgnlflcant, dependlng on che type of paraneter varledr and horr the other couponents
Ln the systen lnteract. [ethods that conslder only liutt atate equlllbrtun predlct no
effect of defonnatlon paraneters.

Results fron analyses of en example cover systen and a sensltlvlty study
demonetrate that stresses wlthin llnlng and cover systens are affected stgnlftcantly
by both stiffness and strength of the soll and geoslmthetlc layers. therefore, both
ehear resLstance-dlsplacenent and axlal stress-straln conpatlblllty rnust be satlsfled
to evaluate stresses accurately wlthln geos;mthetlc coluponentg of llnlng or cover
systeEs.
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alysis of a Large Database of GCL Internal Shear Strength
Results

Jorge G. Zornberg, M.ASCEI; John S. McCartney, S.M.ASCE2; and Robert H. Swan Jr.3

: A database of 414 large-scale direct shear test results was assembled to evaluate variables governing geosynthetic clay liner

internal shear strength. The tests were conducted by a single independent laboratory over 12 years using procedures consistent with

testing standards. A wide range of GCL types, normal stresses, and shear displacement rates allowed investigation of the effect of

reinforcement, pore water pressure generation, and sources of shear strength variability. Reinforced GCLs showed higher strength than

unreinforced GCLs, with needle-punched GCLs performing better than stitch-bonded GCLs. Thermal locking of needle-punched GCLs

was found to be effective at high normal stress, but hydration using low hydration normal stress was found to decrease the effectiveness

tlithermal locking. Shear-induced pore water pressures were indirectly evaluated using shear strength results from tests conducted using

irormal stresses above and below that corresponding to the GCL swell pressure. The peak shear strength was found to increase with

decreasing shear displacement rates for high normal stresses, while the opposite trend was observed for low normal stresses. Shear

Strength envelopes showed a bilinear response, with a break at normal stresses consistent with the GCL swell pressure. Good repeatability

of test results was obtained using the same-manufacturing-lot GCL specimens, while comparatively high variability was obtained using

different-lot specimens. Peak shear strength variabitity was found to increase linearly with normal stress, but to be insensitive to specimen

conditioning procedures. Evaluation of reinforced and unreinforced GCL test results indicates that, in addition to reinforcement variability,

bentonite variability contributes to the shear strength variability of reinforced GCLs. Peel strength was found not to be a good indicator

of the contribution of fibers to the GCL peak shear strength.

DOI : 1 0. 1 06 1 (AS CE) 1 090 -024r (200 s) 13 L :3 (3 67 )

CE Database subject headings: Databases; Shear strength; Data analysis; Shear tests; Geosynthetic; Clay liners.

Geosynthetic clay liners (GCLs) are prefabricated geocomposite

materials used in hydraulic barriers as an alternative to compacted

clay liners. They consist of sodium bentonite clay bonded to one

or two layers of geosynthetic backing materials (carrier geosyn-

ttretics). Advantages of GCLs include their limited thickness,

good compliance with differential settlements of underlying soil

or waste, easy installation, and low cost. Stability is a major con-

cern for side slopes in bottom liner or cover systems that include

GCLs because of the very low shear strength of hydrated sodium

bentonite (Mesri and Olson 1970). Proper shear strength charac-

terization is needed for the different materials and interfaces in

hydraulic barriers. In particular, the failure surface of a liner sys-

tem may develop internally (within the GCL), either through its

bentonite core or along the bentonite/carrier geosynthetic inter-
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face. The intemal shear strength of GCLs is the focus of the study

presented in this paper.

Several investigators have evaluated the GCL intemal shear

strength using direct shear and ring shear tests (Gilbert et al.

1996, 1991; Stark et al. 1996; Eid and Stark 1997; Fox et al.

1998; Eid et al.1999). These experimental studies have provided

invaluable insight into the significance of parameters that govern

the shear behavior of GCLs. However, available information on

GCL internal shear strength is still limited to specific ranges of
normal stresses, GCL types, and test conditions. There are three

primary reasons why a comprehensive evaluation of GCL internal

shear strength is still needed. First, the use of tests from different

laboratories may have masked sources of variability, as was the

case in a shear strength database assembled by Stoewahse et al.

(2002) using results from European laboratories. Second, the cur-

rent standard for internal and interface GCL shear strength testing

(ASTM D6243) has only been available since 1998 (ASTM

1998), so tests conducted before the approval ofthis standard may

have not been consistent with current procedures. Third, signifi-

cant costs (large-scale direct shear devices, long time for condi-

tioning and testing) have limited the number of available test

results and precluded evaluations of variability.
A database of 414 large-scale direct shear tests conducted by a

single laboratory was assembled and evaluated in this study to

identify and quantify the variables governing the internal shear

strength of GCLs. This database, referred to as the GCL shear

strength (GCLSS) database, is used to define upper and lower

bounds on peak and large-displacement GCL internal shear

strength. In addition, an analysis of the results in the GCLSS

database allows evaluation of: (1) The performance of GCLs
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Table 1. Summary of GCLs in the GCLSS Database

GCL label GCL product Descriptionu No. of tests reaching r No. of tests reaching 116

B

C

D

E

F

G

H

I

J

Bentomat ST

Claymax 500SP

Bentofix NS

Bentofix NW

Bentoflx NWL

Claymax 200R

Not Marketed

Bentomat DN

Not Marketed

Geobent

Needle-punched W-NW

Stitch-bonded W-W

Thermal-locked, needle-punched W-NW

Thermal-locked, needle-punched NW-NW

GCL D with lower mass of sodium bentonite per unit area

Unreinforced W-W

GCL A with additives to the sodium bentonite

Needle-punched NW-NW

GCL A with adhesive strengthened reinforcements

Needle-ounched W-NW

270

48

26

16

8

13

3

18

8

4

203

26

t3

8

0

t)

0

4

"W = Woven carrier geotextile, NW: Nonwoven canier geotexile.

manufactured using different types of reinforcement, (2) pore

water pressures during shearing (indirect evaluation), and (3) the

GCL internal shear strength variability.

Database

Data Source

The large-scale direct shear tests in the GCLSS database were
performed between 1992 and 2003 by the Soil-Geosynthetic In-
teraction laboratory of GeoSyntec Consultants, currently operated
by SGI Testing Services (SGD. SGI is an accredited testing facil-
ity with significant consistency in its testing procedures. It should
be noted that procedures used for GCL direct shear tests con-
ducted by SGI over the period 1992 to 2003 are consistent with
ASTM D6243 (ASTM 1998), even though this standard was only
approved in 1998. Most tests in the GCLSS database were con-
ducted for commercial purposes and, consequently, the testing
characteristics and scope was defined by project-specific require-
ments. A few additional tests were conducted specifically for this
investigation in order to complement tests conducted using differ-
ent shear displacement rates and to incorporate peel strength re-
sults in variability analyses. Test conditions reported for each se-

ries in the GCLSS database include specimen preparation and
conditioning procedures, hydration time (rr), consolidation time
(t"), normal stress during hydration (cr1), normal stress during
shearing (o,), and shear displacement rate (SDR).

Materials

Direct shear tests in the GCLSS database were conducted using
ten commercial GCL products (nine reinforced, one unrein-
forced). Table 1 provides the designation of the GCLs used in this
study (GCL A to .I), the product name, and a short description of
the reinforcement characteristics and carrier geotextiles. An im-
portant objective of this study is the comparison of shear strength
results among different types of GCLs. Unreinforced GCLs are

used in applications where high shear strength is not required,
while reinforced GCLs (e.g., stitch-bonded needle-punched
GCLs) are used otherwise. The unreinforced GCL investigated in
this study (GCL F) consists of an adhesive-bonded bentonite
layer held between two woven polypropylene geotextiles. The
stitch-bonded GCL investigated in this study (GCL B) consists of
a bentonite layer stitched using synthetic yarns between two
woven polypropylene canier geotextiles. The needle-punched
GCLs investigated in this study (GCLs A, C, D, E, G, H,l,

and "I) consist of a bentonite layer between two (woven or non-

woven) carrier geotextiles that is reinforced by pulling fibers

through using a needling board. The fiber reinforcements are typi-
cally left entangled on the surface of the top carrier geotextile.

Since pullout of the needle-punched fibers from the top carrier
geotextile may occur during shearing (Gilbert et al. 1996), some

needle-punched GCL products (GCLs C, D, and E) were thermal

locked to minimize fiber pullout. Thermal locking involves heat-

ing the GCL surface to induce bonding between individual rein-

forcing fibers as well as between the flbers and'the carrier geo-

textiles (Lake and Rowe 2000). For simplicity, thermalJocked

needle-punched GCLs will be referred to simply as thermal-

locked GCLs in this paper.

Testing Equipment and Procedures

The large-scale direct shear tests conducted in this study used

large direct shear devices each containing a top and bottom shear

box. Typically, the top shear box measured 305 mm by 305 mm in
plan and 75 mm in depth. The bottom shear box measured 305

mm by 355 mm in plan and 75 mm in depth. For the GCL internal
direct shear tests, the bottom shear box was sectioned down to
plan dimensions of 305 mm by 305 mm. A constant SDR was

applied to the bottom shear box using a mechanical screw drive

system and the resultant shear load was measured on the top shear

box using a load cell. The direct shear devices used in this study

were capable of applying normal stresses from 2.4 to 3,000 kPa

during shearing. Dead weights were placed above the GCL in
tests conducted under low normal stresses, while an air bladder or

a hydraulic cylinder were used to exert a norrnal force between

the GCL and a reaction frame in tests conducted under relatively
high normal stress. A load cell was used to measure the normal

load. The accuracy of the normal stress application device and

calibration of the load cells were verified at least every year as a

part of a laboratory accreditation program.

A detail of the specimen configuration for GCL internal shear

strength testing is shown in Fig. 1(a). A water bath may be used

for testing GCLs under submerged conditions, although most tests

in the GCLSS database were conducted without a water bath. For

each test, a fresh GCL specimen was trimmed from the bulk GCL
sample. The internal strength testing of the GCL specimen in-
volved constraining the GCL specimen so that shearing could

only occur within the bentonite component of the GCL. The

specimen was constrained by bonding the two carrier geotextiles

to porous rigid substrates using textured steel gripping surfaces.

Extensions of each canier geotextile were secured using a second

aao / rnt tDNrAt nE nEnTEnuNrrn r Antn nrnEf,r\/rbn^tirE^lTAl EIlnlNlEEOlNl/: 
'6! 

Ae^tr / [rAAnL.l tnnq



Upper canier
geotextile

Textured steel

gripping surfaces

Reaction frame

GCL

Screw drive
mechanism for
shear force

Normal force Porous rigid

Porous rigid
substrates

Air bladder tnw-friction bearings water during the specified fp. This assembly was then transferred

to the direct shear device. 01, wos often specified to equal the

shearing normal stress (o). However, if o7, was less than o, (e'9.'

to simulate field conditions representative of bottom liners), the

norrnal stress was slowly ramped up to on, and pore pressures

were allowed to dissipate during a consolidation period (r").

Shearing was conducted after GCL conditioning by applying

the shear load under a constant SDR. The shear force was re-

corded for increasing shear displacement. The maximum shear

stress was identified as the peak shear strength (to), and the shear

stress at the end of testing was identified as the large-

displacement shear strength (rt). Table 1 shows the number of

tests used to define ro and 116 of each GCL. t6 was reported only

when the post-peak shear stress reached an approximately con-

stant value within the maximum displacement of the test device

(75 mm). In some cases, shearing was discontinued after reaching

the peak value because the test, conducted for commercial pur-

poses, did not require post-peak assessment. In other cases, a peak

shear strength value was reached, but partial separation of the

reinforcements from the carrier geotextiles after reaching the peak

led to an unrealistically high 116, especially at low normal stress'

As will be discussed below, the particular mode of shear failure of

stitch-bonded GCL B generally did not allow shearing beyond the

peak value.
SDR in the field is anticipated to occur slowly, which is con-

sistent with drained conditions (Gilbert et al. 1997). The SDR

used for most tests in the GCLSS database is 1'0 mm/min' While

relatively fast for guaranteeing drained conditions, a SDR of

1.0 mmi min is typically used in engineering practice because of

time and cost considerations. Additional tests were sheared using

slower rates (as low as 0.0015 mm/min). Shearing was typically

terminated when a displacement of 75 mm, or an approximately

constant t16 valuo, was reached. Consistent with observations re-

ported by Gilbert et al. (1996) and Fox et al. (1998), dismantling

of the needle-punched thermal-bonded and unreinforced GCL

soecimens indicated that failure occurred typically through the

interface between the bentonite and the carrier geotextile' The

carrier geotextiles were always found to contain extruded bento-

nite. In the stitch-bonded GCL B specimens, the continuous fibers

stretched during initial shearing. However, once the continuous

fibers became fully stretched, continued shear displacement often

led to rupture of the fibers or tearing of the carrier geotextiles at

the threaded connections. Despite the particular arrangement of
fiber reinforcements in stitch-bonded GCLs, observation of the

specimens after testing did not show slippage of the woven geo-

textiles at the interface with the gripping system.

Analysis of Results from Different GCL Materials

A total of 32 failure envelopes (FEs) were deflned considering the

different GCL types and test conditions used in this investigation'

A total of 385 of the 414 test results were used, while 29 test

results did not have similar conditioning procedures to any of the

32 defined failure envelopes. Table 2 summarizes the test condi-

tions, the approximate range of o,,, and the friction angle and

cohesion intercept defining the ro and t14 envelopes' In some

cases, the intemal shear strength was also characterized using a

bilinear FE. The square root of the mean-squared error of the

linear regression, which is considered the standard deviation of

the linear regression (Helsel and Hirsh 1991), was calculated as a

measure of the spread of data around the best-fit lines:

Water
reservolr
(optional)

Lower carrier
geotextile

1. Direct shear device: (a) Load application configuration; and

imen detail

rigid substrate as shown in Fig. 1(b). The textured steel

ing surfaces were employed to minimize slippage between

carrier geotextile and the porous rigid substrate. Fost-test

ination of the sheared GCLs indicated that slippage did not

between the GCL and the grips, suggesting a uniform shear

transfer onto the GCL sPecimens.

of specimens plays an important role in GCL

shear strength testing as moisture interactions should

couectly those anticipated in the field. GCL conditioning

ves hydration and (in some cases) subsequent consolidation

the sodium bentonite. Pore water pressures in the sodium ben-

te of the GCLs tested in this study are negative for typical
(as received) moisture conditions. Hydration of the sodium

ite leads to reduction of the negative pore water pressures

vertical swelling. Changes in pore pressures and vertical de-

were not measured during GCL conditioning or shear-

Although this is consistent with the cunent state of the prac-

and ASTM (1998), measurements of vertical deformation

specimen conditioning and shearing would have allowed

of bentonite hydration by using conventional methods

estimate the deeree of consolidation (Gilbert et al. 1997). Con-

, hydration of the bentonite was only assessed in this
study by the reported hydration time. Although hydration times as

high as 250 hs may be required to reach full hydration, hydration
times beyond 72 hs have been reported not to significantly in-

the GCL water content, especially under high on (Stark and

1996). The hydration process used in this study involved
typically a two-stage procedure similar to that reported by Fox et
al. (1998). The specimen and rigid substrates were placed under a
specified oe outside the direct shear device and soaked in tap
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Test conditions:

on = 310.3 kPa

\=168hs
t"=48hs
SDR= 0.1 mm/min

70
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E60
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Tcst oonditions: GCL B . I
h=163hs or=20.7kPa

t"=48 hs SDR=0'l mm/min. . . .''
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Fig. 3. Displacement at peak shear strength as a function of on for

GCLs A,B, and C
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Displacement, mm
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2. Shear stress-displacement curves for different

A (needle punched), B (stitch bonded), and C

; and (b) GCL F (unreinforced)

displacement at peak for GCL B is significantly-larger than that

oU**"d for GCL A. The post-peak behavior of GCL B could not

be evaluated since this GCL did not reach a steady large-

dirplu""-"nt strength value at the maximum displacement of the

;;;". Thermal-locked GCL C shows a behavior similar to that

oi n""ate-punched GCL A, although the to value is below that

oUoin"a for GCLA. GCLs A and C were reinforced using similar

n""ai"-pun.ting techniques and have the same specified peel

;;;;d (e.s N7t"). consequentlv, ditrel1nce1n their behavior

ur" ui,.iuot"a to the effect oi thermal locking' Comparison of the

;;;p"^" of the two GCLs, tested under identical conditions' sug-

g"i. tttut thermal locking did not lead to the expected increase in

shear strength

Fig. 2(bJ shows shear stress-displacement curves for GCL F

(unreinfoicea) tested under hydrated and unhydrated conditions'

Although a direct comparison of ro is, not- possible as the speci-

*"n, i"." tested using different on' the results indicate that the

irvi#J ccl- has loier ro and 
"lu Tln the unhvdrated GCL'

Both specimens, however, 
'ho* 

u significantly lower ro than that

ouoln"oforreinforcedGCLs.Thedisplacementatpeakofunre-
inforced GCLs is consistent with displacement at the yield stress

obs"ru"dforGCLB.However,thedisplacementatpeakofunre-
inforced GCLs is significantly lower than the one obtained for the

reinforced GCLs. Wtrile boih hydrated and unhydrated unrein-

forced GCLs show post-peak shear strength loss' the hydrated

GCL upp"u., to reach residual conditions at lower shear displace-

ment than the unhYdrated GCL'

Fig. 3 summarizes the displacementat peak for the three tests

.fro*i in Fig. 2(a) along with results from additional tests con-

Jucted undei two additlonal on values (34'5 and 137'9 kPa)'

GCLs A and B show increasing displacement at peak with in-

.t"^ing o,, while the displacement at pe.a^k for GCL C is appar-

ently in-sensitive to on. GCL B shows significantly larger displace-

rn"* * peak than the other GCL types' which may be particularly

relevant for displacement-based stauitity analyses (e.g', for seis-

mic design)' Foi example, if the design criterion requires a maxi-

mum shear displacement of 50 mm for a on=310'3 kPa' the re-

rriit i" pig. z(a) indicate that to would govem the design if GCL

B is selected, but 116 would n""h to be considered if GCLs A ot C

are used.

Overalt lnternal Strength Assessrnent

Fig. a(a) shows the to data for all GCLs in the GCLSS database'

iltistrating the wide iunge of normal stresses at which the GCLs

70

GCLs: (a)

(thermally

(1)

wheres:standarddeviationofthelinearregression;
ei:difference between the shear strength value and the value on

the best-fit line at the same normal stress; and n:number of data

points in the regression. Since the data summarized in Table 2

iollow approximately a normal distribution around the FEs' a

bound of one standard deviation contains 84Vo of the likely shear

shength values (Helsel and Hirsh 1991)'

Tf,e effect on the GCL internal shear strength of the type of

internal reinforcements is investigated in this section in order to

provide: (1) An evaluation of the shear stress-displacement be-

Lavior of the different GCL types, (2) a preliminary overview of

GCL internal shear strength, and (3) a comparison of GCLs tested

under similar conditioning procedures'

Shear Stress-Disp I acement B eh avi o r

Fig. 2(a) shows shear sffess-displacement .curves 
for GCLs A

(nIeOr" punched), B (stitch bonded), and C (therm{ p.cle$) rne

CiL types were tested using the Try: 9, 
(310 3 kPa)' same

(168 h), rurn" r. (48 h), and same SDR (0'1 mm/min')' GCLA

a'well-dedned ro and a marked g?tt-P:1k th:T t11""{1

loss. Unlike GCL A, Ctl' n shows a rapid initial mobilization of

shear strength until reaching a "yield" stress level, beyond which

a less proriounced hardening takes place until reaching ro' The

Unhydrated(t1=0hs)

o = 68.9 kPa

Hydmted (th = 168 hs)

on = 55.2 kPa

Test conditions:
t":0 hs

SDR= l.0mm/min
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observed for higher on. Inspection of the'results in Figs. 4(b and

d), as well as the information presented in Table 2 indicates that

large-displacement shear strength is approximately independent

of *rle CCL type. Reinforced GCLs tend to show a higher large-

displacement shear strength value than the unreinforced GCLs,

with stitch-bonded GCLs having the lowest large-displacement

shear strength among all reinforced GCLs.
The test results for all GCLs were grouped into ten data sets

based on reinforcement type. Table 3 summarizes the information

for each data set, and provides the parameters for the shear

strength envelopes (c,0) of each data set. The GCL data sets are

used only for preliminary database analysis, as they do not ac-

count for the effect of specimen conditioning on shear strength.

Comparisons of ro values among the ten GCL data sets is aided

by defining the shear strength values calculated using the GCL
data set envelopes at given reference normal stresses. Table 3

includes the values of 156 and r3e6 for each data set, which are the

average shear strength values at on=50 and 300 kPa, respectively.

These reference normal stresses are representative of normal

stress values for landfill cover and liner systems, respectively. In
order to quantify the variability of the shear strength for each

GCL data set, the range of shear strength values was defined for
each reference normal stress. Specifically, the lowest and highest

shear strength values were defined using the individual failure

envelopes (FE in Table 2) of each data set. Additional information
is provided by McCartney et al. (2002).Inspection of the.r5e and

r36s v&lueS shown in Table 3, leads to the following observations

regarding the intemal peak shear strength of GCLs under low and

high normal stresses:
. The peak internal shear strength of all GCLs in the database

(Set SS1) can be characterized by a cohesion intercept of
38.9 kPa and a friction angle of 18.0o. However, there is a

significant scatter in the results both under comparatively low
normal stresses (t5e ranges from 13 to 71 kPa) and compara-

tively high normal stresses (r3ss ranges from 36 to 241 kPa).

The most frequently tested GCL in the GCLSS database is

GCL A (Set SS2, 270 tests), which has peak internal shear

strength that can be characterized by a cohesion intercept of
46.6 kPa and a friction angle of 18.7". Less scatter is observed

in the shear strength of GCLA than that observed for all GCLs

both under comparatively low normal stresses (t5s ranges

from 48 to 66 kPa) and high normal stresses (r3s0 ranges

from 117 to 195 kPa).
. As expected, the peak intemal shear strength of reinforced

GCLs (Set SS3) in consistently higher than that of unrein-

forced GCLs (Set SS4) both under low normal stresses

[r5e(Set SS3)=57 1pu and r5e(Set SS4)= 19 kP.1 and

high normal stresses [t3es(Set SS3)=139 1pu and

r3so(Set SS4)=35 LPu1.
. The peak internal shear strength of needle-punched GCLs (Set

SS5) is consistently higher than that of stitch-bonded GCLs
(Set 556) both under low normal stresses [r5s(Set SS5)

=58 kPa and t5s(Set 556)=33 kPa] and high normal stresses

It3so(Set SS5)=149 kPa and t36e(Set 556)=Sg kPal. The dif-
ference is less significant under low normal stresses because

stitch-bonded GCLs show some cohesion (cr=29.5 kPa), but

is more significant under high normal stresses due to the low
friction angle ($o=5.6';.

. The peak internal shear strength of needle-punched GCLs with
woven-nonwoven (W-NW) carrier geotextile configurations
(Set SS7) is similar to that of needle-punched GCLs with
NW-NW carrier geotextiles (Set SS8) under low normal

stresses frro(Set SS7)=58 kPa and r5s(Set SS8)=53 16pu1.
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Fig. 4. Shear strength results for all geosynthetic clay liners: (a) peak

shear strength values; (b) large-displacement shear strength values;
(c) peak shear strength (scaied); and (d) large-displacement shear

strength (scaled)

were tested and the significant scatter in the data. Similarly, Fig.
4(b) shows the 116 data for all GCLs in the GCLSS database,

illustrating that the range of rld values is significantly nanower
than the range of r, values. As most data points shown in Figs.
4(a and b) conespond to comparatively low on, Figs. 4(c and d)
show a detail for o,, values below 100 kPa. The results shown in
Fig. 4(c) reflect the relevance of using a cohesion intercept to
characterize ro at low o,,. Inspection of the standard deviation s

values in Table 2 indicates that the s(tr) for unreinforced GCLs
(FE 24 and 25) is less than that for reinforced GCLs. Fig. 4(d)
shows that the trend in 116 for low on is consistent with the trend

. Rcinfmed OCL6

o Uueinforc€d GCLS

a

iltl "

r Reinforced GCLs
o Unreinforced GCLs
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However, needle-punched GCLs with W-NW carrier geotex-

tiles showed a lower peak shear strength than those with

NW-NW carrier geotextile configurations under high normal

stresses [troo(set ssl)=145 kPa and t3se(Set SS8)=172 Lpui'

. Needle-pun.n"a CClt that were not thermal-locked (Set SS9)

showed higher peak internal shear strength under low normal

stresses than those that were thermal-locked (Set SS10)

lr5s(Set SS9)=53 kPa and r56(Set SS10)=54 kPa]' However'

itr" opposit" trend is observed under high normal stress

["3r(Set SS9)=146 kPa and t3so(Set SS10)=159 kPa]' This

nnaing suggests that thermal locking of the fiber reinforce-

ments is more effective under high normal stresses'

Unlike comparisons of to values, comparisons of 116 values

among the 10 data sets can be conducted by direct comparison of

the laige-displacement friction angles' This is because the cohe-

sion iritercept of large-displacement shear strength envelopes is

negligible (Gss than 20 kPa). Inspection of $16 values shown in

f'u[tJ: leads to the following observations regarding the internal

large-displacement shear strength of GCLs:
.-Th"large-displacementshearstrengthofunreinforcedGCLsis

consistently lower than that of reinforced GCLs

[$16(Set SS+;=5.3" and $6(Set SS3)=7'3"1'
. i't"'.ung" of large-displacement shear strength for the rein-

forced GCLs data sets in Table 3 is narrow ($14 ranging from
'.-.6o to 9.0"). However, the wider range of large-displacement

shear strength observed for the individual failure envelopes of

reinforced 
-CCLt 

in Table 2 ($q6 ranging from 4'0o to 13'7")

indicates that the variability in large-displacement'shear

strength should be considered,

Assessment of Shear Strength of GCLs Tested under

the Same Conditioning Procedures

The assessments using r59 and t3s0 allow direct comparison

among the shear strength values of different GCL types under

repres=entativenormalstresses.However,shearstrengthcharacter-
ization for design purposes requires the definition of shear

strength envelopes that iccount for the potential effect of GCL

conditioning. Comparisons between GCLs tested under similar

conditions are discussed below. Additional analyses are provided

by McCartneY et al. (2002).

Fig. 5(a) shows the ro envelopes for GCLs A (needle-

pundi"d;, n (stitctr-Uonded), and C (thermalJocked) tested under

,h" su."'on izq.s, t21.g,310.3 kPa), /, (168 hs), t. (24 hs), and

SDR (0.1 *-ltnin). Typical shear stress-displacement curves for

some of these tests are shown in Fig' 2(a)' Contrary to the obser-

vations made in the overall shear strength analysis' the needle-

punched GCL A shows higher ro than the thermal-locked needle-

punched GCL C for the }uil range of normal stresses (34'5 to
^:tO.S 

kPu). The thermal-locked GCL C appears to have been

detrimentaily affected by the long hydration time (tr,=168 hs)

under the low hydration normal stress of (on=20'7 kPa)' Pullout

of fibers may have occurred from the woven geotextile of GCL C

during bottr- hydration and shearing' The fibers in GCL A are

typica'lly left entangled on the surface of the woven geotextile' so

siiniflcant swelling or shear displacement is required for pullout

oi*r" fib.r, from the carrier geotextile' On the other hand' the

fibers in GCL C are melted together at the surfaces of the carrier

geotextiles. This is consistent with the results reported by Lake

Ind Rowe (2000), who observed that the melted fibers still pull

outofthewovencarriergeotextiledespitethermaltreatmentdur-
ing hydration and shearing' Consistent with trends observed using

the overall shear strength assessment, the stitch-bonded GCL B
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h = 168 hrs

or, = 20'7 kPa

L=48hfs
SDR = 0.1 mm/min

CCL A. FE 7

ccl-c-FE18

GCLB . FE 15

GCLF-F825
F-FE24

250 of the commercial tests in the GCLSS database, some results

provide indirect insight into the shear:induced pore water pres-

sures. Such insight is provided by evaluation of direct shear tests

conducted using different SDRs and of shear strength envelopes

obtained for a wide range of oo. Although the behavior of GCLs

under comparatively low on has been reported in the technical

literature, the response of GCLs under comparatively high on has

not been thoroughly investigated so far, probably due to experi-

mental difficulties. Of particular interest in this study is the com-

parison between the behavior of GCLs tested under o, below and

above the swell pressure of the GCL. The swell pressure has been

defined as the normal stress at which the sodium bentonite in the

GCL does not swell beyond its initial thickness (Petrov et al.

1997). Petrov et al. (1997) reported swell pressures ranging from

100 to 160 kPa for thermal-locked GCLs, while lower values

were reported by Stark (1997) tor one test conducted using a

needle-punched GCL. Pore water pressures generated during

shearing are iqdirectly investigated herein by comparing the re-

sponse of tests conducted under comparatively low and high on.

Evatuation of the Eftect of Shear Displacement Rate

The effect of SDR on t, and t16 has been reported by Stark and

Eid (1996), Gilbert et al. (1997), Eid and Stark (1997), Fox et al.

(1998), and Eid et al. (1999), These studies, which primarily fo-

cused on the response of tests conducted under relatively low on,

reported an incieasing to with increasing SDR. The GCLSS da-

tabase allows analysis of the effect of SDR on internal shear

strength using tests conducted under o, values beyond those re-

ported in previous studies. Fig. 6(a) shows the results of tests on

GCL A conducted under comparatively low o, (50 kPa) using the

same test conditions (tr,=24hs, o1,=ont L=0 hs), but varying

SDRs (0.01, 0.5, 1.0 mm/min). Consistent with the trend reported

in past studies for tests conducted under low on, the results show

an increasing to with increasing SDR. Fig. 6(b) shows the results

of tests on GCL A conducted under high o, (520 kPa) using the

same test conditions (tn=372 hs, or=496.3 kPa, /.=43 hs), but

varying SDRs (0.0015, 0.01, 0.1, 1.0 mm/min). Unlike the trend

shown in Fig. 6(a) for tests conducted under low on, the results in
Fig. 6(b) show a decreasing ro with increasing SDR. The results

in Figs. 6(a and b) suggest that the large-displacement shear

strength appears to approach residual conditions toward the end

of the test conducted with high SDR (1.0 mm/min) test while the

tests conducted at lower SDRs have not reached this condition at

the end of testing.

Fig. 6(c) summarizes the peak shear strength results from Figs'

6(a and b), and includes additional tests conducted to verify the

repeatability of results. The value of ro decreases at a rate of
approximately 15 kPa per log cycle of SDR for tests conducted at

0,=520 kPa, while it increases at a rate of approximately 12 kPa

per log cycle of SDR for tests conducted at on=JQ kPa. Varying

SDR appears to have a similar effect on tn for the on values

shown in the figure (e.g., 10 to 15 kPa per log cycle). However, it
should be noted that this corresponds to significant changes in to
for GCLs tested at on=50 kPa (approximately 40Eo decrease per

log cycle of SDR while it corresponds to smaller changes in r, for

GCLs tested at on=J/Q kPa (approximately 107o increase in

shear strength per log cycle of SDR). Based on these observa-

tions, if design is governed by to, test specification involving
comparatively high are acceptable ifthe on ofinterest is relatively

high. as the test will lead to conservative (i.e.. lower) shear

d l)U

P 100

100 200 250 300

on, kPa

Test conditions for GCLS A and C:

h=168hrs L=48hrs
cr, = 20.7 kPa SDR = 0.1 mm/min

F-F824 ccLA-FE7

- 4 - - - -, --- =;49:Lj: 1E-11 - *
g-";:=;-==aa--Y--- -- cclr-re zs

50 100 t50 200 250 300 350 400 450 500

on, kPa

Fig. 5. Comparison of failure envelopes for needle-punched
(GCL A), stitch-bonded (GCL B), thermal-locked (GCL C), and

unreinforced (GCL F') GCLs: (a) peak shear strength; and (b)

large-displacement shear strength. Note: When multiple shear

strength results are available for a given ou, the data points in the

figure correspond to the average shear strength value.

shows the lowest ro among the differeirt reinforced GCLs. Fur-
ther, consistent with observations reported by Fox et al. (1998),

the continuous fiber reinforcements in GCL B did not break dur-
ing shearing. Instead, the continuous fiber stitches tore the woven
carrier geotextile while reaching comparatively large (posrpeak)
shear displacements. The relatively low reinforcement density
(only three lines of stitching in a 305 mm wide specimen) as well
as the transfer of shear stress from the stitches to the carrier
geotextile during shearing probably contributed to the low ro of
GCL B. Fig. 5(b) shows the 116 envelopes for the same cases.

Similar to the observations for ro, the needle-punched GCL A has

higher rla than the thermal-locked GCL C.

Also included in Figs. 5(a and b) are the ro and t16 envelopes
for unreinforced GCL F. The hydration conditioning for tests con-
ducted under comparatively low and high on (below and above
approximately 60 kPa) are different. The GCL tested under low
on is hydrated, but shows a higher friction angle than the unhy-
drated GCL tested under higher on. Despite the differences in
GCL conditioning between the tests on unreinforced specimens,
both r, and t16 for GCL F are significantly below those obtained
for reinforced GCLs.

lndirect Evaluation of Pore Water Pressures
Generated during Shearing

Direct measurement of pore water pressures generated during
shearing poses significant experimental challenges and has not
been successfully accomplished to date (Fox et al. 1998). While
direct measurement of pore water pressures was beyond the scope

150

(a)

250

200

F l5o
J

F roo

(b)
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Fig. 7. Effect of shear displacement rate on the peak and large-

displacement shear strength of needle-punched GCL A

GCLs (Gilbert et al. 1997). On the other hand, shear-induced pore

water pressures are expected to be positive in tests conducted

under high o, (i.e., above the swell pressure of GCLs). In this

case, increasing SDR will lead to increasingly positive pore water

pressures and thus lower ro.

Since no shear-induced pore water pressures are expected

(positive or negative) for constant volume conditions, the same

residual shear strength is anticipated for different SDRs. Eid and

Stark (1999) reported that residual shear strength results were

insensitive to SDRs, while Fox et al. (1998) found a slightly

increasing strength with increasing SDR for a normal stress of
72.2kPa. Although residual shear strength was not achieved for
the tests reported in Figs. 6(a and b), the tests conducted using

higher SDR showed post-peak shear strength loss at compara-

tively smaller shear displacement values. A consequence of this

observation is that, if design is govemed by large-displacement

shear strength, direct shear tests conducted using high SDR

should be adequate for preliminary intemal shear strength char-

acterization.

Indirect Evatuation of Pore Water Pressures from
Shear Strength EnveloPes

Fig. 7 shows FE 8, which includes three tests that were hydrated

under a constant low o1 for more than 48 hs. The normal stress

was subsequently increased in stages from o1 to o,, during a pe-

riod of over 540 hs. The specimens were finally sheared using a

SDR of 0.0015 mm/min. Determination of the three data points

for FE 8 required approximately one year of direct shear testing'

For comparison, Fig. 7 also includes data from tests conducted

using a SDR of l.0mm/min (FE 4) The results in this figure

allow investigation of the cumulative effect of conditioning and

SDR on the internal shear strength of GCL A. For instance, de-

spite the different hydration and consolidation procedures of the

three tests in FE 8, a well-defined linear failure envelope was

obtained (R2=0.988). Also, for the range of o,, shown in this

figure (above the swell pressure of GCLs), the trends are consis-

tent with those observed in Fig. 6. That is, the differences in

r^ between FE 4 (SDR= 1.0 mm/min) and FE 8

lSln=O.OO1S mm/min) are more significant at higher on be-

cause of higher positive pore water pressures induced in FE 4'

The direct shear tests corresponding to FE 4 and FE 8 appear to

be approaching residual conditions toward the end of the test' The

rld envelopes suggest that the residual shear strength is approxi-

mately insensitive to the different conditioning procedures and

different SDRs.

Additional insight on shear-induced pore water pressures can

20
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400
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100

o" = 520 kPa

h=3l2hs
or = 496.8 kPa

!=4Ehs

3 tests

on = 50 kPa 4 tests

h=24hs

t"=0hs

0

0.001 0.01 0.1

Shear displacement rate, mm/min

Fig. 6. Effect of shear displacement rate (SDR) on peak shear

strength of needle-punched GCL A: (a) shear stress-displacement

curves for tests under low on (50 kPa); (b) shear stress-displacement

curves for tests under high o, (520 kPa); and (c) summary trends of
peak shear strength as a function of SDR

strength values. However, tests should still be specified with suf-

ficiently low SDR (e.g., 0.1 mm/min) if the on of interest is rela-
tively low

Explanations proposed to justify the trend of increasing to
w.ith increasing SDR observed in previous studies, conducted

under relatively low on, have included shear-induced pore water
pressures, secondary creep, undrained frictional resistance of ben-

tonite at low water content, and SDR-dependent pullout behavior
offibers during shearing. However, the results obtained from tests

conducted under both low and high on suggest that the observed

trends are consistent with the generation of shear-induced pore

ter pressures. Shear-induced pore water pressures are expected

be negative in tests conducted under low on (i.e., below the

I pressure of GCLs). Consequently, increasing SDR will lead

to increasingly negative pore water pressures and thus higher to.
This trend was also observed for tests conducted on unreinforced

(c)
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may prove relevant for reliability_based limit equilibrium analy-
ses (Mccartney et al. 2004). potentiar sources of GCL internal
shear strength variability include: (l) Differences in materiar
types (type of GCL reinforcement, carrier geosynthetic), (2)
variation in test results from the same laboratory (repeatability),
and (3) overall material variability. In turn, the overall material
variability includes more specific sources such as: (3_a) Inherent
variability of fiber reinforcements, and (3-b) inherent variabilitv
of sodium bentonite. The source of variability (l) listed above is
not addressed in this study since only the variability ofindividual
GCL types is evaluated. The sources of variability (2) and (3) are
assessed in this study using data presented in Table 4. This table

,presents a total of seven sets identified for assessment of shear
strength variability. Each data set includes tests conducted usins
the same GCL type, same conditioning procedures, and same oj

Repeatability of Test Besu/fs Obtained from the Same
Laboratory

The source of variability (2) can be assessed by evaluating SetsVl and V2 in Table 4, which includes the results of tests con_
ducted by a single laboratory using specimens collected from a
single manufacturing lot tested with the same conditioning proce_
dures and same crn. Although the size of manufacturing lots is not
standardized, it typically involves a set of rolls produced in a
shift, day, or even week. Fig. 9 shows shear stress_displacement
curves for GCL A specimens obtained from rolls of the same lot,
which were tested by the same laboratory using the same oz.
Although the number of tests is small, these results illustrate that
good repeatability can be achieved in the stress_strain_strength
response when tests are conducted in the same laboiatory using
same-lot specimens. As indicated by Table 4, the maximum rela_
tive difference between these tests is less than 6Zo, which is sig_
nificantly smaller than the rerative difference associated with
different-lot GCLs presented in the next section.

Overall Material Variability

The source of variability (3) may be assessed by evaluating Sets
V3 through V7 in Table 4. Unlike the results for Sets Vl and V2
shown in Fig, 9, the GCL specimens in Sets V3 through V7 were
obtained from different manufacturing lots. For each set, Table 4
indicates the mean values for ro and 116 [f(rr) and E(t6)], their
standard deviations [s(rr) and s(r16)], their coefficient of variation
c.o.v. values [s(r)/f'(r)], and the maximum relative difference.
Subsets of data sets V3, V4, and V5 (V3a though y3e,y4a
through Y4e, and V5a through V5e), in Table 4 include the shear
strength variability data conesponding to the manufacturing year
of each of the GCL specimens. The maximum relative differences
for Sets V3 through V7 (approximately 55Vo) are significantly
higher than those obtained for tests using same_lot CCL speci_
mens (67o). Sets V3, V4, and V5 include data from 141 intirnal
shear strength tests on GCL A conducted using the same test
conditions (tn=168 hs, r"-48 hs, SDR=0.1 mm/min) and three
different normal stresses (o,=34.5, 137.9,310.3 kpa). Evaluation
of statistical information on the r, results for these three sets
shows an increasing s(ro) and a rblatively constant c.o.v. with
increasing on, which indicates that peak shear strength variability
increases linearly with on. The c.o.v. and maximum relative dif_
ference values are approximately 0.25 and 55Va, wluch are sis_
nificantly high values for engineering materials. Fig. l0(a) shoJs
the ro envelope defined using the mean values of the 14i direct
shear test results (Sets V3, V4, and V5 in Table 4). This figure

?{n

1000 1500

be obtained from evaluating shear strength envelopes in the
GCLSS database that include tests conducted using o, ranging
from values below to values above the swell pr"rrur" of Cdf-i
Fig. 8. shows ro and 116 results for tests on CCf l, (FE 4) con_
ducted using /a=48 hs, c1r=oat t"=0 hs, and SDR=1.0 mm/min.
The intemal shear strength envelope shown in the figure was
defined using 40 direct shear tests. some tests were conducted
using on as high as 2,159 kpa, which corresponds to stresses
expected in bottom liners of high landfills or heap leach pads.
Tests on GCLs under such high o, have not been ."po.t"d in
previous investigations. A linear envelope does not provide a
good representation 

^of 
ro over the wide range of on encompassing

the swell pressure of the ccL, which is consistent'with nonlineai
envelopes reported for GCLs (Gilbert et al. 1996; Fox et al.
1998), and for sodium montmorillonite (Mesri and Olson 1970).
The GCL and unreinforced sodium bentonite are expected to be

Qh: ffi;Lfls ::ffi * iTfu;:::ffi ,li$#'":'#
Linear envelopes fit the ro data well for o, below approxirirately
100 kPa (c=14.4 kP4 $=35.4") and for on above aiproximate(
200 kPa (c=102.4 kPa, S=11.9.). A transition ,o*- upp"*, to
take place for on ranging from 100 to 200 kpa, whichls within
the reported range of GCL swell pressure. The bilinear trend is
not caused by a change in fiber failure mechanisms (from pullout
to breakage), as the normal stress needed to induce breakage of
the polypropylene fibers is well above that of typical geotech-nical
projects (Zomberg 2.002).The r.16 envelope is witt represented by
a linear envelope characterized by a friction angle of 6.3, ani
negligible cohesion intercept (ro=l6.2kpa). Other GCLs in the
database, tested under a wide range of on (e.g., FE 16 and 21),
show a similar bilinear re response.' Consistent wirh the results obtained for varying SDR, the
break in the bilinear trend in ro is in agreement with the genera_
tion of negative and positive excess pore water pressures in tests
conducted using on below and above the swell piessure of GCLs,
respectively. The linear trend obtained for .116 iwide range of o,
is also in agreement with the negligible por" *u,", pressures ex_
pected under large-displacement conditions.

Variability

on, kPa

Fig. 8. Typical shear strength envelopes for needle_punched GCLA
obtained using a wide range of o,

he number of test 
^results 

in the GCLSS database is large enough
J provide a basis for assessment of intemal shear strength vari_
rility. Considering the composite nature of GCLs, the analvses

presented herein allow both identification and quantification of
different sources of shear strength variability. This information
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on:386.1 kPa Testoonditions:
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Fig. 9. Repeatability of test results on needle_punched GCL A
specimens from rolls taken from the same lot

illustrates the significant scatter of results from tests conducted
using the same GCL type and test conditions, but using specimens
from different GCL A lots. Fig. 10(b) shows idealized normal
probability density distributions for ro at each crtr, obtained using
the mean and standard deviation foi the shear strength data of
Sets V3, V4, and V5. These probabitity distributions quantify
statistical information on ro, which is useful for reliability-based
design. Table 4 also includes sratisrical information ,.gurjing 

",0.Although rld may not be fully representative of the residual shear
strength, the c.o.v. of 116 is relatively high (up to 0.30), which
indicates that the variability in large-displacement shear strength
is not less significant than that of peak shear strength.

The l4l GCL specimens in Sets V3 through V5 were received
between January 1997 and May 2003. The c.o.v. and maximum
relative difference for each of the subsets of Sets V3 to V5 are
typically lower each year than for the overall multiyear data sets.
For example, the overall c.o.v. for Set V3 is 0.29 while the c.o.v.
values for Subsets V3a through V3d range from 0.0g to 0.19. Fie.
ll shows the shear strength variability for each manufacturirig
year. A slight decreasing trend in the mean value of the peak sheai
strength is observed with each subsequent GCL manufacturins
year. However, a decreasing trend in the standard deviation value
of the peak shear strength is also observed with each subseouent
GCL manufacturing year for high normal stresses (..g., o,
=137.9 and 310.3 kPa), which may reflect an improvemenr over
time of manufacturing quality assurance p.ogrurnr.

Test conditions:

Total of 47 tests at each on

tr, = 168 hs o5 = 20.1 kPa

L=48hs SDR=0.1 mm/min

a
t
t

Year GCL manufactured

Fig. 11. Peak shear strength of GCL A for different manufacturine
years

Set V6 in Table 4 includes variability data from a set of 19
direct shear tests conducted using the same GCL tested in Sets V3
through V5 (GCL A, manufactured in 1997), but different test
conditions (tt=48 hs, /,=0 hs, SDR=1.0 mm/min, on=9.6 kpa).
The c.o.v. and maximum relative difference for Set V6 are similar
to those for Sets V3 through V5 despite the shorter time allowed
for conditioning (to=24 hs). This suggests that specimen condi-
tioning is not a major source of inherent material variability.

lnherent Variability of Fiber Beintorcements

Peel strength results have been reported to provide an.index of the
density (and possibly the contribution) of fiber reinforcements in
needle-punched GCLs (Heerten et al. 1995, Eid and Stark 1997).
Consequently, an assessment is made herein of the usefulness of
peel strength as an indicator of the fiber contribution to GCL
internal shear strength. If useful, the peel strength variability
would be an indicator of the contribution of fibers to the variabil-
ity of GCL shear strength fsource of variability (3-a)]. The peel
strength test (ASTM 1999) involves clamping the carrier geotex-
tiles of a 100 mm wide unhydrated GCL specimen, and applying
a force normal to the GCL plane until separating (or peeling) the
geotextiles. It should be noted that the peel strength test mobilizes
the fibers in a manner that may not be representative of the con-
ditions in which the fibers are mobilized durine shearine.

0.00 0.01 0.02 0.03 0.04 0.05

Probability density

250

200

(a)

10. Variability of peak shear
tioning procedures and on: (a)

cg 150

J
aP loo

s 150
H#
,l too

50

I
Fig.
condi

10050 150 200 250 300 350

on, kPa (b)

0.06

tested using same
strength results obtained using needle-punched GCL A specimens from different lots,
t,, envelope; and (b) normal distributions for r,, at each o,

oo=3l0.3kPa
E(r/ = 166.0 kPa

s(to) = 33.4 kPa

oo: 137.9 kPa

E(rJ = 87.4 kPa

s(r)=22.2k'a
\ on = 34.5 kPa

E(t) = 35.6 kPa

s(ro) = 10.4 kPa
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between Peel strength and rp for needle-

A total of 75 peel strength tests were conducted using GCL A

specimens manufactured in 2002. Specifically, five tests were

conducted using GCL A specimens from 15 rolls (different lots)

manufactured in2002 used for the test results presented in Fig. 10

(Sets V3 through V5 in Tabte 4). The peel strength specified by

the GCLA manufacturer is 6.5 N/m. However, peel strength re-

sults varied significantly (from 4.3 to 225 N/m), with a mean of
12.5 N/m and a standard deviation of 5.51 N/m. The relationship

between peel strength and to obtained using GCL specimens col-

lected from these 15 rolls is shown in Fig. 12. Although a slightly

increasing trend of peel strength with increasing ro can be ob-

served at high crn, the results suggest that ro is not very sensitive

to the peel strength. This is consistent with results reported by

Eisbardson (1997). Consequently, no conclusion can be drawn

*t fr T' # f;1":ffil"l?":x''*"""JJ1i',:[T*:l#
strength fsource of variability (3-a)]. Instead, these results suggest

that mobilization of fiber reinforcement in peel strength tests may

not be representative of the mobilization of fibers in shear tests'

Accordingly, the peel strength appears not to be a good indicator

of the contribution of fibers to to.

lnherent Variability of Sodium Bentonite

The source of variability (3-b) may be assessed by evaluating the

internal shear strength variability of unreinforced GCLs. Set V7

(Table 4) includes variability data from six direct shear tests con-

ducted using an unreinforced GCL (GCL F'). The tests were con-

ducted using a relatively low o,, (9.6 kPa) and the same test

conditions (tn=24hs, l.=48 hs, SDR=1'0 mm/min)' The vari-

abiiity of direct shear test results for unreinforced GCLs is useful

to assess the variability of the bentonite shear strength contribu-

tion to the shear strength of reinforced GCLs. It should be noted

that adhesives are mixed with the sodium bentonite, but they have

been reported to have little effect on the GCL internal shear

strength once hydrated (Eid and Stark 1997). The c.o.v. and maxi-

mum relative difference of the to obtained for Set V7 using un-

reinforced GCLs is similar to that obtained for Sets V3 through

V6 using reinforced GCLs (c.o.v. of approximately 0'20). In par-

ticular, the reinforced GCLs (GCL A) in Set V6 were tested under

the same on and similar conditioning procedures as the unrein-

lqed GCLs in Set V7. Even though the internal shear strength

IUitity has been attributed mainly to the fibers, the similar

tgnitude of variability observed in the unreinforced GCLs sug-

gests that the variability of the sodium bentonite fsource of vari-

ability (3-b)] is also relevant.

Conclusions

A database of 414 GCL internal shear strength tests was analyzed

in this study. The data were obtained from large-scale (305 mm

by 305 mm) direct shear tests conducted by a single laboratory

over a period of 12 years using procedures consistent with cunent

testing standards. Shear strength parameters were defined to

evaluate the effect of GCL type, indirectly quantify the effect of
pore water pressures, and assess sources of internal shear strength

variability. The following conclusions can be drawn from this

study:

1. Comparisons were made between shear strength values ob-

tained for normal stresses representative of cover and bottom

liners (50 and 300 kPa, respectively). This evaluation indi-

cates a high scatter in peak internal GCL shear strength' Re-

inforced GCLs were observed to have significantly higher

2.

3.

peak shear strength than unreinforced GCLs. Stitch-bonded

GCLs were observed to have lower peak shear strength than

needle-punched GCLs. Needle-punched GCLs with NW-NW

GCL canier geotextile configurations were observed to have

higher peak shear strength than those with W-NW GCL car-

rier geotextiles. Needle-punched GCLs without thermal lock-

ing were observed to have higher peak shear strength at low

normal stresses than those with thermal locking, but the op-

posite trend was observed at high normal stresses'

Unreinforced GCLs were observed to have lower large-

displacement shear strength than reinforced GCLs'

Stitch-bonded GCLs showed a higher displacement at peak

than the other reinforced GCLs.

Thermal locking of needle-punched GCLs was detrimentally

affected by long hydration periods under low hydration nor-

mal stresses. Thermal locking was observed to be effective at

high normal stresses.

The peak shear strength of reinforced GCLs was observed to

increase with increasing SDR for tests conducted under low

on, while the opposite trend was observed under high o,'
This behavior is consistent with the generation of negative

shear-induced pore water pressures under low o,, (below the

swell pressure) and of positive pore water pressures under

high on. Consequently, if design is govemed by to, test

specification involving comparatively high SDR are accept-

utl" if th" on of interest is relatively high, as the test will

lead to conservative (i.e., lower) shear strength values' How-

ever, tests should still be specified with sufficiently low SDR

(e.g., 0.1 mm/min) if the o, of interest is relatively low'

Large-displacement shear strength was achieved at smaller

shear displacements in tests conducted using comparatively

large SDRs. consequently, tests with high SDR should be

adequate if design is governed by 116.

Peak shear strength results obtained over a wide range of on

(tp to 2,759 kPa) defined bilinear failure envelopes in which

a Lreak was defined for normal stresses consistent with the

swell pressure of GCLs.

Good repeatability of results was observed for tests con-

ducted by the same laboratory using GCL specimens from

the same manufacturing lot' However, significant variability

was observed for tests conducted using GCL specimens ob-

tained from different lots over a period of 7 years' Nonethe-

less, the variability among GCLs manufactured in a single

year is less than that observed over the 7 year period'

The shear strength variability, quantified by the c'o'v' and

maximum relative difference, was observed to increase lin-

2520

,+-

5.

7.

8.

9.
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early with o' but was found to be insensitive to specimen
conditioning procedures.

10. Peel strength results showed a relatively high variability.
However, the ro was found not to conelate well with the peel
strength. Consequently, no conclusions can be drawn regard_
ing the effect of the variability of peel strength on the vari-
ability of GCL internal shear strength.

11. The c.o.v. of unreinforced GCLs was observed to be similar
to that of reinforced GCLs, indicating that the inherent vari-
ability of sodium bentonite is a relevant source of reinforced
GCL shear strength variability.
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Stide Analysi s lnformation
Document Name

File Name: Berm Stability-A7.sli

Proiect Settinqs

Project Title: Berm Stability Analysis
Failure Direction: Right to Left
Units of Measurement: lmperial Units
Pore Fluid Unit Weight: 62.4 lb/ft3
Groundwater Method: Water Surfaces
Data Output: Standard
Calculate Excess Pore Pressure: Off
Allow Ru with Water Surfaces or Grids: Off
Random Numbers: Pseudo-random Seed
Random Number Seed: 10116
Random Number Generation Method: Park and Miller v.3

Analvsis Methods

Analysis Methods used:
Spencer

Number of slices: 50
Tolerance:0.005
Maximum number of iterations: 50

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius increment: 20
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
Minimum Elevation:0
Minimum Depth: Not Defined

Loadinq

1 Distributed Load present:
Distributed Load Triangular Distribution, Orientation: Normal to boundary, Magnitudes 1,2:

and 0 lb/ft2

Material Properties

Material:Berm
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion:0 psf
Friction Angle: 32 degrees
Water Surface: Water Table
Custom Hu value: 1

312



Material: Loose Fine Sand & Siltv Sand
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 0 psf
Friction Angle: 33 degrees
Water Surface: Water Table
Custom Hu value: 1

Material: Med. Dense Siltv Sand
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion:0 psf
Friction Angle: 37.5 degrees
Water Surface: Water Table
Custom Hu value: 1

Global Minimums

Method: soencer
FS:2.835480
Center: 207 .166, 40.933
Radius: 23.581
Left Slip Surface Endpoint: 196.309, 20.000
Right Slip Surface Endpoint: 226.191,27.000
Resisting Moment=245054 lb-ft
Driving Moment=86423.9 lb-ft
Resisting Horizontal Force=9674.63 lb
Driving Horizontal Force=341 1.98 lb

Valid / lnvalid Surfaces

Method: spencer
Number of Valid Surfaces: 8833
Number of lnvalid Surfaces: 428
Error Codes:
Error Code -102 reported for 6 surfaces
Error Code -103 reported for 419 surfaces
Error Code -111 reported for 3 surfaces

Error Codes

The following errors were encountered during the computation:

-102 = Two surface / slope intersections,
but resulting arc is actually outside soil region.

-103 = Two surface / slope intersections,
but one or more surface / nonslope external polygon
intersections lie between them. This usually occurs
when the slip surface extends past the bottom of the
soil region, but may also occur on a benched
slope model with two sets of Slope Limits.

-111 = safety factor equation did not converge



List of All Coordinates

Water Table
0.0 16.5
349.0 16.5

Search Grid
194.3 28.2
220.0 28.2
220.0 60.0
194.3 60.0

Material Boundarv
199.0 20.0
249.0 20.0

Material Boundarv
0.0 10.0
349.0 10.0

External Boundarv
349.0 0.0
349.0 10.0
349.0 20.0
249.0 20.0
228.0 27.0
220.A 27.0
199.0 20.0
0.0 20.0
0.0 10.0
0.0 0.0

Distributed Load
249.0 20.0
234.0 25.0
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173. Generol.-A concrete gravity dam must
be designed to resist, with ample factor of
safety, these three tendencies to destruction:
(1) overturning, (2) sliding, and (B) over-
stressing.

C. REQUIREMENTS FOR STABII.ITY

tendency for

test data. Rock with infilled jointing or lam,
ination and other adverse geologic structures
require investigation and testing of the proper-
ties of the rock surfaces and infilling material.

The acceptable factor of safety is dependent
on many conditions. For small storage dams
where failure would mean loss of life or other
catastrophic occurrences, the minimum shear
friction factor for normal loading conditions
is 4. Under extreme loading conditions, the
shear friction factor should be at least 1.b. A
typical normal loading condition would include
normal headwater, tailwater, uplift, and silt
(if applicable). Extreme loading conditions
should include the following:

(1) Normal water surface, drains inopera-
tive, and earthquake, or

(2) Maximum water surface and drains in-
operative.

For small dams with minimal storage where
loss of life, extensive property damage, or any
other catastrophic occurrence are not involved in
a failure, the acceptable minimum safety fac-
tor for rock foundations is 2 for normal
loading conditions and 1.25 for extreme load-
ing conditions.

For concrete structures on noncohesive foun-
dation materials, it is usually not feasible to ob-
tain safety factors equivalent to prescribed
safety factors for structures on competent
rock. However, these structures are usually
low and of minimal storage where failure
would not involve loss of life or other cata-
strophic occurrences. A general guide for ac-
ceptable factors of safety is 2.0 for normal
loading conditions and 1.25 for extreme loading
conditions. These safety factors may have to
be reduced further in certain cases. The safe-
ty factor for these structures is set by selecting
a sliding factor, /, where:

,_Coefficient of static friction
' -t'actor of safety selected '

then, when (>W-a)f>>V, the factor of safety
against a sliding failure is equal to or greater
than that selected. Exact values of the co-
efficient of static friction between surfaces of
the assumed sliding plane must generally be

the
that poi dam is bo

over ng. The
tn

at any') rizontal
mof

or less the stress
and ndation a hori-

,dam isf dati

-)> 
175_._Slid-ing,.-The horizontal force, >V, in

figure 223 tends to displace the dam in a hori_
zontal direction. This tendency is resisted by
the frictional and shear resistance ofthe con-
crete or the foundation.

The shear triCtion factoi- [+J is-ttre iliding
stability criterion for all large concrete dams
and should generally be used for small con_
crete dams on rock foundations. The shear
friction factor is:

n_CAl(>W-U) tan6
>V

where:
' C-cohesion value of concrete or rock
A-area of base considered

ton4:coefficient of internal friction
The values of cohesion ir,nd internal friction

of the rock or rock-concrete contact must gen_
erally be determined by special laboratory
tests. For certain. rock types, free from ad_
verse geologic structures, cohesion and inter_
nal friction can be estimated from published
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Concrete Gravity Doms

determined by tests, Many static friction tests
have been made and the results published,
but care should be exercised in using them.
For certain foundations, such as sand and
gravel, published factors [9] can be used as a
guide in the selection of the coefficient of static
friction; however, for rock foundations consid_
eration must be given to the extent of jointing
and the jointing pattern before selecting a pub_
lished friction coefficient. Determination of
shear strength characteristics of shales, silts,
and clays usually requires testing.

Concrete cutoff walls are often provided on
structures constructed on soil foundations.
The cutoff, properly located and designed, en_
gages an additional volume of foundation ma-
terials that must be moved before the structure
can slide. If a stratum weaker than the over_
lying strata exists in a foundation of rock or
soil, the sliding stability should also be investi_
gated along the top of the weak bed. In this
case, however, the weight of the overlying
strata and the shear resistance of material
downstream from the structure also would be
considered in computing the sliding factor.
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Water Parameters

Shorv

Slrde li'lo'.del > Materral Propertles > Define Materral Properties

Page I of4

Water Parameters

For eac terial in the efine Material
which ine the re Dressure ca
the 6roundwater chosen in t

OTE: For ma ials using one following

es dialog, Water Parameters can
n for each ma l. The Water Pa

inqs d

models:

defined,
depend on

a

o Strength

Infinite St

Water are not applicable nd are disabled.

Water S

Ift dwater M n Project Settings is lzV Surfaces, then the bwing Water
P, will apply:

Water Surface

The user mustzlroose the Water Surface ater Table or which corresponds to t
material (soil region) they are g. Only existing Water rfaces will appear in
Piezo Line/are identified by an ID n r. The user may also /Vone (this is the
se , if no Water Surface is ciated with a given m | (pore pressure will zero for a
matep6l, if Water Surface =

Hu Coefficient

The Hu Coefficient, as defined in SLIDE, is simply a factor between 0 and 1, by which the VERTICAL
distance from a point in the soil (e.9. the center of a slice base) to a Water Surface (either a Water
Table or Piezo Line) is multiplied to obtain the pressure head. The Hu Coefficient is used to
calculate the pore pressure as follows:

tt = [*hIJu

where:

U = pOre pressure

= the Pore Fluid Unit Weighf (entered in the Project Settings dialog)

= the vertical distance from the base of a slice to a Water Surface

= the Hu coefficient for the soil type (either user defined or Auto, see below)

I*

h

Hr au
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NOTE:

If the distance h is negative, (i.e. Water Surface is below the base of a slice) then the pore
pressure is set to zero.

If a Water Surface is not defined above a given slice, then the safety factor calculation for
'that particular slip surface will not proceed, and an error message will be written to the file.
It is up to the user to ensure that Water Surfaces span all of the required soil regions.

There are two ways of defining the Hu Coefficient - Auto or Custom.

Custom Hu

With the Custom option, the user can enter their own value for Hu. A value between 0 and 1 must
be specified. For example:

r Hu = 1 would indicate hydrostatic conditions. This can be used where the Water Surface is
horizontal, Where the Water Surface is inclined, setting Hu = 1 will provide a conservative
(low) estimate of the safety factor, since in general this will overestimate the true pore
pressure. In most cases, the user will simply set Hu = 1, because this represents the worst
case scenario (maximum pore pressure).

o Hu = 0 would indicate a dry soil. Pore pressure will be zero. Setting Hu = 0 can be used to
turn "off" the pore pressure for a material, although this can also be achieved by setting
Water Surface = None.

o Intermediate values of Hu can be used to simulate head loss due to seepage. This would be
applicable where the Water Surface is inclined. The user could create a separate material
region for each segment of the Water Surface which is inclined, and enter Hu values less
than 1. However, theAufo Hu option, described below, can be used to automatically account
for the inclination of the Water Surface.

NOTE: if you are using Piezometric Lines, you should, strictly speaking, use the Custom Hu option,
with Hu = 1. This is because a Piezometric Line is usually a direct representation of the pressure
head, for a specific slip surface. However, in SLIDE, the user may decide how to apply the Hu
Coefficient, for any type of Water Surface (Water Table or Piezometric Lines).

Auto Hu

With the AutoHu option, SLIDE will automatically calculate a value of Hu, based on the inclination
(angle) of the Water Surface, above any given point. This is based on the assumption that the
equipotential line which passes through the center of a slice base, is a straight line, between the
slice base and the Water Surface (strictly applicable for an infinite slope case). This is illustrated
below.

o fr = the inclination of the Water Surface (above a given point)

ir = VERTICAL distance, from center of slice base, to Water Surface

Simple geometry can be used to show that the pressure head, as illustrated in the diagram below,
t??.

is equal 1o lrcos-#. The automatically calculated Hu coefficient, is therefore equal 1e cos-d. For
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a horizontal Water Surface, it = 0, and Hu - ci-l'Srfr- = 1.

WATER SURFACE

EQUIPOTENTIAL LINE

Automatic Calculation of Hu coefficient

The Auto Hu option is a useful method of estimating pore pressures, based on the inclination of a
Water Surface. In the absence of more accurate data (e.9. Seepage Analysis results), this is a
simple but useful method of approximating head loss due to seepage.

Ru Co ient

If thd Groundwater
will app

An Ru coe
widely use
each sli

in SLIDE is the
tical earth

'/
$Jw$ng._Ru wtt$"s \Sm**r Smrfmges clr ffirirJr, 1
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ABSTRACT: This paper presents: (i) a new equation for calculating the rate of leakage through a composite liner due to
geomembrane defects; (ii) a new equation that gives the rate of leakage through detects in a-geomembrane placed on a
semi-permeable medium; (iii) a new equation that gives the rate of leakage through a defect in a geomembraneiiner taking
into account the fact that the ieachate collection material overlying the leomembrane hinders the flow of leachate toward
the defect; and (iv) new equations for the design of leakage collection layers. Then, the paper presents a methodology
based on these equations to select the optimal configuration of a double liner system.

KEYWORDS: Landfills, Liners, Geomembranes, Leachate, Leakage.

I INTRODUCTION

The purpose of this paper is to provide information on new
equations for the evaluation of the rate of leakage due to
advective flow through defects in geomembranes included
in liner systems and for the design of leakage collection
layers. These equations were recentiy developed and
published; references are made to the original publications
for more details.

2 RATEOFLEAKAGETHROUGHCOMPOSITE
LINERS DI.IE TO GEOMEMBRANE DEFECTS

2.1 Presentation of the New Equation

In the context of this paper: (i) a composite liner consists
of a synthetic component (a geomembrane) and a mineral
component (a low-permeability soil or a GCL); and (ii) the
mineral component is located beneath the geomembrane
and is designated herein as ',the low-permeability medium
underlying the geomembrane". Semi-empirical equations
are available to calculate the rate of leakage through a
composite liner, due to geomembrane defects, when the
leachate head on top of the liner is small comrrared to the
thickness of the low-permeability medium underlying the
geomembrane, whether the defect is small (Giroud et al.
1989) or large (Giroud et al. l99Z). Equations are also
available for the case where the leachate head on top of the
iiner is large compared to the thickness of the low-
permeability medium underlying the geomembrane
(Giroud et al. 1992,1994); however, in such a case, graphs

are necessary to obtain the value of one of the terms of the
equations, which is cumbersome. Giroud (1997) has
shown that this term can be expressed analytically, which
leads to entirely analytical expressions for the equations
that give the rate of leakage through a composite liner,
whether the leachate head on top of the liner is smaller or
greater than the thickness of the low-permeability medium
underlying the geomembrane. The equation in the case of
a circular or quasi-circular defect is (Giroud I 997):

hence, for a circular defect:

e = 0.976 c." [t + o.t (tr/,r" )o 
n'ldo' 

t o" tg;# e)-Yvt.'."".,.i|"-

where: Q - leakage rate; a = defect area; d = defect
diameter; h = leachate head on top of the liner; tu*, =
thickness of the low-permeability medium underlying the
geomembrane; kulr = hydraulic conductivity of the low-
permeability medium underlying the geomembrane; and
Coo = dimensionless coefficient that characterizes the
quality of contact between the geomembrane and the
underlying medium.

Equations I and 2 must be used with the following units:

Q(m'/s), a(m'), d(m), h(m), rur"r(m), and kuM(m/s)- It
should be noted that, when the leachate head on top of the
liner is smaller than the thickness of the low-permeability
medium underlying the geomembrane, the term in brackets
in Equations I and2 is approximateiy equal to l. This term

1998 Sixth Internstionol Conference on Geosvnthetics - 261

e = Cno 
[r+o.r(r,7tu")'"]uo'' hn'k]if (l)



is greater than I when the leachate head on top of the liner

is Jreater than the thickness of the low-permeability

medium underlying the geomembrane, which is often the

case when this medium is a GCL.

Two typical values of C* are considered: Cqogooo , the

vaiue of Co, in th" case of good contact; 1!.Cwr": ' thl

value of Ciin the case of poor contact' Definitions of good

and poor contact are given by Giroud (1997)' The

following values were established by Giroud et al' (1989):

3.1

RATE OF LEAKAGE THROUGH DEFECTS IN A

GEOMEMBRANE ON A SEMI-PERMEABLE

MEDIUM

Presentation of the Nerv Equation

When a geomembrane is overlain and underlain by

infinitely permeable media, the rate of leakage through a

geomembiane defect is given by the classical Bernoulli's

equation for free flow through an orifice;

Cqogood = 0'21

Values of k6 calculated using Equation 5 are given in

Table 1.

Q = o.6a",E gh = o.15nd2 .Pgh = q" (6)

As shown by Giroud et al- (199?c), Bernoulli's equation is

valid if the hydraulic conductivity of the medium

underlying the geornernbrane is greater than:

kn = lo5 d2 with k, (m/s) and d (m) Q)

Values of ks calculated using Equation 7 are given in

Table2. A comparison of Tables I andZ reveals that ko is

always smailer than ks . To evaluate the rate of leakage

through defects in geomembranes underlain by a semi-

permJable medium, i'e' when the hydraulic conductivity'

ku* , of the medium underlying the geomembrane is

Uitiu""n k6 and ks, Giroud et al' (1997c) have developed

the interpolation method described below'

Interpolation between Equation 6 for flow through a

defect ln a geomembrane underlain by an infinitely

permeable medium, and Equation 1 or Z fot flow through a

defect in a geomembrane underlain by a low-permeability

mediurn gives the following equation for the rate of leakage

through 
-defects in a geomernbrane placed on a semi-

permeable medium (Giroud et al' 1997c):

rog (e, /e) = o.?4l#i#ffilJ*(k'/k')

where Qe is defined by Equation 6, ks by Equation 7' and

k6 by Equation 5.

(3)

Coo*, = l-15 (4)

Equations 1 and 2, and simiiar equations for rectangular

defects and infinitely long defects given by Giroud (1997)'

supersede equations previously published by Giroud et al'

(1992,1994).

2.2 Limits of Validity of the Equations

The limits of validity of Equations I and 2 result from

considerations such as: the experimental data supporting

Equation 1, the restrictions to flow imposed 
-by 

surface

tension, and the range of applicability of Bernoulli's

equation for free flow through an orifice' These limits can

be summarized as follows (Giroud et al' 1997c):

' Ifthe defect is circular, the defect diameter should be no

less than 0.5 mm and not greater than 25 mm'
. The liquid head on top of the geomembrane should be

equal to or less than 3 m.
. ftt" hydraulic conductivity of the low-permeability

medium underlying the geomembrane, kuM , should be

equal to or less than a certain value k6 ' Giroud et al'

dsglc) propose the following value for k6 in the case

where the geomembrane defect is circular:

t .^ [ / 1rt/0.74

rco ={o.rsna''71.*(r+o.r(r'7t,"f")n"Ji (s)
(8)

Table 1.

Equations
Maximum value, k6 (m/s), of the hydraulic conductivity of the medium underlying the geomembrane for

I and 2 to be valid in the case where Coo = 0.21 (good contact) and tuu = 0'6 m (from Giroud et al' 1997c)'

Leachate head on toP of Geomembrane defect diameter, d
11.284

the eeomembrane, h 0.5

0.01
0.03
0.1

0.3

i

2.6xI0-7
1.4x10-7

7.3x1O8
3.8x10-8

1.8x10-8

7.1x1Oe

1.4x10-6

7.7x10'7

3.9xlO?
2JxlA-1
9.5x10 

8

3.8x10-8

7.5x10-6
4.lxi0-6
2.1x10'6

1.lx10-6
5.1x10-7

2.1x10-7

2.0x1Os
1.1x10-5

5.?xlO6
3.0x10-6

L4x10-6

5.6xlO7

7.0x10"5

3.8xlOs
2.0x10-s

1.0x10-5

4.?x10-6

1.9x10 
6

3.8x104
2.1x10{
f .ixlOa
5.6x10-5

2.6x10's
1.0x10-5

5.1x104
2.8x10-a

1.4x10{
7.5x10-5

3.4x1Os

1.4x1O5
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Table 2. Hydraulic conductivity of the medium underlying the geomembrane below which Bernoulli's equation for free

flow through an orifice is not theoretically valid, ks (Equation 7), or not applicable for practical purposes, kur,r ,in
(Equation I 1) (from Giroud et al. 1997c)-

Geomembrane defect 0.5 I 510 tr.284
diameter,d (mrn) 1a= l cmz)

Theoretical, kn (m/s) 2.5x102 1.0x10 
I 4.0x10'r 9.0x10r 2.5 l0 13

Practical, k,,.-;^ (m./s) 2-5x10{ 1.0x10-3 4.0x10'3 9.0x10'3 2.5x1A'2 l.oxlo-r l.3x1o-r

Combining Equations 5,6, 7 and 8 gives:

log Q - 0.3195 +2 log d + 0.5 log h -

o.z+ [5+2log 
O-tot tu''1"

\n)

where:

n = 5.5540 - 0.4324 log d+

1.3514 log Cqo +1-3514

The rats of leakage through a defect in a geomembrane

underlain by a semi-permeable medium (whose hydraulic
conductivity, kuirl , is greater than kq and smaller than ks )
can be calculated using Equation 9, which is equivalent to
Equation 8. The genesis of the equation appears more
clearly in Equation 8, whereas numerical calculations may

be done more conveniently using Equation 9.

3.2 Example of Use of the Equation

Figure I shows a series of curves that represent the rate of
leakage through a given geomembrane defect (diameter, d

= 2 mm) as a function of the hydraulic conductivity of the

medium underlying the geomembrane for various leachate

heads. Each curve in Figure 1 comprises three portions: the

left-hand portion (straight line) represents Equation 2; the

right-hand portion (plateau) represents Equation 6; and the

central portion (curve) was interpolated using Equation 9.

Both Equations 2 and 9 were used with Cno = 0.21

(Equation 3), i.e. assuming good contact betwoen the

geomembrane and the underlying medium. The limit value

ofthe hydraulic conductivity between the left-hand portion

and the central portion is k6 given by Equation 5 and Table

l; as shown in Table 1, k6 has a different value for each

curve. The limit value of the hydraulic conductivity
between the central portion and the righrhand portion is kB

given by Equation 7 and Table 2; as shown in Table 2, ks
has the same value for all curves related to the same value

of d; for example, for d = 2 mm, ks = 0.4 m,/s. Similar
graphs for other values of d are given by Giroud et al.
(1997c).
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Hydraulic conductivity of the underlying medium, ku* (m/s)

Figure 1. Rate of leakage through a 2 mm diameter defect

in a geomembrane underlain by a medium, with a hydraulic

conductivity kuy and a thickness tuN{ , overlain by a

medium that is significantly more permeable than the

underlying medium, for various values of the leachate head

on top of the geomembrane, h (from Giroud et al. 1997c).

3,3 Limit of Applicability of Bernoulli's Equation

As indicated by Giroud et al. (1991c), Bernoulli's equation

(Equation 6) provides a value of the leakage rate that is

close to the value obtained using the interpolation method

presented in Section 3.1, for values of the hydraulic

conductivity of the medium underlying the geomembrane

that are greater than kgs *;n defined as k3/100. Therefore,

the practical limit of applicability of Bernoulli's equation is

100 times smaller than the theoretical limit of validity' ks '
hence, from Equation 7:

ku"*,n = 103 d? with ku^r'," (m/s) and d(m) (l 1)

Values of kuy,1n calculated using Equation 1l are given

in Table 2.

It is important to note that, for Bernoulli's equation to be

applicable, the geomembrane must be not only underlain

by a sufficiently permeable medium, but also overlain by a

highly permeable medium. The required minimum

hydraulic conductivity of the medium overlying the

geomembrane is discussed in Section 4.
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RATE OF LEAKAGE THROUGH DEIiECTS IN A

GEOMEMBRANE OVERLAIN BY A
10'5

PERMEABLEMEDIUM AND UNDERLAIN BY A

HIGHLY PERMEABLE MEDiUM

4.1 Presentation of the New Equation

As indicated in Section 3'1, when a geomembrpne is

overlain and underlain by infinitety permeable media' the

rate of leakage through a geomembrane defect is given by

the classical-Bernoulli's equation for free flow through an

orifice (Equation 6)- Engineers designing landfills use

BernoulLi's equation routinely without questioning its

applicability' However, sometimes, absurd results are

Jbtained, such as a calculated rate of leakage through a

defect in a geomembrane liner greater than the total rate of

liquid supply above the geomembrane' 
,.'Tte 

absurd results of the type indicated above are

caused by an overestimation of the rate of leakage by

Bernoulliis equation because this equation is based on the

assumption that the hydraulic conductivity of the medium

ouerly^ing the geomembrane is infinite' In reality' this

trydraulii condrictivity is not infinite; therefore' the flow of

leachate toward the geomembrane defect is hindered and'

as a result, the rate of leakage is less than in the ideal case

of a geomembrane overlain by an infinitely permeable

medium. Taking into account the fact that leachate does

not flow freely toward the geomembrane defect' Giroud et

al. (199?b) developed the following equation:

( - n I- /o\ Ir=l u9' * v lrnl * l_ll- 
lzko*r 2ko,nl \aq,/ I t,rl

. / ^ \alt/z
*tlvll' 

4g'? \0.6 aJ J

where: qi = rate of leachate supply on top of the medium

overlying the geomembrane; and kou = hydraulic

conauctivity of the medium overlying the geomembrane'

It should be noted that, if ksv is infinite' Equation 12

becomes identical to Equation 6, i'e. Bernoulli's equation for

free flow through an orifice.

Equation licannot be solved for Q' Therefore' iterations

." n"""r*uty to determine Q when h, a, k'ou and q' are

known. Alternatively, graphical solutions can be used' An

example is shown in Figwe 2, and a series of similar

gpaphical solutions is provided by Giroud et al' (1997b)'

Figure Z shows that, in general, Bemoulli's equation

ov-erestimates the leakage rate. However, Figure 2 also

shows that. for certain values of the leachate head on top of

the geomembrane and the hydraulic conductivity of the

medi-um overlying the geomembrane, Bernoulli's equation

provides an excellent approximation of the leakage rate'

This is further discussed in Section 4'2'
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Fieure 2. Graphical solution of Equation 12 lor a

ge"omembrane defect having a diameter of 2 mm'

4.2 Limit of Applicabitity of Bernoulli's Equation

Comparing Equations 6 and 12, Giroud et al' (1997b) have

shown that Bernoulli's equation gives the rate of leakage

through a geomembrane defect with an error less thar. 5Vo

if the"hydraulic conductivity of the medium overlying the

seomembrane, ko* ' is greater than:

30 d2
l- --roM min 5% - 

h3lz

( 13)

i

I

!

!
!

i

where the following units should be used: d (m)' h (m) and

krcr,.r^i^ (n/s)."^ii"it 
lnt"t"tting to note the consistency between two

limits of appticability of Bernoulli's equation: the

minimum uuiu" of the hydraulic conductivity of the

medium overlying the geomembrane (given by Equation

13) and the minimum value of the hydraulic conductivity

of'the medium turderlying the geomembrane (given by

equutlon 11). Equations 11 and 13 are consistent for h =

O,i *, *tti"tt is iemarkable because these two equations

were established independently and are related to two

different media.

4.3 Relationship Between Liquid Supply and Leakage

For a given permeable medium (such as a leachate

"ott.ttiJn 
layei; overlying a geomembrane' the leachate

head, h, and the leachate supply rate' Q1 - ' are ror

inA"p"na"nt. The leachate head depends on the leachate

r"ppfy .*" and varies as a function of the distance to the

io"'oi ,tt. leachate collection layer slope' As shown by

Ciroua and Houlihan (1995), in a large number of cases' an

excellent approximation of the average leachate head is

given bY the following equation:t
ir



k- QiL
It - 

-

2 ko" tanB

^ _akon tan2p
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giU
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where: B - slope angle of the permeable medium; and L =
horizontal projection of the length of the permeable

medium in the direction of the flow.
It is then possible to establish a direct relationship

between the rate of leachate supply to the permeable

medium, q; , and the rate of leakage through the liner
defect, Q, To that end, the leachate head, h, is eliminated
by combining Equations 12 and 14, hence:

r = (2/rc)A 
[1 

+c(rn c -r)]+ B'? (c/0.6)' (ls)

where A, B, and C are dimensionless parameters defined as

follows (Giroud et al. 1997b):

geomembrane is overlain by a low-permeability leachate
collection layer than by a high-permeability leachate
collection layer. It should be noted that this conclusion is

based on a demonstration that is limited, as is the scope of
Section 4, to the case of geomembranes placed over a

highly permeable medium. (However, the same conclusion
would be reached if the geomembrane was placed on a

low-permeability medium to form a composite liner
because the rate of leachate migration through a composite
liner is too small to have any significant impact on the
leachate head on top ofthe liner. Therefore, in the case of
a composite liner, it is obvious that the rate of leakage
through geomembrane defects is greater if the leachate
collection layer over the geomembrane has a low hydraulic
conductivity than if it has a high hydraulic conductivity.)

1010

,^9
IU

108

107

106

10"

10-20 10-18 10-16 10-14 10r2 1O10 10-8 10s

Dimensionless parameter, B

Figure 3. Graphical solution of Equation 15.

5 LEACHATEFLOWINLEAKAGECOLLECTION
LAYERS DUE TO DEFECTS IN
GEOMEMBRANE LINERS

5.1 Presentation of the New Equation

Sections 2, 3 and 4 were devoted to the evaluation of the rate

of leakage through geomembrane defects, considering

several cases of hydraulic conductivities of the media

overlying and underlying the geomembrane' Section 5

addresses the flow ofleachate in the leakage collection layer

located between the two liners in a double liner system.

Since only leakage through defects in the primary liner is
considered herein, and since the number of defecs is

generally limited, the leachate generally flows only in

portions of the leakage collection layer called the wetted

zones. If the defech in the primary liner are sufficiently far

apart, the wetted zones related to the various defects do not

overlap, and the boundary of the wetted zone related to one

defect is approximately a parabola, as shown below.
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Equation 15 provides a direct relationship between the
rate of leachate supply, q1, and the rate of leakage, Q. This
direct relationship gives a definitive and quantitative
answer to the following question often posed when
practicing or teaching landfill liner design: is the rate of
leakage through geomembrane defects greater if a

geomembrane is overlain by a low-permeability leachate
collection layer (which slows down the leachate florv
toward the defects) or a high-permeability leachate
collection layer (which reduces the leachate head over the
geomembrane)? The answer to this question can be

derived from Figure 3 which provides a graphical solution
to Equation 15. Figure 3 shows that the rate of liquid
migration through geomembrane defects decreases if A or
B increases. From Equations 16 and 17, it appears that

both A and B increase when L decreases and p and key
increase. The influence of L and p was already known

through Equation 14: as L decreases or p increases, the

leachate head decreases and, consequently, the leakage rate
.decreases. However, the influence of ks1,1 was not known
because ko* is a parameter in both Equations 12 and 14.
Therefore, it is important to learn from the above

discussion that, for a given situation defined by L, 0 and qi,
the higher the hydraulic conductivity, kov, of the leachate

collection layer, the lower the leakage rate. Therefore, the

answer to the question posed above is that the rate of
Ieakage through geomembrane defects is greater if a
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(a)

Leachate Phreatic
surface in the
leachate collstion

Leachate llow
in the leachate
coll*tion ?
layer+ {

The leachate flows downslope in the leachate-collection

laver overlying the primary-t-ino 6ig"" 4a)' A.very small

;ffi;;'i ;htleachate i^'"s tt''ougl, the-f::narv liner

defect, D (Figure aa)' ffrl leachate that has passed through

the defect in the primaf liner' fust flows. more or less

vertically (DA in Figure ia) through thl le3|<aBe coliection

;H;;; ;J, JT"l'is unsarurateo' T'l:'*nen 
the

leachatereaches(atrorntA)thesaturatedportionofthe
leakage collection t^ytt' ii flo*' in all directions in the plane

of the leakage collection iayer lFigure 4a). It is therefore

Iosical to assume tttut it'" Lu*tute phreatic surface in the

ffii"u!"'ilJtio; it*l; u 
"on" 

with its apex.at Point A

located vertically U"n'J the defect in the primary liner

(Fisure 4a). Furthermo'"'-lot leachate to flow in all

:l;:iltt:;" 
-t'vot*ri" 

gt"oient must be approximatelv the

same in all directions' Siti"tlft" hydrauiic gradient is closely

related to the slope ot trt" pttt"uii" totff^tl,T| thT^T

assumed that the slope of the cone generaEices is the same ln

all directions. fn" Sop" oi ift" pnrJatlc surface (i'e' the slope

of the "on. 
g"n"ti;; lh" o.owlslow--direction is

approximately known: iii' "tot" 
to the slope angle' p' since

theflowthickness,,.*uiicomparedtothelengthofthe
leakage collection fuy"t' nt"t"tore' it is assumed that the

ansle between " 
no"'onoi fran" und all generatrices of the

ffi;;;ffi trt" r"""rtt" phreatic surface is p Sigure 4a)'

i.e. the cone axis is vertical'

From the foregoing discussion, it appears that the wetteo

,";"'6;;;;;ji' piuuoti" since the interse:'i:lot u 
"o"'

;;;;;i;;. p'1 gl :: i. ff H'llJt'Ti;""*Jffi lJ;
However, the actuat we

oarabolic because several simplifying assumptions were

made, as indicated above'

Giroud et al' (1997a) showed that a consequence of the

conical shape of the phreatic surface is- the following

relationship between *'" 'ut" 
of leachate migralion through

the primary liner defect' Qllt'" nvatuuii: ":ryYt"itv 
of the

leachate collection 
'uy"t'i' 

*a ihe thickness of leachate in

the leakage collection tayer'be,n"uttt the defect' t" Sigure 4a):

q=k t'?"

(1e)

(20)

t- is the maximum thickness of leachate in ttre leakage

collection layer (i'e' ti'" Ji'tuntt between 
-Poin1 

A and the

secondary liner), hence-the condition for the leachate

;il; tuy., io not be hlled with leachate:

lQ.rto=1I->Lr-cL

Equations 19 and 20 are extremely simple and do not

d;;;;;" 'i'e 
ortr'" a"tttt in *re frimarv liner or on the

,i-Jpe of ttte leakage collection layer'

5.2 Equation of the Boundary of the Wetted Zone

Giroud et al- (1997a) established the equation of the parabola

ilil"'r${;":l*,:*il"#l"f ,ii:;lj,1L:?.Tl$,X1;
defect. This equatron ls I

of the parabola at the noti'o"iuf disLnce x figure 4b) from

the geomembrane defect:

Leachate collstion
layer

liner
with delect

Srcoodary liner
(ptan view)

ar
W =---i-sln P

,*2x 
sin F =zLp
to

{;Gt6t; (2r)

t,ry'r f --LeachatellowJ Smatl lmciian ol

in-irtl r"otag" leehate tlowing

collstion hyer uPslope
/ *h*r" L = horizontal projection of the length of the leakage

collection layer in 
'tt'" 

iit""ti"" of the slope; and p is a

dimensionless parameter defined as follows:

(b) Q2)

Boundsry ot the
wetted lone

Lo

V==--.-;' LslnP

5,3 Wetted Fraction

Tvoically, there are several defects in a primary liner' The

frequency of defects, f iJa"nn"O as the iatio of the number

of iefects in the liner *O ii" tu*^"e area of the liner' For

example, if there *' tout a"fect' per hectare'I = 4/10'000 =

;;#;jt ' ri," to*"r wetted zone generated by the defecu

consists of the individuJ pa'uUAi" wetted 
'zones 

for the

various defects. rn" *"t[O?*tiion is defined as the ratio ofFisure 4' Leachate flow in the leachate collection layer'

;i:;;-; ;r*l; the primary'T:'r,i{.ll.the reakage

"oU"J,ion 
layer: (a) cross section; (b) plan vtew'
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the area of the total wetted zone and the surface area of the

Iine-r. The individual wetted zones may overlap; the smaller

the defect frequency, the smaller the probability for the

individual wetted zones to overlap' If the individual wetted

,on"* do not overlap, which is the most frequent case since

the defect frequency is generally small' two typical scenarios

can be considered: (i) the worst scenmio (Figure 5a) where

all of the defects are located at the higher end of the primary

liner slope, which results in the largest value for the wetted

fraction; and (ii) the random scenario (Figure 5b) where the

defectsarelocatedatrandom,whichresultsinanaverage
value for the wetted fraction' Using the equation of the

p*ulofu (Equation 21), Giroud et al' (1997a) calculated the

lo"n"a ft*tlor, Rw wcsr in the worst scenario' and R* -'d in

the random scenario:

R* *oo, = I*o,r, F L' Q3)

where \o* is a dimensionless factor def,rned as follows:

R*,-o=I'-o Ft' {25)

where l,-,6 is a dimensionless factor defined as follows:

L,^o=*u'[r .3)"' -rl n*u=t, {26)

1
'"rad

h"", *orr, -
to cosP

=*u'['.ij".['-il"-'] e1)

" lr r\"'
=ltll I +: I3' L\ p)Itorr,

I
-11

I
rt

(24)

(for P 2 2)

5.4 Leachate Head on Top of the Secondary Liner

The leachate head on top of the secondary liner is zero

outside the wetted zone' Inside the wetted zone' the

;;^i. head varies from one point to another and an

"u"rug" 
value, h"u* , can be calculated' Based on the

"""i.iitrt^p" 
or tii! pnteuti" surface (Figure 4a) and using

iq"""""t-if to 27, Giroud et al' (199?a) calculated the

;;;;" leachate head on top of the secondary liner' hnu'*o*'

in ,i,""*or* r"enario, and tr*r-t in the random scenario:

-lr r\t" Izrrllt+:l -11
L\ tL) I

h""E'-d _ (s I g)jllsl (z{-)]x-o /L

tocosP ulf,*zl"'-rl.l\ tL) IL

(a)

(28)_li
I *orrt

it should be noted that hu", -,6 is greater than hn" *o.o'

because the wetted zone is smaller in the random scenano

than in the worst scenarro (R* *a ( R* *ooJ' However' the

a,ul u-oun, of leachate present at a given time in the leakage

collection layer is greater in the worst case than in the

random case''-^'e, 
.fto*n by Giroud et al' (1997a)' if R* *"q.?f"eeds2l3

", 
;f R;;, *xc"eds 4/15, there is a high probabilitv that the

individual wetted zones will overlap' In this case' it rvould

U" 
""t "*"ly 

complex to determine the surface area of tlre

wetted zone and, from a practical sundpoint, it is-preferable

to use the approximate approach that corsists. o[ assumlng

that the entire surface *ea of the secondary liner is wetted

G. R. = 1). As shown by Giroud et al' (1997a)' the values

of rh" uu".ug" leachate heads then become:
Figure 5. Leakage collection layer zones wetted-by leachate

mi-g.ating through several defects (r) in the primary liner'

u.sludn! no overlapping of wetted zores:. (a) worst

scenariJwhere all of the defecs are located at the high end

of the pri*ury liner slope; (b) random scenario where the

defects are randomly distributed'

(2e)

(30)FLQ
h=
"av8 wor$ k tan p

1 998 Sixth lnternotionol Conference on Geosynthetics - 267



h""g *d =
FLQ

(3 1)
2 k tanp

5.4 Use of the Equations

To design a leakage collection layer, Equation 20 should be
used. This extremely simple equation makes it possible to
determine the required thickness of the leakage collection
layer, t61 , as a function of the hydraulic conductivity of
the leakage collection layer material, k, to accomrnodate a
given leakage rate, Q.

To calculate the rate of leakage through the secondary
liner (i.e. the rate of leakage into the ground), it is
necessary to determine the head of leachate on top of the
secondary liner. First, Equation 23 or25 should be used to
calculate the wetted fraction. If R, *oor is less than A3 and
R, 

-na 
is less than 4/15, Equations 28 and 29 can be used to

calculate the leachate head in the worst and random case,
respectively. If R* *o* exceeds 213 or if \ -,6 exceeds 4/15,
it should be assumed ttrat the entire surface area of the
secondary liner is wetted and Equations 30 and 31 must be
used to calculate the average leachate head in the worst and
the random case, respectively.

6 USE OFTHE EQUATIONS TO SELESI THE
OPTMAL CONFIGURATION OFA DOUBLE
LINER SYSTEM

The following methodology based on the equations presented
in the preceding sections can be used to calculate the rate of
leakage into the ground in the case of a double liner system:
(i) calculate the rate of leakage through the primary liner; (ii)
calculate the average head of leachate on top of the
secondary liner; and (iii) calculate the rate of leakage tluough
the secondary liner. Giroud et al- (1997d) used this
methodology to compare two confrgurations of a double liner
systemr (i) in the fust configuration, the primary liner is a
geomembrane and the secondary liner is a geomembrane-
GCL composite liner; and (ii) in the second configuration,
the same two liners are in the inverse order, i.e. a
geomembrane-GCl composite primary liner and a
geomembrane secondary liner. They found that the rate of
leakage into the ground is much less in the case of the second
configuration, thereby showing that, from the viewpoint of
minimizing advective flow of leachate, it is preferable to use
the composite liner as the primary liner rather than as the
secondary liner.

7 CONCLUSIONS

The new equations presented in this paper provide
engineers designing landfills or evaluating landfill

performance with tools better than previously available. In
particular:
r An entirely analytical method to calculate the rate of

leakage through defects in the geomembrane
component of a composite liner.

. An entirely analytical method to calculate the rate of
leakage through defects in a geomembrane placed on a

semi-permeable medium.
. An extension of Bernoulli's equation that eliminates

the risk of absurd results such as those sometimes
obtained with Bernoulli's equation, e.g. calculated
leakage rate greater than the leachate supply rate.

. A set ofequations that describe the flow of leachate in
leakage collection layers and make it possible to
design leakage collection layers and to calculate the
leachate head on the secondary liner that is needed to
calculate the rate of leakage through the secondary
liner of a double liner svstem.
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Evaluation of Landfill Liners
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ABSTRACT: This paper presents equations to evaluate the rate of leakage of liquids such as leachate through liners
typically used in landfills including compacted soil liners and several types of geosynthetic liners: geomembrane
liners, geoclay liners (panels that consist of a layer of bentonite encapsulated between two geotextiles), and composite
liners where a geomembrane is placed on low-permeability compacted soil or geoclay- The results of parametric
studies conducted using these equations are tabulated and presented in graphs. These studies show that composite
Iiners are significantly more effective than compacted soil liners or geomembranes placed on permeable media, and
that geoclay is a viable alternative to compacted soil in composite liners.

1 INTRODUCTION

A variety of liners constructed with low-permeability
soils andlor low-permeability geosynthetics are used in
landfills. Low-permeability geosynthetics include
geomembranes and geoclays- Geomembranes are either
flexiblepolymeric sheets or geotextiles impregnated with
low-permeability compounds. (I{erein, only polymeric
geomen.rbranes are considered.) Geoclays are panels
that consist of a layer of bentonite (a type of clay)
encapsulated between two geotextiles, which are
generally connected by needlepunching or stitching.
Geomembranes and geoclays can be used alone (i.e., on
a permeable medium) or can be a component of a
composite liner. Typical composite liners consist of a
geomembrane on a low-permeability compacted soil
layer or a geomembrane on geoclay.

This paper reviews equations that may be used to
calculate the rate of leakage through liners and presents
comparisons between the various liners based on
calculated leakage rates. It should be noted that these
comparisons do not include important facfors that should
be considered for liner selection, such as chemical
attenuation as leachate percolates through the liner, time.
needed by the leachate to percolate through the liner,
chemical compatibility between liner material and
leachate, mechanical properties of the liner, ease of
construction of the liner, cost and availabilitv of liner
materials, regulations that affect liner selection. etc.

The information presented in this paper may be used by
landfill designers to prepare "equivalency
demonstrations'' that are required by certain regulatory
agencies when an altemate liner is proposed instead of
a liner prescribed by a regulation.

The comparisons presented in this paper are only
applicable to landfrlls where the head of leachate on top
of the liner is small, i.e., typically less than 0.3 m. The
relative effectiveness, and even the ranking, of the
various liners compared in this paper may be very
different under the large liquid heads encountered in
liquid impoundments (reservoirs), canals, and dams.

In all the comparisons presented in this paper, soil
liners and geoclays are assumed to be in perfect
condition, i.e., without preferential flow paths resulting
from cracks, zones of high permeability, poor
connection between lifts of compacted soil or panels of .

geoclay, etc. In contrast, geomembranes (which are
quasi-impermeable when they are in perfect condition)
are assurned to have defects. such as Dunctures and
incomplet
occurs at certain locations only, whereas leakage through
soil liners and geoclays occurs over the entire area of
the liner due to the permeability of the material.

The paper is organized as follows: Section 2 presents
a revierv of equations for leakage rate evaluation, and
Section 3 presents comparisons of the various types of
liners based on leakage rates calculated using the
equations presented in Section 2.



2 LEAKAGE RATE BVALUATION

2.1 F4uations for leakage rate evaluation

Geometnbrane lirar. As shown by Giroud and

Bonaparte (1989a), the rate of leakage through a
geomembrane liner due to geomembrane permeability is
negligible compared to the rate of leakage through

defects in the geomembrane. Consequently, only

leakage through defects is considered herein. As

proposed by Giroud (1984), Bemoulli's equation for free

flow through an orifice can be used to evaluate the rate

of leakage through a defect in a geomembrane overlain

and underlain by a very permeable medium:

Q = 0.6 ^',lTgh 
(t)

where: Q : leakage rate; a : defect arca; g :
acceleration of gravity; and h : hydraulic head on top

of the geomembrane-

Equation 1 can only be used if the flow through the

geomembrane defect is free, i.e., is not irnpeded by the

materials in contact with the geomembrane. This
condition is met il the average opening size, O.u* , of
the material in contact with the geomernbrane is gieater

than the diameter, d6 , of the geomembrane defect:

On"e ) da Q)

In the case of soils, the following relationship exists:

k = 103 to toa al,, (3)

where: k : hydraulic conductivity of the soil; and d,u,
: average diameter of soil particles. In F4uation 3,

often referred to as Hazen's equation, k is in m/s and

duu" in m.

In typical soils, the average opening size is

approximately one third of the average particle size:

Oavs = davs/3 (4)

Combining Equations 2, 3 and 4 gives:

k > 104 to 1d d3 = 104 to los a (5)

where: a = defect area in m2.

Although it was demonstrated for soils, Equation 5 is
considered to be applicable to any permeable medium
with a hydraulic conductivity k. Therefore, free flow
conditions are ensured and Equation I is valid if the

hydraulic conductivity of the media (e.g., soil, geolet)
in contact with the geomembrane is greater than 10-r to
1 m/s if a : 0.1 cm2 110-s m2; and greater than I to

10 rn/s if a : 1 cm2 1104 m2;.

SoiI liner. The rate of leakage through a soil liner can

be evaluated using Darcy's equation fDarcy, 1856):

Q/A=ki=k(l+h/D) (6)

where: A : surface area of the soil liner; k =
hydraulic conductivity of the soil; i : hydraulic

gradient; h : hydraulic head on top of the liner; and D
: thickness of the soil Liner. (Note: Hydraulic

conductivity is also called "coefhcient of permeabiJity"

and soils with a small hydraulic conductivity are

generally referred to as "low-permeability soils".)

Cornposite liner. A composite liner is composed of two

components: a geomembrane and a layer of low-

permeability soil. Herein, the geomembrane is assumed

to be on top of the low-perrneability soil component,

which can be a compacted soil layer or a geoclay.

Based on studies presented by Gkoud and Bonaparte

(1989b), the following equations were established by

Giroud et al. (1989) for the evaluation of the rate of
leakage through a defect in the geomembrane component

of a composite liner. These equations depend on the

quality of contact between the geomembrane and the

underlying soil:

Q = 0.21 uo'i 10'e k0'74 6or good contact) (7)

Q : 1.15 
"0'l 

60'e k0'74 (for poor contact) (8)

Eouations ? and 8 must be used with the following

uniti: Q (m3/t, a (m2), h (m), and k (mi$. These

equations are valid if the hydraulic head above the

geomembrane is less than the thickness of the soil

component of the composite liner (i-e., h < D);

therefore, these equations are not applicable to

composite liners where the low-permeability soil

component is a geoclay (since D, in this case, is very

small: typically 6 mm). Also, Equations 7 and 8 are

valid only if the hydraulic conductivity, k, of the soil

"orpon"nt 
of the iomposite liner is less than 10-6 mis,

according to Giroud et al. (1989).

In the case where the lower component of the

composite liner is a compacted soil layer, good and poor

contact conditions were defrned by Giroud and

Bonaparte (1989b), and described as follows by

Bonaparte et al. (1989) and Giroud et al. (1992):
r Good contact conditions correspond to a geomembnne

installed, with as few wrhkles as possible, on top of
a low-permeability soil layer that has been adequately

compacted and has a smooth surface.
. Poor contact conditions correspond to a geomembrane

that has been insralied with a certain number of
wrinkles, and/or placed on a low-permeability soil that

has not been well compacted and does not appea.r stnooth.



Good contact conditions are assurned in all the
parametric studies presented herein because it is believed
that such conditions can be achieved with proper
construction and strict quaiity assunmce.

If the head of liquid above the geomembrane is greater
than the thickness of the soil component of the
composite liner, the following equations established by
Giroud et aJ. (7992) can be used to evaluate the rate of
leakage through a geomembrane defect:

Q : 0.21 inus u0' 50'e 10'74 (for good contact) (9)

Q : 1.15 i"u, uo't h0'9 k0'74 (for poor contact) (10)

where i"u, is a dimensionless factor given in Fig. 1.

Equations 9 and 10 mlrst be used with the following
unirs: q 1m3/s), a (m2), h (m), and k (m/s). Fig. 1

shows that Lvg : I if h < D; therefore, incransing the
soil component thickness beyond D = h (hydraulic
head) does not decrease the calculated rate of leakage
through a composite liner.

Equations 9 and 10 are used in the case of liquid
irnpoundments, canals, and dams, where the hydraulic
head is large. In the case of landh,lls, Equation 9 is

used if the low-permeability soil component of the
composite liner is a geoclay, because the thickness of
this material (typically 6 mm) is generally less than the
hydraulic head on top of the liner. In this case, good
contact conditions can be considered because: (l)
geoclay panels have a smooth surface; and (ii) when
bentonite hydrates, it swells which presses the geoclay
against the geomembrane.

1

10't
I

Hydraulic Head/Soil Component Thickness, h/D

Fig. 1 Value of i"u,

In the case of Equations 7, 8, 9 and 10, the liquid flrst
passes through the defect in the geomembrane, then
flows laterally some distance betrveen the geomembrane
and the underlying low-permeability soil, and, fiurally,
migrates into and eventually through the low-

permeability soil. The quality of contact betrveen the
geomembrane and the soil governs the amount of lateral
flow, hence the difference between Equations 7 and 8,

and 9 and 10. I-ateral flow would be elimhated in the
case of perfect contact between the geomembrane and

the soil. Perfect coniact does not exist in the case of
usual landfrll composite liners, as indicated by Giroud
and Bonaparte (1989b), but may exist if a low-
permeability soil is deposited as a slurry on top of a
geomembrane and consolidates with time under a large

compressive stress. In this case, the rate of leakage

through a geomembrane defect can be evaluated using an

equation established by Forchheimer (1930):

Q=4rhk=4hkl;llr (ll)

where: r = radius of the geomembrane defect.
Equation i I may be used as a basis to evaluate the

typical composite liners used in landfills. Fig. 2 shows

that the rate of leakage through a typical composite liner
consistilg of a geomembrane on a layer of compacted
soil with a hydraulic conductivity of 10-e mis is

approximately 1ffi0 to 3000 times greater than the rate
of leakage through the same geomembrane defect if the
geomembftrne were in perfect contact with the soil. It
should not be concluded that composite liners are not

effective. In fact, although they are not as effective as

they could be if the geomembrane/soil contact were
perfect, cornposite liners used in landfills are far more

effective than other liners. as shown in Section 3.

102
1 0no

Soil Hydraulic Conductivity, k (m/s)

Fig. 2 Ratio between rates of leakage through a

composite liner and a geomembrane in perfect contact
with soil. [In both cases, the geomembrane has the

same defect and is underlain bv the same soil.)

2.2 Geornembrane defect size and frequency

Studies presented by Giroud and Bonaparte (1989a) have
shorvn that geomembrane liners installed with strict
construction quality assurance could be considered
having a frequency of one to two defects per 4000 m2
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with a diameter of 2 mm (i.e., a defect area of 3.14 x
10-6 m2). For the sake of simplicity, a frequency of one
defect per 4000 m2 is considered with a defeci area of
0.1 cm2 (10-5 6z; for liner performance evaluation and
a defect area of I cm2 for conservative design.

Electric leak detection surveys (I-aine, 1991) have
shown that geomembrane liners installed with strict
construction quality assurance have five or more defects
per 4000 m' with a defect diameter less than 0.5 mm.
For such defects where the diameter is less than the
thickness of the geomembrane, Equations 1, 7, 8, 9 and
10 may not be valid. However, using Equations 1 and
7 for the sake of comparison shows that, in the case of
5 defects having a diameter of 0.5 mm, the rate of
leakage is approximately 10 times less with a
geomembrane alone and 3 times more with a composite
liner tha-n in the case of one defect having an area of 0.1
cm2. These factors of 1/10 and 3 niay be used to
modify the rates of leakage presented in Section 3 which
were established for one 0.1 cm2 defect per 4000 m2.

2.3 Graph for leakage rate evaluation

Equations 7, 8, 9 and 10 for composite liners are
complex and a graph is useful for rapid leakage rate
evalualion and to visualize the influence of parameters.
Fig. 3 gives the leakage rate il mr/s for one defect and
the leakage rate per unit area in lilers/hectare per day
(lphd) assuming one defect per 4000 m/. The linear
portions of the cuwes were obtained using Equation 7,
which is valid for k < 10-o m/s, according to Giroud et
al. (1989). The non-linear portion of each cuwe was
graphically interpolated between the end of the iinear
portion, which occurs for k = 10-6 m/s, and the
maximum value obtained using Equation 1, which is
valid for large values of the hydraulic conductivity of
the under$ing medium. The non-linear portion of the
curves reach the maximum value for k : l0-1 mis if
a : 0.1 cm2andk = 1 m/s if a : 1 cm2, as indicated
in Section 2.1 after Equation 5.

Fig. 3 shows that when Equation 7 is valid (i.e., for
k < 10-o m/s), the size of the geomembrane defect is
not a signilicant pammeter. The same would be true for
Equations 8, 9 and 10.

3 COMPARISON OF LINERS

3.1 I-eakage rate values

l-eakage rates per unit area calculated using the
equations presented in Section 2.1 are presented in Table
1, which shows that composite liners are significantly
more effective than liners made with onlv one material.
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't o"
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lo''o 1o-' 10" 1o'' 1o' 10' '10' 10" to' 1o'' i

Soll Hydraulic Conductlvity, k (rnls)

Fig. 3 Rate of leakage through a composite liner for
good contact conditions. Values should be multiplied by
5.5 for poor contact conditions, as shown by dividing
Equation 8 by Equation 7. If h ) D, the above values

should be multiplied by iou, given in Fig. 1.

Table 1. kakage rate per unit area in liters per hectare
per day (lph$(er through various types of liners.

Soil

Hydraulic
Conductivity

k (m/s)

Hydraulic Had, h (m)

to'

ro' 
E

to" :
:)^

to' b:og.
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x
rnr o," 6

J
t o'"

soii (b) I 50000
l 5000

1500

0.30-l0.01
Lioer
Type

lo-? 1.5

lo-8 0.3
lo-e o.o5

lo'7 goooo mooo looo0o
lo-8 gooo gooo toooo
to-e 9oo 9oo looo

lo-3 3oo 5oo I loo 2ooo

l0' 100 250 600 1400

lo-5 40 too zffi 600

10-6 lo 2a 60 150

t2 30

26
o.4 |

G@membrane (c) > l0'2

Grcmembrane on
Semi-Pem*ble
I{enium (d)

G@clay (e) loJl 150

CoDlposite Litrer
with Compacted
Soil hyer (f)

4

o.7
0.15

Composite Liner
$'ith G@lay G)

0.70.04lo'll 0.008

(a)

(b)

(c)
(d)

(e)

(t)

I lphd = l0 12 m,/s = 0.1 gpad (grltons/acrc/day).

Equetion6 with 0.3 ( O i O.g m.

Equatiotr t with I defecd4000 m2 having an are a = 0.1 cmz.

lnrerpols(ed betw@n Equations I and ? using Fig. 3 for e = 0.1 c#.
Equation6withD=6m.
Equation i (for gmd conbcD wirh I defwt/4000 m2 having an area

a = 0. I cm'. In lhe csse of p@r contrct conditions, Iqkage rates hsve to be
multiplied by 5-5, as shou,n by dividing Equation 8 by Equation 7.

Equation 9 with I def*t/40oO m2 with sn ara a = 0.1 cm2.
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3.2 Comparison between geomembrane and soil liners

Fig. 4, established using Equations I and 6, gives the
ratio between the rates of leakage through a compacted
soil liner (CSL) and a geomembrane (GM). The soil
liner has a thickness, D, ranging from 0.3 to 0.9 m.
The geomembrale has one defect per 4000 m2. Two
defect sizes are considered: a : 0. 1 cm2 and a : I
cm2. The geomembrane is assumed to be on a very
permeable material; therefore, free flow conditions are
ensured and Equation I is applicable (see Section 2.1
after Equation 5).

Fig. 4 shows that a geomembrane with one 0.1 cm2
defect per 4000 m2 is equivalent to a compacted soil
liner with a hydraulic conductivity of 10-e mls.
However, the comparison presented in Fig. 4 is only
valid if the entire liner (whether it is geomembrane or
compacted soil) is exposed to the liquid. This condition
is approximately met by the primary liner in a landflfl,
but is not met by the secondary tiner in a double-lined
landfill. The secondary liner is exposed in only limited
areas to the very small amount of liquid that leaks
through the primary lher. All or most of this liquid
would percolate into and through a secondary liner made
of compacted soil, whereas most or all of the liquid
would not encountsr the defects of a geomembrane
secondary liner and, therefore, would not leal thrcugh
a geomembrane secondary liner. 'Clearlv a
geomembrane secondary liner is far superior to a
compacted soil secondary liner.

10'

10'

1

10'

10-'

10-'
1 oto 1o-s 10* 1o-t 1o-u

Soil Hydraulic Conductivity, k (mls)

Fig. 4 Comparison between a geomembrane liner and
comoacted soil iiaers.

3.3 Evaluation of composite liners

In Fig. 5, established using Equations 1, 6 and 7, two

types of curves provide comparisons invoiving
composite liners:
o Curves (1) give the ratio between the rates of leakage

through two liners: (i) the first Liner is either a

compacted clay liner (CCL) with k : lOe m/s or a

geomembrane (GItf1 placed on a permeable soil (these

two liners being equivalent as shown in Section 3.2);
and (ii) the second liner is a composite liner with a
soil component havirg a hydraulic conductivity k (GM
+ CSL). The geomembrane, whether it is used alone
or as a component of a composite liner, has one 0. I
cm2 defect per 4000 m2.

. Curyes (2) give the ratio between the rates of leakage

through a compacted soil liner with a hydmulic
conductivity k (CSL) and a composite liner made with
a geomembrane placed on the same compacted soil
liner (GM + CSL).
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Soil Hydraulic Conductivity, k (m/s)

Fig. 5 Bvaluation of composite liners.

The following conclusions, drawn from Fig. 5, are

vatid for k < l0 6 m/s, the iimit of validity of Equation
7, and for small values ofthe hydraulic head, h, typical
of landfrll applications :

. The rate of leakage through a composite liner where

the soil component has a hydraulic conductivity k :
10-e m/s is 1000-10000 times less than the rate of
leakage through a compacted soil liner with k = l0-e

m/s or a geomembrane placed on a permeable soil.
. A composite liner constnrcted with a soil component

having k : 10-6 m/s allows 10-100 times less leakage

than a compacted soil liner with k : lOe mis or a
geomembrane placed on a permeable soil.
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o The rate of leakage through a composite liner made
with a given soil [k < 10-6 m/s) is at least 1000 times
less than though the soil itself. In other words,
placing a geomembrane on the soil decreases the
leakage rate by a factor of 1000 or more.

3.4 Evaluation of geoclay liners

Geoclay (GCL) can be used alone as a geoclay liner.
Fig. 6 compares such a liner to two other liners:
o The CCLiGCL curve gives the ratio between the rates

of leakage through a compacted clay liner and a
geoclay liner. This curve was obtained using
Equation 6 withk : 10e m/s and D : 0.3-0.9m for
the compacted clay liner, and k : 10-11 m/s and D =
0.006 m (6 mm) for the geoclay liner.

r The GM/GCL curve gives the ratio between the rates
of leakage through a geornembrane liner and a
geoclay liner. This curve was otrtained using: (t)
Equation 1 for the geomembrane liner with one 0.1
crn2 defect per 4000 r#, assuming that the
geomembrane rests on a very permeable soil ft >
10-' m/s); and (ii) Equation 6 for the geoclay llner
with k : 10-11 m1s and D : 0.006 m (6 mmj.

Fig. 6 shows that, under hydraulic heads typical of
landfills, the rate of leakage through a geoclay liner is
3 to 40 times less than through a compacted clay liner ft
= 10-9 m/s) and 7 to 25 times less than through a
geomembrane liner located on a permeable soil. Again,
the comparison between geomembrane and geoclay is
not applicable to secondary liners in double-lined
landfills, as discussed in Section 3.2.

Geoclay can also be used as the low-permeability soil
component of a composite liner. In. Fig. 6, the GM *
CCUGM+GCL curve gives the ratio between the rates

i cbl
=\"'Em:\:\

=\

GM
,tGd.l

GM+CCL
GM+GCL

\( >-.\

till

0.01 0.03 0.1

Hydraulic Head, h (m)

Fig. 6 lrakage rate ratios between liners involvins
geoclays, which are assumed free from defects.

of leakage through a conventional composite Liner, i.e.,
geomembraae- (GM) on a compacted clay layer (CCL)
with k = 10-9 m/s, and a composite liner consisting of
a geomembrane on geoclay (GCL). This curve was
established using Equation 7 for the conventional
composite liner and Equation 9 for the composite liler
with geoclay. It appears that the rate of leakage through
a composite lirer with geoclay is 6 to 23 tirnes less than
through a conventional composite liner.

4 CONCLUSIONS

The equations presented in this paper show that it is
possible to evaluats the rate of leakage through all types
of liners used in laldhlls. Comparisons based on these
equations show that composite liners are significantly
more effective than compacted soil liners or
geomembranes used alone on permeable media, and that
geoclay is a viable alternative to compacted soil in
composite liners.
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Designing with GRI

Standard GC8

d ra i n age prod uct d esig n

The GCS standard offers surety-and a consensus approach to synthetic

The design, selection and specification of
drainage geonets and geocomposites can be

a very subjective affair. It is not uncommon
to encounter projects where design engi-
neers are not familiar with reduction fac-

tors used to calculate an allowable value of
transmissivity or flow rate for a synthetic
drainage product. To remedy this situation,
the Geosynthetic Research Institute (GRI)
published *re GC.8 standard in 2001. GC8's
goal is to establish "uniform test methods
and procedures in orderfor a design engineer

to determine allowable flow rate (or trans-
missivity) of a candidate drainage geocom-

posite (or geonet) for site-specific condi.
tions." The standard was developed in
collaboration with manufacturers, labora.

tories and design engineers. Thus, it
was-and continues to be-a consensus ap-

proach towards the design of synthetic

drainage products. It is hoped that the in-
formation provided in this article will lead

to a greater understanding of the standard

and, hence, adoption ofthe procedure by

those who are currently unaware of it.

The method
GC8 follows the same "design-by-function"

methodology that is the comerstone of the

popular textbook Designing with Geosln-
drencs by Dr. Roben M. Koemer. The stan-

dard is focused on the determination of a

"q"11.,*" value using the following formula:

Equation 1.

4allow = nr* [ RF6pxRFscxRFBc

\?here q"11,,* = allowable flow rate, q16 =

flow rate of the geocomposite under labo-

ratory-simulated site conditions for 100

Figure l. Typical transmissivity behavior of synthetic drainage products with time.

hours, RFgq = reduction factor for creep,

RFcc = reduction factor for chemical clog-

ging, and RFBc = reduction factor for bio-

logical clogging.

GC8 further recommends the use of a fac.

tor of safew, FS, for flow rate based on actual

design flow requirements, {,..,,1, as follows:

Equation 2.
t{allow

FS=-
4reqd

GC8 does not provide design guidelines for

calculating e1s.,l. For landfill projects, use'

firl references on this topic include Giroud

et al. (2000 a), Richardson et al. (2000 a,

b) and Richardson and Zhao (1998). GC8

provides base line values for chemical and

biological clogging reduction factors, RF66

and RFg6, respectively, as shown in Thble

L. Thus, to calculate the required flow, 4r.qd,

an engineer only needs laboratory data for
qlgg and RF6x, and to assume a

relevant factor of safery FS.

While GC8 speaks in terms of
flow rates, project specifications

more typically refer to the trans-

missivity of the drainage compos-

ite. The relatiorship betweenflow

rate and trarsmissivitv in the lab-

oratory is given as

Equation 3.

4too =9too i

where 0166 is 100.hour transmls.

sivity and i is the flow gradient

used in the test.

Hundred-hour
transmissivity, 07ss
The transmissivity value for any

synthetic drainage product, mea-

sured according to ASTM proce-

dure D 4716, depends on normal

stress, seating time, gradient and

boundary conditions. A manu-

facturer's laboratory, or a third
party laboratory must be provided
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correct test parameters by the de-

signer in order to obtain the value

of 01so for use in GC8. The ten-

dency to use a safety factor on nor-

mal stress while performing the
test is invalid. This violates the
very purpose of the GC8 standard,

which is to use a factor of safety

according to Equations I and 2;

not on individual aspects of the
transmissivity test.

The influence of test duration
on transmissivity of a synthetic
drainage product is illustrated in
Figure 1. Depending on the type

ofproduct and test boundary con-

ditions, the initial compression and

certain portion of creep occurs

within the first few hours of the

test. Within the initial 24 hours,

and certainly wirhin 100 hours, rhe

decrease in transmissivity from ini-
tial compression of the product has

already taken place as indicated by

the curve becoming asymptotic to

the x-axis. For the purpose of de-

sign, a transmissivity value at the

end of a 100-hour test is required. The
curve is provided here only for the purpose

ofexplanation.
For the same gradient and normal stress,

the soft (or soil) boundary conditions al-

ways lead to a lower value of transmissiviry

than hard (plate or geomembrane) bound-

aries. The reason for this is the higher in-
trusion of geotextile into the geonet struc-

ture under soft boundary conditions. Figure

2 illustrates the effect ofboundarv condi-

Figure 2. Effect of boundary conditions of geonet transmissivity.
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tions on transmissivity of a geonet' Notice

that the geocomposite transmissivity under

soil is less than that berween geomembranes

(or plates), which in tum is less than the

transmissivity of the geonet itself between

geomembranes (plates). Equation 1 does

not include any explicit reduction factor

for intrusion, as the 100-hour transmissiv-

ity test already includes this effect. Since

intrusion of a geotextile into the geonet

structure also depends on normal stress, it
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is very important for the test laboratory to

be provided actual normal stress without
any escalation or multiplication factor.

Reduction factor for
creep, RFcn
All polymeric materials creep, i.e., strain

at constant stress. A 100-hour transmis-

sivity test accounts only for initial com-

pression and creep ofa geonet within 100
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Table l. Range of clogging reduction factors (from GRI Standard GC8).

Application Chemical Clogging (RF6q) Biological Clogging (RFss)

Sports fields 1.0 to 1.2 1.'l to 1.3

Caoillarv breaks 1.0 to 1.2 1.1 to 1.3

Roof and olaza decks 1.0 to 1.2 1.1 to 1.3

Retaining walls, seeping

rock and soil slopes 1.1 to 1.5 1.0 to 1.2

Drainaoe blankets 1.0 to 1.2 1.0 to 1.2

Landfill caos 1.0 to 1.2 1.2 to 3.5

Landfill leak detection 1.1 to 1.5 1.1 to 1.3

Landfill leachate collection 1.5 to 2.0 1.1 to 1.3



Table 2. Values of customary factors of safety (modified from Bowles, J.E., 1988).

Structure / Mode Factor of Safety

Earthworks (Dams, fills, etc.) 1.2 to 1.6

Retaining Structures 1.5to2

Footings 2to3

Seepage 1.5 to 5

Figure 3. Typical geonet response in a creep test. (Note: The below curve is

obtained from 5lM test.)

hours. Thus, the transmissivity value from
a 100-hour test must be modified to ac-

count for creep ofthe geonet beyond 100

hours and over the life ofa project, say over
50 years. This is accomplished through a

reduction factor for creep, RF6x, in Equa-

tion 1. The creep reduction factor is ob-

tained from a 10,000-hour conventional
compression creep test or a SIM (Stepped

Isothermal Method) creep test. Unlike
transmissivity, creep of a geonet is inde-
pendent of boundary conditions. Geonet
manufacturers perform these tests inter-
nally, or through independent third party

labs, and publish rhis data for their respec-

tive products. Since creep of any geonet

depends primarily on stress, it is of para-

mount importance for a design engineer to

llF 10000 1ffi00 lmH

nrm $our3l

provide correct normal stress to a manu-
facturer. At this stage, a factor of safety or
escalation factor should not be used on nor-

mal stress, as this would invalidate calcu-

lations of an allowable value of transmis-

sivity according to GC8 procedure.

The explanation ofcreep ofgeonets is

provided in Figure 3 where percent thick-
ness retained is plotted against time for a

biplanar geonet at 15,000 psf normal stress

in a SIM test. It is seen that there is a lin-
ear relationship between percent thick-
ness retained and logarithm of time. This
linear relationship can be extrapolated to
the design life of a project to obtain thick-
ness at, say, 30 years. (Note: Such extrap-
olations are normally performed for no

more than one log cycle.) The creep re-

duction factor was shown by

Giroud et al. (2000 b) to equal

the following:
Equation 4.

l- p'l'
lrco- p IRFno=l-lItn- r' 1

Wherh- PJ
rco is the thickness of the geonet

at 100 hours, rgp is the thickness

of the geonet predicted by the

long term creep curve, p is the

mass per unit area, and p is the

mass density of the geonet poly.

mer.

For Example:
. Chiginal thickness of geonet in
Figure3=qr=0.6604cm
r From Figure 3, thickness at

100 hours = bo = (% thickness

rerained at 100 hours x ts) / 100

=0.78xb=0.515cm
r From Figure 3, bR = (% thick-
ness retained at, say,30 years x

O) / 100 = 0.70 x b = 0.462 cm
. Mass per unit area of the gmnet

in Figure 3, P = 0.1098 g/cm'
o Density of the geonet in Fig.

ure 3, p = 0.94 g/cm'

Inputting the values in Equa.

tion 4, RFcn = 1.5. The value of
reduction factor for creep thus ob-

tained can be used in Equation 1

to obtain allowable flow rate, q1.

low, for the product. The allow-

able transmisivity is simply equal

to the allowable flow rate divided by the gra-

dient, i, used in the 100-hour trarumissivity

test per Equation 3.

Factor of safety for
transmissivity F5

Once the allowable transmissivity, q.11u*,

is known, it can be compared to the required

transmissivity, 4r"q,l, determined by design.

Assuming that the laboratory flow gradient

is the same as the design gradient, then the

factor of safety is given by the ratio of q"1-

to,/4,.qd. If the factor of safety so obtained is

inadequate, then either the layout of the

project must be changed to lower the re-

quired value of transmissivity, or a different

product must be evaluated to obtain a higher
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Designing with GRI GC8

value of allowable transmissiviry. If the flow
gradient used in the laboratory is not the

same as that used in design, then Equation

3 should be used to compare flow under

field flow gradienr conditions. This later
condition is common in the design of floor
drainage systems in landfill since a flow gra-

dient less than 0.10 is not commonly used

in the transmissivity test.

What is a reasonable, or adequate, value

of factor of safety for transmissivityl GC8
does not recommend a factor of safety for
transmissivity. Thus, the engineer mrrst use

her judgement and experience in selecting

a factor of safety. Thble 2 frorn the popular

bookFow.laricrn Analysis mdDesrgn by J. E.

Bowies provides factors of safety customar-

ily used in geotechnical engineering. Addi-
tionally, a factor of safety of 1.5 to 3 is used

against geomembrane puncture in landfills

and 2 to 3 agairut rupture of geogrids in re-

inforced slopes and walls. The authors rec-

ommend using a safery factor, FS, of 2.0.

Conclusions
GRI GC8 provides a detailed and com-

prehensive method to calculate allowable

transmissivity of geonets and geocompos-

ites. The data required for such calcula-

tions is readily available, except for the
1OO-hour transmissivity test which must

be performed for site-specific conditions.

The 100-hour test should be performed

with normal loads, gradients and bound-

ary conditions that accurately model field
conditions. The use of partial factors of
safety on individual test parameters is dis-

couraged and will lead to an overly con-
servative estimate of the required trans-

missivity. The cost impact of such partial

factors of safery is considerably greater than
the cost of a well run 100-hour transmis-

sivity test. 
m
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on the underlying liner system and therefore a reduced potential leakage. Thus equivalence here is based on

Slope of the uid collection laver.

(17
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Design of Lateral Drainage Systems for Landfills

equal flow properties and not equal of the lateral drain and liner systems.

Table 3.2. Values o\the valency factor, ,8, tletween
r when the prescribed ma

nthetic liquid collection layer and a

granular liquid collec liquid thickness is 0.3 m (1 ft), as.

function of the slope, p, length, I, of the liquid r.

Adequacy of

Research by I and Stewart (1993), Soo (1997) indi inodel significantly
underesti percolation into a lateral layer. Eight seepage-i slope failures have

been and analyzed to confirm this ng and Koerner (1997). I and state minimum
low bv a factor of 10.ility value of 1*10-'cm/sec or I for drainage soils was

and some cases 100. Higher ility drainagd media or high drainage geocomposites are

When the permea of drainase media is increased * 10-r cm/sec (increased by a factor

of 10 over l*10-2 cm/sec), the ryi ' prescriptive' transmissivi ia geosynthetic product is increased to
(2.4 - 6.0)* 10-' m'/sec-m.

3.2 Long-Term-In-Soil Performance of Geocomposite Drains

Lateral drainage systems degrade with time due to the very liquids they carry and the normal loads they are

subjected to. A geocomposite liquid collection layer must have sufficient flow capacity to ensure that there is

no pressure buildup within the liquid collection layer. Therefore, to ensure long-term performance, the

hydraulic design of a geocomposite liquid collection layer must ensure that the liquid collection layer has

sufficient flow capacity under the conditions that exist in the field during the entire design life of the liquid
collection layer. The flow capacity under those conditions is referred to as "long-term-in-soil flow capacity".

Thus, the designer must provide surplus initial hydraulic capacity in the lateral drain to ensure that flow within
the lateral drain remains unconfined. The discussion in this section is intended to provide the reader with a

comprehensive background in the various factors that can degrade the performance of a lateral drain. Many of
these factors can be quantified during laboratory testing of the geocomposite. However, many factors are not

readily quantified. This requires significant judgement on the part of the designer. Such judgement must be

tempered by the criticality of the application and the impact of potential failure.

22
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The long term performance of a lateral drain requires a larger initial transmissivity, 07715, than that obtained

from the design equations, 9nr'a. This process was initially quantified by Koerner (1998) as follows:

0 rr,, =

p5 -0 rr,,
o ,"q'd

0 ,n"orr,r"d

PiFin . kF,, . RF"" . RFb" Eq. 3.3

where FS is the overall safety factor for drainage, 9175 is the long-term-in-soil hydraulic transmissivity of the

drainage geocomposite, 0,un,4 is the required transmissivity (e.g., for MTG: 3* 10-5 mr/sec-m), 0,"o,,,,"4is the
transmissivity measured in accordance with ASTM D4716, and RF are service reduction factors described as

follows:

kFi,1: reduction factor for elastic deformation, or intrusion of the adjacent geotextiles into the

drainage channel.
kF",: reduction factor for creep deformation of the drainage core and/or adjacent geotextile into the

drainage channel.
kF,": reduction factor for chemical clogging and/orprecipitation of chemicals in the drainage core

space.

RF6": reduction factor for biological clogging in the drainage core space.

Suggested empirical default values of the reduction factors are listed in Table 3.1 (Koerner, 1998). Currently,
laboratory testing can be performed to evaluate kFin andR.F.,on a site and drainage composite specific basis.

Such testing is discussed in this chapter.

Table 3.1 Recommended preliminary reduction factor values for determining allowable flow
rate or transmissivity of geonets (Koerner, 1998)

Application area RFin kF", RF"" R.Fu"

Surface water drains for covers
1.3 - 1.5 Ll - 1.4 t.0 - r.2 r.2 - 1.5

Leachate Collection and
Removal Svstems (LCRS) t.5 - 2.0 1.4 -2.0 t.5 - 2.0 1.5 -2.0
Leachate Detection Systems
(LDS) t,5 - 2.0 1.4 -2.0 t.5 -2.0 t.5 -2.0

While the above total safety factors may appear to be very conservative there may be long-term service
reduction factors not accounted for. For instance, Figure 3.1 shows extensive root penetration into a geonet

that was recovered from a failed landfill cover. The root penetration was so dense that the transmissivity of the

geonet drainage core was essentially reduced to zero. The authors feel that root penetration in cover lateral

drains can be minimized only by using high capacity drainage composites that quickly remove water from the

drain so that roots are not attracted within the core.

F,q.3.2
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Figure 3.1 Root penetration into the geonet

More recent work by Giroud et al. (2000) has defined additional long-term service factors that influence the

performance of a geocomposite lateral drainage system. This work builds on the previous work by Koerner

(1998) and follows the basic equation form presented as Eq. 3.3. Giroud observed that the flow capacity of a

geocomposite in the field can be reduced by a variety of mechanisms that depend on the following parameters:

the applied stress, time, contact with the adjacent materials, and environmental conditions (e.g. presence of
chemicals, biological activity, temperature).

More specifically, the thickness and/or the hydraulic conductivity of the transmissive core of a geocomposite

may be reduced by instantaneous compression of the core, intrusion of the geotextile filter into the core, time-

dependent compression (i.e. creep) of the core, and additional intrusion of the geotextile into the core due to

time-dependent deformation of the geosynthetic. These four mechanisms are caused by the applied stresses.

In addition, chemical degradation of the polymeric compound(s) used to make the transmissive core may

reduce its effective thickness and/or its hydraulic conductivity. Finally, clogging of the transmissive core may

reduce its effective thickness and/or its hydraulic conductivity. Clogging results from physical, chemical and

biological mechanisms; biological clogging is typically caused by the growth of micoorganisms (Giroud 1996),

but an extreme case is that of clogging due to root penetration in the drainage medium, see Figure 3.1.

A given mechanism (e.g. compression or clogging) may result in (or may be interpreted as) a reduction in

effective thickness and/or a reduction in hydraulic conductivity. Therefore, to evaluate the decrease in flow

capacity of a geocomposite, it is simpler to use the hydraulic transmissivity, which is the product of thickness
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and hydraulic conductivity (see Equation 3.1). Accordingly, from a practical standpoint, the decrease in flow
capacity due to the mechanisms described above is expressed by using reduction factors on the hydraulic
transmissivity as follows:

0 
^rorur"d Eq. 3.6

W, rro x kF r 
^il 

N x R.%R x R.qN x RF cD x RF pc x kF cc x RF 
B c

where 1Lrn: long-term-in-soil hydraulic transmissivity of the considered geosynthetic ., 0,,"o,u,"d: value of
hydraulic transmissivity measured in a laboratory test, and |I(R.F) : product of all reduction factors.

The mechanism-specific reduction factors include the following:

RFlygs: reduction factor for immediate compression, i.e. decrease of hydraulic transmissivity due to
compression of the transmissive core following immediately the application of stress;

RFr^,rN: reduction factor for immediate intrusion, i.e. decrease of hydraulic transmissivity due to geotextile

intrusion into the transmissive core following immediately the application of stress;

RFcn: reduction factor for creep, i.e. time-dependent hydraulic transmissivity reduction due to creep of the

transmissive core under the applied stress;

RFu: reduction factor for delayed intrusion, i.e. decrease of hydraulic transmissivity over time due to

geotextile intrusion into the transmissive core resulting from time-dependent deformation of the

geotextile;
kFgp: reduction factor for chemical degradation, i.e. decrease of hydraulic transmissivity due to chemical

degradation of the polymeric compound(s) used to make the geocomposite;

RFp5: reduction factor for particulate clogging, i.e. decrease of hydraulic transmissivity due to clogging by

particles migrating into the transmissive core;

RFcc: reduction factor for chemical clogging, i.e. decrease of hydraulic transmissivity due to chemical

clogging of the transmissive core; and

RFnc: reduction factor for biological clogging, i.e. decrease of hydraulic transmissivity due to biological
clogging of the transmissive core.

Note that RF1N, RFsp, RFcc , and RF69 were previously discussed by Koemer (1998).

Each reduction factor corresponds to a mechanism that reduces the hydraulic transmissivity of the

geocomposite in the field. If one of these mechanisms occurs during the hydraulic transmissivity test in the

laboratory to the same extent as in the field, then the corresponding reduction factor is equal to 1.0. It is

important to understand that a reduction factor equal to one does not necessarily mean that the related

mechanism affecting the hydraulic transmissivity of a virgin material does not exist. It simply means that the

effect of this mechanism is already included into 0^"o,,,,"4. An ideal hydraulic transmissivity test would

perfectly simulate in the laboratory all the mechanisms that reduce the hydraulic transmissivity in the field

such that all reduction factors would be equal to 1.0. However, such a test is not achievable from a practical

standpoint, because it would be extremely complex and would require a very long time.

Examination of Eq. 3.8 indicates the following:

o kFMss and RFp11y correspond to instantaneous mechanisms (i.e. mechanisms that take place as soon as the

stress is applied), whereas the other reduction factors correspond to time-dependent mechanisms.

o - 
0 rrorur"d

V,rt. 
-Lt'r 

n (RF)
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t kFlygs, NFlpny , KFsp, and R-F7,y, result from mechanical mechanisms, i.e. they are directly related to the

applied stress. In contrast, kFgp , kFpg , RF6s , and R-Fs6 result from physico-chemical mechanisms and, as

such, they are not directly related to the applied stress.

. The physico-chemical mechanisms do not occur during typical hydraulic transmissivity tests that are

performed with pure water. ln contrast, the mechanical mechanisms may occur during the hydraulic

transmissivity test, which affects the magnitude of kFlyss, RF17,n11, kFgp, and RF7,y, as discussed below.

It is important to note that the four reduction factors that result from mechanical mechanisms depend on the

conditions under which the hydraulic transmissivity is measured. These conditions include: the stress applied

during the hydraulic transmissivity test, the time during which the stress is applied before the flow rate (from

which the hydraulic transmissivity is derived) is measured (the "seating time"), and the nature and behavior of
the boundary materials in contact with the drainage composite during the transmissivity test. From this

viewpoint, the following cornments can be made:

o KF1y6s can be eliminated (i.e. RFwco: 1.0) if the hydraulic transmissivity is measured after a stress equal

to, or greater than, the stress in the soil is applied to the specimen of transmissive material subjected to the

hydraulic transmissivity test.
t RFrunv can be eliminated (i.e. RFryy: 1.0) if the hydraulic transmissivity test simulates the boundary

conditions created by the presence of materials adjacent to the transmissive material.
. RFcaand R-F47 can be decreased if the hydraulic transmissivity is measured after the stress has been

applied for a certain period of time (seating time), because part of the creep of the transmissive core and

part of the delayed intrusion would have occurred before the hydraulic transmissivity is measured.

An extreme case would occur if the hydraulic transmissivity is measured on the transmissive core placed

between two smooth plates, under no load, with pure water (so none of the physico-bio-chemical mechanisms

can take place), and during a period of time that is so short that none of the time-dependent mechanisms can

develop. In this extreme case, all of the eight reduction factors defined above would have their maximum

value. A typical hydraulic transmissivity test is between: (i) the ideal case where all mechanisms are perfectly

simulated and, consequently, all reduction factors would be equal to 1.0; and (ii) the extreme case where all of
the eight reduction factors would have their maximum value. Two more typical laboratory test conditions are

described below.

ln the first typical case of test conditions, the transmissive core is placed between two rigid plates and a load is

equal to or greater than the design load is sustained for a certain period of time (the seating time). In this case,

the instantaneous compression takes place before the hydraulic transmissivity is measured. Therefore, RFMss

= 1. Also, some creep occurs during the seating time. As a result, the value of R.F6a is less than in the

theoretical case where the hydraulic transmissivity would be measured at time zero. Equation 3.6 then

becomes:

9otlot =
0^"orr,r"d 

-
II(RF)

0 
^"orrrr"d Eq. 3.7

W,*r x RFcRx R.(N x kFcDx kFpc x RFcc x RFBC

[change allow to LTIS in equation]
Seating times of 100 or 300 hours are often recommended in the United States (Holtz et al. 1997). During such

seating times, a significant amount of creep takes place. As a result, R.F'6,p is significantly less than it would be

if the seating time were short. Also, it is likely that RFr,v is significantly less than it would be if the seating time

were short.
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In the second typical case oftest conditions, the boundary conditions created by the presence ofadjacent
materials are simulated. To that end, the geocomposite is placed between two materials (soil or geosynthetic)

that are identical to, or that simulate, the materials that are adjacent to the considered geocomposite in the

field, and the sustained load is equal to or greater than the design load. Therefore, kFMss: I andRFrwx: I'
Also, some creep and some time-dependent intrusion of geotextile into the transmissive core channels occur

during the seating time. As a result, the values of RF'c,a and RFl,y are less than in the theoretical case where the

hydraulic transmissivity would be measured at time zero. Equation 3.6 then becomes:

orrtr=W= 0 ,r.orur"d

RFr^ x kF,r x RF,D x RF pc x RFcc x RF BC

Eq. 3.8

The determination of RF6,n , RFry , RFgp , RFp6 , RFsg andR-F6g reeuires long-duration tests. Due to lack of
time, such tests cannot be performed for the design of a specific project. Therefore, values obtained from

Tables 3.1 or 3.3, from the literature, or from the geosynthetic manufacturer should be used. Table 3.3

provides guidance regarding the values ofthe reduction factors for geonets and geocomposites having geonets

as the transmissive core (which are the most frequently used geosynthetic liquid collection layers). However,

the design engineer is cautioned that the values of the reduction factors may significantly vary depending on

the fype of geocomposite and the exposure conditions (stress, chemical composition of the soil and liquid).

Also, as pointed out above, the values of some of the time-dependent reduction factors (e.g. RFga and RF17v)

may significantly vary depending on the conditions under which the hydraulic transmissivity is measured' The

values given in Table 3.3 conespond to the case where the seating time is of the order of 100 hours or more

and the boundary conditions due to adjacent materials are simulated in the hydrautic transmissivity test.

Table 3.3. Guidance for the selection of some of the reduction factors on the flow capacity of geonets and

geocomposites having a geonet transmissive core.

Examples of application
Normal
stress

Liquid Mw RFcn RFcc RFac

Landfill cover drainage layer,

Low retaining wall drainage
Low Water 1.0- 1,2 l.l - 1.4 1.0 - 1.2 t.2 - 1.5

Embankment, Dams, Landslide repair,
Hieh retainine wall drainaee

High Water 1.0 - t.2 t.4 -2.0 1.0 - 1,2 1.2-1.5

Landfi 1l teachate collection layer,

Landfill leakage collection and detection layer,
Leachate pond leakage collection and detection
laver

High Leachate 1.0 - 1.2 t,4 - 2.0 1.5 - 2.0 1.5 - 2.0

Not.s:rauoerner(l998).Designengineersarecautionedthatthevaluesof
the reduction factors may significantly vary depending on the type ofgeocomposite and the exposure conditions (stress, chemical

composition of the soil and liquid). Also, RFT,yand RF6.n depend on the testing conditions under which the hydraulic transmissivity is

measured. The reduction factor values given in Table 3.3 correspond to the case where the seating time is ofthe order of 100 hours or

more and the boundary conditions due to adjacent materials are simulated in the hydraulic transmissivity test. Finally, due to lack of
relevant data, no guidance is provided for RF6.p and RFp6.

Also, it should be noted that rRF6.,a , KF6p , RFcc and R-F66 (and, to a lesser degree, RFr,y and RFp6) correspond

to time-dependent mechanisms. Therefore, the values of RF6a , KFgp, kFs6 andR-F66 (and, to a lesser degree,

RF,y and RFp6,) selected by the design engineer depend on the design life of the liquid collection layer. In cases

where the liquid supply rate varies with time, the design engineer may consider several time periods. For

example, in the case of landfills with no leachate recirculation, three phases may be considered: (i)

construction and pre-operational phase; (ii) operational phase; and (iii) post-closure phase. As time elapses, the

27



Design of Lateral Drainage Systems for Landfills

leachate collection system will typically experience a reduction in the rate of leachate that needs to be

collected, but may concurrently experience a reduction of its flow capacity due to time-dependent mechanism

such as creep and clogging.

The above discussion is for geocomposites, in particular, for geocomposites whose transmissive core is a
geonet (which are the most frequently used geosynthetic liquid collection layers). In the case where the

geosynthetic liquid collection layer is a thick needle-punched nonwoven geotextile, the mechanisms described

above exist with the exception of geotextile intrusion into the transmissive core since, in this case, the

geotextile itself is the transmissive medium. In this case, the reduction factors presented above exist, but no

guidance is proposed herein regarding their values.

Finally, it should be noted that the various reduction factors may not be completely independent. For example,

chemical degradation may affect creep resistance (i.e. may increase RF6p), and, as shown by Palmeira and

Gardoni (2000), the presence of soil particles in a needle-punched nonwoven geotextile (i.e. particulate

clogging) may reduce the geotextile's compressibility (i.e. it may reduce RFtuco and RFc'p while increasing

RFpd.

In the absence of site specific testing data, the authors recommend the upper limits of the above default values

for landfill covers, average default values for leachate collection systems, and lower limits for leakage

detection systems. This reflects the service life of the final cover, the potential for significant compressive

creep or intrusion of the leachate collection systems, the large quantity of leachate to be handled by the

leachate collection system, and the expected lower level of intrusion and leachate volume to be conveyed by

the leakage detection system. When a design drainage safety factor of 2 is used, the total default long-term

service reduction factor (including the reduction factors) suggested (Richardson andZhao,1998) is as follows:

. 6 for tandfill closures (design drainage safety factor (2), intrusion (1.2), creep (1.4), biological
clogging (1.2), chemical clogging (i.5), i.e., 2*1.2*1.4*1.2*1.5 :6.0);

. 20 for leachate collection systems (2*1.2*2.0*2.0*2.0: 19.6);

. 20 for leakage detection systems (2*1.2*2.0*2.0*2.0: 19.6).

Thus

gurti*ut" :6't'3 1' 
1 6-s m'/sec-m : 1. 8 * 1 04 #/sec-m for cover drains

0 rti*ut" :26*'3't'19+ m'/sec-m: 6 *104 m'/sec-m for leachate collection drains.
gul i'u,. :19*'3* 1g-s m'/sec-m = 6 * 104 m'/se"-m for leakage collection drains.

3.3 Laboratory 'Term Transmissivitv Base On Site
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Rates of Leakage lhrough Landfill Liners

ABSTRACT

This paper describes methods for evaluating rates of leakage through landfill
liners constructed with geomembranes. The paper addresses both geomembranes alone
and geomembranes used in composite liners. Leakage through liners constructed
with geomembranes can occur by fluid permeation through intact geomembranes and
flow through geomembrane holes. 0nly leakage through geomembrane holes is
considered in the paper. Leakage through a geomembrane hole is dependent on the
hydraul'ic conductivities of the materials overlying and underlying the
geomembrane. Three cases of leakage are considered: (i ) leakage through
geomembranes alone; (ii) leakage through composite liners; and (iii) Ieakage
through geomembranes overlain by a drainage layer that impedes flow toward the
geomembrane hole. A comparison of the leakage rates for these three cases shows
that leakage through a hole in the geomembrane component of composite liner can be
up to 100,000 times smaller than leakage through a hol.e in a geomembrane alone.
It is also shown that the presence of sand overlying a 5jbbmembrane hole can reduce
the rate of leakage through the hole by a factor of up to 50 compared to the case
of a geomembrane alone.

INTRODUCTION

All hazardous waste landfills in the United States and an increasing number of
munjcipal solid waste landfills are constructed with dquble liner systems. The
lining systems of these landfills include the following four elements, from top to
bottom: a leachate collectjon layer; a primary liner; a leakage detect'ion and
collection layer; and a secondary liner. In this paper, the leachate collection
layer and the leakage detection and collection layer are generically called
drainage layers, 

\
This paper discusses the evaluat'lon of the rate of leakage through the pr'imary

and secondary liners.

The primary or secondary liner can be a geomembrane or a composite liner,
j.e., a liner composed of a geomembrane placed on a layer of^low-permeatility soil
(i.e., a soil with a hydraulic conductivity^ less than 10-u m/s (10-r cm/s) and

usuatiy in the range of-10-8 to 10-10 m/s (10:6 to 10-8 cm/s)). Soil liners alone
are not considered 
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The leachate collection layer and the leakage detection and collection layer
can be constructed wi th a variety of drainage material s. 5ome have high
permeabi I i ti es, such as geonets and coarse grave l s; some have medi um
permeabilities, such as sands and fine gravels. Typical hydraulic conductivities
of drainage materials are: 10-l to 1 m/s (10 to 100 cm/s) for coarse_gravel;- 10-l
m/s ^(10 

cm/g) for geonets; l0-2 m/s (t cm/i) for fine gravel; and 10-s-to 10:3 m/s
(10-r to ltrrcm/s) for sand. The'influence of the hydraulic conductivity of the
drainage material on the leakage rate will be evaluated.

LEAKAGE I.IECHAN I SI,IS

There are essentially two mechanisms of leakage through geomembranes: fluid
permeation through an intact geomembrane and flow through geomembrane holes.

Leakage due to permeation is not considered in thjs paper because, for
landfills, leakage rates due to fluid permeation are usually much smaller than
leakage rates due to flow through geomembrane holes. A review of this subject is
presented in Giroud and Bonaparte (/).

Regarding leakage through geomembrane holes, several cases can be considered:

. If a geomembrane with a hole is overlaln and underlain by high-permeability
materials (such as geonet or coarse gravel), flow through the hole is not
significantly impeded. Therefore, for this case, the flow of liquid can be
considered as free flow through an orifice and the Ieakage rate is
essentially governed by the size of the hole.

. If a geomembrane vrith a hole is placed on a layer of low-permeability soil
(such as clay, sjlt, clayey soil, etc.) to form a composite liner, the
Iow-permeability soil significantly impedes the flow of liquid.through the
hole, provided that the geomembrane is in close contact with the
I ow-permeabi I i ty soi I .

. If a geomembrane with a hole, and placed on a high-permeability material,
is overlain by a sand or a fine gravel, flow through the hole may be
somewhat impeded, so that the rate of leakage through the hole is lower
than in the case where the geomembrane ls overlain or underlain by a
high-permeabi I ity material , but higher than in t,he case where the
geomembrane is placed on a low-permeability soil to form a composite liner.

These three cases will be djscussed below, and equations to evaluate leakage
rates will be presented,

RATE OF LEAHGE DUE TO DEFECTS IN GEOI.IEI.IBRANES ALONE

In the context of this paper, a geomembrane alone is a geomembrane overlain
and underlain by high-permeability materials (such as geonets or coarse gravels).
In this case, unless the hole is a slit with a width less than the thickness of
the geomembrane or a pinhole with a diameter less than the thickness of the
geomembrane, Bernoulli's equation for free flow through an orifice can be used to
evaluate the leakage rate (Giroud,6):

Q=CBufgt
1_9

(1)
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where: Q = steady-state rate of leakage through one geomembrane hole; a = dtca0f
the hole in the geomembrane; g = acceleration of gravity; and h = head of liquid
9n top of the geomembrane. Cg is a dimensionless coefficient, valid for any
Newtonian fluid, related to the shape of the edges of the aperture; for sharp
edges, which is^assumed to be the cqse for geomembrane holes, CB = 0.6. Basic Si
units are: Q (nf/s), a (rP), g (m/s2), and [ (rn). As discussed- subsequenily, and
shown in Figure 1, Equation 1 can be used if the soil underlying the geomembrane
has a hydraulic conductivity greater than l0-3 m/s (10-l cryr/s) wnen tne geomembrane
hole area is 0.1 cmz (0.01[ inz) and_ greater than 10-2 m/s (1 cm/s) when the
geomembrane hole area is 1 c# (0.16 inz).

MTE OF LEAKAGE THROUGH A COMPOSITE LINER

The mechan'ism of leakage through a composite liner with a hole in the
geomembrane is as follows: the liquid first migrates through the hole in the
geomembrane; the liqu'id may then travel laterally some distance in the space, if
any, between the geomembrane and the low-permeability soil; finally, the liquid
migrates into and eventually through the low-permeability soil.

There may be n0 space betneen the geomembrane and soi I components of a
composite iiner if the geomembrane is sprayed directly onto the low-permeability
soil layer. This technique is not very often used and, in the more usual case of
a geomembrane manufactured in a plant, there will be some space between the
geomembrane and soil components of a composite Iiner in almost all apptications
because:

, . the geomembrane has wrlnkles (note that geomembrane wrlnkles may exist even
under very high pressures as shown by Stone (10));

. there are clods or irregularities in the underlylng soil surface; and/or

. even when the underlying soil surface is smooth, the geomembrane bridges
small spaces between soll particles.

Laboratory test results discussed by Giroud and Bonaparte (/) seem to ind'icate
that some lateral flow almost always occurs between the geomembrane and the
underlying soil, even under laboratory test conditions where the geomembrane is
placed as flat as posslble on a soil layer that has a smooth surface.

In order to establish a method for evaluatlng the rate of leakage through
composite liners with a hole in the geomembrane, Giroud and Bonaparte (7) have
made a thorough review of the results of composite Iiner model tests conducted by
Fukuoka (!,5) and Brown et al. (f), and theorelical analyses carried out by Faure
(e, !,), Sherard (9), Fukuoka (!), and Brown et al. (1). Giroud and Bonaparte (l)
indicate that a key factor influencing the rate of Ieakage through a composite
liner is the quality of contact between the geomembrane and low-permeability soil
components of the composite liner. They ranked the experimental and theoretical
results they reviewed as a function of the contact qua'lity from a lower bound,
corresponding to the theoretical case of perfect contact, to an upper bound,
correspondlng to no contact at all. They a'lso proposed a method of interpolation
between the various experimental and theoretical results. This method is
described in detail in two publications IUSEPA (11); Gjroud and Bonaparte (7)].
Subsequently, Giroud et al. (g), using the proposed interpolation method,
establ i shed the fol I owi ng empi ri ca1 equations:
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Q = 0.21 .ao'l 60's pr0'74 for good contact

Q = 1.15 a0'l 10'9 110'74 for poor contact

where: Q = steady-state rate of leakage through one hole in the geomembrane
component of a composite liner; a = dt€cl of the hole in the geomembrane; h = head
0f liquid on top of the geomembrane; and ks = hydraulic conductivity of the
low-permeability soil underlying the geomembrane. Equations 2 and 3 are not
dimensionally hohogeneous; they can only be used with the following units:
Q(rnr/s), a(r#), h(m), and kr(m/s).

The experimental data used to empirically establish Equations 2 and 3 suggest
that the use of these equat'ions should be restricted to cases where the hydraulic
conductivity of the low-permeability soil is less than 10{ m/s (10-a cm/s). The
theoretical analyses used to empirically establish Equations 2 and 3 also suggest
that the use of these equations should be restricted to cases where the head of
I iquid on top of the geomembrane i s I ess than the thi ckness of the
low-permeability soil layer underlying the geomembrane. If this condition is
fulfilled, the leakage rate does not significantly depend on the thickness of the
low-permeability so'il layer. This is why Equations 2 and 3 do not show a
functional dependence of leakage rate on the th'lckness of the low-permeability
soi I layer.

The good and poor contact conditions are defined as follows:

. The good contact condition corresponds to a geomembrane instailed with as
few wrinkles as possible, on top of a low-permeability soil layer that has
been adequately compacted and has a smooth surface.

. The poor contact condition corresponds to a geomembrane that has been
installed with a certaln number of wrinkles, and/or placed on a
low-permeablltty soil that has not been well compacted and does not appear
smooth.

These two contact conditions can be considered as typical field conditions.
They are bounded by two extreme field conditions, the best case and the worst
case, which can be defined as follows:

. In the best case: (i) the soil is well compacted, flat and smooth, has not
been deformed by rutting due to construction equipment, and has no clods
nor cracks; (ii) the geomembrane is flexible and has no wrinkles; and (iii)
the geomembrane and soil are 'in close contact.

. In the worst case: (i) the soil is poorly compacted, has an irregular
surface, and is cracked; and (li) the geomembrane is stiff and exhibits a
pattern of large, connected wrinkles.

RATE OF LEAKAGE THROUGH A GEOI,IEI.IBRANE OVERLAIN BY A ORAINAGE I.IATERIAL

As indicated above, high-permeability materials (such as geonets and coarse
gravels) located above or belorl a geomembrane are not expected to significantly
affect the flow of liquid through a'hole in the geomembrane, and the flow rate is
approximately the same as in the case of free flow through the hole. 0n the other
hand, if a geomembrane resting on a high-permeabitity material (such as geonet or

(2',)

(3)



Geoslmthetics'89 Conference
San Dlego, USA

coarse gr-avel) is overlajn qy a medium-permeability drainage material (such assand or fine gravel), the flow towarg ttre geomembrane holi is impeded by thedrainage material, and the f'low rate is lesi than in the case of free flow. Atypical field situation is a geomembrane primary liner overlain by a sand leachatecollection layer and underlain by a ieonet- leakage detectio-n and collection
layer.

In order to evaluate the leakage rate reduction due to the presence of the
drainage material above the geomenbrane, the fol'lowlng rationale nai been used:

'When sand or fine gravel is placed above a geomembrane, excellent contactis expected between the sand or gravel and the geomembrane, because sand
and gravel ar.e_ cohesionless, and they follow the shape of the geomembrane,
even lf it exhibits yrinkles.

'However, even if the contact between a granular material and a flat
boundary such as a geomembrane seems pCrfect, there is usual ly apreferential flow path in the granular material next to the boundiry,
because the poros'ity of a granular material in the vicinity of a flit
boundary is usually greater than the porosity within the materia'!.

' From the ab.ove, it appears that a lower bound solution for the leakage rateis provided by tne equation for radial flow towards the geomembrane hole,since tht's equation corresponds approximately to the case of pertecl
contact without preferential flow, according to Giroud and Bonaparte'(7).

'An obvious upper bound solutlon for the leakage rate ls provided by
Bernoullirs equation for free flow (Equation 1).

'Approximate theoretical evaluations of the rate of flow in the zone of
greater porosity of the granular drainage material jn the vicinity of the
geomembrane were made by the authors. Using these approxtmate eviluations
as a guide, several empirical approaches were attempted. It was found thata satisfactory approximate value for the leakage rate could be obtained by
averaging the logarithms of the leakage rates obtained with the lower bound
and upper bound solutions mentioned above.

The empirical equation thus obtained is:

Q - 3 10,75 60.75 1Oo5 (4)

hole;a=aFCdof
geomembran€i k6 =
the geomembrane.

be used wi th the

Equation 4'is intended only for the case of granular drainage materials and,
therefore, should only be used when the hydraulic conductivity of the drainage
layer material is greater than 10-6 m/s (t0-a cm/s). Also, somi 0f the analys6s
used to establish Equat'ion 4 suggest that use of the equation should be limiteA to
cases where the head of liquid on top of the geomembrane, h, is less than the
thickness.of the drainage layer; this cond'ition is usua'lly fulfilled in the case
of landfil ls. 

22

where: Q = steady-state rate of leakage through one geomembrane
the ho'le in the geomembranei h = head of liquid on top of the
hydraulic conductiv'ity of the drainage material overlying
Equation 4 is not^dlmensionally homogeneous; it can onlV
fol lowing units: Q(rfls), a(r#), h(m), and k6(m/s).
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COI.IPARISON OF LEAKAGE RATES

Two tables were established to compare leakage rates through a geomembranealone' a composite liner, and a geomembrane overlain uy a drainage layer.

Equations 1 and 2 were used to establish Table 1, which compares the rates ofleakage through a hole in the geomembrane component of a composite liner w1th
those.. through.l !q]. in a geomehbrane alone, i.e., a geomembiane overlain andunoerla.ln by high-permeability materials (such as geonets or coarse gravels).This table t{as established assuming that thd head of liquid above the geomembrane
hole is constant (i.e., that there is no drawdown of liquio over ttre note). Thistable shows that ther_e.is- great benefit in using composite llners. For Lxample,in the case of a small hole (i.e., o.t cnf = 0.0i6 in2), it appeirs that the ratio
between the rates of leakage-through a hole in geuneribrane iione and a compos.iteliner are, for the case of i'good contact',, in the following ranges:

' 25,000 to 60,000 if k, = 1g-to m/s (10-8 cm/s)

' 5'000 to 10,000 if k, = 1g-9 m/s (10-7 cm/s)

' 800 to 2,000 if ks = l0-8 m/s (10-6 cm/s)

' 150 to 400 if k, = 1g-7 m/s (10-5 cm/s)

' 30 to 70 if ks = 10-6 m/s (10-4 cm/s),

where ks ll.the hydraulic conductivity of the low-permeability soil component ofthe composite liner. In_each range,-the lower value is for a treaa of iiquid ontop-of the geomembr.ane o_f- 0.1 m 1+ in.) and the htgher value is for 0.01 'm (0.4in-). The beneficial effect of the cdmposltq ltneir is-sl'ighHy greater if the
hole size is greater than the considered d.l ffP (0.01e in2). -

Equations 1 and 4 were used to establish Table 2, which compares the rates of
Ieakage through a hole in: (i) a geomembrane overlain by a sand br fine gravel and
underlain by a high-permeability material such as a gebnet or coarse giavel; and
Iii) a geomembrane _alone, i.e., a geomembrane overlain and underlain byhigh-permeabllity materials. This tabte shows that the drainage materialoverlying the geomembrane can have a signiflcant influence on the ratd of leakage
through a hole in the geomembrane. Fbr example, in the case of a small hoie(..9., 0.1 chz = 0.016 in2), it appears that'thl ratios between the rates of
leakage through a hole in a geomemuiane alone and a hole in a geomembrane overlain
by a sand or fine gravel are in the following ranges:

' 30 to 50 if k6 - 1g-s m/s (10-3 cm/s)

' 10 to 15 if k6 = 10-4 m/s (10-2 cm/s)

' 3 to 5 if k6 = 1g-3 m/s (lg-l cm/s),

where k6 i.s the hydraulic conductivity of the drainage layer material overlyingthe geomembrane. In_each lgnge, the lower value is foi a h6ad of liquid on to! oithe geomembrane 0f.0.1 m (1 in.) and the higher value is for 0.01'm (0.4 i;.i:The effect of dralnage materiais having a hydraulic conductivity equal to i,rgreater than 10-2 m/s (t cm/s) is negligibie.
23
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Table 1. Ratic 0f Leakage Rates Betveen Conposite Liner and Geonembrane AIone.
This table was obtained by dividing Equation 2 (composjte liner with good
contact) by EquaLion 1 (geomembrane alone, i.0., geomembrane overlain and
underlain by a high-permeability materia'l).

Hole
Si ze

Hydraul i c
Conducti vi ty

of Low-
Permeabi I i ty
So'il , k,

m/s (cm/s)

Depth of Liquid, h (m (in.))

0.001

(0.04)

0.01

(0.4)

0.1

(4)

0.3

( 12)

1 cmZ

(o.to in2)

19-10 11s-81

1o-e (ro-2,

1o-B (to-6)

Lo-7 (to-s)

10-6 (10-4)

7.9 x 10-7

4.3 x 10-6

2.4 x 10-5

1.3 x 10-4

7.2 x L0-4

2.0 x t0-6

1.1 x 10-5

6.0 x 10-5

3.3 x 10-4

1.8 x 10-3

5.0 x 10-6

2.7 x l0-5

1.5 x 10-4

8.3 x 10-4

4.6 x 10-3

7.7 x 10-6

4.3 x 10-5

2.3 x 10-4

1.3 x 10-3

7.1 x 10-3

10-10 (10-8)

i0-9 (ro-2,

1o-8 (10-6)

1o-7 (ro-5)

10-6 (to-4)

6.3 x t0-6

3.4 x 10-5

1.9 x 10-5

1.0 x 10-3

5.7 x 10-3

1.6 x 10-5

8.7 x 10-5

4.8 x 10-4

2.6 x 10-3

1.4 x 10-2

4.0 x 10-5

2.2 x l0-4

1.2 x 10-3

6.6 x 10-3

3.6 x 10-2

6.1 x 10-5

3.4 x 10-4

1.9 x l0-3

1.0 x 10-2

5.6 x 10-2

Ratio of Leakage
and

Rates Between Composite Liner
Geomembrane Alone

ks =-

0.1 cmZ

(0.016 'in2)

COI'IPOSITE LiNER GEOMEMBRANE ALONE
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the Drainage Layer 0verlying the Geonenbrane,
dividing Equation 4 by Equation 1.

0f
by

Hole
Size

Hydraul ic
Conductivity of

Dra'inage
Material, k6

m/s (cm/s)

Depth of Leachate, h (m (in.))

0.001

(0.04 )

0.01

(0.4)

0.1

(4)

0.3

( 12)

1 cmZ

(0.16 in2)

1s-5 11s-31

1s-a 11s-21

16-3 11s-11

1o-2 (1)

ro-1 (10)

1 (100)

0.006

0.021

0.065

0.205

0.649

)1

0.012

0.037

0.115

0.365

>1

>1

0.021

0.065

0.205

0.649

>1

>1

0.027

0.085

0.270

0.855

>1

)1

1s-5 11s-31

1s-4 11s-2y

1s-3 11s-11

1o-2 (1)

1o-l (10)

1 (r00)

0.012

0.037

0.115

0.365

>1

>l

0.021

0.06s

0.205

0.649

)1

>1

0.037

0.115

0.365

>1

>1

>1

0.048

0.152

0.481

>1

>1

>1

Ratlo of Leakage Rates Between Geomembrane
Overlaln by a Dralnage Material ancl

Geomembrane Alone

GEOMEMBRANE ALONE

k6.o

(0.016

k5="o
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It therefore appears that placing soi I below or above a geomembrane
significantly decreases the leakage rate through a hole in the giomembrane.
However, the two beneficia'l effects should not be added to each bttrer. Forexample, if a geomembrane is underlain by clay and overlain by sand, the
beneficial effect of the sand cannot be added to the beneficial elrect of theclay. The rationale is as fo'llows: the hydraulic ccnductivity of clay is much
lower than that of sand and, therefore, .it-controls the velocliy of liqu.id flow
through the geomembrane hole; the presence of sand does not have any noticeable
influence on flow velocity and, consequenily, on leakage rate.

RATE OF LEAKAGE THROUGH A QUASI-COMPOSITE LINER

There are many practical situations where clay or clayey soils are not
available to construct a composite liner and where a geomembrane is placed on a
layer of sandy or silty soil (either the natural subgrade or a compacted layer of
bed^ding.so'il) with a hydraulic conductivity in the ringe of 10-6 -'10-4 m/S [tq+ -
10-r cm/s). Although th'is ls not as good as a composite liner where the low-
permeability soil component has a hydraulic conductivity tess than 10-6 m/s (lO-l
cn/s), the presence of the sandy or silty soil under the geomembrane is likely to
decrease the leakage rate through a geomembrane hole compared to the case of a
geomembrane placed on a highly pervious soil. The association of a geomembrane
and a medium-permeability soil can be called a quasi-composite liner.

At the present time, to the best of our knowledge, there is no method to
evaluate the rate of leakage through a quasi-composite Iiner due to a hole in the
geomembrane. Equations 2 and 3 are valid only if the soil compone4t of the
composite liner has a hydraulic conductivity less than 10-6 m/s (10-l cm/s). If
Equatign 2 or.3 are used with a value of the hydraulic conductivity greater than
10-o m/s (10-q cm/s), the equations overestimate the leakage rate because they
exaggerate the influence of lateral flow between the geomembrane and soilr.
(Lateral flot+ is expected to be very smal I when the soil underlying the
geomembrane does not have a low hydraulic conductivity.)

Another approach to calculating the leakage rate through a hole in the
geomembrane component of a quasi-composite liner would be to use Equation 4', which
tvas developed to evaluate . the effect of the overlying material, with ks
substituted for k6. This would tend to underestimate the leakage rate because
Equation 4 was established assuming exce'llent contact between the overlying
granular material and the geomembrane, while the contact quality may not be as
good when the granular soil 'is below the geomembrane.

It may therefore be concluded that Equation 2 provides an upper bound solution
and Equation 4 (with ks instead of k6) a lower bound solution for the case of a
quasi-composite I iner.

It i s interest'ing to use both equations to determine the hydraul ic
conductivity of the underlying soil for which the leakage rate is the same as in
the case of free flow (Equation 1). Fgr a 0.1 cmz 10.0t0 in21 hole, this occurs at
kt approxi,qalely equal to 10-{ m/s (tO-z cm/s) with Equation 2, and k, approximately
equal to 10-z m/s (1 cm/s) with Equation 4. By interpolating between these two
values, it can arbitrarily be concluded that free flow occurs when the hydraulic
condlctivity of the material underlying the geomembrane'is on the order of 10-s m/s
(10-rcm/s) or greater. This value is consistent with the results of some tests by
Brown et al. (1). 
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To evaluate the beneficial effe^ct of.a-quasi-composite liner between k, = 1g-s
T/t (10-a cm/s) and ks = 10-3 m/s (tO-l cm/i)l-lnt.iporation on a logarithmic scaleis suggested, as shoin in Figure 1. This'iigure itso illustrates the beneficialeffect of composite^and quasi^-composite lineri in the case of a geomembrane holewith an area of t c# 10.t6 in2).

For practical applications, Figure 1 can be used for a rapid evaluailon of the
ben-eficial effect of a composite llner, whether it is a true lomoosite liner (k. <
10-6 m/s (10a cm/s)) or a quasi-composite riner (k, > io-ii;7t-db:i";irii:'"'riiirt1 is based-on good contact between the geomem6rine and soil components of the
composite liner.

RELATIONSHIP BETI{EEN LEAKAGE AND LEACHATE GENERATION

The above discuss'ion on the effect of the drainage material overly'ing the
geomembrane on the rate of leakage through a hole tn i geomembrane liner couldlead to the belief that it is preferable tb use sand rather than a more permeable
material such as geonet or gravel to construct Ieachate collection Iayers. Forequal heads of leachate on the geomembrane, the rate of leakage through the
primary liner is indeed smaller if the leachate collection layer material is sandrather than gravel, because sand will impede the flow of liachate towards the
geomembrane hole, -thereby reducing the leakage rate as compared to the case wherethe leachate collection layer material hai a higher pdrmeability than sand.
However, such a comparison is not comect because, for a ionstant ratl of leachategeneration' the larger the hydraulic conduct'ivity of the leachate collection layermaterial, the smaller the leachate head on the geomembrane. Therefore, to make afair comparison between leachate collection layer materials regarding their
influence on leakage rate, it is necessary to consider a given ratl of leachategeneration instead of a given head of leachate on the geomembrane. The authors
are currently investlgating the combined influence of diainage layer permeablllty
and Ieachate generation rate on leakage rates through geomembiane trotes'.

LIHTTATIONS

The methods of evaluating rates of leakage through geomembrane holes presented
above are based on theoretical analyses and a limited number of laboratoiy tests.
These methods still need to be comlared to leakage rates measured in additional
laboratory tests and in actual landiills that have reliable leakage detection andcollect'ion systems. To date, only very limited data are available andinterpretation is always difficult because: 111 ttre sizes of geonembrane defects
9f9..not known; (ii) liquid heads actlng on [he primary liners are not known; and(iiI) many landfills have liquids in their leakage detection and collection layers
from sources other than leakage through the piimary liner. Therefore, in thepresent state of knowledge, the above methods should be used wlth caution and only
by experienced englneers.

CONCLUSIONS

_Mt paper has described methods for evaluating rates of leakage throughlandfill liners constructed trith geomembranes. the mithoos were appliid to uoth
geomembranes alone and to composite llners comprised of a geomdmbrane upper
component and a soil lower component. Compaiisons of the results ot'the
evaluations demonstrates the effectiveness of composite l'iners. Table I showsthat leakage rates through a geomembrane hole are significanily reduced by placing
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RATIO BETWEEN LEAKAGE RATES THROUGH GEOMEMBRANE ALONE AND COMPOSITE LINER

kd=-

a - ilrea of

ks =-

GEOMEMBRANE ALONE

ho'le 1n geomembrane

10-10 10-9 10-B L0-7 10-6 1o-5 1o-4 10-3 io-z

Hydraullc conductlvlty of the soll underlylng the geomembrane (m/s)

Figure 1. Effectiviness 0f a Composite Liner. This flgure gives the ratio, R,- 
between the leakage rates (due to a geomembrane hole) through a

geomembrane alone and through a composite liner, as a function of the
[ydrau'lic conductivity, kr, of the soil component of th,e composite
Iiner. The portions if th-e curves for k, < 10-6 m/s (10-4 cm/s) 

-were
established 6y div'id'ing Equation 1 by Equition 2. The portions of lhe

' curves for ks > 10-6 m/s were obtqined by interpolation.between the
portions of tie curves for ks < 10-6 m/s and the value of ks..f-9r. which
iree flow is expected. The-curves are independent of the thickness'
H5, of the soil laYer if h ( Hs.
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q Iayer of lov-perm-e.ability soil under the geomembrane. The paper alsodemonstrates (Table zl that, for a given head on top of a geomembrane, thepresence of- a laye.r of sandy or si!ty-soil on top of or beneath the geomembranesignjficantly impedes the flow rate through a hole in the geomembrane.

.The leakage rate evaluat'ions have been comb'ined into a chart (Figure 1) thatcan be used with Equation 1 to estimate leakage rates through geo'mefrnrane holes*h9! !h.. liquid !eag acting on top of the-geomembrane is inown or can beestimated. This chart can be used fdr practical'applications in ionjunction withguidelines provided by Giroud and Bonaparte (l) on'ttre sizes and frlquencies ofgeomembrane ho'les that could be encountered in'ftre rieta.

(1) Brown, K.l{. , Thomas,

I e
Vi enna, trla, Apr 1986, pp, 917

1984, pp.157-

Sherard, J.L., trThe
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GTROUD . Liquid Migretion Through Composite Lineis Due to Geomembrane Defects

hyftaulic conductivity of the low-permeability soil component of the

composite liner (m/s)

liquid migration rate through the considered geomembrane defect (m3/s)

liquid migration rate per unit length of geomembrane defect in the case

of an infinitely long defect (m2ls)

radius o[wetted area (m)

thickness of liquid on top of the geomembrane (m)

thickness of the low-permeability soil component of the composite liner

(m)

slope angle (")
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ABSTRACT: Equations available to date-for calculating the rate of liquid migration
through a composite liner due to geomembrane defects require the use of graphs to obtain
the value of one of the terms of the equations for the case where the liquid head is larger than
the thickness of the low-permeability soil component of the composite liner. In this paper,
it is shown that the terms that require graphs cin be expressed anilytically, which leidi to
a new set of equations that provides an entirely analytical means of calculating the rate of
liquid migration through composite liners. This new set of equations is particularly useful
when the liquid head is large compared to the thickness of the low-permeability soil compo-
nent of the composite liner, which is often the case when the low-permeability soil associated
with the geomembrane to form a composite liner is a geosynthetic clay liner. A numerical
example is given.
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FLll09, Rev0

Section 03300: Casrin-Place Concrete

SECTION O33OO

CAST.IN.PLACE CONCRETE

PART 1 GENERAL

1.01 SUMMARY

This Section includes cast-in-place concrete, including reinforcement, concrete materials,

mix design, plagement procedures, and finishes.

I.O2 SUBMITTALS

A. Product Data: For each manufactured material and product indicated'

B. Design Mixes: For each concrete mix indicated.

C. Shop Drawings: Include deatails of steel reinforcement placement including

materials, grade, bar schedules, strirup spacing, bent bar diagrams, arrangement,

and supports.

1.03 QUALITY ASSURANCE

A. Manufacturer Qualification: A firm experienced in manufacturing ready-mixed

concrete products complying with ASTM C 94 requilements for production

facilities and equipment.

B. Comply with ACI301, "Specification for Structural Concrete," including the

following, unless modified by the requirements of the Contract Documents.

1. General requirements, including submittals, quality assurance, acceptance

of structure, and protection of in-place concrete'

2. Formwork and form accessories.

3. Steel reinforcement and supports.

4. Concrete mixtures.
5. Handling, placing, and constructing concrete.

6. Lighweightconcrete.

Part} PRODUCTS

2.01, MATBRIALS

FL I 109/Specifications 03300-l 28-Mar-07



FL1 109, RevO

Section 03300: Cast-in-Place Concrete

A. Formwork: Furnish formwork and form accessories according to ACI30l

B. Steel Reinforcement:

1. Reinforcing Bars: ASTM A 615/A 615M, Grade 60, deformed.

2. Plain-Steel Welded Wire Fabric: ASTM A 185, fabricated from as-drawn

steel wire into flat sheets.

C. Concrete Materials:

1. Portland Cemet: ASTM C 150, Type I or II or VII.
2. Normal-Weight Aggregate: ASTM C 33, uniformly graded, not exceeding 1-

Il2 inch nominal size.
3. Water: Complying with ASTM C-94

D. Admixtures:

l. Air-Entraining Admixture: ASTM C260
2. Water-Reducing Admixture: ASTM C 494, Type A.
3. Water-Reducing and Retarding Admixture: ASTM C 494, Type D.

E. Vapor Retarder: Polyethylene sheet, ASTM D 4397, not less than 10 mils thick.

F. Joint-Filler Strips: ASTM D 1751, asphalt-saturated cellulosic fiber.

G. Curing Materials:

1 . Evaporation Retarder: Waterborne, monomelecular filem forming, manu-

factured for application to fresh concrete.

2. Absorptive Cover: AASHTO M 182, Class 2, burlap cloth made from jute

or kenaf.
3. Moisture-Retaining Cover: ASTM C llI, polyethylene film or white bur-

lap-polyethylene sheet.

4. Water: Potable.
5. Clear, Waterborne, Membrane-Forming Curing Compound:

ASTM C 309, Type 1, Class B.
6. Clear, Waterborne, Membrane-Forming Curing and Sealing Compound:

ASTm C 1315, Type l, Class A.

2.02 CONCRETE MIXES

A. Comply with ACI301 requirements for concrete mixtures.

B. Prepare design mixes, proportioned according to ACI301, for normal-weight

FL1 109/Specifications 03300-2 28-Mar-07



1.

2.

FLl109, Rev0

Section 03300: Cast-in-Place Concrete

concrete determined by either laboratory trail mix or field test data bases, as

follows:

Compressive Strenght (28 Days): 3000 psi as shown on the drawing.

Slump: 4 inches+l inch.
a. Slump Limit for Concrete Containing High-Range Water-

Reducing Admixture: Not more than 8 inches after adding admix-
ture to pl ant-or- site- verified, 2 -3 -inch slump.

Add air-entraining admixture at manufacturer's prescribed rate to result in
conctete at point of placement having an air content of 2.5 to 4.5 percent.

Maximum water/cemet ratio: 0.55.

C.

D.

2.03 CONCRBTE MIXING

A. Ready-Mixed Concrete: Comply with ASTM C-94.

l. When air temperature is between 85 and 90 F, reduce mixing and delivery
time from 1-112 hours to 75 minutes; when air temperature is above 90

deg F, reduce mixing and delivering time to 60 minutes.

B. Provide batch ticket for each batch discharged and used in the Work, indicating
Project identification name and number, date, mix type, mix time, quality, and

amount of water added. Record approximate location of final deposit in structure.

PART 3 EXECUTION

3.01 INSTALLATION.GENERAL

A. Prior to concreting obtain written directions from coating manufacturer for
acceptable curing process and follow written directions.

B. Formwork: Design, construct, erect, shore, brace, and maintain formwork
according to ACI301.

C. Vapor Retarder: Install, protect and repair vapor-retarder sheets according to

ASTM E 1643; place sheets in postion with longest dimension parallel with
direction of pour.

1. Lap joints 6 inches and seal with manufactur's recommended tape.

D. Steel Reinforcement: Comply with CRSI's "Manual of Standard Pratice" for
fabricating, placing and supporting reinforcement.

FLI 109/Specifications 03300-3 28-Mar-07
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Section 03300: Cast-in-Place Concrete

1. Do not cut or puncture vapor fetarder. Repair damage and reseal vapor re-

tarder before placing concrete.

E. Joints : Construct joints true to line with faces perpendicular to surface plane of
concrete.

L Construction Joints: Locate and install so as not to impair strength of ap-

pearance ofconcrete, at location indicated or as approved by Engineer.

Isolation Joints: Install joint-filler strips at junction with slabs-on-grade

and vertical surfaces, such as column pedestals, foundation walls, grade

beams, and other locations, as indicated.

a. Extend joint fillers full width and depth of joint, terminating flush

with finished concrete surface, unless otherwise indicated.

F. Tolerances: Comply with ACI 117, "Specifications for Tolerances for Concrete

Construction and Materials."

3.02 CONCRETEPLACEMENT

A. Comply with recommendations in ACI304R for Measuring,mixing,transporting,
and placing concrete.

B. Consolidate concrete with mechancial vibrating equipment.

3.03 FINISHING FORMED SURFACES

A. Related Unformed Surfaces: At tops of walls, horizontal offsets, and similar

unformed surfaces adjacent to formed surfaces, strike off smooth and finish with a

texture matching adjacent formed surfaces. Continue final surface treatment of
formed surfaces uniformly across adiacent unformed surfaces, unless otherwise

indicated.

3.04 FINISHING UNFORMED SURFACES

A. General : Comply with ACI 302.lR for screeding, restraightening, and finishing
operations for concrete surfaces. Do not wet concrete surfaces.

B. Screed surfaces with a straightedge and strike off. Begin initial floating using bull

floats or darbies to form a uniform and open-textured surface plane before excess

moisture or bleedwater appears on the surface.

2.
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Section 03300: Casrin-Place Concrete

1. Do not further disturb before starting finishing operations.

C. Scratch Finish: Apply scratch finish to surface to receive concrete floor topping

or mortar setting beds for ceramic or quarry tile, Portland cement terrazzo, and

other bonded cementitious floor finish. unless otherwise indicated'

Float Finish: Apply float finish to surface indicated and to floor and

slab surfaces exposed to view or to be covered with fluid-applied or sheet

waterproofing, built-up or membrance roofing , or sand-bedtenazzo.

Trowel Finish: Apply a hard trowel finish to surfaces indicated and to floor and

slab surfaces exposed to view or to be covered with resilient flooring,carpet,

ceramic or quarry tile set over a clevage membrane, paint, or another thin film-
finish coating system.

F. Trowel and Fine-Broom Finish: Apply a partial trowel finish, stopping after

second troweling, to surface indicated and to surfaces where cermic or quarry

tile is to be installed by either thickset or thin-set methods. Immediately after

second troweling, and when concrete is still plastic, slightly scarify surface with a

fine broom.

G. Nonslip Broom Finish: Apply a nonslip broom finish to surface indicated and to

exterior concrete platforms, steps, and ramps. Immediately after float finishing,

slightly roughen trafficked surface by brooming with fiber-bristle broom
perpendicular to main traffic route.

3.05 CONCRBTE PROTECTION AND CURING

Prior to concreting, obtain written directions from coating manufacturer for
acceptance during process and follow written directions.

General: Protect freshly placed concrete from premature drying and excessive

cold or hot temperatures. Comply with ACI 306.1 for cold-weather protection,

and follow recommendations in ACI305R for hot-weather protection during

curing.

Evaporation Retarder: Apply evaporation retarder to concrete surfaces if hot, dry,

or windy conditions occur before and during finishing operations. Apply
according to manufacturer's written instructions after placing, screeding, and bull
floating or darbying concrete, but before float finishing.

Begin curing after finishing concrete, but not before free water has disappeared

from concrete surface.

E. Cure formed and unformed concrete for at least seven days as follows:

D.

E.

C.

D.

A.

B.
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t. Moisture Curing: Keep surfaces continuousiy moist with water or absorp-

tive cover, water saturated and kept continuously wet.

Moisture-Retaining-Cover Curing: Cover concrete surface with mois-

ture-retaining cover for curing concrete, placed in widest practicable

width, with sides and ends lapped at least 12 inches, and sealed by water-

proof tape or adhesive. Immediately repair any holes or tears during cur-

ing peroid using cover material and waterproof tape.

3.06 FrELD QUALITY CONTROL

A. Testing Agency: Owner will engage a qualifed independent testing and

inspecting agency to sample materials, perform tests, and submit test reports

during concrete placement. Test will be performed according to ACI 301.

1. Testing Frquency: One test for each days's pour of each concrete mix ex-

ceeding 5 cu. yd., but less than 25cu. yd., plus one set for each additional

50 cu.yd. or fraction thereof.

2. Testing shall consist of the following:

Slump test per ASTM C t43.
Air entrainment test per ASTM C 173.

Compressive strength test per ASTM C 38 (4 cylinders).

IEND OF SECTIONI

2.

FLI 109, RevO

Section 03300: Cast-in-Place Concrete

a.

b.
c.
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Section 02200: Earthwork

SECTION O22OO

EARTIIWORK

PART 1 GENERAL

1.01 SCOPE

A. This section includes the requirements for site preparation, excavation, surface water

control, excavation dewatering, stockpiling, subgrade preparation, general fill, and

earthwork materials. This section also includes the requirements to maintain the

prepared subbase surface until the geosynthetics installer has completed construction of
the liner system.

T,O2 RELATED SECTIONS AND PLANS

A. Section 02100 - Surveying

B. Section 02110 - Stripping

C. Section 02215 - Trenching and Backfilling

D. Section 02290 - Erosion and Sediment Control

E. Section 02930 - Vesetation

F. Construction Quality Assurance (CQA) Plan

1.03 REFERENCES

A. Latest version of American Society of Testing and Materials (ASTM) Standards.

1. ASTM D 698. Standard Test Methods for Moisture-bensity Relations of Soils

and Soil-Aggregate Mixtures Using a 5'5-lb Q-a9-kg) Rammer and

I2-in. (305-mm) Drop.
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1.04

1.05

A.

FLI 109. Rev. 0

Section 02200: Earthwork

2. ASTM D 2487 Standard Test Method for Classification of soils for Engineering

Purposes.

SUBMITTALS

Within 15 calendar days from Notice to Proceed, submit to the Engineer for review an

Earthwork Work Pian. The Earthwork Work Plan shall include, at a minimum:

1. list of equipment proposed for the construction activities including earthwork and

for scope of work specified in Sections 02215, WA and 02235;aa4&48;
2. construction methods for each construction activity;
3. dewatering methods and techniques;

4. coordination of survey requirements for the earthwork;

5. proposed locations of temporary soil stockpile areas;

6. coordination of earthwork activities with surface water management and erosion

and sediment control measures,

7. schedule for earthwork activities; and

8. dust control measures.

CONSTRUCTION QUALITY ASSURANCE

The earthwork will be monitored and tested by the CQA Consultant as required in the

CQA Plan.

The CQA Consultant will perform soil conformance testing on general filI to establish

compliance with this Section. The Contractor will provide equipment and labor to assist

the CQA Consultant in obtaining conformance samples from excavations and stockpiles.

The CQA Consultant will perform soil performance testing on the subgrade surface and

general fill lifts to evaluate compliance with this Section. The CQA Consultant will
indicate any portion of the earthwork that does not meet the requirements of this Section

and wili delineate the extent of the nonconforminq area.

The Contractor shall correct all deficiencies and nonconformances identified by the CQA

Consultant at no additional cost to the Owner.

E. The Contractor shall be aware of the activities required of the CQA Consultant by the

CQA Plan and shall account for these activities in the construction schedule.

B.

C.

D.
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Section 02200: Earthwork

1.06 EXISTING CONDITIONS

A. Existing site surface and subsurface conditions, based on available site data, are

indicated on the Construction Drawinss.

B. Contractor shall verify existing conditions as indicated in Section 02100.

PART 2 _ PRODUCTS

2.OL MATERIALS

Obtain material for general fill from the existing on-site borrow sources or on-site

stockpiles designated by the Engineer.

General fill material shall be free of debris, foreign objects, large rock fragments,

organics, and other deleterious materials. General fill material shall classify as SW, SP,

SC or SM according to the Unified Soil Classification System (per ASTM D 2487).

General fiil material having the indicated classification is expected to be available from

designated borrow sources. Soils having other classifications are acceptable as general

fiIl, if approved by the Engineer.

General fill material used in the top 6-inches of the prepared subgrade shall be free of
sharp materials or any materials larger than one-half inch.

2.02 EQUIPMENT

Furnish compaction equipment to achieve the required minimum soil dry density within
the range of acceptable moisture contents.

Furnish hand compaction equipment, such as a walk-behind compactor, hand tampers, or

vibratory plate compactor, for compaction in areas inaccessible to large compaction

equipment.

Furnish water trucks, pressure distributors, or other equipment designed to apply water

uniformly and in controlled quantities to variable surface widths for required in-place

moisture adjustment, to prevent drying of soil surfaces, and for dust control.

A.

B.

C.

A.

B.

C.
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D. Fumish equipment such as excavators, scrapers, compactors, loaders, dozers, earth

hauling equipment and all other equipment, as required for earthwork construction.

PART 3 EXECUTION

3.01 GENERAL

A. All general fill material to be compacted

facilitate effective compaction.

3.02 SITE PREPARATION

shall be at a moisture content that will readily

A. Install construction fence and barricades around open trenches and excavated areas.

B. Install erosion and sediment controls in relevant areas of construction and as required by

Section 02290. Maintain the erosion and sediment controls for the duration of the

Contract and until the contained areas are vegetated in accordance with Section 02930.

Accumulated sediment behind silt fences and from drainage swales and structures shall

be removed as required or as directed by the Engineer.

C. Prior to any earthwork activity, pcrform stripping as indicated on the Construction

Drawines and in accordance with Section 02110.

3.03 SURAFCE WATER CONTROL

Installation of surface water and erosion controls shall be in accordance with approved

Surface Water Management and Erosion Control Plan as specified in Section 02290.

Install surface water and erosion controls in and around work areas to control runoff and

erosion and to prevent surface water runon into excavations. Perimeter controls may

include shallow ditches, berms, or localized regrading.

3.04 EXCAVATION

A. Excavate designated areas to the subgrade elevations or excavation limits indicated on

the Construction Drawings. Stockpile excavated material in areas designated by the

Construction Manager for use in subsequent construction.

A.

B.
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Section 02200: Earthwork

3.05 EXCAVATION DEWATERING

A. Anticipate seepage of groundwater into, and accumulation of surface water runoff in

excavations. Manage groundwater and surface water in excavations in accordance with

this section.

Prevent surface water run-on from adjacent areas from entering the excavation.

All fill operations, except hydraulic filling, shall be performed in the dry. Contractor

shall expect that groundwater is at or near the existing ground surface and shall be

prepared to lower the groundwater in local areas as required to construct sumps and

drainage structures. Contractor shall expect that work areas may be inundated with

water and be prepared to dewater locally as required to perform work.

3.06 STOCKPILING

Separate stockpiles by material type.

Stockpile excavated soils from on-site borrow sources at the areas indicated on the

Construction Drawings or as designated by the Engineer.

Construct stockpiles no steeper than 3H:lV (horizontal:vertical), grade to drain, seal by

tracking perpendicular to the slope contours with a dozer, and dress daily during periods

when filIis taken from the stockoile.

D. Silt fence or berms shall be constructed at the base of stockpiles that will not be

immediately used.

E. Restore all areas used for stockpiling when stockpiles are removed.

3.07 SUBGRADEPREPARATION

A. Subgrade material shall consist of soil relatively free of debris, foreign objects, organics

and other deleterious materials.

B.

C.

A.

B.

C.
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B. Compact all subgrade within the limits of flexible leachate storage containers to a

minimum 95 percent of the Standard Proctor (ASTM D 698) maximum dry density at a

moisture content approved by the Engineer.

Perform subgrade proof rolling by driving a loaded dump truck (minimum weight of 10

tons per axle and minimum loaded weight of 20 tons) or other pneumatic-tired vehicle,

back and forth across the area to confirm the firmness of subgrade surface. Overlap the

passes such that one set of tires on each pass runs between the two sets of tire tracks

fromthepreviouspass.ThesurfaceSeilsshallnotexhibitpumping@andnot
contain loose stones or ruts more than tvro one inches in depth. Minor rutting, defined as

less than qnq twe inches in depth, shall be regraded or covered with general fillto match

finish grade.

Subgrade for general fiIl shall be scarified to a depth of 2 inches using equipment

identified in this section.

Unsuitable soils shall be removed and replaced with general filIto a minimum depth of 2

feet below the proposed subgrade elevation. Suitable soil exhibiting pumping or

developing ruts more than qns t$rs inches in depth will be removed to a minimum depth

of 1 foot or dried in place, if feasible. Compact the general fill and liner subbase

materials to a minimum 95 percent of standard Proctor (ASTM D 698) maximum dry

density at a moisture content approved by the Engineer.

In excavations or other areas where water accumulates, implement measures to remove

the water in accordance with this section. Maintain the subgrade surface free of standing

water and in firm condition to meet proof rolling requirements of this section. Maintain

dewatered areas until overlying construction is complete.

G. Manage surface water as described in Section 02290.

3.08 PREPARED SUBGRADE SOILS

A. Use fill that meets the requirements of general filI listed in this Section. Place fill to the

limits and grades shown on the Construction Drawings.

B. Place general fill material on surfaces that are free of debris, vegetation, or other

deleterious material.

C.

D.

E.

F.
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Section 02200: Earthwork

Place general fill material in loose lifts with a thickness of 8 inches + 1 inch. In areas

where compaction is to be peformed using hand operated equipment, place the fill
material in loose lifts with a loose thickness of 4 inches + 1 inch.

Prior to placing a succeeding lift of material over a previously compacted lift, thoroughly

scarify the previous lift to a depth of 2 inches by discing, raking, or tracking with a dozer.

Moisture condition the preceding lift if not within the acceptable moisture range.

The trafficking of scarified surfaces by trucks or other equipment, except compaction

equipment, is not permitted.

F. Except as specified in this section, compact general filI in each lift to at least 95 percent

of its standard Proctor maximum dry density (ASTM D 698). Compact general fil1 at

moisture content as required to attain the specified density or as approved by the

Ensineer.

G. Do not place fill during periods of precipitation. Piacement may occur during periods of
misting or dnzzle, but only as authorized by the Engineer.

H. Dust shall be controlled by the application of water to the general fill surfaces.

I. CONTRACTOR shall coorclinate the final surface of subbase general fill within the

footprint of the flexible storage containers with the geosynthetics installer.

CONTRACTOR is responsible for maintenance of the subbase until acceptance by the

geosynthetics installer.

3.09 SURVEY CONTROL

A. Survey limits and elevations of subgrade, excavations, and top of prepared subgrade in

accordance with Section 02100.

D.

E.
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Section 02200: Earthwork

3.10 TOLERANCES

A. Perform the earthwork construction related to the composite liner system to within +0.1

ft. of the elevations and within 10 percent of the slopes shown or indicated on the

Construction Drawinss.

B. Positively draining slopes shall be maintained in all cases.

IEND OF SECTTON]
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Section 02740: Geocomposite

SECTION 02740

GEOCOMPOSITE

PART 1 GENERAL

1.01 SCOPE

A. This section includes requirements for geocomposite drainage iayer product
and installation.

RELATED SECTIONS AND PLANS

Section 02170 - Geomembranes

Section 02780 - Geosynthetic Clay Liner

Construction Quality Assurance (CQA) Plan

1.03 REFERENCES

A. Latest version of American Society for Testing and Materials (ASTM)
standards:
1. ASTMD 1505. Standard Test Method for Density of Plastics by

the Density-Gradient Technique.
2. ASTM D 1603. Standard Test Method for Carbon Black in O1efin

Plastics.
3. ASTM D 1171. Standard Method for Measurins Thickness of

Textile Materials.
4. ASTM D 3786. Standard Test Method for Hydraulic Bursting

Strength of Knitted Goods and Nonwoven Fabric -

Diaphragm Bursting Strength Tester Method.
ASTM D 449I. Standard Test Method for Water Permeability of

Geotextiles by the Permittivity Method.
ASTM D 4533. Standard Test Method for Trapezoid Tearing

Strength of Geotextiles.
ASTM D 4632. Standard Test Method for Breaking Load and

Elongation of Geotextiles (Grab Method).

A.

B.

C.

5.

6.

n
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8. ASTM D 4116.

9. ASTM D 4751.

10. ASTM D 4833.

1 1. ASTM D 526T.

12. ASTM F 904.

FLI 109, Rev. 0

Section 02740: Geocomposite

Standard Test Method for Constant Head

Hydraulic Transmissivity (In-Plane Flow) of
Geotextiles and Geotextile Related Products.

Standard Test Method for Determining Apparent

Opening Size of a Geotextile.
Standard Test Method for Index Puncture

Resistance of Geotextiles, Geomembranes, and

Related Products.

Standard Test Method for Measuring Mass Per

Unit Area of Geotextiles.
Standard Test Method for Comparison of Bond

Strength or Ply Adhesion of Similar Laminates

Made from Flexible Materials.

B. Federal Standard No. 751a - Stitches, Seams, and Stitching.

I.O4 SUBMITTALS

A. Submit the following to the Engineer for review at least 2I calendar days prior
to use:

1. geocomposite Manufacturer and product names;

2. certification of minimum average roll values and the conesponding test

procedures for all geocomposite properties listed in Table 02740-l; and

3. projected geocomposite delivery dates.

B. Submit to the Engineer for review at least 14 calendar days prior to
geocomposite placement, manufacturing quality control certificates for each ro11

of geocomposite as specified in this section.

C. For each proposed geocomposite materiai, the Contractor shall submit to the

Engineer for review at least 14 calendar days prior to transporting the

geocomposite to site the results of manufacturing quality control testing and

certification that the geocomposite is manufactured to meet the minimum

interface shear strength criteria when tested in compliance with requirements of
this section.

CONSTRUCTION QUALITY ASSURANCE

A. The installation of the geocomposite drainage layers will be monitored by the

CQA Consultant as required by the CQA Plan.

4.

g

1.0s
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The CQA Consultant will perfofin material conformance testing of the

geocomposite as required by the CQA Plan.

The Contractor shall be aware of the activities required of the CQA Consultant

by the CQA Plan and shall account for these activities in the installation

schedule.

The Contractor shall correct all deficiencies and nonconformances identified by

the CQA Consultant at no additional cost to the Owner.

C.

D.

PART 2 PRODUCT

2.OI GEOCOMPOSITE

Furnish geocomposite drainage layer materials consisting of a polyethylene

geonet core with a needle-punched nonwoven geotextile heat laminated to each

side ofthe geonet core.

Fumish geocomposite having properties meeting the required property values

shown in Table 02740-T. Required geocomposites properlies shall be

considered minimum average roll values (95 percent lower confidence limit).

Fumish geocomposite that are stock products.

In addition to the property values listed in Table 02740-1, the geocomposite

shall:
1. retain their structure during handling, placement, and long-term service;

and

2. be capable of withstanding outdoor exposufe for a minimum of 30 days

with no measurable deterioration.

Fumish polymeric threads for stitching that are ultra-violet (UV) light stabilized

to at least the same requirements as the geotextile to be sewn. Fumish polyester

or polypropylene threads that have a minimum size of 2,000 denier.

A.

B.

C.

D.
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C.

Test

Mass per unit area

Grab strength
Tear strength
Puncture strength
Burst strength

Test

Polyrner density
Carbon black
Thickness

Procedure

ASTM D 5261
ASTM D 4632

ASTM D 4533

ASTM D 4833

ASTM D 3786

Procedure

ASTM D 1505

ASTM D 1603

ASTM D 1777

A.

B.

FLI 109, Rev. 0

Section 02740: Geocomposite

MANUFACTURING QUALITY CONTROL

Sample and test the geotextile and geonet components of the geocomposite to

demonstrate that these materials conform to the requirements of this section.

Perform manufacturing quality controi tests to demonstrate that the geotextile

properties conform to the values specified in Table 02740-1. Perform as a

minimum, the following manufacturing quality control tests at a minimum
frequency ofonce per 50,000 square feet:

D.

Perform additional manufacturing quality control tests on the geotextile, at a

minimum frequency of once per 50,000 square feet, to demonstrate that its
apparent opening size (per ASTM D 4751) and permittivity (per ASTM D

4491) conform to the values specified in Table 02740-1.

Perform manufacturing quality control tests to demonshate that the geonet

drainage core properties conform to the values specified in Table 02740-I.

Perform as a minimum, the following manufacturing quality control tests at a

minimum liequency of once per 50,000 square feet:

E. Perform additional manufacturing quality control tests, at a minimum frequency

of once per 50,000 squafe feet, to demonstrate that the geocomposite drainage

layers conform to the hydraulic transmissivity (per ASTM D 4116) and peel

strength (per ASTM F 904) requirements of Table 02740-1.
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F.

G.

C.

H.

FLl 109, Rev. 0

Section 02740: Geocompqgi&

Submit quality control test certificates signed by the geotextile, geonet, and

geocomposite manufacturer quality control manager. The quality control
certificates shall include:
i. lot, batch, and roll number and identification; and

2. results of manufacturing quality control tests including description of test

methods used

Do not supply any geocomposite roll that does not comply with the

manufacturing quality control requirements.

If a geotextile, geonet, or geocomposite sample fails to meet the qualify control
requirements of this section, sample and test rolls manufactured at the same

time or in the same lot as the failing ro11. Continue to sample and test the rolls
until the extent of the failing rolls are bracketed by passing roils. Do not supply
failing rolls.

PACKING AND LABELING

The geocomposite shall be supplied in rolls wrapped in relatively
impermeable and opaque protective covers.

Geocomposite rolls shall be labeled with the following information.
1. Fabricator's name;
2. product identification;
3. lot or batch number;
4. roll number; and

5. roll dimensions.

Geocomposite rolls not labeled in accordance with this section or on which
labels are illegible upon delivery to the site shall be rejected and replaced

with properly labeled rolis at no additional cost to the Owner.

A.

B.

D. If any special handling is required, it shall be so marked on the geotextile

component e.g., "This Side Up" or "This Side Against Soil To Be

Retained".

2.04 TRANSPORTATION

A. Geocomposite shall be delivered to the site at least 21 days prior to the

planned deployment date to allow the CQA Consultant adequate time to
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Section 02740: Geocomposite

perfolm confonnance testing on the geocomposite samples as requifed by

the CQA Plan.

I{ANDLING AND STORAGE

The Contractor shall be responsible for storage of the geocomposite at the

site.

Handling and care of the geocomposite prior to and following installation at

the site, is the responsibility of the Contractor. The Contractor sha1l be liable

for all damage to the materials incurred prior to final acceptance by the

Owner.

The geocomposite shall be stored off the ground and out of direct sunlight,

and shall be protected from excessive heat or cold, mud, dirt, and dust. Any

additional storage procedures required by the manufacturer shall be the

Contractor' s responsibility.

A.

B.

C.

D. Protective wrappinss shall be removed less than one hour prior to unrollinB

ite. After unrolli site

lisht for more t calendar d

Ite rolls shall no the Manuf
than 6 rnonths whi
a tem enclosure

For
laced o

riods lo
or

moved to an enclosed facilit)'. The location of the temporar.v field storaEe

shall not be in areas where water can accumulate.

PART 3 EXECUTION

3.01 PLACEMENT

The Contractor shall not commence geocomposite installation until the CQA

Consultant completes conformance evaluation of the geocomposite and

quality assurance evaluation of previous work, including evaluation of
Contractor's survey results for previous work.

The Contractor shall handle the geocomposite in such a manner as to ensure

the geocomposite is not damaged in any way.

A.

B.
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G.

3.02

D.

E.

F.

H

J.

FLI I 09, Rev. 0

Section 02740: Geocomposite

The Contractor shall take any necessary precautions to prevent damage to

underlying layers during placement of the geocomposite.

The geocomposite shall only be cut using manufacturer's recommended

procedures.

In the presence of wind, all geocomposite panels shall be weighted with
sandbags or the equivalent. Such sandbags shall be installed during
placement and shall remain untii replaced with cover material.

Care shall be taken during placement of geocomposite not to entrap dirt or
excessive dust in the geocomposite that could cause clogging of the drainage

system, and/or stones that could damage the adjacent geomembrane. Cate

shall be exercised when handling sandbags, to prevent rupture or damage of
the sandbags.

If necessary, the geocomposite shall be positioned by hand after being

unrolled over a smooth rub sheet.

Tools shall not be left on, in, or under the geocomposite.

After unwrapping the geocomposite from its opaque cover, the geocomposite

shall not be left exposed for a period in excess of 30 days.

If white colored geotextile is used in the geocomposite, precautions shall be

taken against "snowblindness" of personnel.

SEAMS AND OVERLAPS

The components of the geocomposite (i.e., geotextile, geonet, and geotextile)

are not bonded together at the ends and edges of the rolls. Each component

will be secured or seamed to the like component of adjoining panels.

Geotextile Components :

1. The bottom layers of geotextile shall be overlapped a minimum of 4

inches. The top layers of geotextiles shall be continuously sewn (i.e.,

spot sewing is not allowed). -Geote-xtiles and shall be overlapped a

minimum of 6 inches priorto seaming.

2. No horizontal seams sha1l be allowed higher than one-third the slope

height on slopes steeper than 10 horizontal to 1 vertical.

A.

B.
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3. Polymeric thread, with chemical resistance properties equal to or

exceeding those of the geotextile component, shall be used for all

sewing. The seams shall be sewn using Stitch Type 401 per Federal

Standard No. 751a. The seam type shall be Federal Standard Type

SSN-I.

The geonet component of adjacent geocomposite panels shall be overlapped a

minimum of 4-inches along the geocomposite panels and l2-inches across

end (butt) seams. The geonet component shall be fastened together using

nylon or plastic fasteners approved by the Manufacturer. The geonet shall be

fastened at a minimum spacing of 10-ft on surfaces 10:1 or flatter, every 5-ft

on surfaces steeper than 10:1, and every 1-ft along end (butt) seams'

REPAIR

Any holes or tears in the geocomposite shall be repaired by placing a patch

extending 2 ft beyond the edges of the hole or tear. The patch shall be

secured by tyrng fasteners through the bottom geotextile and the geonet of the

patch, and through the top geotextile and geonet on the slope. The patch shall

be secured every 6 inches with approved tying devices. The top geotextile

component of the patch shall be heat sealed to the top geotextile of the

geocomposite needing repair. If the hole or tear width across the panel is

more than 50 percent of the width of the panel, the damaged area shall be eut

out and the two portions of the geonet shall be joined in accordance with this

section.

All repairs shall be performed at no additional cost to the Owner.

PLACEMENT OF SOIL MATERIALS

3.03

3.04

A.

B.

A. The Contractor shall place all
that:

1. the geocomposite and

damaged;
2. minimal slippage occurs between the geocomposite and underlying

layers; and

3. excess tensile stresses are not produced in the geocomposite.

soil materials in such a manner as to ensure

underlying geosynthetic materials are not

FLI I 09/Soecifrcations 02740-8 28-Mar-07



B.

C.

FLI 109, Rev. 0

Section 02740: Geocomposite

Spread soil on top of the geocomposite from the bottom of slopes upward to

cause the soil to cascade over the seocomposite rather than be shoved across the

geocomposite.

For geocomposite overlying the geomembrane, do not place overlying soil

material at ambient temperatures below 40 degrees Fahrenheit (F) or above

104oF, unless authorized in writing by the Engineer. For cold (<40'F) and hot

(>104"F) weather placement operations, use the additional procedures

authorized in writing by the Engineer.

D. Do not drive equipment directly on the geocomposite. Only use equipment

above a geocomposite overlylng a geomembrane that meets the following
ground pressure requirements above the geomernbrane:

Maximum Allowable
Equipment Ground Pres sure

(pounds per square inch)

<5

<10
<20
>20

Minimum Thickness
of Overlying Soil

(inches)

T2

1B
1/1L1

36
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TABLE 02740-I
GEOCOMPOSITE PROPERTY VALUES

PROPERTIES QUALIFIER
SPECIFIED
VALUES (1) TEST METI{ODUNITS

Geonet Compqnent:

Polymer comPosition

Polymer density

Carbon black content

Nominal thickness

Geotextile Component:

Type

Polymer composition

Mass per unit area

Apparent opening size

Minimum

Minimum

Range

Minimum

None

Minimum

Minimum

Maximum

Minimum

Minimum

Minimum

Minimum

Minimum

o//o

g/cm-

%

mil

none

%

ozlyd-

Inm

-lsec -

lb

lb

lb

psi

95 polyethylene by weight

0.93

L-J

200

needlepunched nonwoven

95 polyester or polypropylene

8

oe5 < 0.21

0.5

180

75

75

350

ASTM D 1505

ASTM D 1603

ASTM D 1771 or
ASTM D 5199

ASTM D 5261

ASTM D 4151

ASTM D 4491

ASTM D 4632Q)

ASTM D 4533 (2)

ASTM D 4833 
(3)

ASTM D 3786

Permittivity

Grab strength

Tear strength

Puncture strength

Burst Strength

Geocompggite:'-

Transmissivity

Peel strength

Notes:

Minimum

Minimum

m2h

lb/in.

5 x 10-a

1.0

ASTM D 4716

ASTM F 904 or
GRI GC-7

1. All values represent minimum average roll values.
2. Minimum value measured in machine and cross-machine direction.
3. Tension testing machine with a 1.75-inch diameter ring clamp, the steel bail being replaced with 0.31-inch diameter solid steel

cylinder with flat tip centered within the ring clarnp.
4. Transmissivity of geocomposite shall be tested with geocomposite sandwiched between geomembranes using water at 68oF with a

gradient of0.1 under compressive stress of500 psffor 24 hours.

IEND OF SECTION]
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A.

PART 1 GENERAL

1.01 SCOPE

C.

A. Section 16010

B. Section 16110

C. Section 16652

SECTION 16651

CONTROL PANEL FABRICATION

General Electrical Requirements.

Grounding and Bonding

Instrumentation

FLI 109, Rev 0

Section 1665 1: Control Panel Fabrication

This specification identifies the minimum requirements for the design, fabrication and

testing of the Pump Control Panels located at the impacted stormwater and leachate

flexible leachate storage containers and at the impacted stormwater pumping location

as indicated on the Construction Drawings. The Contractor is responsible for the

functional operation of panel wiring from the main power drop to the panel and from

the panel to the leachate/impacted stormwater sump pumps and various

instrumentation. Panel general affangement and construction shall be as shown on the

contract drawings and indicated in the specifications. Follow the panel manufacturers

written requirements and recommendations for mounting and space allocation, wiring

and grounding of all equipment contained in the pump control panel. it is the intent of
this specification to provide a fully operational and ready-to-use system.

The control panel shall be designed in accordance with the requirements of this

specification, and the design drawings. No change orders will be accepted unless a

specific change of scope is requested in writing by the Enginccr, fully approved and

executed.

This specification describes the functional requirements of the control panel and all

internal components necessary to provide a complete and operating system.

The Contractor shall provide overall system integration of existing pumping equipment

with the Pump Control Panei. The Contractor shall be responsible for coordination of
control wiring and communications between the Pump Control Panel, pumps, level

transducers, flow meters, and any other instrumentation, equipment or control panels that

require communication or input/output capabilities.

1.02 RELATED SPECIFICATIONS

B.

D.
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1.03 REFERENCES

The enclosures, wiring, and component parts of this system shall conform to the latest

revision of the following codes and regulations:

A. National Electric Code (NEC), ANSIA{FPA 70

B. National Electric Safety Code (NESC), ANSI C2

C. American National Standards Institute (ANSI)

D. National Electrical Manufacturing Association (NEMA)

E. Electronics Industry Association / Telecommunications Industry Association
(ErA/rrA)

F. Ail applicable federal, state, and local codes.

1.04 SUBMITTALS

A. The control panel manufacturer shall provide a copy of the panel design to the Engineer
prior to begiruring assernbly of the panel. The Engineer shall review and provide written
approval or required modifications prior to assembly.

B. The control panel manufacturer shall provide written docunentation of functionality
testing of the control panel and all instrumentation interfacing with the control panel.

PART 2 PRODUCTS

2,OI GENERAL

A. All wiring for control panel shali be provided by the contractor. Requirements shall
comply with Section 16010.

B. The control panel shall be assembled by Sligo Systems, Inc. of Ormond Beach,

Florida. All control panel components shall be provided by Sligo Systems, Inc.

2.02 PANEL COMPONENTS

Two Control Paneis will be used for the flexible leachate storage container facilitL
The leachate Control Panel is intended to remotely operate the two sump pumps located in
the two flexible leachate storage containers cells which are to be used for leachate. The

impacted stormwater Control Panel is intended to remotely operate the two sump pumps

located in the two flexible leachate storage containerq cells which are to be used for
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impacted stormwater. The pumps will consist of 2-HP submersible pumps. The Control
Panels will also monitor leachate levels in the sumps and flow rates in the piping during
sump pump operation.

A. All pump controls will be housed in a painted NEMA Type 4 Cabinet. Cabinet Size

wil1be be determined by the panel manufacturer.

C.

Controls will be protected from weather by placing them behind the outer door of the

cabinet.

The Cabinet will be equipped with an appropriately sized service disconnect switch
capable of de-energizing all equipment in the cabinet and all externai equipment
serviced by the cabinet. The service disconnect shall be accessible from the outside of
the cabinet when the outer door is closed.

The primary sump pumps (PS-1104-01 and PS-1104-02) will be controlled by a level
transducer located inside the sump. The level transducer will monitor the depth of
leachate in the primary sump and will start and stop the primary leachate pumps at

specific set points.

The two primary pumps will altemate as lead and lag with each pump activation. Set

points will be such that the lead pump will start when the first high level set point
(SPH-1104-01) is reached. If leachate levels in the sump continue to rise then the lag
pump will start when the second high level set point (SPH-I 104-02) is reached. Both
primary sump pumps will be set to tum off at the same set point (SPL-I104-01).

The secondary sump pump will be turned on by high level set point, SPH-I104-03 and

turned off by low level set point, SPH-1104-03.

A high-high level alarm (LAHH-1104-01) will be activated if either of the high-high
level set points (SPHH-1104-01 or SPHH-1I04-02) are activated. This alarm will
activate a flashing strobe light on top of the control panel to notifii the operator that
leachate levels in the sump risers are too high.

A separate fused disconnect will be provided to house an external power receptacle.

This separate fused disconnect shal1 be referred to as the booster pump disconnect. The
fused disconnect and receptacle shall meet the following requirements:

a) The booster pump disconnect and receptacle shall be housed in a NEMA 4 cabinet;

b) The booster pump disconnect shall have an auxiliary pole to provide a control
signal to the sump pump control panel. This control signal shall disable the sump
pumps when the booster pump disconnect is activated.

c) The receptacle shall be capable of handling the power loads from the following20
hp motor:

i) 3-phase 460 power;

ii) Minimum efficiency 40 percent;

D.

E.

F.

G.

H.
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iii) Power factor 0.89

iv) Service factor 1.15.

The receptacle shall be a watertight pin and sleeve style connector.

The receptacle shall be accessible without opening the booster pump disconnect
panel.

The Leachate Sump Control Panel shall be capable of communicating with the

Leachate Storage Area Control Panel such that:

a) All pumps will be shut down in the event a signal is received indicating that all four

leachate pump-in valves in the leachate storage area are closed.

b) A11 sump pumps will be shut down in the event any one of the high-high level

switches in the leachate storage area has been activated.

c) A separate control panel, to be added in the future, will be able to monitor sump

pump operation and limit the number of pumps operating to 4.

Operation of the sump pumps and the control panel shall conform to the operational

notes set forth on the Process and Instrumentation Diagram.

Communication between the Sump Pump Control Panel and the Leachate Storage Area

Control Panel shall use a2wire signal processing system.

a) The panel manufacturer shall be responsible for determining the appropriate

number of nodes required for operation.

b) The 2 wire system installed shall be such that it can be modified in the future for
radio telemetrv.

L. All pumps will operate on 460VAC 3 phase power.

M. A 110VAC, 20 amp convenience outlet shall be provided at the control cabinet

location.

A convenience light fixture shall also be provided at the control cabinet. The light
shall be sufficient to illuminate the sump area and the control cabinet area. An
externally mounted light switch rated for exterior installation shall be installed at the

control cabinet location.

The control cabinets shall be shielded from direct sunlight to the extent possible by

installing a fiberglass or plastic backing and roof to the control panel mounting posts.

Three-position switches capable of overriding the level switch operation will be

provided for each pump. The each switch will be equipped with a legend plate

identifying the switch position. The switch positions shall be labeled as Hand, Off and

Auto corresponding to the operation of the pump at that position. The Hand position

d)

e)

I.

T
J.

K.

N.

o.

P.
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will allow an operator to turn on the pump motor independent of the water level in the

sump. The hand position will be spring loaded to prevent the switch from being left in
the hand position. The Off position will allow an operator to turn off the pump motor
independent of the water level in the sump. The Auto position will return the pump to

control by the level switches.

Q. Each pump shal1 be protected by a Type E-1 currentlvoltage monitor. The monitor
shall be set by the contractor to detect stuck impeller and no flow conditions.

R. Each pump shall have a pilot light mounted on the front of the panel. The pump

control panel will be configured such that the pilot light will light when the associated

pump is operating.

The pump control panel will be equipped with three beacon lights mounted on top of
the panel box.

a) A steady lit amber colored light shall be configured to indicate power is available to

the panel. The amber light shall be lit when the main disconnect switch on the

pump control panel is in the on position

b) A flashing red light shall be configured to indicate operational problems associated

with:

i) High or low voltage

ii) High or low current

iii) Water level has activated the High High Level switch (HHL-01).

c) A flashing blue light shall be configured to indicate operational problems

associated with the active level transducer.

d) Flashing lights shall be strobe activated t1pes. Mechanical rotating lights shall not

be used.

Panel Wiring

a) Wire PLC inputs and outputs to terminal blocks for field wiring connection.

Wireway

a) Provide ventilated plastic wireways inside the panels for separating and organizing

the wiring.

b) Electric signals carried in one Wireway will be of similar types and voltage levels.

Provide separate wireways for AC and DC wiring. Route internal wiring in
separate wireway from space allowed for extemal field wiring. Provide each signal

type with its own terminal strip.

T.

U.
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Terminal Blocks

a) A11 fabricator wiring shall be limited to one side of the terminal strips. The other
side of the terminal is reserved for field wirins connections.

Wire Marking

a) Permanently identifu each wire at both ends with a permanent identification tag.

Identif,z wiring according to wire identifiers on the control panel design plans

provided. Wire from terminal block to terminal block without splicing.

2.03 LIGHTNING PROTECTION

A. The control cabinet location shall be protected from incoming voltage surges by an

appropriately sized service entrance Transient Voltage Surge Supression (TVSS)
unit. The TVSS shall be manufactured by Erico, Inc.

B. An additional TVSS unit shall be installed on the incomins communication
conductors.

C. Two Lightning protection devices (lightning rods) shall be installed above the
control panel to protect the system from lightning strikes.

D. Lightning protection and TVSS units shall be designed and installed by a qualified
li ghting protection specialist.

E. Grounding and bonding shall be accomplished in accordance with Section 16170,
Groundins and Bondins.

PART 3 EXECUTION

3.01 GENERAL

A. The Control Panel shall provide system control for the proposed system as discussed in
Part2 of this specification and as depicted on the design drawings.

3.02 TESTING

A. The Control Panel will be given a complete visual inspection and fully powered
point-to-point by the Contractor before notifying the Engineer that the system is ready

for testing.
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Testing will be conducted in accordance with the manufacturer's requirements. Written
documentation of the fieldtesting shall be provided before the system is accepted by the

Engineer.

The Contractor shall have the control cabinet installation inspected and verified by Sligo

Systems, Inc. Sligo Systems shall prepare an inspection report on the cabinet installation.

The inspection report shall be provided to the Engineer prior to acceptance of the panel.

Electrical power shall be checked by the Contractor and written documentation shall be

provided indicating that the incoming power is within the limits required by the control

panel, pump, and instrumentation manufacturers

3.03 FINAL INSPECTION AND COMMISSIONING

The Engineer shall inspect the panels after installation to ensure that each has been

installed in accordance with this section and the contract drawings. The Contractor

shall demonstrate the operation of the completed panel system to the Engineer to

show that it operates as intended by the design. If system components fail or are

inoperative during the testing and/or operational demonstration, they shall be

repaired or replaced by the Contractor.

(END OF SECTION 166s1)

C.

D.
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1.1

INTRODUCTION

Overview

This Construction Quality Assurance (CQA) Plan describes the quality assurance and

construction quality control (CQC) activities that will be undertaken during construction of
the flexible leachate storage containers (FLSCs) at the Central County Solid Waste Disposal
Complex (CCSWDC) located in Sarasota, Florida. The CCSWDC facility is owned and

operated by Sarasota County Solid Waste Operations (Sarasota County). The purpose of this
document is to define the scope, formal organization, and procedures necessary to achieve a
high level of quality and assure that the construction of the CCSWDC FLSC facility is
constructed in compliance with the approved design as shown or indicated in the Construction
Drawings and Technical Specifications. This plan addresses the CQA and CQC activities to
be performed during construction.

Proiect Description

The design and construction of FLSC facility is presented in the Construction Drawings
and Technical Specifications. The project includes the following:

o construction of a double-composite liner system;

o construction of the leachate collection, removal, transmission and storage systems;

o construction of a gas management system;

o construction of the final cover system components above the FLSC surfaces;

r construction of surface water management system; and

. general site work including FLSC grading and general earlhwork.

1.3 COA Plan Scope

The CQA Plan establishes the quality assurance and quality control monitoring and

testing activities to be implemented during construction of the FLSC facility. The CQA Plan

was developed in consideration of the current Florida Department of Environmental
Protection (FDEP) guidelines and regulations. The scope of the CQA Plan includes:

t.2
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o defining the responsibilities of parlies involved with the construction of the FLSC
facility;

. providing guidance in the proper construction of FLSC facility components;

o establishing testing protocols for the evaluation of FLSC facility components;

. establishing procedures for construction documentation; and

o providing the means for assuring that the overall construction conforms to the
Construction Drawings and Technical Specifications.

The CQA Plan is intended to establish procedures for the CQA Consultant and to inform
the Contractor of CQA activities during the construction of the FLSC facility. The CQA Plan
is considered a supplement to the Technical Specifications and a pafi of the construction
contract. In the case of any conflict between the CQA procedures described in this plan and
the requirements of the Technical Specifications, the Technical Specifications will govern.

1.4 COA Plan Orsanization

The remainder of this CQA Plan is organized as follows:

. definitions of key terms are presented in Section 2;

o project organization and descriptions, responsibilities, and qualifications of key
parties involved with the construction of the FLSC facility are presented in Section 3;

. requirements for CQA documentation are described in Section 4;

. CQA activities for the soil components of the FLSC facility, to include fill placement,
liner system, final cover system, and general earthwork, are presented in Section 5;

. CQA activities for geomembranes, geosynthetic clay liner, geotextiles, and

geocomposites are presented in Sections 6 through 9, respectively;

. CQA activities for piping and fittings are covered in Section l0;

. CQA activities for mechanical and electrical components are described in Section 1 1;

. CQA activities for concrete associated work are outlined in Section 12. and

l

- 
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CQA activities
Sections 13 and

for road construction

14, respectively.
and general civil site work are presented in
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2.1

CQA PLAN DEF'INITIONS

Construction Ouality Assurance and Construction Oualitv Control

In the context of this document, construction quality assurance and construction
quality control are defined as follows:

o Construction Quality Assurance (CQA) - The planned and systematic means
and actions designed to assure adequate confidence that materials and/or
services meet contractual and regulatory requirements and will perform
satisfactorily in service.

Construction Quality Control (CQC) - Those actions which provide a means to
measure and regulate the characteristics of an item or service in relation to
contractual and regulatory requirements.

. In the context of this document:

CQA refers to means and actions employed by the cQA Consultant, Engineer,
or Sarasota County to assure conformity of the various components of the FLSC
facility construction project with the requirements of the Construction Drawings
and Technical Specifi cations.

t CQC refers to those actions taken by the CQA Consultant, Contractor,
Manufacturers, or Installers to ensure that the materials and the workmanship of
the various components of the FLSC facility construction project meet the
requirements of the Construction Drawings and Technical Specifications. In the
case of the geosynthetic components of these systems, CQC is provided by the
CQA Consultant and/or Manufacturers and installers of the various
geosynthetics.

2.2 Plans and Specifications

In this CQA Plan, reference to Construction Drawings and Technical Specifications
is understood to mean those plans and specifications issued as a part of a specific
contract for construction of a component or phase at the FLSC facility. In all cases, it is
expected that this CQA Plan will conform to the Construction Drawings and Technical
Specifications. In case of conflict, the approved Construction Drawings and Technical
Specifications will govem.
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2.3 Geosynthetics

Geosynthetics is the generic term for all synthetic materials used in geotechnical
engineering applications; the term includes geotextiles, geogrids, geonets,
geomembranes, geosynthetic clay liners (GCL), and geocomposites. There are four
types of geosynthetic products referenced in this CQA Plan that are included in the
FLSC facility construction. These geosynthetics include: (i) high density polyethylene
(HDPE) and polyethylene (PE) geomembranes used in the liner and final cover systems,
respectively; (ii) GCL used in the double-composite liner system; (iii) geotextiles used
as filters or separators; and (iv) geocomposite drainage layers used in the liner and the
final cover systems.

2.4 Construction Activities

In the context of this CQA Plan, the FLSC facility construction is understood to
include:

geosynthetic and soil components of the liner system;

leachate collection, removal, transmission, and storage systems;

geosynthetic and soil components of the final cover system above the FLSC
surfaces,

gas management system;

surface-water management system components;

other site work including grading and general earthwork;

. road work; and

o other construction activities as assigned by Sarasota County.

2.5 COA Lines of Communications

Successful execution of this CQA Plan is dependent on open and continuous
communication between all parties having a role in the project. The lines of
communication between Sarasota County, Engineer of Record, Design Engineer,
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Construction Manager, Contractor, and CQA Consultant are defined in the organization
charts included in Section 3 of this CQA Plan.
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3.1

PROJECT ORGANIZATION AND PERSONNEL

Overview

The FLSC facility construction organization chart is shown in Figure 3-1. It is
understood that the Project Manager will act on behalf of the Sarasota County in all
matters relating to the construction of the FLSC facility. Day-to-day construction
activities at the FLSC facility will be managed through the direct interaction of several
parties below Project Manager level including but not limited to the Construction
Manager, Design Engineer, Contractor, and CQA Consultant. The organization chart
for the FLSC facility CQA Consultant is presented in Figure 3-2. The description,
qualifications, and responsibilities of the parlies responsible for construction and CQA
at the FLSC facility project are described below.

3.2 Construction Nlanacer

The Construction Manager shall be an individual employed by the Project Manager
and who is responsible for overall management of the construction project at the site. In
this CQA plan the tetm "Construction Manager" shall refer specifically to an authorized
representative of the Project Manager at the FLSC facility. The Construction Manager
will hold a baccalaureate degree in construction management, engineering, or related
field or have 10 years of construction management experience. The Construction
Manager will also have 3 years of FLSC construction experience. The Construction
Manager shall be responsible for coordination and oversight of all construction activities
including: (i) contract administration; (ii) construction management; (iii) review of any
modifications or changes to the construction contract documents; and (iv) final approval
authority for contract or shop drawings and submittals.

3.3 Design Engineer

The Design Engineer is the individual representing the firm having responsibility
for FLSC facility design. The Design Engineer will hold a minimum of a baccalaureate
degree in engineering, be a Professional Engineer registered in the state of Florida, and
have 10 years experience in construction management, engineering, or related fields.
The Design Engineer shall have expertise which demonstrates significant familiarity
with geosynthetics and soils, as appropriate, including design and construction
experience related to FLSC liner system, and final cover system. The Design Engineer
is responsible for approving all design and specification changes and making design
clarifications that may be required during construction at the FLSC facility. The Design
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3.4

Engineer shall assist the Construction Manager in reviewing and approving the

Contractor's shop drawings and submittals as necessary. The Design Engineer will not

be present on-site but will visit the project during construction and attend the project

coordination meetings as required to assure conformance with plans and specifications.

The Design Engineer will be capable of discussing and interpreting all elements of the

FLSC facility design. The Design Engineer shall have the authority to recommend

changes or modifications to the Construction Drawings and Technical Specifications for
approval by Sarasota County and FDEP, as required.

Contractor

The Contractor is the firm or corporation having a legally binding agreement to

construct components of the FLSC facility construction, or shall be qualified

construction personnel hired directly by Sarasota County and working under the direct

supervision of a construction foreman and superintendent. The Contractor is

represented on-site by a qualified individual who is authorized to act on behalf of the

Contractor in all matters pertaining to the construction at the FLSC facility. The

Contractor shall be qualified as required by the contract to perform all aspects of work
required to successfully construct the project. The Contractor shall be registered in
accordance with applicable local, state, and federal requirements and shall demonstrate

significant prior related experience. The Contractor's field representative shall be a
qualified individual who is able to perform all tasks associated with FLSC facility
construction activities. The Contractor's field representative shall demonstrate

experience similar to the Construction Manager. The Contractor's field representative

shall have the authority to direct and instruct the Contractor's crews and its
subcontractors.

The Contractor is responsible for all construction materials and activities. The

Contractor is also responsible for scheduling and coordination of the required work with
its subcontractors to complete the project within the construction schedule approved by
the Construction Manager. The Contractor shall provide an experienced supervisory

representative at all times during any construction activity on-site. The Contractor is

responsible for furnishing as-built record drawings and a copy of all documentation

required during the construction at the FLSC facility. The Contractor is also responsible

for updating all construction drawings for any deviations from the original plans and

specifications on a regular basis.
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Figure 3-1

FL S C Facility Construction Organi zation Ch art

xThe Construction Contractor is assumed to have earthwork capabilities as an integral
part of the firm. Otherwise, the earthwork subcontractor is a major entity in this chart
under the prime contractor.
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Figure 3-2

FLSC Facility CQA (Jrganization Chart
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The Contractor's field representative is responsible for coordinating and
supervising the work of all subcontractors on site. At a minimum. the Contractor's field
representative will be responsible for the following:

o informing the Construction Manager of any discrepancies between the plans
and specifications and the field conditions;

o submitting all documentation required by the Construction Drawings and
Technical Specifications in a timely manner;

o attending all project coordination meetings held on site;

. scheduling all phases of the construction;

r maintaining a daily log of all construction activities on site;

. implementing and verifying all QC procedures required of the Contractor andlor
subcontractors; and

o submitting proposed alternative materials or construction methods to the
Construction Manager for approval prior to acquisition and use.

3.5

3.s.1

COA Consultant

Definition

The CQA Consultant is the party, independent from Sarasota County and the
Contractor, responsible for obsering, testing, and documenting activities related to the
CQA and CQC of the soil and geosynthetic components and other activities related to
the construction at the FLSC facility as described in this CQA Plan.

3.5.2 Qualifications

The CQA Consultant shall be a well-established firm specializing in geotechnical
engineering, liner and final cover system design, construction management, and CQA.
The CQA Consultant shall possess the equipment, personnel, and licenses necessary to
conduct the monitoring and testing activities required by this CQA Plan and the FLSC
facility Construction Drawings and Technical Specifications. The CQA Consultant
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shall also be experienced in the installation and CQA of soil and geosynthetic materials
similar to those materials to be used for the FLSC facility construction. The CQA
Consultant will be experienced in the preparation of CQA documentation including
CQA plans, field documentation, field testing procedures, laboratory testing procedures,

construction specifications for construction, construction plans, and CQA certification
repofts. The CQA Consultant shall provide qualified staff for the project.

In addition, the CQA Consultant shall provide the following, in writing, to Sarasota

County as required:

corporate background and information;

a detailed summary of the firm's CQA capabilities;

a detailed summary of the frrm's CQA experience; and

a representative list of at least 10 cornpleted facilities for which the CQA
Consultant has provided CQA monitoring services for the installation of the

corresponding geosynthetic material; for each facility, the following
information will be provided:

name and purpose of facility, its location, and date of installation;

name of owner;

surface area of each geosynthetic material installed; and

telephone number of person familiar with the project.

The CQA Consultant shall provide resumes of personnel to be involved in the
project including:

the CQA Managing Engineer, who operates from the office of the CQA
Consultant and who conducts periodic visits to the site as required;

the CQA Site Manager, who is located at the site; and

the CQA Field Monitors, who will be located at the site.
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The CQA Consultant organization will be led by the CQA Managing Engineer, who

will hold a baccalaureate degree in engineering and be a Professional Engineer

registered to practice in the state of Florida. The CQA Site Manager will be the

representative of the CQA Consultant on site and will have experience in similar
construction and be specifically familiar with the construction of soil and geosynthetic

comoonents of the FLSC.

3.5.3 Responsibilities

The CQA Consultant shall be responsible for monitoring and documenting the

activities of the Contractor relative to the installation of the liner and final cover system

components as well as various appurtenances related to the construction at the FLSC

facility. The CQA Consultant will be responsible for monitoring the compliance of
construction materials delivered to the site with the submittals and/or shop drawings

previously reviewed and approved by the Construction Manager. The CQA Consultant

shall assure that the Contractor's construction methods and workmanship are performed

in accordance with the Construction Drawings and Technical Specifications. The CQA
Consultant shall be responsible for obtaining and testing samples of the various

construction materials in accordance with the testing frequencies identified in this plan.

The CQA Consultant shall also be responsible for obtaining, labeling, and shipping

samples for off-site laboratory testing in accordance with the requirements of this plan

and appropriate specifi cations.

The CQA Consultant shall be responsible for soils quality control testing to be

performed by both the on-site and off-site testing laboratories. The CQA Consultant

shall be responsible for staffing and operating the on-site soils laboratory, if required.

Test results from the on-site and off-site laboratories shall be submitted to the

Construction Manager within a time frame that will not impede or delay construction

activities.

The on-site soils laboratory, if required, sha1l be equipped to perform routine index

testing including, but not limited to:

. standard Proctor (ASTM D 698);

r particle-size analysis (ASTM D 422 and ASTM C 136);

o Atterberg limits (ASTM D a318);
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. moisture content (ASTM D 2216 and ASTM D 4643),

o soils classification (ASTM D 2487); and

o percent passing No. 200 sieve (ASTM D 1140).

The CQA Consultant shall also be responsible for conducting routine field tests

during construction of the FLSC facility, which shall include:

r moisture content by nuclear methods (ASTM D 3017);

r in-place density by nuclear methods (ASTM D 2922);

. lift thickness by direct measurement,

. sand cone (ASTM D 1556); and

. drive cylinder (ASTM D 2937).

The CQA Consultant will be responsible for the quality control of its on-site
laboratory testing program and for documenting the calibration of the soils laboratory
testing equipment. Equipment calibration certificates shall be maintained in the CQA
Consultant's on-site project file. All tests will be conducted in accordance with ASTM
or other applicable state or federal standards. Test results shall be submitted to the

Construction Manager within a time frame that will not impede or delay construction of
activities.

The duties of the CQA Personnel are discussed in the following subsections.

3.5.3.1 CQA Managing Engineer

The CQA Managing Engineer:

o reviews the FLSC Construction Drawings and Technical Specifications;

r reviews soils and geosynthetics-related documents (such reviews are for
famrliarrzation and for evaluation of constructibility only);

o attends project meetings related to construction quality activities;

o administers the CQA program (i.e., assigns and manages all on-site CQA
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personnel, reviews all field reports, and provides engineering review of all
CQA-related activities) ;

. provides quality control of CQA documentation;

reviews changes to the construction design, and assures any major changes are

submitted to FDEP for approval prior to incorporation into the Construction

Drawing and Technical Specifications; and

o with the CQA Site Manager, prepares the final certification report.

3.5.3.2 CQA Site Manager

The CQA Site Manager:

o acts as the on-site representative of the CQA Consultant;

. familiarizes all CQA Field Monitors with the site, project documents, and the

CQA requirements;

manages the daily activities of the CQA Field Monitors;

attends regularly scheduled CQA-related meetings on-site;

reviews the ongoing preparation of the construction record drawings;

reviews test results provided by the Contractor;

verifies the calibration and condition of on-site testing equipment;

reviews the CQA Field Monitors' daily repods and logs;

provides reports to the Construction Manager, and documents in a daily report

any reported relevant observations by the CQA Field Monitors;

prepares a daily reporl for the project;

o oversees the collection and shipping of all laboratory test samples;

. reviews results of laboratory testing and makes appropriate recommendations;
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reports any uffesolved deviations from the CQA Plan and Construction

Drawings and Technical Specifications to the Construction Manager;

assists with the preparation of the final cerlification report;

reviews appropriate cerlifications and documentation from the Contractor and

the Geosynthetics Manufacturer and Installer, and makes appropriate

recommendations;

reviews the Geosynthetics Manufacturer's QC documentation;

reviews the geosynthetics Installer's personnel qualifications for conformance

with those required by the Technical Specifications; and

performs duties of CQA Field Monitor as needed.

3.5.3.3 CQA Field Monitors

The duties of the CQA Field Monitors are monitoring and documenting

construction of all soils and geosynthetics components of the FLSCs and other

CCSWDC facility activities, as assigned by the CQA Site Manager.

The duties of the CQA Field Monitors will include:

r monitoring material stockpiles for any deterioration of materials;

o monitoring surface-water drainage in the areas of soil and geosynthetic material

stockpiles;

. preparing daily

. recording CQA

reporting problems to the CQA Site Manager,

assisting with collection of samples from the constructed soil components in
accordance with the CQA Plan;

o monitoring soil placement and compaction operations,

field

and

repofts;

CQC activities on field logs;
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. monitoring the unloading and on-site handling and storage of the geosynthetics;

r monitoring geosynthetic repair operations;

o monitoring geosynthetic material deployrnent and installation operations; and

. collecting conformance samples for testing by CQA laboratories.

In addition to these specific duties, all CQA Field Monitors will document any on-

site activities that could result in damage to the soils or geosynthetic components of the

FLSC. This is particularly true during the placement and compaction of the initial lift of
soil on top of the underlying geosynthetic material. Any observations so noted by the

CQA Field Monitors shall be reported immediately to the CQA Site Manager.

3.6

3.6.1

Soils CQA Laboratory

Definition

The Soils CQA Laboratory is the party, independent from Sarasota County and

Contractor, responsible for conducting geotechnical laboratory tests in accordance with
standards referenced in the Construction Drawings and Technical Specifications and

this CQA Plan. The testing results generated by the Soils CQA Laboratory shall be used

by the CQA Consultant to verify compliance of the soils construction materials with the

plans and specifications and submittals previously approved by the Construction

Manager.

It is anticipated that the on-site Soils CQA Laboratory will be utilized to perform

the conformance evaluation testing of the various soils components at the FLSC facility.
The off-site soils CQA Laboratory will be for more sensitive performance testing

required during construction such as hydraulic conductivity testing which require tightly
controlled laboratory conditions.

3.6.2 Qualifications

The Soils CQA Laboratory will be experienced in testing of soils similar to those

proposed for use in the construction at the FLSC facility in accordance with ASTM and

other applicable soil test standards. The Soils CQA Laboratory will be capable of
providing test results within a maximum of 7 working days of receipt of samples and

will maintain that capability throughout the duration of the earthwork construction.
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Prior to construction, the Soils CQA Laboratory, if different from the CQA
Consultant, shall submit their qualifications and QA/QC procedures to the Construction
Manager for review and approval. The qualifications presented by the Soils CQA
Laboratory shall, as a minimum, include:

. corporate background and statement of qualifications;

o list of testing capabilities including reference to ASTM test methods;

a laboratory QA/QC plan;

information on staff size and experience; and

. information regardine test result turnaround time.

3.6.3 Responsibilities

The Soils CQA Laboratory will be responsible for testing various soils components
at the FLSC facility. These tests shall include, but not be limited to, material
qualification (conformance) tests and material construction quality control
(performance) tests as described in Construction Drawings and Technical
Specifications. The CQA Consultant will be responsible for coordinating the Soils
CQA Laboratory testing.

3.7 Geosynthetics COA Laboratory

3.7.1 Definition

The Geosynthetics CQA Laboratory is the pafty, independent from Sarasota

County, Contractor, and geosynthetics Manufacturer and Installer, responsible for
conducting tests on samples of geosynthetic materials used in construction of the FLSC
in accordance with standards referenced in the Construction Drawings and Technical
Specifications and this CQA Plan. The testing results generated by the Geosynthetics

CQA Laboratory shall be used by the CQA Consultant to verify compliance of the

geosynthetic materials with plans and specifications and submittals previously approved

by the Construction Manager.
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3.7.2 Qualifications

The Geosynthetics CQA Laboratory shall hold current accreditation by
Geosynthetic Research Institute (GRD or be approved by the Design Engineer and have
experience in testing geosynthetics similar to those proposed for use during construction
at the FLSC facility. The Geosynthetics CQA Laboratory shall be familiar with ASTM
and other applicable geosynthetic test standards. The Geosynthetics CQA Laboratory
will be capable of providing destructive test results for geomembrane field seams within
24 hours of receipt of samples and will maintain that capability throughout the duration
of geosynthetic material installation.

Prior to construction, the Geosynthetics CQA Laboratory, if different from the
CQA Consultant, shall submit their qualifications to the Construction Manager for
review and approval. The qualifications presented by the Geoslmthetics CQA
Laboratory shall, as a minimum, include:

. corporate background and statement of qualifications;

o listing of testing capabilities including reference to ASTM or other applicable
test methods;

. a laboratory QA/QC plan;

o information on staff size and experience; and

r information regarding test result tumaround time.

J. /.J Responsibilities

The Geosynthetics CQA Laboratory will be responsible for testing various
geosynthetic components of the FLSC. These tests shall include, but not be limited to,
geosynthetic conformance and performance tests and destructive testing of the
geomembrane field seams as described in the Construction Dra'r'ings and Technical
Specifications. The CQA Consultant will be responsible for coordinating the
Geosynthetics CQA Laboratory testing.
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3.8 Geosvnthetics Manufacturers

The geosynthetics Manufacturers are the firms or corporations responsible for
production of the geosynthetic materials to be used in construction at the FLSC facility.
The geosynthetics Manufacturers shall be able to provide sufficient production capacity

and qualified personnel to meet the demands of the project schedule. Prior to shipment

of any material to the site, each geosynthetics Manufacturer shall be pre-qualified and

approved by the Construction Manager. The geotextile, geomembrane, geocomposite

and GCL Manufacturers shall meet the qualifications outlined in the Technical

Specifi cations, respectively.

Each geosynthetics Manufacturer is responsible for the production and quality

control of its respective geosynthetic product. In addition, each geosynthetics

Manufacturer is responsible for the condition of the geosynthetic until the material is

accepted by the Contractor. Each geosynthetics Manufacturer shall produce a consistent

high quality product that shall meet all the requirements of the Technical Specifications.

Each geosynthetics Manufacturer shall submit quality control documentation to the

Construction Manager for its respective products as required by the Technical

Specifications.

3.9 Geosynthetics Installers

The geosynthetics Installers will be experienced and qualified to install the

geosynthetic materials of the type specified for this project. The geosynthetics Installers

will be approved and/or licensed by the geosynthetics Manufacturers. A copy of the

approval letter or license will be submitted by the Contractor to the Construction

Manager as required by the Technical Specifications. The geosynthetics Installers shall

meet the qualifications outlined in the Technical Specifications. The geosynthetics

Installers will designate one representative as its supervisor, who will be responsible for

acting as the geosynthetics Installer's spokesman on site. The geosynthetics Installers

will provide the Construction Manager with a list of proposed seaming personnel and

their qualifications. This document will be reviewed by the CQA Consultant. Final

approval of the geosynthetic Installer's geomembrane seaming personnel will be the

responsibility of the Construction Manager. Any proposed seaming personnel deemed

insufficiently experienced will not be accepted. The most experienced seamer, the

"master seamer", shall provide direct supervision, as required, over less experienced

seamers. No fie1d seaming shall take place without the master seamer being present.
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The geosynthetics Installer's superuisor will be responsible for installation of the

geosynthetics used in construction at the FLSC facility and for providing supervision

and guidance to the installation crew. The geosynthetics Installer's supervisor is also

responsible for the following: (i) obtaining samples, as required by the CQA Plan and

the specifications. under the supervision of COA personnel; (ii) field testing (iii)
documenting quality control testing activities; and (iv) coordinating the geosynthetics

installation activities with the Construction Manager. The geosynthetics Installer's

supervisor will be responsible for documenting the geosynthetics installation activities,

including, but not limited to, on-site personnel, material inventories, production figures,

test results, installation deficiencies, and resolution of construction problems.

3.10 Surveyor

The Surveyor is responsible for lines and grades required for control of the work on

an ongoing basis during all phases of the FLSC facility construction. Close interaction

between the Surveyor, Contractor, and the CQA Consultant is essential to ensure that

construction at the FLSC facility is completed in accordance with the Construction

Drawings and Technical Specifications. The project Surveyor shali be a state of Florida

licensed Professional Land Surveyor or registered Professional Engineer who shall sign

and seal all construction survey record drawings. All surveying personnel shall be

experienced in the provision of surveying services, including detailed accurate

documentation as required in the Technical Specifications. The Surveyor is responsible

for all surveying activities and products in accordance with the Technical Specifications.
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4.

4.1

DOCUMENTATION

Overview

An effective CQA Plan depends largely on recognition of all construction activities
that should be monitored and the assignment of responsibilities for the monitoring of
each activity. This is most effectively accomplished and verified by the documentation
of quality assurance and quality control activities. The CQA Consultant shall be

responsible for assuring that the Contractor's quality control requirements have been

addressed and satisfied.

The CQA Site Manager shall provide the Construction Manager descriptive daily
field reporls, data sheets, and logs, as requested, which document that monitoring
activities have been accomplished. Examples of some of the forms that will be used to

document CQA activities are included in Attachment A. The CQA Site Manager shall
also maintain at the job site a complete file of Construction Drawings and Technical
Specifications, this CQA Plan, the Contractor's Quality Control Plan(s), checklists, test

procedures, daily logs, and other perlinent construction and CQA documents.

4.2 Daily Record Keepins

The CQA Consultant's daily reporting procedures shall include: (i) daily summary
report; (ii) monitoring logs; (iii) testing data sheets; and (iv) when appropriate, problem
identifi cation and corrective tneasures reports.

4.2.1 Daily Summary Reports

The CQA Consultant's daily summary reports shall include the following
information as applicable :

. an identifzing sheet

o date, project name,

number for cross referencing and document control;

location, and other pertinent project identification;

o data on weather conditions:

. summary on meetings held and their results;
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. process description(s) and location(s) of construction activities underway during

the time frame of report;

. descriptions and specific locations of areas, or units, of work being tested andlor

observed and documented;

. description of locations where tests and samples were taken;

r a narrative summarv of field test results:

. off-site materials r...iu"a, including quality control documentation;

. decisions made regarding acceptance of units of work, and/or corrective actions

to be taken in instances of substandard testine results:

o identifyrng sheet numbers of data sheets and/or problem reporting and

corrective measures renorls used to substantiate the decisions described above;

and

r signature of the respective CQA Site Manager and/or the CQA Field Monitor.

I.Z.Z CQA Monitoring Logs and Test Data Sheets

.Monitoring observations, sampling information, and test results shall be recorded

on the appropriate monitoring logs and test data sheets. The CQA Consultant shall use

the monitoring logs and test data sheets to ensure completeness of the required CQA

activities. Any corrections to the monitoring logs and test data sheets shall be single

line crossed out, initialed by the CQA personnel responsible for the correction and

dated. Examples of relevant monitoring logs are presented in Attachment A.

The CQA Consultant's monitoring logs and test data sheets shall include the

following information as applicable:

r project specific information such as project name, location;

. the date the CQA activity was performed;

. a unique identifying sheet number for cross-referencing and document control;

I 
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description or title of the CQA activity or test procedure,

location of the CQA activity or location from which the sample was obtained;

type of CQA activity or procedure used (reference to standard method when

appropriate);

recorded observation or test data, with all necessary calculations;

results of the CQA activity and comparison with specification requirements
(pass/fail); and

o the initials or signature of personnel involved in CQA inspection activity.

4.2.3 Nonconformance Identification and Reporting

A nonconforrnance is defined herein as material or workmanship that does not meet

the specified requirement(s). Nonconformance identification and corrective measures

reports should be cross-referenced to specifrc summary reports, logs, or test data sheets

where the nonconformance was identified. The reports should include the following
information as applicable :

. a unique identifiiing sheet number for cross-referencing and document control;

o detailed description of the problem;

o location of the oroblem:

o probable cause;

how and when the problem was located,

estimation of how long problem has existed;

suggested corrective measures,

documentation of corrections (reference to inspection data sheets);

suggested methods to prevent similar problems; and
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4.3

o signature of the appropriate CQA Field Monitor and concurrence by the CQA

Site Manager.

In some cases, not all of the above information will be available or obtainable.

However, when available, such efforts to document nonconformances could help to

avoid similar nonconformances in the future. The CQA Site Manager shall distribute

copies of the report to the Construction Manager for further actions.

Photographic Documentation

The CQA Site Manager will be responsible for obtaining photographic

documentation of the Contractor's activities, materials installation methods, and testing

procedures. Photographs will serve as a pictorial record of work progress, problems,

and conective measures. Photographic reporting data sheets should be utilized to

organize and document photographs taken during construction at the FLSC facility.

Such data sheets could be cross-referenced or appended to summary reports, CQA

monitoring logs, or test data sheets and/or problem identification and corrective

measures reports. At a minimum, photographic reporling data sheets should include the

following information:

. a unique identiSring number on data sheets and photographs for cross-

referencing and document control;

. person responsible for photograph;

r the date and location where the photograph was taken; and

e location and description of the work;

These photographs will serve as a pictorial record of work progress, problems, and

corrective measures. Copies of the photographs referenced in this section will be part of
the Final Certification Reporl. Color prints shall be organized chronologically and kept

in a permanent protective file. Negatives and/or digital files shall be stored in a separate

protective file.

4.4 Design and/or Specifications Changes

Design and/or specifications

of Contractor initiated changes,
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changes to the Construction Manager. The Design Engineer shall review and respond to

these requests in a timely manner. All design and/or specifications changes will be

made only with the approval of the Engineer of Record and Design Engineer and

approval by FDEP if required. Such changes will take the form of a change order to the

contract if required.

4.5 Nonconformances

The Construction Manager will be informed in writing of any significant recurring

nonconformance with the Construction Drawings, Technical Specifications, or CQA

Plan by the CQA Consultant. The cause of the nonconformance will be determined by

the CQA Consultant. The Contractor will be directed by the Construction Manager to

make appropriate changes in materials or procedures in order to correct the

nonconformance. When this type of evaluation is made, the results will be documented,

and any revision to procedures or specifications must be approved by the Design

Engineer.

4.6 COA Certification Report

At the completion of construction phases, the CQA Consultant will provide

Sarasota County with a construction phase final certification report for submittal to

FDEP. This reporl will acknowledge: (i) that the work has been performed in

compliance with the approved Construction Drawings, Technical Specifications, and

approved modifications; (ii) physical sampling and testing has been conducted at the

appropriate frequencies; and (iii) that the summary documentation provides the

neces sary supporting information.

At a minimum, this reporl will include:

r surnlnary of CQA activities;

. CQA monitoring logs and testing data sheets including sample location plans;

. laboratory test results;

. problem identihcation and reports of corrective measures reports;

. copies of the photograph documentation referenced in Section 4.3 will be parl

of the Final Certification Report.
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4.7

a descriptive summary of any changes to the Construction Drawings or

Technical Specifications; and

. a summary statement indicating compliance with the Construction Drawings or

Technical Specifications and any approved changes that are signed and sealed

by the CQA Managing Engineer.

The record drawings, which include scale drawings depicting the location of the

construction and details pertaining to the extent of construction (e.g., depths, plan

dimensions, elevations, soil component thicknesses, etc.), and a geomembrane panel

drawing prepared by the CQA Consultant will also be included as parl of the final

certification reoort.

Storaqe of Records

The CQA Site Manager will be responsible for all CQA document storage during

the construction at the FLSC facility. This includes the CQA Consultant's copy of the

Construction Drawings and Technical Specifications, the CQA Plan, and the originals

of all the data sheets and reports. When the FLSC facility construction is complete and

upon issuance of the hnal certification report, the CQA document originals will be

organized and retained by the CQA Consultant until requested by Sarasota County.

Required records shall include, but not be limited to, field logbooks, other data

collections forms, equipment calibration records, costs data, drawings, maintenance

records, and all associated reports.
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J.

5.1

SOILS CONSTRUCTION

Introduction

CQA monitoring and testing shall be performed during installation of the liner system,

the final cover system, and other earthwork components. Criteria to be used for determination

of acceptability of the various soil components are identified in the Construction Drawings

and Technical Specifications and this CQA Plan.

Soil Components

General fill is the principal soil component used in the FLSC facility construction. A
varying thickness of compacted general fill will be constructed below the FLSC facility liner

system. In addition, general filI material is also used for earthwork related to perimeter berm

construction. All general fill placement, grading, and compaction will be monitored and

tested in accordance with the Construction Drawings, Technical Specifications, and this CQA

Plan.

5.3 Regofd Drawings and As-Built Surveys

During construction of the soil components at the FLSC facility, the CQA Consultant

shall routinely review record drawings submitted by the Contractor. The drawings are used to

veriff location of work, percent of work completed, layer thickness, or final grades. Prior to

the placement of successive soil or geosynthetic layers the CQA Consultant shall review as-

built surveys that indicate compliance of the preceding layer thickness, lines, and grades.

Once an as-built survey has been received, it will be the responsibility of the CQA Consultant

to review the information in a timely manner and notify the Contractor of any noncompliance.

5.4 Related Censtruction Drawings and Technical Specifications

Several sections of the Technical Specifications should be referenced by the CQA

Consultant for pertinent soil materials physical properlies and construction requirements.

Related specifications include the following:

o Section 02100 - Surveying;

o Section 02110 - Clearing, Grubbing & Stripping;

qt
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o Section 02200 - Earlhwork;

. Section 02215 - Trenching and Backfilling;

o Section 02235 - Drainage Gravel;

o Section 02245 - Riprap;

r Section 02290 - Erosion & Sediment Control; and

o Section 02920 - Vesetative Laver.

Prior to the start of soils constnrction, the CQA Consultant shall review the information

required by the Technical Specifications listed above. Compliance of the submittals with the

Technical Specifications shall be determined by the Construction Manager.

5.5 Subgrades

During construction, monitoring of the subgrade preparation shall be performed by the

CQA Consultant. The CQA Consultant shall monitor to assure a firm and smooth surface that

is free of vegetation and other deleterious materials is achieved. Material placed to achieve

grades indicated on the Construction Drawings shall be monitored by the CQA Consultant to

verif, that the subgrade material and fi1l placement, grading, and compaction complies with
the Technical Specifications. Areas that do not meet the Technical Specifications will be

delineated, and nonconforming areas will be reworked by the Contractor. This process will be

repeated until acceptable results are achieved.

The CQA Consultant shall monitor the repair and rework of fill material that is damaged

by excess moisture (causing softening). If such conditions are found to exist, the CQA

Consultant shall evaluate the suitability of the subgrade by the following methods as

applicable:

o moisture/density testing; and/or

o continuous visual inspection during proof-rolling.

5.6 Confolm44ce !99.!!ry

It will be necessary for
ensure they are uniform and
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soil materials obtained from on-site sources, visual inspections and conformance tests shall be

performed by the CQA Consultant prior to the materials being used. If soil materials are

obtained from off site borrow sources, visual inspection and conformance tests shall be

performed at the source location or as the materials arrive at the FLSC site. Borrow area

inspections may also be utilized by the CQA Consultant to ensure that only suitable soil

materials are transported to the FLSC site. For off-site borrow areas containing non-uniform

materials, it shall be necessary for the Contractor and the CQA personnel to coordinate

excavation and monitoring of the segregation of substandard materials. A11 materials failing

to comply with conforrnance standards shall be rejected for use at the FLSC facility.

Initial evaluation of various soil tlpes by CQA personnel during construction shall be

largely visual; therefore, the CQA personnel must be experienced with visual-manual soil

classification procedures. CQA personnel shall be aware that changes in color or texture can

be indicative of a change in soil type. CQA personnel shall observe soils for deleterious

materials (e.g., roots, stumps, and large objects). When necessary, the visual-manual

procedure for the description and identification of soils shall be conducted by the CQA

Consultant in accordance with test method ASTM D 2488.

5.6.1 Test Methods

Conformance tests used to evaluate the suitability of
shall be performed in accordance with the current ASTM
indicated in Table 5-1. Documentation and reporting

responsibility of the CQA Consultant.

The standard Proctor test (ASTM D 698) shall

moisture/density relationships unless otherwise indicated.

of test results shall be resolved by the Design Engineer.

soil materials during construction

or other applicable test procedures

of the test results shall be the

be used for the evaluation of
Any conflict regarding acceptance

5.6.2 Test Frequency

The frequency of conformance tests shall conform to the minimum frequencies presented

in Table 5-1. The frequency of testing may be increased at the discretion of the CQA

Consultant or if variability of the materials is observed. The testing frequencies described

herein for general fill shall also apply to materials used by the Contractor in areas outside the

limits of the liner and final cover svstems at the FLSC facility.
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5.7 Construction Monitoring

During installation of the various soil components, the CQA Consultant shall visually
observe and document the Contractor's earthwork activities for the followins:

. changes in the soil consistency;

o the thickness of lifts as loosely placed and as compacted;

r soil conditioning prior to placement including general observations regarding
moisture distribution, clod size, etc.;

I placement method which may damage or cause displacement or wrinkling of
geosynthetics;

o the action of the compaction and heavy hauling equipment on the construction surface
(sheepsfoot penetration, pumping, cracking, etc.);

o the number of passes used to compact each lift;

o desiccation cracks or the presence of ponded water; and

. final lift or layer thickness.

5.8 Performance Testing

During construction, the CQA Consultant shall observe and test all soil components to
ensure they are installed in accordance with the requirements of the Construction Drawings
and Technical Specifications. The CQA Consultant shall also evaluate the procedures,

methods, and equipment used by the Contractor to install the various soil components.

5.8.1 Test Methods

All performance testing shall be conducted in accordance with the Technical
Specifications or as directed by the Design Engineer. The field testing methods, used to
evaluate the suitability of soils during their installation, shall be performed by the CQA
Consultant in accordance with current ASTM test procedures indicated in Table 5-2.

Documentation and reporting of the test results shall be the responsibility of the CQA
Consultant.
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The standard Proctor test (ASTM D 698) shall be used for the evaluation of
moisture/density relationships unless otherwise indicated. In-place surface moisture/density

by nuclear test methods (ASTM D 3017 and D 2922) shall be used for in-situ field testing.
The sand cone test method (ASTM D 1556) or drive cylinder test method (ASTM D 2931)
shall be used to establish correlations of moisture and density in cases of uncertainty, and as a

check of the nuclear surface moisture/density gauge calibration. Any conflict regarding

acceptance of test results shall be resolved by the Design Engineer.

5.8.2 Test Frequency

Performance testing shall be conducted during the course of the work. The minimum
construction performance testing frequencies are presented in Table 5-2. The frequency may

be increased at the discretion of the CQA Consultant or if variability of the materials is

observed by the CQA Consultant. Sampling locations shall be selected by the CQA
Consultant. If necessary, the location of routine in-place density tests shall be selected using a
non-biased sampling approach.

A special testing frequency shall be used at the discretion of the CQA Consultant when

visual observations of construction perforTnance indicate a potential problem. Additional
testing for suspected areas shall be considered when:

. rollers slip during rolling operations;

. lift thickness is greater than specified;

material is at improper and/or variable moisture content;

r it is suspected that less than the specified number of roller passes are made;

. dirt-clogged rollers are used to compact the material;

o rollers may not have used optimum ballast;

o there is change to subgrade condition since subgrade approval;

. fill materials differ substantially from those specified;

r the degree of compaction is doubtful; and

. as directed by the Design Engineer or the Construction Manager.
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5.9

During construction, the frequency of testing may also be increased in the following
situations:

o adverse weather conditions;

o breakdown of equipment,

o atthe start and finish of grading;

o material fails to meet specifications; and

o the work area is reduced.

Deficiencies

If a defect is discovered in the soils construction, the CQA Consultant shall immediately

determine the extent and nature of the defect. If the defect is indicated by an unsatisfactory

test result, the CQA Consultant shall determine the extent of the deficient area by additional

tests, observations, a review of records, or other means that the CQA Consultant deems

appropriate. If the defect is related to adverse site conditions, such as overly wet soils or

surface desiccation, the CQA Consultant shall define the limits and nature of the defect and

the appropriate remedy.

As soon as possible, after determining the extent and nature of substandard materials,

noncompliant construction practice, or other such deficiency in materials or workmanship

which cannot be immediately resolved on-the-spot, the CQA Consultant shall notiff the

Construction Manager and Contractor and schedule appropriate retests when the work

deficiency is to be corrected.

The CQA Consultant shall verify that the Contractor has corrected all noted deficiencies.

If a specified criterion cannot be met, or unusual weather conditions hinder work, the

Contractor shall submit suggested solutions or alternatives to the Construction Manager for

review.

At locations where the field testing indicates in-situ conditions which do not comply with

the requirements of the Technical Specifications, the failing area shall be reworked to the

satisfaction of the CQA Consultant. Alternatively, at the CQA Consultant's option,

undisturbed samples of in-place material shall be obtained for appropriate testing. All retests

performed by the CQA Consultant must veri$ that the deficiency has been corrected before

any additional work is performed by the Contractor in the area of the deficiency.
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5.10 Documentation

The documentation of soils CQA testing activities is an important factor in assuring the

successful construction, performance, and approval of the soil components of the FLSC

facility. The CQA monitoring observations, sample location descriptions, field test resuits,

and on-site laboratory test results shall be documented by the CQA Consultant on forms

specifically designed for their purpose. Reports and forms shall be submitted to the

Construction Manager as requested.
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6.

6.1

GEOMEMBRANE

Introduction

The CQA Consultant shall perform conformance and destructive seam testing and

shall monitor the installation of geomembranes as required by Section 02110 of the

Technical Specifications and this CQA Plan. The testing used to evaluate the

conformance of the geomembrane sheet and seams with the requirements of the

Technical Specifications shall be canied out by the CQA Consultant in accordance with

the cument versions of the ASTM or other applicable test procedure indicated in Tables

6-l and 6-2.

6.2 Manufacturins Plant Visit

At the request of Sarasota County, the CQA Consultant, or authorized

representative, shall visit the plant of the geomembrane Manufacturer for the purpose of
collecting conformance samples and verifying that manufacturing quality control

procedures are in conformance with Section 02110 of the Technical Specifications. If
possible, such a visit shall be performed prior to or during the manufacturing of the

geomembrane rolls for the FLSC facility project. The CQA Consultant shall review the

manufacturing process, quality control procedures, laboratory facilities, and testing

procedures.

During the project specific plant visit, the CQA Consultant shall:

verify that properlies guaranteed by the geomembrane Manufacturer meet all

specifications;

verify that the measurements of properties by the geomembrane Manufacturer

are properly documented and test methods used are acceptable;

spot inspect the rolls and verify that they are free of holes, blisters, or any sign

of contamination by foreign matter;

review packaging and transportation procedures to verify that these procedures

are not damaging the geomembrane;

. verify that all rolls are properly labeled; and
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. veriry that extrusion rods and/or beads manufactured for the field seaming of
the geomembrane are derived from the same base resin type as the

seomembrane.

Upon completion of the manufacturing plant visit, a report describing the findings

and obsen'ations shall be completed by the CQA Consultant and shall be inciuded as an

attachment to the final certification repoft.

6.3 Transportation. Handling and Storage

The CQA Consultant shall monitor the transportation, handling, and storage of the

geomembrane on-site. The Construction Manager shall designate a geomembrane

storage location. It will be the responsibility of the Contractor to protect the

geomembrane stored on site from theft, vandalism, and damage.

Upon delivery at the site, the Contractor, Installer, and CQA Consultant shall

conduct an inspection of the rolls for defects and damage. This inspection shall be

conducted without unrolling the materials unless defects or damages are found or

suspected. The CQA Consultant shall indicate to the Construction Manager:

o rolls, or portions thereof, which should be rejected and removed from the site

because they have severe or nonrepairable flaws which may compromise

geomembrane quality; and

. rol1s that include minor and repairable flaws that do not compromise

geomembrane quality.

The CQA Consultant shall also monitor that equipment used to handle the

geomembrane on-site is adequate and does not pose any risk of damage to the

geomembrane when used properly.

6.4

6.4.1

Conformance Testing

Sampling Procedures

Upon delivery of the geomembrane rolls to the FLSC facility, the CQA Consultant

shall ensure that representative geomembrane confofinance samples are obtained at the

specified frequency and forwarded to the Geosynthetics CQA Laboratory for testing.
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Geomembrane conformance samples shall be taken across the entire width of the roll
and shall not include the first 3 ft of material. Unless otherwise directed by the Design

Engineer, samples shall be 3 ft long by the roll width. The required minimum
geomembrane conformance sampling frequencies are provided in Table 6-1. The CQA

Consultant shall mark the machine direction on the samples with an affow and affix a

label, tag, or otherwise mark each sample with the following information:

e date sampled;

o project number;

o lot/batch number and ro11 number;

. conformance sample number; and

. CQA personnel identification.

6.4.2 Testing Procedures

Conformance testing of the geomembrane materials delivered to the site will be

conducted to ensure compliance with both the Technical Specifications and the

Manufacturer's list of minimum average roll values. As a minimum, the geomembrane

conformance test procedures listed in Table 6-1 shall be performed by the Geosynthetics

CQA Laboratory.

6.4.3 Test Results

All conformance test results shall be reviewed, accepted, and reported by the CQA

Consultant before deployment of the geomembrane. Any non-conformance of the

material's properties with the requirements of the Technical Specifications shall be

reporled to the Construction Manager. In all cases, the test results shall meet, or exceed,

the property values listed in Attachment B.

6.4.4 Conformance Test Failure

In the case of failing test results, the Contractor may request that another sample

from the failing roll be retested by the Geosynthetics CQA Laboratory with the
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Manufacturer's technical representative present during the test procedure. if the retest

fails or if the option to retest is not exercised, then two isolation conformance samples

shall be obtained by the CQA Consultant. These isolation samples shall be taken from

rolls, which have been determined by correlation with the manufactuter's roll number, to

have been manufactured prior to and after the failing roll. This method for choosing

isolation rolls for testing should continue until passing tests are achieved. A1l rolls that

fall numerically between the passing roll numbers shall be rejected. The CQA

Consultant will verify that the Contractor has replaced all rejected rolls. The CQA

Consultant shali document all actions taken in conjunction with geomembrane

conformance failures.

6.5 Anchor Trench

The CQA Consultant shall verifli and document that the anchor trench has been

constructed as indicated in the Construction Drawings. The amount of anchor trench

open at any time shall be limited to one day of geomembrane installation capacity. The

anchor trench shall be constructed with proper drainage to prevent ponding.

Geosynthetic materials in the anchor trench shall be temporarily anchored with sand

bags or other suitable methods approved by the CQA Consultant. The anchor trench

shall be backfilled with suitable material as indicated in the Construction Drawings and

Technical Specifications as soon as possible after all geosynthetics are installed. in-

place moisture/density by nuclear methods testing of the compacted anchor trench

backfill shall be performed at a frequency of one per 100 lineal feet of anchor trench.

The anchor trench shall be constructed with a slightly rounded comer where the

geosynthetics enter the trench. No loose soil shall be allowed to underlie the

geosynthetics in the anchor trench. The CQA Consultant shall verify that all temporary

ballast (i.e., sandbags) and deleterious materials are removed from the anchor trench

prior to backfilling. Backfilling of the anchor trench shall be performed when the

geomembrane is in its most contracted state to prevent stress inducement and using

extreme care to prevent any damage to the geosynthetic materials.
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6.6

6.6.r

Geomembrane Placement

Field Panel Identification

A field panel is a piece of geomembrane larger than approximately 10 ft2, which is

to be seamed in the field, i.e., a field panel is a roll or a portion of ro11 cut in the field.

The CQA Consultant shall assure that each field panel is given an "identification code"

(number or letter-number) consistent with the as-built layout plan. This identification

code shall be agreed upon by the Installer and CQA Consultant. This field panel

identification code shall be as simple and logical as possible. The geosynthetic

Manufacturer's roll numbers shall be traceable to the field panel identification code.

The CQA Consultant shall document the correspondence between roll numbers,

factory panels, and field panel identification codes. The field panel identification code

shall be used for all quality assurance/quality control records.

6.6.2 Field Panel Placement

The CQA Consultant shall monitor that field panels are installed substantially at the

location indicated in the Installer's layout plan, as approved or modified. The CQA

Consultant shall record the field panel identification code, Manufacturer's roll number,

location, date of installation, time of installation, and dimensions of each field panel.

Geomembrane placement shall not proceed at an ambient temperature below 40oF

or above 104'F unless authorized by the Design Engineer. Geomembrane placement

shall not proceed during any precipitation, in the presence of excessive moisture (e.g.,

fog, dew), in an area of ponded water, or in the presence of excessive winds. The CQA

Consultant shall monitor that the above conditions are fulfilled and that the supporting

soil has not been damaged by adverse weather conditions.

The CQA Consultant shall monitor geomembrane deployment for the following:

. any equipment used does not damage the geomembrane by handling,

trafficking, excessive heat, leakage of hydrocarbons or other means;

o the prepared surface underlying the geomembrane has not deteriorated since

previous acceptance, and is still acceptable immediately prior to geomembrane

placement,
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any geos)mthetic elements immediately underlying the geomembrane are clean

and free offoreign objects or debris;

all personnel working on the geomembrane do not smoke, wear damaging

shoes, or engage in other activities which could damage the geomembrane;

the method used to unroll the panels does not cause scratches or crimps in the

geomembrane and does not damage the supporling soil;

the method used to place the panels minimizes wrinkles (especially differential

wrinkles between adj acent panels);

adequate temporary loading and/or anchoring (e.g., sand bags, tires), not likely

to damage the geomembrane, has been placed to prevent uplift by wind (in

case of high winds, continuous loading, Q.8., by adjacent sand bags, is

recommended along edges of panels to minimize risk of wind flow under the

panels); and

. direct contact with the geomembrane is minimtzed; i.e., the geomembrane

protected by geotextiles, extra geomembrane, or other suitable materials,

areas where excessive traffic may be expected.

The CQA Consultant shall observe the geomembrane panels, after placement and

prior to seaming, for damage, The CQA Site Manager shall advise the Construction

Manager which panels, or porlions of panels, should be rejected, repaired, or accepted.

Damaged panels or poftions of damaged panels that have been rejected shall be marked

and their removal from the work area recorded by the CQA Consultant. Repairs shall be

made according to procedures described in this Section.

1S

in

6.7

6.7.1

Field Panel Seamine

Panel Layout

The CQA Consultant shall review the panel layout drawing previously submitted to

the Construction Manager by the Installer and verify that it is consistent with accepted

state of practice. In general, seams should be oriented parallel to the line of maximum

slope, i.e., oriented along, not across, the slope. In corners and odd-shaped geometric

locations, the number of seams should be minimized. No horizontal seam should be

less than 5 ft beyond the toe or shoulder of the slope, or areas of potential stress
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concentrations, unless otherwise authorized by the Design Engineer. A seam numbering

system compatible with the field panel identification numbering system shall be agreed

upon prior to any seaming.

6.7.2 Seaming Equipment and Products

are extrusion welding and fusion welding.

@onlyequipmentwhichhavebeenspecifica11yrecommendedby
the geosynthetics Manufacturer by make and model shall be used. All seaming

equipment shall be permanently marked with an identification number.

6.1,2.1 Fusion Process

The fusion-welding apparatus must be automated, self-propelled devices. The

fusion-welding apparatus shall be equipped with gauges giving the applicable

temperatures and welding speed. The CQA Consultant shall monitor ambient

temperatures, geomembrane surface temperatures, apparatus speed, and apparatus

temperatures at appropriate intervals.

The CQA Consultant shall also monitor that:

o the number of spare operable seaming apparatus agreed by the Construction

Manager are maintained on site;

. equipment used for seaming will not damage the geomembrane;

. the seaming zone is dry and clean;

there is sufficient overlap between panels;

the electric generator is placed on a smooth base such that no damage occurs to

the geomembrane;

for cross Seams, the edge of the cross seam is ground to a smooth incline (top

and bottom) prior to welding;

an insulating material is placed beneath the hot welding apparatus after usage;

and

Approved processes for field seaming
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o a movable protective layer is used, as necessary, directly below each overlap of
geomembrane that is to be seamed to prevent build-up of moisture between the

sheets.

6.1,2.2 Extrusion Process

The extrusion-welding apparatus shall be equipped with gauges giving the

temperature in the apparatus and at the nozzle. The CQA Consultant shall verifl'that
the extrudate is comprised of the same resin as the geomembrane sheeting. The CQA

Consultant shall monitor extrudate temperatures, ambient temperatures, and

geomembrane surface temperatures at appropriate intervals.

The CQA Consultant shall also monitor that:

the number of spare operable seaming apparatus agreed by the Construction

Manager are maintained on site;

equipment used for seaming is not likely to damage the geomembrane;

the seamingzone is dry and clean;

the extruder is purged prior to beginning a seam until all heat-degraded

extrudate has been removed from the barrel;

the electric generator is placed on a smooth base such that no damage occurs to

the geomembrane; and

. an insulating material is placed beneath the hot welding apparatus after usage.

6.7.3 Seam Preparation

The CQA Consultant shall monitor that:

. prior to seaming, the seam area is clean and free of moisture, dust, dirt, debris

of any kind, and foreign material;

. seams are overlapped a minimum of 4 inches;

. if seam overlap grinding is required, the process is completed according to the
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6.7.4

geosynthetics Manufacturer's instructions or Section 02770 of the Technical

Specifications, whichever is the more stringent, prior to the seaming operation,

and in a way that does not damage the geomembrane;

the grind depth shall not exceed 10 percent of the geomembrane thickness;

grinding marks shall not appear beyond the extrudate after it is placed; and

seams are aligned with the fewest possible number of wrinkles and

"fishmouths".

Weather Conditions for Seaming

The normally required weather conditions for seaming are as follows:

Unless authorized by the Design Engineer, no seaming shall be attempted at an

ambient temperature below 40oF or above 104'F.

Between ambient temperatures of 40oF and 50oF, seaming is possible if the

geomembrane is preheated by either sun or hot air device, and if there is no

cooling of the geomembrane to below 50oF resulting from wind.

o In all cases, the geomembrane seam areas shall be dry and protected from rain

and wind.

The CQA Consultant shall veriSz that methods used by the Installer for seaming at

ambient temperatures below 40oF or above 104'F will produce seams that are entirely

equivalent to seams produced at ambient temperatures between 40'F and 104'F and

protect the overall quality of the geomembrane. The CQA Consultant shall monitor that

seaming conducted during abnormal weather conditions is performed in accordance

with the methods approved by the Design Engineer.

6.7.5 Overlapping and Temporary Bonding

The CQA Consultant shall monitor that:

. the panels of geomembrane have a finished overlap of a minimum of 4 in. for

both extrusion and fusion welding, but in any event sufficient overlap shall be

provided to allow peel tests to be performed on the seam;

FLi l09iCQAPlan-Rev0 March 2007.doc 45 28March2001



. no solvent or adhesive is used; and

. the procedure used to temporarily bond adjacent panels together does not

damage the geomembrane; in pafticular, the temperature of hot air at the nozzle

of any spot welding apparatus is controlled such that the geomembrane is not

damaged.

6.7.6 Trial Seams

The CQA Consultant shall verif' that the Installer performs trial seam tests in

accordance with Section 02110 of the Technical Specifications. The CQA Consultant

shall observe and document the Installer's trial seam testing procedures. The trial seam

samples shall be assigned an identification number and marked accordingly by the CQA

Consultant. Each sampie shall be marked with the date, time, machine temperature(s)

and setting(s), number of seaming unit, and name of seaming technician. Trial seam

samples shall be maintained until destructive seam testing of the applicable seams are

tested and pass.

6.7.7 General Seaming Procedures

No geomembrane seaming shall be performed unless the CQA Consultant is on-

site. The CQA Consultant shall monitor the general seaming procedure used by the

installer as follows:

If required for fusion welding, a movable protective layer of plastic will be

placed directly below each overlap of geomembrane that is to be seamed. This

is to prevent any moisture build-up between the sheets to be welded'

If required, a firm substrate shall be provided by using a flat board, a conveyor

belt, or similar hard surface directly under the seam overlap to achieve proper

support.

Fishrnouths or wrinkles at the seam overlaps shall be cut along the ridge of the

wrinkle in order to achieve a flat overlap. The cut fishmouths or wrinkles shall

be seamed and any portion where the overlap is inadequate shall then be

patched with an oval or round patch of the same geomembrane extending a

minirrum of 6 in. beyond the cut in all directions.
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Geomembrane seaming shall not occur during non-daylight

Seaming shall extend to the outside edge of panels to be placed in the anchor

6.7.8 Nondestructive Seam Continuity Testing

The CQA Consultant shall monitor that the Installer shall nondestructively test all

field seams over their full length using a vacuum test unit or air pressure test (for double

fusion seams only).

The purpose of nondestructive tests is to check

the continuity of seams. Continuity testing shall be carried out as the seaming work

progresses, not at the completion of all field seaming. The CQA Consultant shall:

r monitor nondestructive testing;

document the results of the nondestructive testing; and

inform the Contractor and Construction Manager of any noncompliance.

Any required seam repairs shall be made in accordance with the Technical

Specifications. The CQA Consultant shall:

. observe the repair procedures;

. observe the retesting procedures; and

. document the results.

The seam number, date of observation, dimensions and/or descriptive location of
the seam length tested, name of person performing the test, and outcome of the test shall

be recorded by the CQA Consultant.

6.7.9 Destructive Testing

Destructive seam testing shall be performed during the geomembrane installation.

The purpose of this testing is to evaluate seam strength. Destructive seam testing shall

be done as the seaming work progresses, not at the completion of all field seaming.

FLI I 09/CQAPIan-Rev0_March 2007.doc 41 28March2007



6.1.9.I Location and Frequency

The CQA Consultant shall select all destructive seam test sample locations.

Sample locations shall be established as follows.

A minimum frequency of one test location per 200 ft of seam length. This

minimum frequency is to be determined as an average taken throughout the

entire facility. This minimum frequency will be decreased for seams made

outside the normal ambient temperature range of 40oF to 104oF.

Test locations shall be determined during seaming at the CQA Consultant's

discretion. Selection of such locations may be prompted by suspicion of excess

crystallinity, contamination, offset welds, or any other potential cause of
imperfect welding.

The Installer shall not be informed in advance of the locations where the seam

samnles will be taken.

6.7 .9.2 Sampling Procedures

Destructive seam testing shall be performed as the seaming progresses in order

obtain the Geosynthetic CQA Laboratory test results before the geomembrane

covered by overlying materials. The CQA Consultant shall:

. observe sample cutting;

. assign a number to each sample, and mark it accordingly; and

o record sample location on geomembrane panel layout drawing.

All holes in the geomembrane resulting from destructive seam test sampling shall

be immediately repaired in accordance with repair procedures described in
Section 02710 of the Technical Specifications. The continuity of the new seams in the

repaired area shall be nondestructively tested as described in this Section.

to

is

FL1 109/CQAPlan-Rev0 Malch 2007.doc 48 28March2001



6.7 .9.3 Size of Samples

At a given sampling location, two types of samples (field test samples and

laboratory test samples) shall be taken. First, a minimum of two field samples or test

strips should be taken for field testing. Each of these test strips shall be I in. wide by 12

in. long, with the seam centered parallel to the width. The distance between these two
specimens shall be 42 rn. If both specimens pass the field test described in this Section,

a second fulI laboratory destructive sample shall be taken for testing by the

Geosynthetics CQA Laboratory.

The fulI destructive sample shall be located between the two field test strips. The

sample shall be 12 in. wide by 42 rn. long with the seam centered lengthwise. The

sample shall be cut into three parts and distributed as follows:

. one 12 in. by 12 in. portion to the Installer;

o one 12 in. by T2 in. portion to the Construction Manager for archive storage;

and

. one 12 in.by 18 in. portion for Geos)mthetics CQA Laboratory testing.

6.7.9.4 Field Testing

The test strips shall be tested in the field, for peel adhesion, using a gauged

tensiometer. In addition to meeting the strength requirements outlined in Attachment B,

all specimens sha1l exhibit a Film Tear Bond and shall not fail in the weld. If any field
test sample fails to meet these requirements, the destructive sample has failed.

The CQA Consultant shall witness all
with their number. The CQA Consultant

unit, seaming technician identification,
description.

field tests and mark all samples and portions

shall also log the date, number of seaming

destructive sampling, and pass or fail

6.1.9.5 Geoslmthetics CQA Laboratory Testing

Destructive test samples shall be tested by the Geoslmthetics

Testing shall include "Bonded Seam Strength" and "Peel Adhesion"
The minimum acceptable values to be obtained in these tests

CQA Laboratory.

(ASTM D 6932).

are presented in
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Attachment B. At least five specimens shall be tested for each test method. Specimens

shall be selected alternately by test from the samples (i.e., peel, shear, peel, shear...).

Both the inside and outside tracks of the double track fusion seams shall be tested for
peel adhesion. A passing test shall meet or exceed the minimum required values in at

least four out of five specimens. and the fifth specimen shall meet or exceed 800/o of the

minimum required values. In the event that the CQA destructive testing sample fails.

the archived sample malr be tested following the above procedure described in this

section.

The Geosynthetics CQA Laboratory shall provide test results no more than24 hours

after they receive the samples. The CQA Site Manager shall review laboratory test

results as soon as they become available, and make appropriate recommendations to the

Construction Manager.

6.1.9.6 Procedures for Destructive Test Failure

The following procedures shall apply whenever a sample fails a destructive test,

whether that test was conducted in the field or by the Geosynthetics CQA Laboratory.

The CQA Consultant will monitor that the Installer follows one of the two options

below:

The Installer can reconstruct the seam (e.g., remove the old seam and reseam)

between any two passed destructive test locations or between points judged by

the CQA Consultant to represent conditions of the failed seam (e.g., a tie-in

seam or a seam made by the apparatus and/or operator used in the failing

seam);or

The Installer can trace the welding path to an intermediate location a minimum

of 10 ft from the point of the failed test in each direction and take a small

sample for additional field testing in accordance with the destructive test

procedure at each location. If these additional isolation samples pass the field

test, then full laboratory samples are taken at both locations. If these laboratory

samples meet the specified strength criteria, then the seam is reconstructed

between these locations. If either sample fails, then the process is repeated to

establish the zone in which the seam should be reconstructed or repaired.

All failed seams must be bounded by two locations from which samples passing

laboratory destructive tests have been taken or the entire seam is reconstructed and
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retested. In cases exceeding 150 ft of reconstructed seam, a sample taken from the zone

in which the seam has been reconstructed must pass destructive testing. Repairs shall

be made in accordance with this section. The CQA Consultant shall document all

actions taken in coniunction with destructive test failures.

6.8

6.8.1

Defects and Repairs

Identification

A11 seams and non-seam areas of the geomembrane shall be examined by the CQA

Consultant for identification of defects, holes, blisters, undispersed raw materials and

any sign of contamination by foreign matter. Because light reflected by the

geomembrane helps to detect defects, the surface of the geomembrane shall be clean at

the time of examination. The Construction Manager shall require the geomembrane

surface to be broomed or washed by the Contractor if the amount of dust or mud inhibits

examination.

6.9 Repair Procedures

Any portion of the geomembrane exhibiting a flaw, or failing a destructive or

nondestructive test, shall be repaired by the geosynthetics Installer in accordance with

Section 02770 of the Technical Specifications. Several procedures exist for the repair

ofthese areas. The final decision as to the appropriate repair procedure shall be agreed

upon between the Installer and CQA Consultant.

In addition, the following conditions shall be monitored by the CQA Consultant:

. surfaces of the geomembrane which are to be repaired shall be abraded no more

than one hour prior to the repair;

. all surfaces must be clean and dry at the time of the repair;

. all seaming equipment used in repairing procedures must be approved;

o the repair procedures, materials, and techniques shall be approved by the CQA

Consultant in advance of the specific repair;

o patches or caps shall extend at least 6 in. beyond the edge of the defect, and ali
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corners of patches shall be rounded with a radius of at least 3 in.; and

cut to avoid watero the geomembrane below large caps should be appropriately

or sas collection between the two sheets.

6.9.1 Verification of Repairs

Each repair shall be numbered and logged. Each repair shall be non-destructively

tested using approved methods. Repairs which pass the non-destructive test shall be

taken as an indication of an adequate repair. Large caps may be of sufficient extent to

require destructive test sampling, atthe discretion of the CQA Consultant or as specified

in Table 6-2. The CQA Consultant shall observe all non-destructive testing of repairs

and shall record the number of each repair, date, and test outcome.

6.10 Liner Svstem Acceptance

The Contractor shall retain all responsibility

by the Construction Manager. The terms for the

in Section 02770 of the Technical Specifications.

for the geosynthetics until acceptance

liner system acceptance are described

6.11 Materials in Contact with the Geomembrane

The procedures outlined in this section are intended to assure that the installation of

materials in contact with the geomembrane do not cause damage. Additional quality

assurance and quality control procedures are necessary to assure that systems built with

these materials will be constructed in such a way to ensure proper performance.

6.11.1 Soils

The CQA Consultant shall monitor that the Contractor takes all necessary

precautions to ensure that the geomembrane is not damaged during its installation,

during the installation of other components of the liner system, or by other construction

activities. The CQA Consultant shall monitor the following:

o placement of protective soil materials above the geomembrane which shall not

proceed at an ambient temperature below 40oF or above 104oF unless otherwise
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approved by the Construction Manager;

soil placement operations above the geomembrane shall be performed by the

Contractor to minimize wrinkles in the geomembrane;

equipment used for placing soil shall not be driven directly on the

geomembrane;

a minimum soil thickness of i ft is maintained between a light, track-mounted

dozer (e.g., having a maximum ground prsssure of 5 psi) and the geomembrane;

a minimum soil thickness of 3 ft is maintained between rubber-tired vehicles

and the geomembrane; and

. soil thickness shall be greater than 3 ft in heavily trafficked areas such as access

TAMDS.

6.11.2 Appurtenances

The CQA Consultant shall monitor that:

installation of the geomembrane in appurtenant areas, and connection of
geomembrane to appurtenances have been made in accordance with the

Construction Drawings and Technical Specifications;

extreme care is taken by the Installer when seaming around appurtenances since

neither non-destructive nor destructive testing may be feasible in these areas;

and

the geomembrane has not been visibly damaged when making connections to

appurtenances.
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TABLE 6-1

GEOMEMBRANE CONFORMANCE
TESTING REQUIREMENTS

TEST NAME TEST METHOD MINIMUM TESTING
FREQUENCY(r)

Specific Gravity

Thickness

Tensile Strength at Yield

Tensile Strength at Break

Elongation at Yield

Elongation at Break

Carbon Black Content

Carbon Dispersion

Oxidative Induction Time

Interface Friction

ASTM D 192 Method A
or ASTM D 1505

ASTM D 5199 or

ASTM D 5994

GRI GM13

ASTM D 638

ASTM D 638

ASTM D 638

ASTM D 638

ASTM D 1603

ASTM D 5596

ASTM D 3895 or

ASTM D 5885

ASTM D 5321

1 test per 100,000 ftz

1 test per 100,000 ft2

^^ ^^^ ^2I test per 10U,U00 ft'

I test per 100,000 ft2

1 test per 100,000 ft2

I test per 100,000 ft2

I test per 100,000 ft2

1 test per 100,000 ft2

1 test per 100.000 ft2

1 test
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TABLE 6-2

GEOMEMBRANE SEAM
TESTING REQUIREMENTS

TEST NAME TEST METHOD MINIMUM TESTING
FREQUENCY

Peel Adhesion of Seam ASTM D 6392(tJ) 1 test every 200 ft

Bonded Seam Strength ASTM D 6392Q'3) 1 test every 200 ft

Vacuum Testing Welded

Seams

Air Pressure Testing Welded

Seams

100 percent of extrusion welds

100 percent of fusion welds

Notes:

1. For peel adhesion, seam separation shall not extend more than 10 percent into the seam interface.

Testing shall be discontinued when the sample has visually yielded.

2. For shear tests, the sheet shall yield before failure of the seam.

3. For either test, sample failure shall be a Film Tear Bond (FTB) as outlined in NSF 54, Attachment

I 
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7. GEOSYNTHETIC CLAY LINER

7.1 Introduction

The CQA Consultant shall perform conformance testing and shall monitor the

installation of the geosynthetic clay liner (GCL) as required by Section 02780 of the

Technical Specifications and this CQA Plan. The testing used to evaluate the

conformance of the GCL with the requirements of the Technical Specifications shall be

performed by the CQA Consultant in accordance with the current versions of the ASTM

or other applicable test procedure indicated in Table 7-1.

7.2 Transportation. Handling. and Storage

The CQA Consultant shall monitor the transporlation, handling, and storage of the

GCL on-site. The Construction Manager shall designate a GCL storage location.

Handling of the rolls shall be performed in a competent manner such that damage does

not occur to the GCL or its protective wrapping. Any protective wrapping that is

damaged or stripped off the rolls shall be repaired immediately to the satisfaction of the

CQA Consultant. During transporlation, handling, and storage the GCL rolls will be

protected from ultraviolet light exposure, precipitation or other inundation, mud, dirl,

dust, puncture, cutting or any other damaging or deleterious conditions.

Upon delivery of the GCL at the site, the Contractor, Installer, and CQA Consultant

shall conduct an inspection of the rolls for defects and damage. This inspection shall be

conducted without unrolling the materials unless defects or damages are found or

suspected. The CQA Consultant shall indicate to the Construction Manager:

o rolls, or portions thereof, which should be rejected and removed from the site

because they have severe flaws; and

. rolls which include minor repairable flaws.

The CQA Consultant shall also monitor that equipment used to handle the GCL on-

site is adequate and does not pose any risk of damage to the GCL when used properly.
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t.3

7.3.1

Conformance Testing

Sampling Procedures

Upon delivery of the rolls of GCL, the CQA Consultant will assure that samples are

removed and forwarded to the Geosynthetic CQA Laboratory for testing of conformance

to both the Technical Specifications and the list of guaranteed properties provided by

the Manufacturer. Conformance samples will be 3 ft long by the roll width. The CQA

Consultant will mark the machine direction on the samples with a waterproof marker,

and tape or otherwise secure the cut edges of the sample to eliminate the loss of the

granular bentonite. The required minimum sampling frequencies are provided in Table

7-1. The rolls shal1 be immediately re-wrapped and replaced in their shipping trailers or

in the temporary field storage area. The CQA Consultant shall mark the machine

direction on the samples with an arrow and affix a label, tag, or otherwise mark each

sample with the following information:

o date sampled,

o project number;

. lot/batch number and roll number;

o conformance sample number, and

. CQA personnel identification.

7.3.2 Testing Procedure

Conformance testing of the GCL materials delivered to the site will be conducted to

ensure compliance with both the Technical Specifications and the Manufacturer's list of
minimum average roll values. As a minimum, the GCL confotmance test procedures

listed in Table 7-1 shall be performed by the Geosynthetics CQA Laboratory.

7.3.3 Test Results

The CQA Consultant will examine all results from laboratory conforrnance testing

and will reporl any non-conformance to the Construction Manager. The GCL
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conformance test results shall meet or exceed the minimum property values presented in

Attachment C.

7.3.4 Conformance Test Failure

In the case of failing test results, the Contractor may request that another sample

from the failing roll be retested by the Geosynthetics CQA laboratory with the

Manufacturer's technical representative present during the test procedure. If the retest

fails or if the option to retest is not exercised, then two isolation conformance samples

shall be obtained by the CQA Consultant. These isolation samples shall be taken from

rolls, which have been determined by conelation with the manufacturer's roll number, to

have been manufactured prior to and after the failing roll. This method for choosing

isolation rolls for testing should continue until passing tests are achieved. All rolls that

fall numerically between the passing roll numbers shall be rejected. The CQA

Consultant will verifi, that the Contractor has replaced all rejected rolls. The CQA

Consultant shall document all actions taken in coniunction with GCL conformance

failures.

7.4 SurfacePreparation

The GCL shall not be placed on surfaces which are softened due to high water

content or cracked due to desiccation. The CQA Consultant and the Installer will jointly

verify that the surface on which the GCL will be installed is acceptable. The Contractor

shall comply with the surface preparation and acceptance requirements identified in
Section 02200 of the Technical Specifications. Additionally, the surface shall contain

no loose stones and no ruts greater than l-in. depth. The CQA Consultant shall notifu

the Contractor of any observed change in the supporting soil condition that may require

repair work and verifl, that compacted soil repair work is completed in accordance with
the requirements of the Technical Specifications of this CQA Plan.

7.5 Placement

The CQA Consultant shail verify that the Installer has taken all necessary

precautions to protect the underlying subgrade during GCL deploynent operations. The

CQA Consultant shall verify that all GCL is handled in such a manner as to ensure they

are not damaged in any way, and the following conditions are met:

. in the present of wind, all GCL are weighted with sandbags or the equivalent;
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. GCL is kept continually under tension to

r GCL is cnt using a iilility blade in a manner recommended by the Manufacturer;

not to entrap fugitive stones or other debrisduring placement, care is taken

under the GCL;

o the exposed GCL is protected from damage in heavily trafficked areas;

o a visual examination of the GCL is carried out over the entire surface, after

installation, to assure that damaged areas, if any, are identified and repaired; and

. if a white colored GCL is used, precautions are taken against "snowblindness"

ofpersonnel.

7.6 Overlaps

The CQA Consultant shall monitor and verifu the GCL overlapping procedures

confotm to the requirements of Section 02780 of the Technical Specifications. GCL
panels shall be overlapped at a minimum of 6 inches along panel sides and a minimum
of 12 inches along panel ends. Dry bentonite powder shall be applied, at a minimum
rate of one pound per lineal foot, around pipe penetrations or other perforations of GCL
which mav be required.

7.7 Repair

The CQA Consultant shall monitor the repair of any holes or tears in the GCL or
the geotextile backing. Repairs shall be made by placing a patch made from the same

type GCL over the damaged area. On slopes greater than 5 percent, the patch shall

overlap the edges of the hole or tear by a minimum of 2 ft in all directions. On slopes, 5

percent or flatter, the patch shall overlap the edges of the hole or tear by a minimum of 1

ft in all directions. The patch shall be secured to the satisfaction of the CQA Consultant

to avoid shifting during soil placement or covering with another geosynthetic.
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TABLE 7-1

GCL CONFORMANCE
TESTING REQUIREMENTS

TEST NAME TEST METHOD MINIMUM TESTING
FREQUENCY

Hydraulic Conductivity ASTM D 5887 I test per 100,000 fC
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8.

8.1

GEOTEXTILES

Introduction

The CQA Consultant shall perform conformance testing and shall monitor the

installation of geotextile filters, and separators as required by Section 02720 of the

Technical Specifications and this CQA Plan. The testing used to evaluate the

conformance of the geotextiles with the requirements of the Technical Specifications

shall be performed by the CQA Consultant in accordance with the current versions of
the ASTM or other applicable test procedure indicated in Table 8-1.

8.2 Transportation" Handling. and Storage

The CQA Consultant shall monitor the transporlation, handling, and storage of the

geotextile on-site. The Construction Manager shall designate a geotextile storage

location. During transportation, handling, and storage, the geotextile shall be protected

from ultraviolet light exposure, precipitation or other inundation, mud, dirt, dust,

puncture, cutting or any other damaging or deleterious conditions.

Handling of the geotextile rolls shall be performed in a competent manner such that

damage does not occur to the geotextile or to its protective wrapping. Rolls of
geotextiles shall not be stacked upon one another to the extent that deformation of the

core occurs or to the point where accessibility can cause damage in handling.

Furthermore, geotextile rolls shall be stacked in such a way that access for conformance

sampling is possible. Protective wrappings shall be removed less than one hour prior to
unrolling the geotextile. After unrolling, a geotextile shall not be exposed to ultraviolet

light for more than 30 calendar days.

Outdoor storage of geotextile rolls shall not exceed the Manufacturers

recommendations or longer than 6 months whichever is less. For storage periods longer

than 6 months a temporary enclosure shall be placed over the rolls, or they shall be

moved to an enclosed facility. The location of temporary field storage shall not be in
areas where water can accumulate. The rolls shall be elevated off the ground to prevent

contact with ponded water.
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Upon delivery at the site, the Contractor, Installer, and CQA Consultant shall

conduct an inspection of the rolls for defects and damage. This inspection shall be

conducted without unrolling the materials unless defects or damages are found or

suspected. The CQA Consultant shall indicate to the Construction Manager:

o rolls, or portions thereof, which should be rejected and removed from the site

because they have severe flaws; and

. rolls which include minor repairable flaws.

The CQA Consultant shall also monitor that equipment used to handle the

geotextiles on-site is adequate and does not pose any risk of damage to the geotextiles

when used properly.

8.3

8.3.1

Conformance Testing

Sampling Procedures

Samples shall be taken across the entire width of the roll and shal1 not include the

first 3 feet. Unless otherwise specified, samples shall be 3 feet long by the roll width.

The required minimum geotextile conformance sampling frequencies are provided in
Table 8-1. The CQA Consultant shall mark the machine direction on the samples with
an affow and affix a label, tag, or otherwise mark each sample with the following
information:

o date sampled;

o project number;

. lot/batch number and roll number;

. conformance sample number; and

. CQA personnel identification.

The geotextile rolls which are sampled shall be immediately rewrapped in their

protective coverings to the satisfaction of the CQA Consultant.
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8.3.2 TestingProcedure

Conformance testing of the geotextile materials delivered to the site will be

conducted to ensure compliance with both the Technical Specifications and the

Manufacturer's list of minimum average ro11 values. As a minimum, the geotextile

conformance test procedures listed in Table 8-1 shall be performed by the Geosynthetics

CQA Laboratory.

8.3.3 Test Results

The CQA Consultant shall review all laboratory conformance test results and veriff
compliance of the test results with the specification shown in Attachment D prior to
deploSzment of the geotextiles. Any non-conformance shall be reported to the

Construction Manager.

8.3.4 Conformance Test Failure

In the case of failing test results, the Contractor may request that another sample

from the failing roll be retested by the Geosynthetics CQA Laboratory with the

Manufacturer's technical representative present during the test procedure. If the retest

fails or if the option to retest is not exercised, then two isolation conformance samples

shall be obtained by the CQA Consultant. These isolation samples shall be taken from
rolls, which have been determined by correlation with the Manufacturer's roll number,

to have been manufactured prior to and after the failing roll. This method for choosing

isolation rolls for testing should continue until passing tests are achieved. Ail rolls that

fall numerically between the passing roll numbers shall be rejected. The CQA
Consultant will verifz that the Contractor has replaced all rejected rolls. The CQA
Consultant shall document all actions taken in conjunction with geotextile conformance
failures.

8.3.5 Placement

The CQA Consultant shall monitor the placement of all geotextiles to assure they

are not damaged in any way, and the following conditions are met.
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then deple

seotex+ile in-teasisn.

In the presence of wind, all geotextiles shall be weighted with sandbags or the

equivalent. Such sandbags shall be installed during placement and shall remain

until replaced with earth cover material.

Trimming of the geotextiles shall be performed using only a upward cutting

hook blade. Special care must be taken to protect other materials from damage

which could be caused bv the cuttins of the seotextiles.

The CQA Consultant shall monitor that the Installer is taking necessary

precautions to prevent damage to underlying layers during placement of the

geotextile.

During placement of geotextiles, care shall be taken not to entrap stones,

excessive dust, or moisture that could generate clogging of drains or filters.

A visual examination of the geotextile shall be carried out over the entire

surface, after installation, to ensure that no potentially harmful foreign objects,

(e.g., stones, sharp objects, small tools, sandbags, etc.) are present.

Seams and Overlans

AII geotextile filters shall be continuously sewn (i.e., spot sewing is not allowed).

Geotextiles shall be overlapped 6 in. prior to seaming. No horizontal seams shall be

allowed on side slopes that are steeper than 10 horizontal to 1 vertical (i.e. seams shall

be along, not across, the slope), except as part ofa patch.

Sewing shall be done using polyrneric thread with chemical and ultraviolet

resistance properties equal to or exceeding those of the geotextile. The seams shall be

sewn using a single row type "401" two-thread chainstitch. The CQA Consultant shall

monitor the geotextile seaming procedures to verify that seams and overlaps are in
accordance with Section 02120 of the Technical Specifications.

Geotextile separators may be overlapped a minimum of 2 feet in lieu of sewing.

8.4

FLI 109/CQAPlan-Rev0 March 2007.doc 64 28 March 2007



8.5 Repair

The CQA Consultant shall monitor that any holes or tears in the geotextile are

repaired as follows:

e On-slopes: A patch made from the same geotextile is double seamed into place

(with each seam 1/4 in. to 314 in. apart and no closer than I in. from any edge)

with a minimum l2-in. overlap. Should any tear exceed 50 percent of the width
of the roll, that roll shall be removed from the slope and replaced.

. Non-slopes: A patch made from the same geotextile is sewn in place with a
minimum of 12 in. overlap in all directions away from the repair area.

Care shall be taken to remove any soil or other material which may have penetrated

the tom geotextile. The CQA Consultant shall observe all repairs and assure that any

non-compliance with the above requirements is corrected.

8.6 Placement of Soil Materials

The CQA Consultant shall monitor the Contractor's placement of all materials

located on top of a geotextile, to verify:

r that no damage occurs to the geotextile;

o that no shifting of the geotextile from its intended position occurs and

underlying materials are not exposed or damaged;

o that excess tensile stress does not occur in the geotextile; and

rthatequipmentgroundpreSSureongeotexti1es@does
not exceed those specified in Section 02120 of the Technical Specifications.

Soil backfilling or covering of the geotextile with another geoslmthetic shall be

completed within 30 days.
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TABLE 8-1

GEOTEXTILE CONFORMANCE
TESTING REQUIREMENTS

TEST NAME TEST METHOD MINIMUM TESTING
FREQUENCY

Mass per Unit Area

Grab Strength

Trapezoidal Tear Strength

Puncture Resistance

Burst Strength

Apparent Opening Size(s 4)

Permittivity(s a)

Notes:

ASTM D 5267

ASTM D 4632(I)

ASTM D 4fi3?)

ASTM D 4833(3)

ASTM D 3786

ASTM D 4757

ASTM D 4491

1 test per 100,000 ft2

1 test per 100.000 ft2

1 test per 100,000 ft2

^^ ^^^ ^21 test per 100,000 tt'

1 test per 100,000 ft2

1 test per 100,000 ft2

I test per 100,000 ft2

l. Minimum of values measured in machine and cross machine directions with I inch clamp on

Constant Rate of Extension (CRE) machine.

2. Minimum value measured in machine and cross machine direction.

3. Tension testing machine with a 1.75-inch diameter ring clamp, the steel ball being replaced with

0.3l-inch diameter solid steel cylinder with a flat tip centered within the ring clamp.

4. Apparent opening size and permittivity testing to be performed on filter geotextiles only.
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9.

9.1

GEOCOMPOSITES

Introduction

The CQA Consultant shall perform conformance testing and shall monitor the

installation of the geocomposite drainage layers as required by Section 02740 of the

Technical Specifications and this CQA Plan. The testing used to evaluate the

conformance of the geocomposite drainage layers with the requirements of the

Technical Specifications shall be performed by the CQA Consultant in accordance with
the current versions of the ASTM or other applicable test procedure indicated in Table

9-t.

Transportation. Handling and Storage

The CQA Consultant shall monitor the transportation, handling, and storage of the

geocomposite on-site. The Construction Manager shall designate a geocomposite

storage location. During transpoftation, handling, and storage, the geocomposite shall be

protected from ultraviolet light exposure, precipitation or other inundation, mud, dirt,

dust, puncture, cutting or any other damaging or deleterious conditions.

Handling of the geocomposite rolls shall be performed in a competent manner such

that damage does not occur to the geocomposite or to its protective wrapping. Rolls of
geocomposite shall not be stacked upon one another to the extent that deformation of
the roll occurs or to the point where accessibiiity can cause damage in handling.

Furthermore, geocomposite rolls shall be stacked in such a way that access for

conformance sampling is possible. Protective wrappings shall be removed less than one

hour prior to unrolling the geocomposite. After unrolling, a geocomposite shall not be

exposed to ultraviolet light for more than 30 calendar days.

Outdoor storage of geocomposite rolls shall not exceed the Manufacturer's

recommendations or longer than 6 months whichever is less. For storage periods longer

than 6 months a temporary enclosure shall be placed over the rolls, or they shall be

moved to an enclosed facility. The location of temporary field storage shall not be in

areas where water can accumulate. The rolls shall be elevated off the ground to prevent

contact with ponded water.

Upon delivery at the site, the Contractor, Installer, and CQA Consultant shall

conduct an inspection of the rolls for defects and damage. This inspection shall be

9.2

FL1 I 09/CQAPlan-Rev0_Malch 2007.doc 6l 28March2007



conducted without unrolling the materials unless defects or damages are found or

suspected. The CQA Consultant shall indicate to the Construction Manager:

o rolls, or portions thereof which should be rejected and removed from the site

because they have severe flaws; and

. rolls which include minor repairable flaws.

The CQA Consultant shall also monitor that equipment used to handle

geocomposites on-site is adequate and does not pose any risk of damage to

geocomposites when used properly.

9.3 Conformance Testing

9.3.1 Sampling Procedures

Samples shall be taken across the entire width of the roll and shall not include the

first 3 feet. Unless otherwise specified, samples shall consist of one section 3 feet long

by the ro11 width for geonet and geocomposite testing and one section 10 feet long cut i
foot from the edge of the geonet for testing of the unbonded geotextiles. The required

minimum geocomposite conformance sampling frequencies are provided in Table 9-1.

The CQA Consultant shall mark the machine direction on the samples with an alrow

and affix a label, tag, or otherwise mark each sample with the following information:

o date sampled;

o project number;

o lotibatch number and roll number:

. conformance sample number; and

. CQA personnel identification.

The geocomposite rolls which are sampled shall be immediately rewrapped in their

protective coverings to the satisfaction of the CQA Consultant.

the

the
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9.3.2 Testing Procedure

Conformance testing of the geocomposite materials delivered to the site will be

conducted to ensure compliance with both the Technical Specifications and the

manufacturer's list of minimum average roll values. As a minimum, the geotextile,

geonet, and geocomposite conformance test procedures listed in Table 9-1 shall be

performed by the Geosynthetics CQA Laboratory.

9.3.3 Test Results

The CQA Consultant shall review all laboratory conformance test results and verif,t

compliance of the test results with the specification shown in Attachment E prior to
deployment of the geocomposites. Any non-conformance shall be reported to the

Construction Manager.

9.3.4 Conformance Test Failure

In the case of failing test results, the Contractor may request that another sample

from the failing roll be retested by the Geosynthetics CQA laboratory with the

manufacturer's technical representative present during the test procedure. If the retest

fails or if the option to retest is not exercised, then two isolation conformance samples

shall be obtained by the CQA Consultant. These isolation samples shall be taken from

rolls, which have been determined by correlation with the manufacturer's roll number, to

have been manufactured prior to and after the failing roll. This method for choosing

isolation rolls for testing should continue until passing tests are achieved. A11 rolls

which fail numerically between the passing roll numbers shall be rejected. The CQA

Consultant will verify that the Contractor has replaced all rejected rolls. The CQA

Consultant shall document all actions taken in conjunction with geocomposite

conformance failures.

9.4 Placement

The CQA Consultant shali monitor the placement of all geocomposites to assure

they are not damaged in any way, and the following conditions are met.
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geoeempesites-ffi+ens+oft

in the presence of wind, all geocomposites shall be weighted with sandbags or

the equivalent. Such sandbags shall be installed during placement and shall

remain until replaced with earlh cover materiai.

Trimming of the geocomposites shall be performed using only a upward cutting

hook blade. Special care must be taken to protect other materials from damage

which could be caused by the cutting of the geocomposites.

The CQA Consultant shall monitor that the Installer is taking necessary

precautions to prevent damage to underlying layers during placement of the

geocomposite.

During placement of geocomposites, care shall be taken not to entrap stones,

soil, excessive dust, or moisture that could damage the geomembrane, generate

clogging of drains or filters, or hamper subsequent drainage operations.

A visual examination of the geocomposite shall be carried out over the entire

surface, after installation, to ensure that no potentially harmful foreign objects,

(e.g., stones, sharp objects, small tools, sandbags, etc.) are present.

9.5 Joining. Seams. and Overlaps

The components of the geocomposite (e.g., geotextile, geotextile) shall be seamed,

joined, and overlapped to like components in adjacent geocomposites. Lower geotextile

components of the geocomposites shall be overlapped such that the component has a

minimum overlap of four inches. Adjacent edges of geonet component along the length

of the geocomposite should be overlapped a minirnum 23 4 rnches and joined by tying

the geonet together with white or yellow plastic fasteners or polymeric thread. Geonet

for adjoining geocomposite panels (end to end) along the roll width should be shingled

down in direction of slope and overlapped a minimum of 12 inches. Upper geotextile

components of the geocomposites shall be continuously sewn (i.e., spot sewing is not

allowed). Geotextiles shall be overlapped 6 in. prior to sewing. No horizontal seams

shall be allowed higher than one-third the slope heieht on side slopes that are steeper
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than 10 horizontal to 1 vertical (i.e. seams shall be along, not actoss, the slope), except

as part of a patch.

Sewing of geotextiles shall be done using polyrneric thread with chemical and

ultraviolet resistance properties equal to or exceeding those of the geotextile. The

seams shall be sewn using a single row type "401" two-thread chainstitch. The CQA

Consultant shall monitor the geotextile seaming and geonet tying procedures to veri$'

that joining, seams, and overlaps are in accordance with Section02140 of the Technical

Specifications.

9.6 Repair

The CQA Consultant shall monitor that any holes or tears in the geocomposite are

repaired as follows:

o d patch made from the same geocomposite will be secured into place by tying

fasteners through the bottom geotextile and the geonet of the patch, and through

the top geotextile and geonet.

. The patch will extend 2 feetbeyond the edges of the hole or tear.

o The patch will be secured every 6 inches and heat sealed to the top geotextile of

the geocomposite needing repair.

. If the hole or tear is more than 50 percent of the width of the ro11, the damaged

area should be cut out and the two portions of the geocomposite will be joined.

Care will be taken to remove any soil or other material which may have penetrated

the tom geocomposite component. The CQA Consultant shall observe any repair and

assure that any non-compliance with the above requirements is corrected.

9.7 Placement of Soil Materials

The CQA Consultant shall monitor the Contractor's placement of all soil materials

located on top of a geocomposite, to verify:

r that no damage occurs to the geocomposite;
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that no shifting of the geocomposite from its intended position occurs and

underlying materials are not exposed or damaged;

that excess tensile stress does not occur in the geocomposite; and

that equipment ground pressufe on geocomposites overlying geomembranes

does not exceed those specified in Section 02740 of the Technical

Specifications.

Soil backfilling or covering of the geocomposite shall be completed within 30 days.

On side slopes soil layers shall be placed over the geocomposite from the bottom of the

slope upward.
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TABLE 9.1

GEOCOMPOSITE CONFORMANCE
TESTING REQUIREMENTS

TEST NAME TEST METIIOD MINIMUM TESTING
FREQUENCY(3)

Geotextile Components
Mass per Unit Area

Grab Strength

Trapezoidal Tear Strength

Apparent Opening Size

Permittivity

Geoconrposite
. .. r1\

I ransmlsslvlty'"'
Peel Strength

ASTM D 5261

ASTM D 4632O)

ASTM D 4fi3Q)
ASTM D 4751

ASTM D 4491

ASTM D 4716

ASTM F 904

1 test per 100,000 ft2
^^ ^^^ ^?1 test per I UU,UUU ft-

test per

test per

test per

test per

test per

100,000 ft2

100,000 ft2

100,000 ft2

100,000 fr2

100,000 ft2

.l

I

I
1

1

I

Notes:

1. Minimum of values measured in machine and cross machine directions with I inch clamp on

Constant Rate of Extension (CRE) machine.

2. Minimum value measured in machine and cross machine direction.

3. The design transmissivity is the hydraulic transmissivity of the geocomposite measured using water

at 68oF + 3"F with a hydraulic gradient and compressive stress for geocomposites as described in the

Technical Specifications. For the tests, the geocomposites shall be overlain by soil representative of

the material that will be used on the project. The geocomposite shall be underlain by a textured

geomembrane. The minimum test duration shall be 24 hours and the report for the test results shall

include measurements at intervals over the entire test duration.
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10. PIPES AND FITTINGS

10.1 Introduction

The CQA Consultant shall monitor the installation of ancillary materials such as

pipes and fittings for the leachate collection and conveyance system an++fS+gas

@asrequiredbySections021I5oftheTechnicalSpecifications,the
Construction Drawings and this CQA Plan.

10.2 Butt-Fusion Weldins Process

The CQA Consultant shall monitor the assembling of lengths of HDPE pipe into

suitable installation lengths by the butt-fusion process. Butt-fusion means the butt-

joining of the pipe by softening the aligned faces of the pipe ends in a suitable apparatus

and pressing them together under controlled pressure. Butt-fusion welding of the HDPE

pipes and fittings shall be performed by the Contractor in accordance with the pipe

manufacturer's recommendations as to equipment and technique.

10.3 Transportation" Handling and Storage

The pipe is to be bundled together with plastic straps for bulk handling and

shipment. The packing shall be such that either fork lifts or cranes equipped with slings

can be used for safe handling. The pipe shall be segregated by wall thickness and

diameter.

The CQA Consultant shall monitor the offloading of the pipe to assure that

handling is done in a competent manner and that the pipes are not placed in areas where

water can accumulate. The pipe shall not be stacked more then three high or in such a

maruler that could cause damage to the pipe. Furthefinore, the pipe shall be stacked in

such a manner that access for any conformance sampling is possible. Outdoor storage

should be no longer than 12 months. For outdoor storage periods longer than 12 months

a temporary covering shall be placed over the pipes, or they shall be moved to within an

enclosed facility.
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Installation

The CQA Consultant shall monitor that care is taken during installation of the pipes

such that they will not be cut, kinked, or otherwise damaged. Ropes, fabric, or rubber-

protected slings and straps shall be used by the Contractor when installing pipes. The

use of chains, cables, or hooks inserted into the pipe ends shall not be allowed.

The Contractor shall install the pipe and fittings in such a manner that the materials

are not damaged. Slings for handling the pipe shall not be positioned at butt-fused

joints of HDPE pipes. Sections of the pipes with deep cuts and/or gouges shall be

removed and the ends of the pipeline rejoined. Care shall be exercised when lowering

pipe into the trench to prevent damage or twisting of the pipe.

10.5 Testins

The CQA Consultant shall monitor

Technical Specifications and as necessary

of-practice.

the testing of all pipes as required by the

to assure workmanship conforming the state-
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11. MECIIANICAL AND ELECTRICAL

11.1 Introduction

The CQA Consultant shall monitor the materials used in and installation of all

mechanical and electrical systems to assure compliance with the Technical

Specihcations and approved submittals. The mechanical and electrical systems include,

but are not limited to, the following:

o leachate sump pumps and associated connections and wiring;

. overhead/buried power distribution system, power wiring, including power

circuit connections for pump motors, and equipment mounting boards; and

o temporary supporl facilities for electric, water, and sanitary sewer services.

ll.2 Related Construction Drawings and Technical Specifications

The mechanical work performed by the Contractor shall comply with the

Construction Drawings, Technical Specifications, and approved submittals. These

specifications shall be referenced for specific details of the mechanical equipment

requirements and installation. The electrical work performed by the Contractor shall

comply with Construction Drawings, Technical Specifications, and approved submittals.

These specifications shal1 be referenced for specific details of the electrical

requirements and installation.

11.3 Codes. Rules. Inspections. and Workmanship

The CQA Consultant shall monitor the work of the Contractor in the installation of

all mechanical and electrical appurlenances in accordance with national codes and other

regulations or authorities having jurisdiction over the work. The CQA Consultant shall

observe and document construction acceptance testing procedures performed by the

Contractor.

FLI I 09/CQAPlan-Rev0_March 2007.doc 76 28 March 2007



ll.4 Record Drawings

The CQA Consultant shall monitor the maintenance by the Contractor of a set of
prints on which the actual installation of all mechanical and electrical work shall be

accurately shown, indicating any variation from Construction Drawings or approved

submittals. Changes in layout or circuitry shall be clearly and completely indicated as

the work progresses. These progress prints shall be inspected by the Design Engineer

and Construction Manaser and used to determine the prosress of mechanical and

electrical work.

At the completion each phase of the work, the CQA consultant shall obtain from

the Contractor a set of record drawings of the work to include marked-up prints showing

the dimensioned location of all undersround systems.
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t2. CONCRETE

12.l Introduction

This CQA Consultant shall monitor the construction and perform conformance

testing of all concrete materials and finished products to assure compliance with
Construction Drawings and Technical Specifications.

12.2 Inspections

The CQA Consultant shall monitor concrete workmanship to assure that the

Contractor does not place concrete until foundations, forms, reinforcing steel, pipes,

conduits, sleeves, anchors, hangers, insefts, and other work required to be built into
concrete has been inspected and approved by the Construction Manager. The

Contractor is required to notiff the Construction Manager and CQA Consultant at least

24 hours in advance of concrete placement activities for scheduling of the inspection

activities described above.

12.3 Field Oualitv Control Testine

Conformance testing of placed concrete shall be the responsibility of the CQA

Consultant. The concrete test program shall meet the following requirements:

r Concrete samples will be obtained by the CQA Consultant at a frequency of one

set of standard cylindrical test specimens for the first 5 cubic yards and every 25

cubic yards of concrete or any porlion of thereafter for each structure. For each

work shift, when concrete is delivered, at least one set of specimens will be

made. A set of test specimens will consist of at least three standard cylinders.

Each set of test specimens will be tested for 2-day, 7-day, and 28-day

compressive strength, and a fourth cylinder will be held in reserve.

o Compressive strengths shall be detemined from the standard test specimens

taken according to ASTM C 31 and ASTM C 1,72, and cured and tested in
accordance with ASTM C 39. Core drilling, if required, and testing will be in
accordance with ASTM C 94.

. If required by the Engineer,

less frequency than that of
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slump shall be determined in accordance with ASTM C 231and ASTM C 143.
respectively.

The CQA Consultant shal1 be responsible for reporting all test results to the
Contractor and the Construction Manager. Materials determined by the Construction
Manager to fail the requirements of the Construction Drawings and Technical
Specifications shall be reiected.
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14. GENERAL SITE WORK

14.1 Introduction

The cQA consultant shall monitor the activities that are
various general site work items including, but not limited to
sediment control, culverts, fences and gates, and vegetation
Construction Drawings and Technical Specifi cations.

to be performed for
riprap, erosion and

for compliance with

14.2 Conformance Testing

Conformance testing of materials to ensure compliance with the Construction
Drawings and Technical Specifications shall be performed by the CeA Consultant at
the discretion of the Construction Manager. If nonconfonnances or other deficiencies
are found by the CQA Consultant in the Contractors materials or completed work, the
Contractor will be required to repair or replace the deficiency at no cost. Any
noncompliant items shall be reported to the construction Manaser.
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FL1 109, Rev. 0

Section 02720: Geotextiles

SECTION 02720

GEOTEXTILES

PART 1 GENERAL

1.01 SCOPE

A. This section includes the requirements for geotextile products and installation.

I.O2 RELATED SECTIONS AND PLANS

A. Section 02215 - Trenchins and Backfillins

B. Section 02235 - Granular Drainage Materials

C. Construction Quality Assurance (CQA) Plan

1.03 REFERENCES

A. Latest version of American Society for Testing and Materials (ASTM) Standards:

1. ASTM D 3786. Standard Test Method for Hydraulic Bursting Strength of
Knitted Goods and Nonwoven Fabric-Diaphragm

Bursting Strength Test Method.
2. ASTM D 4355. Standard Test Method for Deterioration of Geotextiles

from Exposure to Ultraviolet Light and Water.

3. ASTM D 449I. Standard Test Method for Water Permeability of
Geotextiles by Permittivity.

4. ASTM D 4533. Standard Test Method for Trapezoid Tearing Strength of
Geotextiles.

5. ASTM D 4632. Standard Test Method for Breaking Load and Elongation

of Geotextiles (Grab Method).
6. ASTM D 4751. Standard Test Method for Determining Apparent

Opening Size of a Geotextile.
1. ASTM D 4833. Standard Test Method for Index Puncture Resistance of

Geotextiles, Geomembranes, and Related Products.

8. ASTM D 4873. Standard Guide for Identification, Storage, and Handling

of Geotextiles.

9. ASTM D 5261r Standard Test Method for Measuring Mass Per Unit Area

of Geotextiies.
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B. Federal Standard No. 751a

SUBMITTALS

FLll09, Rev.0
Section 02720: Geotextiles

Seams, and Stitching.

14 calendar days prior to geotextile placement,

for each roll of geotextile as specified in this

1.04

A. Submit the following to the Engineer for review not less than2I calendar days prior to
use.

1. geotextile Manufacturer and product name,
2. certification of minimum average roll values and the corresponding test procedures

for all geotextile properties listed in Table 02720-1; and

3. projected geotextile delivery dates.

Submit to the Engineer for review at least

manufacturing quality control certificates
section.

B.

CONSTRUCTION QUALITY ASSURANCE

A. The installation of geotextiles will be monitored by the CQA Consultant as required in
the CQA Plan.

B. The CQA Consultant will perform material conformance testing of the geotextiles as

required in the CQA Plan.

C. The Contractor shall be aware of the activities required of the CQA Consultant by the

CQA Plan and shall account for these activities in the construction schedule.

The Contractor shall correct all deficiencies and nonconformances identified by the CQA
Consultant at no additional cost to the Owner.

D.

PART 2 PRODUCTS

2.OI GEOTEXTILE

A. Furnish geotextile products with minimum average roll values (95 percent lower
confidence limit) meeting or exceeding the required property values in Tables 02720-7.

Furnish geotextiles that are stock products.

Furnish geotextiles that are manufactured from first quality polyrners, with not more

than 20 percent reclaimed polymer used in production.

B.

C.
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D.

FL1 109, Rev. 0

Section 02720: Geotextiles

Fumish polymeric threads for stitching that are ultra-violet (UV) light stabilized to at

least the same requirements as the geotextile to be sewn. Furnish polyester or
polypropylene threads that have a minimum size of 2,000 denier.

MANUFACTURING QUALITY CONTROL

Sample and test the geotextile to demonstrate that the material conforms to the

requirements of this section.

Perform manufacturing quality control tests to demonstrate that the geotextiles

properties conform to the values specified in Table 02120-1. Perform as a minimum,
the following manufacturing quality control tests at a minimum frequency of once per

100,000 square feet:

2.02

C.

Test

Mass per unit area

Grab strength
Tear strength

Puncture strength
Burst strength

A.

B.

Procedure

ASTM D 5267

ASTM D 4632

ASTM D 4533

ASTM D 4833

ASTM D 3786

D.

Perform additional manufacturing quality control tests on the geotextile filter at a

minimum frequency of once per 250,000 square feet, to demonstrate that its apparent

opening size (ASTM D 4751) and permittivity (ASTM D 4491) conform to the values

specified in Table 02720-1.

Submit quality control certificates signed by the geotextile manufacturer quality control

manager. The certificates shall state that the geotextiles are continuously inspected and

are needle-free. The quality control certificates shall also include: lot, batch, and roll
number and identification; and results of manufacturing quality control tests including

description of test methods used.

Do not supply any geotextile roll that does not comply with the manufacturing quality

control requirements.

If a geotextile sample fails to meet the quality control requirements of this section,

sample and test rolls manufactured at the same time or in the same lot as the failing roll.

Continue to sample and test the rolls until the extent of the failing rolls are bracketed by

passing rolls. Do not supply failing rolls.

E.

F.
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Section 02720: Geotextiles

2,03 PACKAGING AND LABELING

A. Supply geotextiles in rolls wrapped in relatively impermeable and opaque protective

wrapping. Wrapping which becomes tom or damaged shall be repaired with similar
materials.

B. Mark or tag geotextile rolls in accordance with ASTM D 4873 with the following
information:
1. manufacturer'sname;
2. productidentification;
3. lot or batch number;

4. roll number; and

5. roll dimensions.

C. Geotextile rolls not labeled in accordance with this section or on which labels are

illegible upon delivery to the site shall be rejected and replaced at no expense to the

Owner.

2.04 TRANSPORTATION

2.05

Deliver geotextiles to the site at least 14 calendar days prior to the planned deployment

date to allow the CQA Consultant adequate time to perform conformance testing on the

geotextile samples as described in the CQA Plan.

HANDLING AND STORAGE

Protect geotextiles from sunlight, moisture, excessive heat or cold, puncture, mud, dirt,

and dust or other damaging or deleterious conditions. Follow all geotextile manufacturer

recommendations for handling and storage.

Store geotextile rolls on pallets or other elevated structures. Do not store geotextile rolls

directly on the ground.

Outdoor storage of geotextile rolls shall not exceed the manufacturer's recommendation

or longer than 6 months, whichever is less. For storage periods longer than 6 months a

temporary enclosure shall be placed over the rolls. or thev shall be moved to an

enclosed facility. The location of temporary field storage shall not be in areas where

water can accumulate. The rolls shall be elevated off the eround to prevent contact

with ponded water.

A.

A.

B.

C.
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Section 02720: Geotextiles

PART 3 EXECUTION

3.01 PLACEMENT

Do not commence geotextile installation until the CQA Consultant completes
conformance evaluation of the geotextiles and perfonnance evaluation of previous
work, including evaluation of Contractor's survey results for previous work.

Handle geotextiles so as to ensure they are not damaged in any way.

Take necessary precautions to prevent damage to underlying layers including rutting
during placement of the geotextiles.

After unwrapping the geotextiles from its opaque cover, do not leave them exposed for
a period in excess of30 calendar days.

E. If white colored geotextiles are used, take precautions against "snowblindness" of
personnel.

F. Examine the geotextile surface after installation to ensure that no potentially harmful
foreign objects are present. Remove any such objects and replace any damaged
geotextiles.

3.02 SEAMS AND OVERLAPS

3.03

Continuously overlap a minimum of 6 inches and sew filter geotextiles (i.e., spot

sewing is not allowed) using a "single prayer" seam. Sew seams using Stitch Type 401

as per Federal Standard No. 751a. In lieu of sewing, geotextile filters may be
overlapped a minimum of two feet.

Do not install horizontal seams on slopes that are steeper than 10 horizontal to 1

vertical, Seams shall be along, not across, the slopes.

Overlap separator geotextiles a minimum of 72 inches and ensure that the overlap is
maintained.

REPAIR

A.

B.

C.

D.

A.

B.

C.

A. Repair any holes or tears in the geotextiles using a patch
geotextile material. Extend geotextile patches a minimum

FLI l09/Specifications 02120-5

made from the same

of 1 foot beyond the
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Section 02720: Geotextiles

damaged area. Sew geotextile patches into place no closer than 1 inch from any panel
edge. Should any tear exceed 50 percent of the width of the roll, remove and replace
that roll.

B. Remove any soil or other material that may have penetrated the torn geotextiles.

3.04 PLACEMENT OF SOIL MATERIALS

A. Place soil materials on top of geotextiles in such a manner as to ensure that:
1. the geotextiles and the underlying materials are not damaged; and
2. slippage does not occur between the geotextile and the underlying layers during

placement.

Spread soil on top of the geotextile to cause the soil to cascade over the geotextile
rather than be shoved across the geotextile.

Place aggregate over geotextile separators as indicated on the Construction Drawings
prior to trafficking.

Place soil over geotextile filters as indicated on the Construction Drawings prior to
trafficking.

Do not drive equipment directly on the geotextile. Only use equipment above the
geotextile that meets the following ground pressure requirements.

B.

C.

D.

E.

Maximum Allowable
Equipment Ground Pressure
(pounds per square inches)

Minimum Thickness of
Overlying Material

(inches)

T2

18

24

36

<5
<10
<20
>20

FL1 1 09/Specifications 02120-6 28-Mar-07
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TABLE 02720-I

REQUIRED PROPBRTY VALUES FOR GEOTEXTILE

PROPERTIES QUALIFIER IJNITS
SPECIFIED(I) TEST METHOD

VALUES

Type

nonwoven needleprurched

Polyrner composition

Mass per unit area

Filter Requirements

Apparent opening size (Oe5)

Permittivity

Mechanical Requirements

Grab strength

Tear strength

Puncture strength

Burst strength

Durability

Ultraviolet Resistance

IEND OF SECTTON]

02120-7

C)

C)ltllrumum

minimum

maximum

minimum

minimum

minimum

minimum

minimum

minimum

%

ozlyd2

mm

-lsec'

lb

lb

lb

psi

o//o

95 polypropylene

or polyester by
weight

6

0.21

0.5

180

75

75

350

70

ASTMD 5261

ASTM D 4751

ASTM D 4491

ASTM D 4632Q)

ASTM D 4533(3)

ASTM D 4833(4)

ASTM D 3786

ASTM D 4355

Notes:

(1) A11 values represent minimum average roll values.
(2) Minimum of values measured in machine and cross machine directions with

Extension (CRE) machine.
(3) Minimum value measured in machine and cross machine direction.

I inch clamp on Constant Rate of

(4) Tension testing machine with a 1.75-inch diameter ring clamp, the steel ball being replaced with 0.31-inch
diameter solid steel cylinder with flat tip centered within the ring clamp.(5) mm millimeter
% Dercent
ozly& I ouo""persquareyard

second

pound
pound per square inch

sec

1b

psi

FLI 1 09/Specifications
28-Mar-07
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i4Pl SARASOTA COUNTY
I # "Dedtcatedto Qualttg Seruice"

U

March 14,2001

Ayushman Gupta, P.E.

GeoSyntec Consultants
14055 Riveredge Drive, Suite 300

Tampa, FL 33637

Re: Central County Solid Waste Disposal Complex
Flexible Leachate Container

Dear Ayushman:

One of the requests from FDEP pertains to an indication of the groundwater gradient. Ardaman

Associates have been conducting a hydrological study on behalf of HDR in connection with the

planning of the development of our Phase II, MSW site. The ongoing data fi-om October 06 to

February 07 is enclosed for your use.

The south west groundwater gradient, in the direction of Cow Pen Slough, is consistent with
gradient reporls since 1998.

Please contact me if additional support is required.

Sincerely,

f\/r lll' I

\'4 t!l^n 1tt-
Paul A. Wingler, P.E.
Project Manager

ENVIRONMENTAL SERVICES, Solid Waste Operations. 4000 Knights Trail Road, Nokomis, FL 34275
Tel 941-861-5000 . Fax 941-486-2620

Si t+cyana fep*r
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AF'FIDAVIT OF PUBLICATION
SARASOTA HERALD-TRIBUNE

PUBLISHED DAILY
SARASOTA, SARASOTA COUNTY. FLORIDA

STATE OT'FLORIDA
COUNTY OF'SARASOTA

BEFORE TI{E UNDERSTGNED AUTHORTTY PERSONALLY APPEARED SHARI BRICI(LEY. WHO ON OATHSAYD SHE IS ADVERTISINC MANAGER OF THE SARASOTA HERALD-TRIBTN{E. A DAILY NEWSPAPERPUBLISHED AT SARASOTA' IN SARASO1A COUNTY FI-ORIDA; AND CIRCULATED IN SARAS9TACOUNTY DAILY; T}IAT TI.IE ATTACHED COPY OF ADVERTISEMENT BEING A NOTICE IN TI-IE MATTEROF:

Statc of Floridu Depurtnrenl of Environmentul Prolectlon Notice of Applicarion The Deparlrnent unno4rrcas receiptof tn applicatiort for permit to conslrucl u.fle\iblc leuchate storage container FLSC system, subject to Departmentrules, at the solid ttaste mo

IN TI-IE COURT WAS PUBLISHED IN THE SARASOTA EDITION OF SAID NEWSPAPER IN TI]E
ISSUES OF:

3/20 lx

AFFIANT FURTHER SAYS THAT THE SAID SARASOTA FIERALD-TRIBUNE IS A NBWSPAPER PUBLISHEDAT SARASOTA. IN SAID SARASOTA COUNTY. FLORIDA, AND ]'HAT TT{E SAID NEWSPAPER IIASTHERETOFORB BEEN coN1'lNUouSLY PUBLisHED IN sAID sARAsorA couNTy. FLozuDA, EACH DAy,AND HAS BEEN ENTERED AS SECOND CLASS MAIL MATTERAT THE POST OFFICE IN SAIRASO'IA. INSAID SARASOTA couN'rY, FLozuDA, FoR A PERIOD oF oNE yEARNExi pnnccpnrc 'tHE FIRSTPUBLICATION OF ]-HB ATTACHED COPY OF ADVERTISEMENT; AND AFFIANT FURTHER SAYS THAT
SHE FIAS NEITI-IER PAID NORPROMISED ANY PERSON, F]RM OR CORPORATION ANY DISCOLTNT,
REBATE' COMMISSION OR REFUND FOR THE PURPOSE OF SECURINC THIS ADVERTISEMEN'T FORPUBLICATION iN THE SAID NEWSPAPER.

SICNED

SWORN ORAFF]RMED TO. AND SUBSCRIBED BEFORE ME THI
BY SHARI BRICKLEY WHO IS PERSONALLY I(NOWN TO ME.

eofr{-
DAY ur lDrgnV*,, A.D., 2oQ 7

s*t'!e- Bobbb'J Gta.t

i. -g: Mv Gonunbslon DD3477r3

'Si*so Exptres octobof 11,200a

State of Florlda
Dcpa*mant ol Envimnmental Prctec6m

Hoticc of Applicdtian
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