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• FINAL CLOSURE/POST-CLOSURE PLAN

INTRODUCTION

This Final Closure/Post-Closure Plan (Closure Plan) has been prepared for the Central Waste

Disposal Facility (CWDF). The CWDF will be closed in accordance with Permit to Install (PT!)

No. 02-14224 issued March 1,2005. The CWDF is currently owned by Central Waste, Inc.

(CWI). The permitted limit of waste placement is approximately 56.7 acres. As of October

2015, waste has been placed in Phases I through 6B over approximately 46.0 acres.

The existing grades of the landfill beyond the 2008 final cover area have grades that are either

less than the minimum 5 percent slope in the previous working area at the top of the landfill or

grades steeper than 3H: IV slopes due to settlement. The Closure Plan will address the regrading

of waste to develop minimum and maximum grades that allow for a balance' of excavation and

fill volumes and the final cover system construction of.the existing waste placement area.

• In 2008, a 10.6 acre final cover system construction was partially completed. Construction was

halted when a portion of the vegetative cover and geocomposite on the lower southwest slope

failed. When halted, the installation of the recompacted soil barrier, geomembrane and

geocomposite layers had been completed. Approximately 5.8 acres of vegetative cover had been

placed. In addition, approximately 4.7 acres of transitional cover was constructed in 2008 on the

east and west .slopes directly north of the 2008 final cover construction. This Closure Plan will

address the completion and repair of the 2008 final cover system and transitional cover.

•

In conjunction with the construction of the cell liner system for Phase 4 through 6B, an unlined

waste area, permitted under PT! No. 02-880, within the permitted limits of waste was required to

be relocated to the lined areas. At the completion of waste relocation activities for the Phase 5A,

5B and 6B liner construction, the southern edge of the unlined waste was temporarily covered

with intermediate cover. The undisturbed portion of the unlined waste area was closed with a

"1976 Cap" in accordance with Ohio EPA Guidance Document 0123. This Closure Plan will

address the closure of the southern edge of the unlined waste area .

153-121.0001-FCPC Plan -1- October 2015
Revised February 2016



• This Closure Plan incorporates the followfng variance request in accordance with OAC 3745-27-

03(C):

I. Proposed waste regrading of the existing waste within Phase I through 6B to meet the

minimum slope of 5% and maximum slope of 3H: IV in accordance with OAC 3745-27-

08 (C)(4)(c) and (d) except for approximateiy 6.3 acres where the minimum proposed

grade is 3%. This is discussed in more detail in Section I I(B)(5)(e).

This Closure Plan incorporates the following alteration requests/other changes as follows:

I. Proposed completion of a 3.3 acre area of the 2008 Final Cover construction without the

removal of the existing recompacted soil barrier and geosynthetics based on meeting the

minimum slope stability requirements and the completion of the existing vegetative cover

layer to meet the minimum 30-inch thickness requirement. This is discussed in more

•

•

2.

3.

4.

detail in Section I I(B)(5)(e) .

Proposed existing recompacted soil barrier requirements within the 4.9 acre area of

exposed geosynthetics of the 2008 Final Cover construction that allow for the repair and

recompaction of the top lift of recompacted soil barrier if in-situ permeability test results

indicate a minimum permeability of 1.0 x 10-6 cmls can be achieved. This is discussed in

more detail in Section II(G)(I).

Proposed methods to verify the 1976 Cap requirement of a minimum 2 feet thick layer of

soil exists at the southern edge of the existing unlined waste area north of the current

landfill limits. This is discussed in more detail in Section II (G)(l).

Proposed design of the Phase 2B leachate collection sump and conveyance system based

on current conditions with the sump pump installed through the leachate collection and

cleanout pipe and the leachate forcemain installed within the waste and connected to the

existing forcemain near the Phase 2A sump riser. This is discussed in more detail in

Section II (H)(l) .

153-121.0001-FCPC Plan -2- October 2015
Revised February 201 6



• 5. Proposed passive gas venting system installation since the landfill does not meet the

minimum requirements of the New Source Performance Standards (NSPS) for the Non-

Methane Organic Compound (NMOC) emissions rate of 50 Mg/yr based on Tier II test

results from the November and December 2014 sampling event. This is discussed in

more detail in Section 11(B)(4).

•

•

6. Proposed revisions to the Construction Quality Assurance (CQA) Plan for the soils and

geosynthetics prequalification testing requirements in accordance with industry standards

and Geosynthetic Research Institute (GRl) Standard Specifications. This is discussed in

more detail in Section 11(B)(7).

This Closure Plan addresses the requirements of OAC Rule 3745-27-11 (Final Closure of a

Sanitary Landfill Facility) and OAC Rule 3745-27-14 (Post-Closure Care of Sanitary Landfill

Facilities). These rules require the plan to address OAC Rule 3745-27-10 (Groundwater

Monitoring Program for a Sanitary Landfill Facility), OAC Rule 3745-27-12 (Explosive Gas

Monitoring for a Sanitary Landfill Facility), OAC Rule 3745-27-15 (Financial Assurance for

Solid Waste Facility Final Closure), and OAC Rule 3745-27-16 (Financial Assurance for

Sanitary Landfill Facility Post-Closure Care).

This Closure Plan is presented in the order and format of the relevant regulations (OAC

3745-27-11 and Rule 3745-27-14) providing informational narrative to fulfill each regulation.

Informational or policy portions of the regulations are not addressed in this plan.

There are no variances, other than the one specified above, or exemptions requested from the

requirements of OAC Rule 3745-27-11 or OAC Rule 3745-27-14 or any alternative schedule for

completing final closure and post-closure activities .

153.121.000 I-FCPC Plan -3- October 2015
Revised February 2016
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l1(A) APPLICABILITY

l1(A)(I) Operating Record

The Closure Plan will be kept in the operating record in accordance with OAC 3745-27-09.

11(A)(2) Acceptance of Waste Ceased Prior to June I, 1994

The CWDF was closed on June 12,2012 after filing fm bankruptcy. The CWDF has ceased

accepting waste.

l1(B) FINAL CLOSUREfPOST-CLOSURE PLAN

CWI has prepared this Closure Plan in accordance with this rule for the sanitary landfill facility,

. which will, at a minimum, contain all the items specified in paragraphs (B)(1) to (B)(6) of this

rule. The Closure Plan will contain all of the items specified in paragraphs (B)(1) to (B)(6) of

this rule for each noncontiguous unit of a sanitary landfill facility.

11(B)(1) Facility Name and Location

The CWDF is located in Smith Township, Mahoning County, Ohio at 12003 Oyster Road,

Alliance, Ohio 44601. A location map showing the site on a United States Geological Survey

(USGS) quadrangle is included on the Title Sheet of the Closure Plan drawing package.

11(B)(2) Variances and Exemptions

With the exception of the variance requested on page 2 of this Final Closure/Post Closure Plan,

no variance or exemptions from OAC 3745-27-11, OAC 3745-27-14, or other rule in OAC

Chapter 3745-27, or any alternative schedule for completing final closure activities, is proposed

in the Closure Plan .

153-J21.000J-FCPC Plan -4- October 20 J 5
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• 11(B)(3) Facility Contact

•

The CWDF contact regarding the sanitary landfill facility during closure and post-closure will

be:

Joe Costa, General Manager
Central Waste, Inc.
12003 Oyster Road

Alliance, Ohio 4460 I
(724) 651-5429

Gene G. Stoll, P.E.
Vice President of Engineering

Bond Safeguard Insurance Company
900 South Frontage Road, Suite 250

Woodridge, IL 60517
(630) 495-9380

The Ohio EPA Northeast District Office will be notified in the event that the contact changes.

11(B)(4) Installation of Explosive Gas Control System

Municipal solid waste landfills produce gases (primarily methane and carbon dioxide) as a result

of the decomposition of organic material within the waste. The purpose of a landfill gas control

system is to control those gases generated within the landfill. Tier II testing was completed in

November and December 2014 to determine if the site meets the minimum NSPS requirements

for NMOC emission' rate. The Tier II Landfill Gas Sampling Annual Report dated March 4, 2015

indicated that the NMOC emissions rate for the site in 2014 is below the NSPS emissions

threshold of 50 Mg/yr based on the site-specific NMOC concentration yielded during the

sampling event. Since the NMOC emissions rate is below the 50 Mg/yr threshold and no

additional waste will be accepted, the NMOC emissions rate will not increase over time. Based

on the NMOC emissions rate, an explosive gas collection and control system is not required per

NSPS. A passive gas venting system will be installed to remove landfill gas through a series of

vents spaced across the landfill. Sixteen gas extraction wells were previously installed and will

be retrofitted as passive gas vents. An additional 29 passive gas vents will be installed in

• conjunction with final cover construction.

153-121.0001-FCPC Plan -5- October 20 I5
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Since the waste within the landfill will be contained by a cell liner and final cover system, the

gas generated by decomposing waste will be prevented from moving offsite. However, a passive

gas venting system is needed to reduce the gas pressure placed on various landfill components,

such as the FML within the final cover system. The passive gas venting system plan and details

are provided in the Closure Plan drawing package.

11(B)(5) Compliance with OAC 3745-27-06

The Closure Plan drawings present the information as outlined in OAC 3745-27-06.

11(B)(5)(a) Plan Drawings

The Final Closure Plan Drawings provide a series of drawings depicting the closure design of the

CWDF. The title sheet is provided as Drawing 1. Existing site conditions are presented on

Drawing 2. The vertical and horizontal limits of the existing, permitted, and proposed top of

waste grades are provided on Drawings 3 through 5. A waste relocation isopach is provided on

Drawing 6 to show the thickness of waste cuts and fills required to achieve the proposed top of

waste grades over the landfill. Drawing 7 presents the final grades of the final cover system,

passive gas venting system and surface water control structures. Drawings 8 and 9 provide

details for the final cover system, the passive gas venting syste'm and surface water control

structures. The Closure Plan drawings are provided in Appendix A.

11(B)(5)(b) Grid System

A grid system with Ohio State Plane northing and easting coordinates spaced no more than 500

feet apart is provided on the Closure Plan drawings.

11(B)(5)(c) Detail Drawings - Composite Cap System

The components of the permitted final cover system, from the top to bottom, include:

153-121.0001-FCPC Plan -6- October 2015
Revised February 2016
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• 30-inch thick Vegetative Cover Layer

• Double-Sided Geocomposite Drainage Layer

• 40-mil textured Linear Low Density Polyethylene (LLDPE) Flexible Membrane Liner

(FML)

• I8-inch thick Recompacted Soil Barrier (RSB)

The unlined waste area north of the CWDF requires a 2 foot thick clay cover in accordance with

the 1976 Cap requirements outlined in the Ohio EPA Guidance Document 0123 dated March 29,

1995.

Drawings 8 and 9 present the details of the final cover system, 1976 Cap, cap penetrations,

anchor trenches and surface water control benches. The Closure Plan drawings are provided in

Appendix A.

ll(B)(S)(d) Detail Drawings - Surface Water Control Structures

The surface water drainage channels and letdown structures will be constructed in accordance

with the approved permit and this Closure Plan. The drainage areas to the South Sedimentation

Pond as set forth in PTI 02-14224 issued March 1,2005 have not been revised as part of this

Closure Plan. The drainage areas to the North Sedimentation Pond have been reduced since the

final phase, Phase 7, was not constructed. The Closure Plan is not proposing any revisions to the

existing sedimentation ponds and details of the sedimentation ponds and discharge structures are

not included with the Closure Plan.

Drawings 8 and 9 present the details of the surface water drainage channels and letdown

structures. The Closure Plan drawings are provided in Appendix A.

ll(B)(S)(e) Static and Seismic Stability

A slope stability analysis was performed to evaluate the overall stability of the proposed final

cover with respect to the final grades and the final cover system of the landfill. Both static and

IS3-121.0001-FCPC Plan -7- October 2015.
Revised February 2016
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seismic conditions were evaluated. The stability analysis evaluated the most probable potential

shallow and deep failures through the interim waste and final cover grading. Results of the

analysis indicate an acceptable factor of safety against slope failure for both static and seismic

conditions. Slope stability analysis results are presented in Section (C)(4) of the PTl Application

Since the CWDF did not reach the permitted final waste grades over most of the landfill, the

proposed final grading plan incorporates the following design revisions:

• A maximum waste height approximately 10 feet to 80 feet below permitted final waste

grades;

• The landfill slopes range from 3% to 5% on the top and 3H: IV to 4H: 1V grades on the

slopes; and

• The north slope, which is at interim waste grades, will be regraded to incorporate an

access road, surface water bench and letdown structure.

CEC, on behalf of BSlC, is proposing a variance request in accordance with OAC 3745-27-

03(C) for a minimum waste grade of 3% over approximately 6.3 acres of the 46 acres of waste

placement. The 3% waste grade is necessary to minimize the total volume of waste relocation

and obtain a balance between the excavation and fill volumes. The balance of excavation and fill

volumes is necessary so that additional waste does not need to be hauled offsite for disposal or so

that additional waste or soil does not need to be hauled to the landfill. The 3% grade provides

that positive drainage can be maintained and that ponding areas will not develop during

settlement of waste over time.

Based on the existing and proposed waste grades at or below the final waste grades, a static and

seismic stability analysis and the final cover veneer stability was not performed as part of this

Closure Plan except for a 3.3 acre area of the 2008 Final Cover construction.

A 3.3 acre area of the partially constructed 2008 final cover system was evaluated for stability.

This area encompasses portions of the east and west slopes in the northern most area of the 2008

• final cover system. This area was not affected by the final cover failure and the vegetative cover

153.121.0001-FCPC Plan -8- October 20 15
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was almost completed in this area. CEC has evaluated the static and seismic stability of this area

based on the existing grades and interface test results of the final cover components. The

required factors of safety for static and seismic stability were met. The 2008 Final Cover

Stability Analysis is included in Appendix B.

1l(B)(5)(f) Groundwater Detection Monitoring Plan

The groundwater monitoring system IS described in the approved Groundwater Detection

Monitoring Program (Revision 9) dated June 18, 2015.

1l(B)(5)(g) Financial Assurance

Financial assurance information, including cost estimates for final closure of the landfill and for

the 30-year post-closure period, is addressed. In addition, the financial assurance mechanism as

required by Rules 3745-27-15 and 3745-27-16 is addressed .

Financial Assurance Instrument: A financial assurance instrument based on previously

approved closure and post-closure estimates for the landfill was executed. The closure and post

closure costs were estimated at $11,636,446.

Closure Cost Estimate: The closure costs were estimated at $5,727,982.

Post-Closure Cost Estimate: The post-closure costs were estimated at $5,908,464.

1l(B)(6) Final Cover Material, Availability and Suitability

Soils for the RSB and vegetative cover layer will be obtained from the onsite Borrow Area C

located southwest of the landfill.

The soils within Borrow Area C have previously been approved for recompacted soil barrier

• during the 2008 final' cover construction and meet the prequalification requirements provided in

l53-l2J.0001-FCPC Plan -9- October 2015
Revised February 2016
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OAC 3745-27-08 (21)(f). It has been estimated that Borrow Area C has the required volume of

soils necessary for both the RSB and vegetative cover layers.

11(B)(7) Quality Assurance/Quality Control Plan

The CQAlQC Plan provides a detailed description of the final cover system construction

methods and construction quality assurance/quality control procedures. Attachment A of the

CQAlQC Plan provides the revised material prequalification requirements for the final cover

system components to meet current industry standards and GRI Standard Specifications. The

revised Attachment A of the CQAlQC Plan is provided in Appendix C.

11(B)(8) Explosive Gas Monitoring Plan

The explosive gas monitoring system is described in the approved Explosive Gas Monitoring

Plan .

11(B)(9) Erosion Control

The primary means to control erosion will be achieved by establishing and maintaining a dense,

vegetative cover on the final cover. The surface of the final cover will be mulched, fertilized and

seeded as soon as possible after construction. The seed mix used on the final cover will be

dependent on the season and will include mixes previously demonstrated to provide a dense

growth. Mulch will consist of hay or an approved equivalent (i.e., hydroseed mulch) applied to

minimize erosion until the vegetation is established. Areas exhibiting excessive erosion will be

regraded, reseeded, mulched, and fertilized as necessary.

Erosion may occur in and around surface water control structures which include surface water

control benches, collection channels., culverts, perimeter channels and the sedimentation ponds.

Surface water control structures will be lined with either riprap or vegetation to prevent erosion.

Erosion matting may be used in grass lined benches and channels if necessary to prevent erosion .

153.12J.000I-FCPC Plan -10. October 2015
Revised February 2016
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Temporary erosion control measures include the use of sediment barriers, such as silt fences and

filter socks, which will be used as necessary to reduce the sediment load in surface water run-off

entering the sedimentation basin. They will also be used in areas where run-off cannot be

diverted to the sedimentation basin.

Surface water runoff will be directed to the sedimentation ponds and north impoundment. The

sedimentation ponds and north impoundment will reduce the transport of sediment offsite during

and after earth moving activities associated with construction of the landfill. The north

impoundment does not discharge offsite.

11(8)(10) Contingency Plans

Leachate: Leachate seeps are not anticipated in the landfill after construction of the final cover

system. If seeps are detected, the area will be investigated by qualified personnel to determine

the cause. If a breach in the RSB is suspected, the damaged portion of the final cover will be

excavated and reconstructed. Leachate outbreaks will be prevented from flowing to the surface

water control structures. CEC, on behalf of BSIC, will take immediate steps to eliminate or

control the conditions contributing to leachate production or buildup, and will dispose of

collected leachate in accordance with applicable law.

Fire: In the event of a fire during closure or post-closure periods, soil will be used to smother the

flame. If a fire is burning uncontrollably, a fire break will be excavated to isolate the affected

area. The local fire department will be contacted for all fires reported at the site.

Differential Settlement: Areas of landfill exhibiting excessive amounts of differential settlement

may be excavated to determine the extent of potential problems. Remediation could include

excavating the final cover system in the area of the potential problem to determine if the final

cover system is damaged. If the final cover system is damaged, the area will be backfilled and

.the final cover system rebuilt over the new fill. If no damage to the final cover system is

discovered, these areas will be repaired and regraded to promote run-off of surface water and

• reseeded. Areas will be repaired as weather permits.

153-121.0001-FCPC Plan -I )- October 20 IS
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11(C) MANDATORY CLOSURE

Mandatory closure of the CWDF has been triggered.

CEC, on behalf of BSIC, will begin closure activities in accordance with this Closure Plan within

7 days of the approval date of this Plan and complete closure activities no later than 365 days

after closure has begun.

Final closure activities for unit(s) of a sanitary landfill facility will include, at a minimum, the

items specified in sections II (G) and (H) ofthis plan.

11(D) NOTIFICATION OF DATE TO CEASE ACCEPTANCE OF SOLID WASTE

The CWDF has ceased accepting solid waste.

CEC, on behalf of BSIC, will send a copy of the Closure Plan specified above to the following:

• District Board of Health - Mahoning County

• Mahoning County Solid Waste Management District

• Ohio EPA Northeast District Office

11(E) NOTIFICATION OF ACTUAL DATE

The CWDF has ceased accepting solid waste.

l1(F) FINAL CLOSURE ACTIVITIES

The CWDF will begin closure activities in accordance with this Closure Plan within 7 days of

the approval date of this Plan and complete closure activities no later than 365 days after closure

has begun .

153-121.0001-FCPC Plan -12- October 2015
Revised February 2016
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ll(G) COMPOSITE CAP SYSTEM CONSTRUCTION

The CWDF final cover system will be constructed in accordance with the approved PTI.

ll(G)(l) Composite Cap System Design

The components of the permitted final cover system, from the top to bottom, are discussed

below:

Vegetative Cover Layer: The thickness of this layer will be 30 inches and will consist of clean

soil final coverable of supporting vegetation. The surface of the final cover protection layer will

be fertilized, seeded and mulched as necessary to provide a dense vegetative cover.

Geocomposite Drainage Layer: This geosynthetic drainage layer will consist of a geotextile

layer bonded to each side of a geonet. The geonet provides drainage of percolated water. The

upper geotextile layer provides a filter to allow percolated water to enter the geonet and reduce

the infiltration of soil from the overlying soil cover. The bottom layer of geotextile along the

3H: IV side slopes provides a cushion for the underlying FML and provid.es a frictional interface

contact between the textured FML and geocomposite layer.

Flexible Membrane Liner (FML): The FML reduces infiltration of water into the landfill. The

FML will be a 40-mil thick LLDPE FML material, with textured surfaces to increase friction

thereby increasing the stability of the final cover. The FML material and installation methods

will meet the specifications in the CQAlQC Plan.

Recompacted Soil Barrier (RSB): The thickness of this layer will be 18 inches and consist of soil

with a permeability less than or equal to 1.0 x 10.6 em/sec .. The prequalification testing, material

and installation methods will meet the requirements of the revised Attachment A of the CQA/QC

Plan provided in Appendix C .

153.121.0001.FCPC Plan .13- October 2015
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A 4.9 acre area of the partially constructed 2008 final cover system has exposed geosynthetics .

Over a four year period since 2008, the temperature of the RSB was monitored for freezing

temperatures. During the monitoring period, the top two lifts experienced temperatures below

32°F. However, the second lift experienced temperatures below 32°F for a time period

significantly less than the time period the top lift experienced temperatures below 32°F. The

exposed geosynthetics will be removed during the repair of the 2008 final cover system. CEC

has collected six undisturbed samples of the existing RSB within the 4.9 acre area of exposed

geosynthetics to determine the permeability of the existing RSB. The results of the permeability

tests range from 4.6 x 10-6 cm/sec to 1.8 x 10-8 cm/sec, with only two of samples having a

permeability less than the minimum required permeability of 1.0 x 10-6 cm/sec. Since these

results indicate that the existing RSB generally meets the minimum required permeability of 1.0

x 10-6cm/sec per OAC 3745-27-08 (21)(g)(iv), CEC proposes that only the top lift of the RSB

requires repair and recompaction to the approved Best Fit Line of Optimums compaction criteria

to meet the minimum permeability requirement. The permeability results are provided in

Appendix D.

Unlined Waste Area Closure: In conjunction with the construction of the cell liner system for

Phase 4 through 6B, an unlined waste area, permitted under PTl No. 02-880, within the

permitted limits of waste was required to be relocated to the lined areas. At the completion of

waste relocation activities for the Phase SA, 5B and 6B liner construction, the southern edge of

the unlined waste was temporarily covered with intermediate cover. The undisturbed portion of

the unlined waste area was closed with a "1976 Cap" in accordance with Ohio EPA Guidance

Document 0123.

CEC will verify that a minimum thickness of 2 feet of soil is present along southern edge of the

unlined waste area. Test pits will be excavated on a 50 foot spacing to verify the thickness of the

existing soil cover. If the test pits indicate that less than 2 feet of soil exists in an area, additional .

soil will be placed in accordance with the requirements of recompacted soil barrier.

1l(G)(2) Composite Cap System per OAC 3745-27-09(B)(I) Effective June 1,1994

• Not applicable.
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11(G)(3) Composite Cap System per OAC 3745-27-10(C)(1) or (C)(4) Effective July 29,
1976

Not applicable.

11(G)(4) Composite Cap System per OAC 3745-27-11(M) Effective June 1, 1994

Not applicable.

11(H) OTHER CLOSURE ACTIVITIES

l1(H)(I) Compliance with Rule 3745-27-19

The CWDF will continue to comply with Rule 3745-27-19 until the closure certification is

submitted and the post-closure care period begins.

The leachate management system incorporates leachate collection sumps that pump leachate

through forcemain piping to the existing aboveground leachate storage tank. In 2012, the Phase

28 leachate collection sump riser broke at the elbow located approximately 70 feet below the

surface. At that time, a pump was installed at the Phase 28 leachate collection pipe cleanout and

lowered to the Phase 28 sump. A temporary forcemain pipe was installed from the Phase 28

leachate collection pipe cleanout to the leachate forcemain pipe near the Phase 2A leachate sump

riser. This temporary system has been operating to maintain the required minimum 12-inch head

of leachate on the liner. Since it is not feasible to repair the existing Phase 28 sump riser pipe,

CEC proposes to upgrade the temporary system as a permanent system. The temporary

forcemain will be revised from a single-contained forcemain pipe to a dual-contained forcemain

pipe installed within the waste below the final cover system. The dual-contained forcemain pipe

will provide protection during final cover construction and allow for leak detection at designated

leak detection risers. Collected leachate will be disposed in accordance with applicable law .
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• 11(H)(2) Surface Water and Erosion Control

The CWDF will have surface water control structures and erosion control measures as indicated,

in this Closure Plan. Surface water drainage control serves the purposes of:

• Reducing excess surface water run-off in operational areas;

• Directly removing run-off from the landfill to minimize leachate generation; and

• Providing controlled run-off from the landfill side slopes to reduce erosion.

The surface water management system is designed to minimize silting and scouring, and collect,

route, and retain surface water run-on, run-off, and sediment discharge from the facility. The

surface water management and erosion control systems consist of:

• Perimeter surface water channels;

• Drainage culverts;

• • Sedimentation ponds;

• Permanent diversion berms;

• Temporary erosion controls; and

• Permanent seeding .

The permanent and temporary surface water control structures, excluding sedimentation ponds,

were designed to convey the peak flow resulting from the 25-year/24-hour storm event by non-

mechanical means. To reduce erosion, the channels are lined with grass and riprap aprons are

constructed at the sedimentation basin discharge structure outlets. The sedimentation ponds and

discharge structures have been constructed and are operating as designed. The drainage area for

each sedimentation pond has not been increased so the design of the each sedimentation pond did

not require any revisions.

•
The final cover system slope will be maintained to repair erosion rills and poorly vegetated areas.

Erosion rills will be backfilled with soil and the area will be vegetated. Poorly vegetated areas
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will be repaired with additional seed, fertilizer, and mulch. If needed, erosion control matting

may be installed in erosion prone areas.

The north slope of the landfill, which is at interim waste grades, will be regraded to incorporate

an access road, surface water bench and letdown structure.

The surface water channel north of the landfill limits will consist of a 2 foot deep by 20 foot

wide "V" channel with 20 percent slopes. The surrounding area will be regraded at a minimum

slope of two percent towards the channel. The surface water channel will discharge runoff from

the northern portion of the CWDF to the north impoundment. This area currently discharges to

the north impoundment.

1l(H)(3) Groundwater Monitoring System

The groundwater monitoring system IS described In the approved Groundwater Detection

Monitoring Program .

A new monitoring well, MW-3ID, will be installed north of Phase ~B as part of the Groundwater

Detection Monitoring Program. MW-3ID will be screened within the Middle Mercer Shale

VAS. Due to the construction activities in this area associated with the closure construction,

MW-3ID will be installed after the closure construction activities are finalized. The location of

MW-31D is located on Drawing 7 of the Closure Plan drawings provided in Appendix A.

1l(H)(4) Vector Control

The final cover system will ensure that waste will not be exposed and become sources of food or

harborage for insects and rodents. Additionally, drainage of surface water will be maintained to

reduce potential mosquito breeding areas. In the event that a problem does arise with rodents or

other vectors, a professional experienced in the removal of pests will be consulted to determine

appropriate action .
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l1(H)(S) Verification of Notices

No later than 60 days, following the completion of final closure construction activities, CEC, on

behalf of BSIC, will record on the plat and deed to the sanitary landfill facility, a notation

describing the acreage, location, approximate depth, volume arid nature of solid waste deposited

within the proposed expansion. The plat and deed will be submitted to the following agencies:

• District Board of Health - Mahoning County;

• Mahoning County Recorder of Deeds; and

• Ohio EPA Northeast District Office.

11(H)(6) Posting of Signs

Following closure of the CWDF, a sign with lettering at least 3 inches high, will be posted at the

landfill entrance indicating that the landfill no longer accepts solid waste. This sign will be

maintained in a legible condition at least two years after final closure activities of all phases have

been completed.

11(H)(7) Unauthorized Access

Access control will be accomplished by a secure locking gate at the site entrances. The site

entrance gate will be maintained as needed to remain functional during the post-closure care

period. The Ohio EPA, Mahoning County Health Commissioner, and the Director, or their

authorized representatives, upon proper identification, may enter the facility at any time for the

purpose of determining compliance with OAC Chapter 3745 and ORC Chapter 3734 or other

applicable laws.

11(1) COMPLETION OF FINAL CLOSURE ACTIVITIES

Closure activities will begin 7 days after the approval date of this Closure Plan and closure

• activities will be completed no later than 365 days after closure has begun.
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1l(J) FINAL CLOSURE CERTIFICATION

Not later than 90 days after the completion of final closure activities, CEC, on behalf of BSIC,

will submit to the Ohio EPA Northeast District Office for concurrence and District Board of

Health - Mahoning County, a written certification report including verification that the landfill

has been closed in accordance with Rule 3745-27-11 and this Closure Plan.

1l(J)(1) List of Construction Certification Reports

The Final Closure Certification will include a reference to the construction certification report

for construction of the final cover system with submittal date, EPA concurrence date, and a

topographic map ofthe entire landfill facility showing the areas certified by the report. The map

will show limits of waste placement, surface water control structures, leachate collection system,

and passive gas venting system.

1l(J)(2) Groundwater Monitoring System

The Final Closure Certification will include a demonstration that the groundwater monitoring

system meets the requirements ofOAC 3745-27-10.

1l(J)(3) Plat and Deed

The Final Closure Certification will include a copy of the plat and deed showing the notation

required by Paragraph II (H)(5) of this Closure Plan and bearing the mark of recordation of the

office of Mahoning County.

1l(J)(4) Posted Signs

The Final Closure Certification will include a demonstration that the sign required by Paragraph

I I (H)(6) has been posted and that all entrances and access roads have been blocked as required

• by Paragraph II (H)(7) of this Closure Plan.
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11(K) ENTRANCE TO FACILITY

The Ohio EPA, Health Commissioner and the Director, or their authorized representatives, upon

prior identification, may enter the facility at any time for the purpose of determining compliance

with applicable law.

11(L) FINAL CLOSURE OF UNIT

Final closure of the facility will be completed in a manner that minimizes the need for further

maintenance and minimizes post-closure formation and release of leachate and explosive gases

to air, soil, groundwater, or surface water to the extent necessary to protect human health and the

environment.

14(A) POST-CLOSURE ACTIVITIES

Post-closure activities will comply with Rule 3745-27-14. Upon completion of post-closure

care, written certification will be submitted to the Ohio EPA Northeast District Office for

concurrence.

14(A)(1) Continuing Operation and Maintenance of Landfill Systems

The post-closure activities include the continuing operation and maintenance ofthe following:

• Final cover system;

• Leachate management system;

• Surface water management system;

• Passive gas venting system;

• Groundwater monitoring; and

• Gas migration monitoring system .
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These systems will be monitored as part of the regular quarterly inspection process throughout

the post-closure care period.

Final Cover System: The final cover system will be inspected regularly and repaired as

necessary. Corrective measures will be required if inspections reveal erosions, non-vegetated

areas or damage. Repairs may include regrading, seeding non-vegetated areas, or replacement of

final cover system components depending on the depth of any observed damage.

Leachate Management: The leachate management system consists of leachate collection trench

inside the clay cut-off wall, cleanouts, sump and pump. Leachate generated within the landfill

flows to leachate collection pipes which convey leachate to a sump. Leachate is pumped from

the sump using a submersible pump. Leachate is then pumped through a force main to the

aboveground leachate storage tarue The leachate is disposed in accordance with applicable law.

The pump will be inspected regularly and repaired as necessary. Cleanouts located along the

perimeter of the landfill provide access to the perforated leachate collection pipe to allow for an

annual inspection of the leachate collection pipe and removal of any sediment using high

pressure water jet cleaning devices.

Surface Water Management: The surface water management system includes surface water

control benches, downchutes, culverts, perimeter channels and sedimentation ponds. These

drainage structures will be inspected in accordance with the Storm water Pollution Prevention

Plan and repaired as necessary. Corrective measures will be required if inspections reveal

settlement, erosion, displacement of riprap, or silting of the system. Repairs may include

regrading, physical repair of structure, replacement of riprap, or revegetation. During the

post-closure period, accumulated silt will be removed from the sedimentation ponds on an

as-needed basis.

Passive Gas Venting System: The passive gas venting system will be inspected quarterly. Any

required maintenance will be performed as needed. Possible maintenance includes repracing or

• repairing damaged passive gas vents.
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Gas Migration Monitoring System: Gas migration monitoring is completed quarterly for the

initial 5 years of post-closure and semi-annual between 5 years post-closure and the Ohio EPA

Director.'s authorization to cease monitoring. Monitoring is conducted at designated probes,

punch bar and building alarm locations in accordance with the Explosive Gas Monitoring Plan.

Groundwater Monitoring System: Groundwater monitoring wells will be inspected at the time of

groundwater sample collection for cracks in the concrete pad, frost heave, and damage or

vandalism to the protective steel casing. Appropriate repairs will be performed as necessary.

Protective steel casings will be repainted with a high visibility paint and well identification

numbers will be marked as needed.

14(A)(2) Maintaining the Integrity and Effectiveness ofthe Final cover System

Areas displaying noticeable amounts of differential settlement may be excavated to determine

the extent of potential problems. Remediation could include removing the final cover system in

the area of the potential problem to determine if the final cover system is damaged. If necessary,

the area will be reconstructed and soil will be used as backfill to raise the area to the top of waste

grades. The final cover system will be rebuilt over the new fill. If no damage to the final cover

system is observed, only the vegetative cover layer will be repaired, regraded and reseeded to

promote run-off of surface water. Repairs will be performed as weather conditions allow.

Overgrowth of the vegetative cover will be controlled by mowing. Large wooded plants will be

pulled from the site to prevent root penetrations into the drainage geocomposite. Any areas

lacking vegetation will be reseeded, fertilized and mulched as needed to maintain adequate

vegetative cover. Areas of the final cover that are eroded will be regraded to fill in erosion rills

as weather permits. The area will then be seeded, fertilized and mulched.

14(A)(3) Leachate Outbreak Repair

Leachate outbreaks will be repaired by the following methods:
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• Contain and properly manage the leachate;

• If necessary, collect, treat and dispose of the leachate; and

• Take action to minimize, control or eliminate the conditions which contribute to the

production of leachate.

14(A)(4) Quarterly Inspection of the Sanitary Landfill Facility

The CWDF will be inspected on a quarterly basis. Within 15 days after inspection, a report will

be submitted to the Ohio EPA Northeast District Office detailing the inspection results and the

schedule of any actions to be taken to maintain compliance with Rule 3745-27-14 (A)(l) and

(A)(2).

14(A)(S) Monitoring and Reporting Requirements

CWI will perform groundwater monitoring and reporting in accordance with the approved

Groundwater Detection Monitoring Program and OAC 3745-27-IO(D)(5) or as altered by (D)(6)

during the post-closure care period.

CWI will perform explosive gas monitoring and reporting in accordance with the approved

Explosive Gas Monitoring Plan. The reporting schedule for explosive gas migration monitoring

will be quarterly between the time of closure and 5 years post-closure. Monitoring will be

semi-annual between 5 years post-closure and the Ohio EPA Director's authorization to cease

monitoring.

The CWDF will comply with OAC Chapter 3745-76 for landfill emissions and comply with any

monitoring required by any orders or authorizing documents .
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I4(A)(6) Annual Report

An annual report will be submitted no later than the first day of April to the Ohio EPA Northeast

District Office, District Board of Health - Mahoning County, and to the Operating Record. The

annual report will contain the following information:

• A summary of the quantity of leachate collected for treatment and disposal on a monthly

basis during the year, and the location of leachate treatment and/or disposal;

• Results of analytical testing of an annual grab sample of leachate for the parameters

specified in Appendix I of OAC 3745-27-10. The grab sample will be collected from the

leachate storage tank or other composite sample locations; and

• The most recent updated post-closure cost estimate adjusted for inflation and for any

change in the post-closure cost estimate required by OAC 3745-27-16.

I4(A)(7) Reports and Record Keeping

Records and reports generated by OAC 3745-27-14 (A)(4) and (A)(6) will be kept for the

duration of the post-closure period in the operating record where the records and reports are

available for inspection by the Ohio EPA or District Board of Health - Mahoning County during

normal working hours.

I4(B) WRITTEN CERTIFICATION

Upon completion of the post-closure period, CWDF will submit to the Ohio EPA written

certification that the facility has completed post-closure activities in accordance with Rule

3745-27-14 and this Closure Plan. The report will be prepared and signed by an independent,

professional engineer registered in the State of Ohio. The certification will include

documentation which demonstrates that all post-closure care activities have been completed.

The documentation will include the following:
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• A summary of changes to leachate quality and quantity;

• Rate of leachate generation and depth of leachate at each leachate sump, with an

explanation of how the figures were derived;

• A summary of anyon-going groundwater assessment or corrective measures;

• A summary of explosive gas migration and generation by the landfill; and

• An assessment of the integrity and stability of the final cover system if post-closure care

activities cease.

14(C) COMPLETION OF GROUNDWATER DETECTION MONITORING IN NON-

CONTIGUOUS UNITS

The CWDF is one contiguous unit. Refer to the Groundwater Detection Monitoring Program.

14(D) ENTRANCE TO FACILITY

The Ohio EPA, Health Commissioner and the Director, or their authorized representatives, upon

prior identification, may enter any unit(s) of the sanitary landfill facility at any time during the

post-closure period for the purpose of determining compliance with applicable law .
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OBJECTIVE

__ D_R_L__ DATE 1_0_'_2_8_'_1_5 CHECKED BY A_M_R DATE 10130/15

Determine the factor of safety for the 2008 final cover system based on existing interlace shear strength and
geocomposite transmissivity test results. These calculations also consider the existing maximum 3.4H:l V slopes
with benches spaced at approximately 30 foot vertical interval, which equates to slope length of 100 feet between
drainage bench centerlines.

Spreadsheet and slope stability software methods were utilized to complete the analyses. The table below
presents the scenarios evaluated and the required fac10rs of safety:

Translational Static or Drained or OAC Rule Minimum Factor Method of
or Rotational Seismic Undrained 3745-27-08 of Safety Calculation
Translational Static Drained (C)(7)(c)(ii) 1.50 Software &

Soreadsheet'
Translational Seismic Drained (C)(7)(d)(ii) 1.0 Software &

Soreadsheet'
Translational Static Undrained (C)(7)(f)(ii) 1.1 Software &

Soreadsheet'
Rotational Static Drained (C)(7)(c)(ii) 1.5 results Software
Rotational Seismic Drained (C)(7)(d)(ii) 1.0 Software
Rotational Static Undrained (C)(7)(f)(ii) 1.1 Software

• Software calculations were perlormed to analyze the 3.4H:l V slopes including the benches;
spreadsheet calculations were perlormed to analyze the 3.4H:l V slopes between the benches.

METHODOLOGY
Multiple reference methods were utilized within this analysis and are described below.

"Cover Soil Slope Stability Involving Geosynthetic Interfaces", (GRI REPORT #18), by Te-Yang Soong and
Robert M. Koerner, December 9, 1996, Geosynthetic Research Institute (GRI), Drexel University.

This reference was utilized to compute the factors of safety for the static and seismic drained translational
analyses for the sloped areas between the benches. It considers the presence of equipment on top of the cover
layer and provides a FS based on the most critical interlace shear strength of final cover system components.
The spreadsheet calculates a FS by dividing the cover material along the 3.4H:l V slope into active and passive
blocks. Then interwedge force equations are set equal to each other and are arranged in the form of a quadratic
equation that can be solved to calculate a FS.

The seismic ,coefficient used within the stability analysis was obtained from Figures 9.8 and 8-11 of the
"Geotechnical and Stability Analyses for Ohio Waste Containment Facilities" September 14, 2004, which are
included below.

~ "Design of Drainage Systems Over Geosynthetically Lined Slopes" (GRI Report # 19) by Te-Yang Soong
_ and Robert M. Koerner, June 17, 1997, Geosynthetic Research Institute (GRI), Drexel University.
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The analytical method presented in this reference is u5ed to determine the head within the final cover system
based on the existing transmissivity of the final cover geocomposite. The method analyzes the ability of the
drainage geocomposite to adequately transmit the infiltrating rain flow impact of a specified rainfall event upon
the drainage capability of the proposed final cover material and the subsequent slope stabilily FS.
GRI Report #19 discusses in detail the design of drainage systems incorporating the effects of seepage forces
upon slope stability. Exceeding the drainage capacity of the final cover geocomposite could potentially cause the
final cover material to become saturated and possibly unstable. A spreadsheet was utilized to calculate the static
undrained translational analysis of the 3.4H:l V slopes between the benches of the final cover system.

••

This calculation method is used to determine the head within the final cover system based on the existing
transmissivity of the final cover geocomposite and the design strom event. For the design storm event, a factor
of safety of 2 was applied to the 100 year, 1 hour storm event intensity (conservative). The reduction factors to
the geocomposite transmissivity were applied as suggested within GRI Standard - GC8, and Designing with
Geosynthetics .

The storm event intensity of 2.59 inches was obtained from the NOAA Alias 14 - Point Precipitation Frequency
Estimate website for Alliance, Ohio .

GRI Standard - GCB, Determination of the Allowable Flow Rate of a Drainage Geocomposite

This paper presents the methodology for application of reduction factors in the specification of required
transmissivity of a geocomposite.

Slide 6.0, by Interactive Roc Science

This computer software program was utilized in the preparation of the translational and rotational analyses of the
static and seismic drained cases for the 3.4H:l V slopes including the benches of the final cover system. The
program uses limit equilibrium techniques to determine a FS for each given input cross-section and
corresponding data file. SLIDE will calculate FS for both rotational and translational failure surfaces within each
cross-section in terms of both static and seismic conditions based upon slope geometry, water surfaces, the
shear strength parameters of materials, and the most critical contact interface within the proposed final cover
system. The software utilizes a CAD based graphical interface and was utilized to calculate the factor of safety
based on Spencer's Method.

PROPOSED FINAL COVER SYSTEM

The proposed final cover system is outlined below, from top to bottom:

@•
• 30-inch thick Vegetative/Frost Protection Layer;
• Double Sided Drainage Geocomposite;
• 40-mil textured FML;
• 18-inch thick Recompacted Soil Barrier (RSB); and
• 12-inch thick Intermediate Cover Layer .
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COVER MATERIAL PARAMETERS

The final cover system was analyzed 'for translational and rotational failure surfaces under static drained and
undrained conditions and seismic drained conditions using SLIDE 6.0. This analysis was performed using the
existing soil and geosynthetics shear strengths for the final cover system to determine if the factors of safety
exceed ".5 for static drained conditions. 1.1 for static undrained conditions and 1.0 for seismic drained conditions
in accordance with OAC 3745-27-08(C)(7)(c), (d) & (f): The 2008 final cover system consists of maximum
3.4H:l V final slopes with benches constructed with a vertical spacing of 30 feet. Based on the results of
laboratory testing, the final cover .system was assigned the following material properties for the slope stability
analysis:

Exisitng direct shear strength test results for the clay material used for both the recompacted soil barrier and
vegetative cover soil is provided in attachment A. Existing QC and QA transmissivity test results for the
geocomposite is provided in Attachment B. The existing interface test results for the final cover system are
provided in Attachment C. The interface test results are from the initial tests using representative samples of the
soils and geosynthetics materials and from archive samples collected from the existing geocomposite and
geomembrane materials.

Cap Protection Soils
Unit weight of the cap protection layer material: Yt = 130 pcf
Cohesion: c = 893 psf
Intemal Friction Angle: <1>= 25 degrees
Permeability: k = 1.0 x 10" em/sec
Thickness = 2.5 feet.

The analysis assumes that clay soils will be used for the cover system soil with a fair grass cover. Based on
testing of soils at the site, it is assumed that soil with a USCS classification of CL will be used. Based on Figure
A-3 of GRI Report #19, below, this results in the SCS curve number of 79, which is used in the analysis.
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Geosynthetic Material Shear Strength Parameters
Unit weight of the geosynthetic material: 1t = 100 pcf
Cohesion: c = 0 psf
Internal Friction Angle: <1>= 17.5 degrees
Thickness = 0.5 feet.

Recompacted Soil Barrier (ASB) Shear Strength Parameters
Unit weight of the barrier soil material: 1t = 130 pcf
Cohesion: c = 893 psf
Internal Friction Angle: <1>= 25 degrees
Thickness = 1.5 feet.

Intermediate Cover Soil Shear Strength Parameters
Unit weight of the intermediate soil material: 1t = 130 pel
Cohesion: c = 0 psf
Internal Friction Angle: <1>= 27 degrees
Thickness = 1.0 feet.

Municipal Solid Waste Shear Strength Parameters
Unit weight of the solid waste material: 1t = 90 pcf
Cohesion: c = 400 psf
Internal Friction Angle: <1>= 33.0 degrees.

The shear strength properties of MSW are conservative when compared to the maximum recommendation in
Chapter 8 of the Geotechnical and Stability Analyses for Ohio Waste Containment Facilities manual published by
the Ohio EPA Geotechnical Resource Group, dated September, 14, 2004 (GeoRG Manual).

SEISMIC COEFFICIENT

The shear wave acceleration is modeled within the stability analysis by inputting a coefficient, (Cs) that is some
fraction of gravity. The peak acceleration for the site is estimated to be 0.08 g which is taken from the "Peak
Acceleration (%g) with 2% Probability of Exceedance in 50 Years (site: NEHRP B-C boundary)" published by the
U.S.G.S in June of 1996 shown below. When plotting this value onto Singh and Sun's 1995 figure below for the
relationship between maximum horizontal seismic acceleration at the base and crest of 100 feet of refuse, the
maximum horizontal seismic acceleration at the crest of the landfill can be expected to be 0.12g. Since this
analysis is for the final cover system, the acceleration at the crest of the landfill will be considered.

153.121-Final Cover SSA Narrative.doc Civil & Environmental Consultants, Inc. October 2015



1:/:/:;
Civil & Environmental Consultants, Inc,

PROJECT _2_0_0_8_F_I_N_A_L_C_O_V_E_R_S_H_A_L_L_O_W_S_L_O_P_E_S_T_A_B_IL_I_TY_A_N_A_L_Y_S_'_S PROJECT 153-121I., DETERMINATION OF INTERFACE STRENGTH AND GEOCOMPOSITE TRANSMISSIVITY

CENTRAL WASTE DISPOSAL FACILITY

PAGE 6 OF 17

MADE BY __ D_R_L__ DATE ___ 1_0_'_28_'_1_5__ CHECKED BY A_M_R _ DATE 10130/15

,

,

n::-a- ~p.-utX'D..v.£i..la€"!'r.''''ib:o- ..•.~y ••r~ilIfoD:cr.. tu..~":.""""'r_
l_s.o.:-I•••••••IIw:d~.••.r..,....,1'U..~,~ri:!I~:; ,.~.!I~ •••!'I\ •.,.' ••.. :4,HUf).('.....,,-

M~~.::..t~,g

F1j!urr &-11 Approximal{, rd:lliol1ship bl.'lw~n maximwll :1l"{'.ekralionsat l'be hllS{'Jnd nest
(or \'alious ground oondilions, Sin,;bandSan.199S,Fi~ 3.

153.121-Final Cover SSA Narrative.doc Civil & Environmental Consultants, "Inc. October 2015



153-121,
/1.7:/:;

Civil & Environmental Consultants, Inc.
PROJECT _2_0_0_8_F_I_N_A_L_C_O_V_E_R_S_H_A_L_L_O_W_S_L_O_P_E_S_T_A_B_IL_I_TY_A_N_A_L_Y_S_I_S PROJECT

_D_ET_E_R_M_IN_A_T_IO_N_O_F_IN_T_E_R_F_A_C_E_S_T_R_E_N_G_T_H_A_N_D_G_E_O_C_O_M_P_O_S_IT_E_T_R_A_N_S_M_I_S_S_IV_IT_Y_PAGE 7

CENTRAL WASTE DISPOSAL FACILITY

OF 17

MADE BY DRL ~~~DATE . ~~~~_1~O~/28/15 CHECKEDBY ___ A_M_R DATE 10130/15

I

I

SPREADSHEET CALCULATIONS

The spreadsheet based calculations are described in more detail below.

Static and Seismic Drained Translational Analysis

The figure below illustrates the free body diagram upon which the calculations are based.

The GRI Report #18 and #19 veneer slope stability calculations are prepared proposing the following
assumptions:

The presence of equipment along the 3.4H:1V cover side'slope is analyzed within GRI Report #18.
• The shear strength component of adhesion developed between geosynthetic material layers is ignored.
• Tensile strength of the geosynthetic materials contributing to the veneer slope stability FS is ignored.

The cover material provides a buttress at the toe of the slope, Le. the passive soil wedge.
• Weights of the geosynthetic components are negligible compared to the weight of cover material and

therefore are not considered in the calculations.
The effect of seepage forces upon the veneer stability of the final cover material layer, generated by a storm
event, is evaluated in GRI Report # 19
Cohesion within the final cover soil is based on laboratory test results.

• All calculations will utilize a 1-foot unit width of sideslope.

A low Ground Pressure (lGP) bulldozer will be used to place cover material up the sideslope. The presence of
equipment was only modeled in the static analysis. The pressure exerted upon the top of the geosynthetic layers
by a bulldozer is modeled as illustrated below.
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f--- TrockVdth + 2 (Ts)_1

Stress Distribution of the LGP Bull Dozer upon the Geosynthetic Layers

The following typical LGP Bulldozer equipment specifications are used within the GAl Report #18.
• 2 tracks
• Track length = 9.4 feet
• Track width = 3.0 feet
• Operating weight = 38,300 Ibs
• One Track Contact area = 28.2 ft'
• One Track COntact pressure = 19,150 Ibs / 28.2 ft' = 679.1 psf

Subsequently, the forces are resolved below to produce a veneer slope stability FS. The equations are shown on
pages 13 and 14 of GAl Report #18 and for ease of calculations are incorporated into a spreadsheet to produce
a FS corresponding to a given set of input parameters. A copy of the spreadsheet calculations displaying the
results is included in Attachment A.

Static Undrained Translational Analysis

The effect of seepage forces upon the veneer stability of the final cover material layer, generated by a storm
event, is evaluated using the methodologies outlined in GAl Report # 19. This calculation method is used to
determine the head within the final cover system based on the existing transmissivity of the final cover
geocomposite and the design strom event. For the design storm event, a factor of safety of 2 was applied to the
100 year, 1 hour storm event intensity (conservative).

An important input parameter within the GAl Report #19 spreadsheet calculation that impacts slope stability is
the "runoff coefficient", RC. The RC estimates the amount of precipitation that drains off the final cover
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sides lope as surface water runoff, thereby not infiltrating: saturating and reducing the shear strength of the final
cover material. '

Calculating the RC (as a function of time) consists of determining a Soil CDnservation Service (SCS) curve
number using the proposed length and orientation of the final cover slope and the magnitude of a given storm
event. Subsequent equations are then used to determine "potential retention" and "accumulated precipitation"
values, which are then input into an equation to calculate a RC. Appendix A presents the analysis used to
calculate the RC.

GRI Report #19 includes a spreadsheet calculation that considers the affects of. rainfall and drainage layer
capacity parameters upon a given slope stability condition. The GRI Report #19 spreadsheet is a modified
versiDn of the slope stability spreadsheet calculation presented within GRI Report #18, The following rainfall and
drainage layer data was input within the GRI Report #19 spreadsheet calculation:

~:.:• The peak 100-year, 1-hour storm event corresponds to a rainfall amount of 2.59 inches/hour. Applying a
factor of safety of 2.0 to the rainfall intensity results in a rainfall amount of 5,18 inches/hour;
A final cover material permeability of ke,s,= 1.0 x 10"cm/sec;
A final cover material thickness of he,s.= 30-inches
A geocomposite thickness of hd = 250 mils = 6,35 mm; and
A long term geocomposite transmissivity of ell = 1.16 x 10'" m2'sec.

-"-, ,

,•

In this analysis, the permeability of the drainage layer (kd) is a function of the transmissivity and thickness of the
geocomposite determined through the following equation:

Where hd equals the thickness of the geocomposite.

Therefore the permeability of the geDcomposite equals:

Ko = (1,16 .10" m2'sec) / [6.35 mm /(1000 mm/m)) = 0.01825 m/sec = 1,825 cm/sec,

The GRI Report # 18 and 19 calculation spreadsheets are provided in Attachment A.

Geocomposite Transmissivity Calculation

To account fDr the reduction in transmissivity over the long term, reduction factors were applied to the installed
geocomposite transmissivity based on GRI Standard - GCB, "Determination of the Allowable Flow Rate of a
Drainage Geocomposite". The Reduction factors for the flow capacity of geocomposites having a geonet core
used in landfill cover drainage layer applications are listed below.
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8ull = 811 • (RF'N • RFcR • RFcc • RFBC )

Where:

RF'N= Reduction Factor for geotextile intrusion (1.0 to 1.2);
RFcR= Reduction Factor for creep deformation (1.2 to 1.4);
RFcc = Reduction Factor for chemical clogging (1.0 to 1.2); and
RFBC = Reduction Factor for biological clogging (1.2 to 3.5).

Since the laboratory testing was periormed using site-specific boundary conditions, the reduction factor for
intrusion of the geotexlile into the geonet was ignored (RF'N =1.0).

Reduction factors for creep deformation, RFcR = 1.4, biological clogging, RFBC = 2.8, and chemical clogging RFcc
=1.1 were utilized: The resulting ultimate transmissivity (8ull) is calculated as shown below., 8ull= 1.16 '10.4 m2/sec x (1.0' 1.4' 1.1' 2.8) =

SOFTWARE CALCULATIONS

5.00 x 10" m2/sec

,

Static and Seismic Drained Rotational Analyses and Static Undrained Rotational Analysis

As stated above, these analyses were completed using a software package called Slide 6.0. The input values
utilized in the Slide analyses are the same as the values utilized in the spreadsheet calculations. For the
undrained analyses, a head of 0.1 meters (0.33 feet) was assumed, which is conservative since the maximum
head above the liner (hav.) determined in the GRI Report # 19 calculation spreadsheet was 0.01 meters. For the
translational undrained analysis, the software was permitted to search for the most critical failure suriace within
both the cap protection soils and the geosynthetics.

A summary of these calculations are provided in the conclusion section of this document. Output files from the
software analyses are included in Attachment B.
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The following table presents a summary of the calculated factors of .safety for the various analyses pertormed for
the final cover system. As shown, all calculated factors of safety meet the requirements of OAC 3745-27-
08(C)(7). The spreadsheet outputs for these analyses are provided in Attachment D, and the software outputs
for these analyses are provided in Attachment E.

EXISTING UNIT FACTOR OF SAFETY SUMMARY
Translational Static or Drained or OAC Rule Calculated Factor Required Method of
or Rotational Seismic Undrained 3745-27-08 of Safety Factor of Calculation

Safety
Translational Static Drained IC\17l1clliil 2.02 1.50 Software
Translational Static Drained C 7 c ii 2.03 1.50 Snreadsheet'
Translational Seismic Drained C 7 d ii 1.43 1.00 Software
Translational Seismic Drained C 7 d ii 1.54 1.00 Soreadsheet'
Translational Static Undrained C 7 f ii 2.07 1.10 Software
Translational Static Undrained ICll7l1fllii 1.13 1.10 Soreadsheet'
Rotational Static Drained C 7 c ii 3.78 1.50 Software
Rotational Seismic Drained C 7 d ii 2.48 1.00 Software
Rotational Static Undrained C 7 f ji 3.78 1.10 Software

• Software calculations were pertormed to analyze the 3.4H:l V slopes including the benches;
spreadsheet calculations were pertormed to analyze the 3.4H:l V slopes between the benches.

Soil Shear Strenqth Requirements

The laboratory results indicate that the soil material used 10 construct the cap protection layer exhibits an internal
shear strength of 1,126 psf which results in acceptable factors of safety over the 3.4H:l V slopes. This peak
shear strength value was determined as follows:

t= c+O'ntanep
Where:

Any combination of c and epyielding a t ~ 1,126 psf under a normal load of 500 psf results in an acceptable FS.

,

C

O'n

ep
t

=
=

=
=

893 psf
500 psf.
(based on a cap protection layer thickness of 2.5' and as required by the
COA/OC Plan for testing)
25
1,126 psf
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Interface Shear Strenqth Requirements

The laboratory results indicate that the soil to geosynthetics and geosynthetics to geosynthetics interfaces for the
materials used to construct final cover system exhibit an interface shear strength of 158 psf and result in
acceptable factDrs of safety over the 3.4H:1 V slopes. This peak shear strength value was determined as follows:

Geocomposite Requirements

Any combination of c and iI> yielding a "~ 158 psf under a normal load of SOD psf results in an acceptable FS.

The results of the geocomposite transmissivity calculation indicate that a minimum geonet thickness of 250 mil
and transmissivity of 5.0 x 10" m2/sec is sufficient to result in acceptable factors of safety for stability. These
values are specified in the COAlOC Plan and were used in construction.

a psf
500psf
(based on a maximum cap protection layer thickness Df2.5')
17.50 ( as described above)
158 psf

Where:
c =
an =
iI> =
" =

,
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Attachment A

Recompacted Soil Barrier and Vegetative Cover Soil
Direct Shear Strength Test Results
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DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS
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DIRECT SHEAR TEST OF SOILS
UNDER CONSOUDA TED, DR.\lNED CONDI110NS

MOHRS'S CIRCLE AND FAILURE PARAMETERS

Client
Oient Project
Project No.

Material:
Condition

CEO
Central Waste
26487

Light Olive Brown Lean Oay With Sand
Remolded

Boring:
Depth:
Sample:
Lab Sample ID

RSL
NA
RSL-6D
26487003

A verage friction ADEle, Ib,de ••,
Average Cobesion, c, psi

Sample Condition
Normal Stress, psi
Shear Stress at Failure, psi
Mohr's Circle Radius, nsi
Mohr's Circle Origin, Dsi
(Ori!rin. Nanna! Stress), Dsi
Minor Principal Stress 0'3, psi
Maior Principal Stress 0'1. psi
Principal Stress Difference, 0'1-03, psi
Normal Stress Pole Coordinate, X, osi
Shear Stress Pole Coordinate, Y, psi
Assumed Failure Plane, dee
Maior Principal Failure Plane AnJde, dee
Minor Principal Failure Plane Anele, de2
Maximum Shear Stress, osi
Maximum Shear Failure Plane Angle, deg
Initial Water Content, CJ'o

Initial Dry Density, pcf

34.68
23.74
26.2
45.8
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19.6
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o . Horizontal
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DIRECT SHEAR TEST OF SOILS U!'<llER CONSOLIDA TED DRAINED CONDITIONS - ASTM D 3080

SAMPLE CONDITIONS
Test No. 1 2 3

Initial f'.iter Consnl Final Initial t\.fter Consol Final Initial IUterCnnsoU Final
Tare LD. 127 - 65 127 - 22 127 - I 69
Wt Wet Soil & Tare, gm 191.8 - 246.9 191.8 - 241.66 191.8 - I 245.51
w't. Dry Soil & Tare, gm 174.33 - 221.86 174.33 - 218.66 174.33 - 223.47
Wt. Tare, !ml 83.91 - 84.16 83.91 81.68 83.91 I 85.06- -
Water Content, % 19.3% - 18.2% 19.3% - 16.8% 19.3% - ; 15.9%

Wt. of Wet Soil & Mold, 2: 316.98 - - 317.21 - - 317.59 - , -
Wt of Mold, gm 151.68 152.61 151.69

,- - - - - -
We. of Wet Soil, gm 165.3 - - 164.6 - - 165.9 - : -
Sample Height, in I 0.9374 0.9188 I 0.9174 0.8925 I 0.8904

,
0.8648

Sample Diameter, in 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 I 2.5
Sample Area, in'2 4.9' 4.9 4.9 4.9 4.9 4.9 4.9 4.9 i 4.9
Sample Volume, cc 80.44 75.40 73.91 80.44 73.80 71.79 80.44 71.62 ! 69.56
Wet Density, pef 128.2 NA 138.2 127.7 NA 140.0 128.7 NA , 144.6
Dry Density, pcf 107.5 NA 117.0 107.0 NA 119.9 107.9 NA ! 124.7

DEFORMATION RATE CALCULATIONS
too, min. (SqJt. Method) 0.38 0.24 10.50
Equivalent t", min. (SqJt.) 0.09 0.06 2.45
tso, min. (Log Method) 1.69 0.09 0.36
Selected Iso, min. (Max.) 1.69 0.09 2.45
Calc. Disp. Rate, in.lmin. 0.0028 0.0534 0.0020

TEST DATA AND SUMMARY
Test No. 1 2 3
Normal Stress, psi 34.69 69.45 138,90
Shear Stress at Failure, psi 23.7 Peak 36.8 Peak 71.8 10% Der.
Shear Disp. al Failure, in 0.240 0.240 0.250
Displacement Rate, in/min 0.0010 0.0010 0.0010

Horiwn1a1 Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Defonnation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. nsi in
0 0.0 0.0 0.000 0.0 0.0 0.000 0.0 0.0 0.000

0.005 1.6 0.3 0.000 5.3 l.J -0.003 8.6 1.7 , -0.004
O.OlD 12.4 2.5 -0.001 15.8 3.2 -0.004 25.5 5.2 I -0.005
0.015 36.8 - 7.5 -0.001 23.8 4.8 -0.005 44.2 9.0 ; -0.006
0.020 57.1 11.6 -0.002 34.0 6.9 -0.006 65.2 13.3 I -0.006
0.025 66.2 13.5 -0.003 48.5 9.9 -0.007 92.2 18.8 -0.007
0.030 70.0 14.3 -0.004 61.0 12.4 -0.008 116.5 23.7

,
-0.008,

0.035 78.2 15.9 -0.005 72.7 14.8 -0.009 138.2 28.1 I -0.010
0.040 78.4 16.0 -0.005 83.4 17.0 -0.010 157.7 32.1 -om I
0.045 78.4 16.0 -0.006 92..9 18.9 -0.011 175.5 35.7 , -0.012
0.050 79.4 16.2 -0.007 101.4 20.7 -0.012 192.0 39.1 , -0.013
0.055 79.6 16.2 -0.007 lD9.4 22.3 -0.013 206.9 42.2 I -0.013
0.060 79.9 16.3 -0.008 116.1 23.7 -0.014 220.9 45.0 , -0.014
0.065 81.2 16.5 -0.009 122.6 25.0 -0.014 233.6 47.6 -0.015
0.070 83.1 16.9 -0.009 128.5 26.2 -om 5 245.2 50.0 -0.016
0.075 84.7 17.3 -0.010 133.6 27.2 -0.016 255.9 52.1 -0.016
0.080 86.6 17.6 -0.010 138.4 28.2 -0.016 265.8 54.1 -0.017

Boring RSL
Depth NA
Sample RSL-6D
Lab No. 26487003

Light Olive Brown Lean Clay With Sand
Remolded

CECI
Central Waste
26487

Client
Client Project
Project No .

Visual Description
Sample Condition•

,

,



ReViewed By:
COPYRIGHT@2005 GEOTECHNICAL TESTING SERVICES ]-800-853-7309

Input Validation:

0.085 87.0 17.7 -0.011 142.6 '9.0 -0.017 274.8 56.0 ; -0.018
0.090 87.8 17.9 -D.011 146.4 29.8 -0.017 283.3 57.7 -0.018
0.095 89.4 18.2 -0.01 I 149.9 30.5 -0.018 290.5 59.2 -0.019
0.100 91.1 18.6 -0.012 153.1 31.2 -D.018 297.6 60.6 I -D.019
0.105 91.9 18.7 -0.012 155.8 31.7 -0.019 303.9 61.9 I -0.020
0.110 92.8 18.9 -0.013 158.7 32.3 -0.019 310.0 63.2 -D.020
0.115 93.8 19.1 -D.OI3 161.3 32.9 -0.019 315.3 64.2 -0.020
0.120 93.1 19.0 -D.013 163.0 33.2 -0.020 320.3 65.3 I -D.020
0.125 93.8 19.1 -0.014 165.0 33.6 -0.020 324.4 66.1 -0.021
0.130 94.2 19.2 -D.014 166.8 34.0 -D.020 328.2 66.9 -0.021
0.135 94.1 19.2 -0.014 168.1 34.2 -0.021 331.4 67.5 -D.021
0.140 93.3 19.0 -0.014 169.8 34.6 -0.021 334.9 68.2. -0.022
0.145 93.8 19.1 -0.015 171.2 34.9 -0.021 337.5 68.8 -D.022
0.150 94.1 19.2 -O.oI5 172.4 35.1 -0.021 340.0 69.3 -D.022
0.155 94S 19.3 -D.O15 173.2 35.3 -0.022 . 341.8 69.6 -0.022
0.160 96.1 19.6 -0.015 174.7 35.6 -0.022 343.4 .70.0 -0.023
0.165 96.1 19.6 -0.016. 175.3 35.7 -D.022 344.6 70.2 -D.023
0.170 96.9 19.8 -0.016 176.3 35.9 -D.022 346.~ 70.5 I -D.023
0.175 98.8 20.1 -D.016 176.4 35.9 -D.023 346.7 70.6 -D.023
0.180 99.8 20.3 -D.016 177.7 . 36.2 -0.023 348.3 71.0 -0.023
0.185 100.9 20.6 -D.017 177.8 36.2 -D.023 348.7 71.0 -D.024
0.190 102.3 20.8 -D.017 178.2 36.3 -0.023 349.6 71.2

,
-0.024i0.195 103.0 21.0 -D.017 178.4 36.4 -0.023 349.7 71.2 ! -D.024

0.200 103.9 21.2 -D.017 178.9 36.4 -D.023 349.5 71.2 I -D.024
0.205 104.5 21.3 -D.017 178.9 36.5 -D.024 349.9 71.3

,
-D.024,

0.210 105.3 21.5 -D.017 179.2 36.5 -D.024 350.7 71.4 I -0.024
0.215 107.0 21.8 -O.oI8 179.3 36.5 -D.024 351.1 71.5 i -D.024
0.220 108.5 22.1 -0.018 179.5 36.6 -D.024 351.6 .71.6 I -D.025
0.225 109.7 22.4 -0.018 179.6 36.6 -D.024 351.7 71.7 -0.025
0.230. 112.2 22.9 -0.018 179.8 36.6 -D.024 351.8 71.7 -0.025
0.235 115.9 23.6 -0.018 179.8 36.6 -0.025 351.8 71.7 -D.025
0.240 116.5 23.7 -0.018 180.4 36.8 -D.025 352.3 71.8 -0.025 .
0.245 113.4 .23.1 -O.oI8 179.9 36.7 -D.025 351.9 71.7 , -0.025
0.250 107.9 22.0 -D.019 j 80.4 36.7 -D.025 352.5 71.8 i -D.026,

,
,
I
I
i

!
I
i
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~~ ASTM 04716
Client: American Environmental Group, Ltd Job# 2839
Project: Central Waste, OH

Product: TN27Q-2-6

Roll # 283910245

Test Configuration:

•••• ~

I toIFLOW OllTFLOlJ\II
12 "'v••12 T-=t s ...rf.::lOC

Test Infonnation:

Steel Plate
Nonnal Load: 10000 pst

Boundary Conditions: Geocomposite
Gradient: 0.02 ft:

Steel Plate Seating Time: 15 minutes
Flow Direction: MD

Test Results:

Pressure (pst) Gradient, ft Transmissivity, m2jsec
15 minutes

10000 0.02 1.28 x 10"

,

571 Industrial Parkway, Commerce, GA 30529 Phone: 706-336-7000 Fax: 706-336-7007 Email: s,kaps@skaps.com

mailto:s,kaps@skaps.com
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~~ ASTM D 4716
Client: AmericanEnvironmental Group, Ltd Job # 2839
Project: Central Waste, OH
Product: TN270-2-6
Roll # 283910245

Test Configuration:

~.

••••
.. :----.

I t'''FLOW OUTFLOW
12 ""v:..12 T-=t S 1""lIf.:J oc

Test Infonnation:

Steel Plate Nonnal Load: 500 pst

Boundary Conditions: Geocomposite Gradient: 0.33 It

Steel Plate Seating Time: 15 minutes
Flow Direction: MD

Test Results:

Pressure (pst) Gradient, ft Transmissivity, m',sec
15 minutes

500 0.33 1.39 x 10"

571 Industrial Parkway, Commerce, GA30529 Phone: 706-336-7000 Fax: 706-336-7007 Email: skaps@skaps.com

mailto:skaps@skaps.com
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~~ ASTM D 4716
Client: American Environmental Group, Ltd Job # 2839
Project: Central Waste, OH

Product: TN27o-2-6

Test Configuration:

-.
~ .. ~ .--'

I NF LOW OUTFLOW
12 X 12 Test Surface

Test Infonnation:

Steel Plate
Nonnal load: 500 pst

Boundary Conditions: Geocomposite
Gradient: 0.33 It

Steel Plate seating Time: 15 minutes
Flow Direction: MD

Test Results:

Roll Number Gradient, ft Transmissivity, m2/sec
15 minutes

283910220
0.33 1.32 x lOCT

283910245 1.39 x lOCT

571 Industrial Parkway, Commerce, GA 30529 Phone: 706-336-7000 Fax: 706-336-7007 Email: skaps@skaps.com

mailto:skaps@skaps.com
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~~ ASTM D 4716
Client: American Environmental Group, Ltd Job # 2839
Project: central Waste, OH
Product: TN270-2-6

Test Configuration: .,
~. :s8888888888&:S888&0~ •••

I'''FLOW o UTF LOW
12 X 12 T""t Surface

Test Infonnation:

Steel Plate Nonnal Load: 500 pst

Boundary Conditions: Geocomposite Gradient: 0.33 ft

Steel Plate Seating TIme: 15 minutes
Flow Direction: MD

Test Results:

Roll No. Pressure (pst) Gradient, It Transmissivity, m"sec
15 minutes

283910001 1.37.x 10-)
283910035 1.41 x 10-)
283910070 1.38 x 10-)
283910105 500 0.33 1.36 x 10-)
283910140 1.39 x 10-)
283910175 1.37 x 10-)
283910210 1.40 x 10-'

571 Industrial Parkway, Commerce, GA30529 Phone: 706-336-7000 Fax: 706-336-7007 Email: skaps@skaps.com

mailto:skaps@skaps.com


GEOCOMPOSITE TEST RESULTS
TRI Client: Civil & Environmental Consultants, Inc.

Project: Cenbld Waste Landfill

Material: SKAPS TN27D-2-6 Double Sided Geoc:omposJte
Hydraulic Transmissivity IASTY 0 4716)
TRI Log #: E2312.33-02I
PARAMETER TEST REPLICATE NUMBER

1 2 3 4 5 B 7 B 9 10
MEAN

STD.
DEY.

PROJ.
SPEC.

Sample Identification: 28191ODSI.

Direction Tested: Machine Dlredion

Normal Load (pst): m
Hydraulic Gradient 0.33
TestLength(in) 12
TestWidth(in) 12

IPiatel sample I Plate

Seat rllJ\ll
(houra)

Inflow ~~ Outfl:w

OSGC Plate

Plate

CTI[] 0.04
~ 247E-05 5.0E-04 min

830
7.25
1.81

1.14E-03

,
B36
7.21
1.84

1.15E.QJ

20.0
1.000

B33
7.25
1.82

1.14E-oJ

BB'
7.25
1.88

1.18E-Q3

1
an
7.31
1.89

1.19E-oJ

20.0
1.000

Bn
7.25
1.91

1.2OE.Q3

Specimen
Volume (ee)
lime (s)
Flow Rate (GPMJn widlh)
Transmissivily (m"2Js)
Test Temp (C)
Temp. Carr. Factor

0.25

Sample Identification: 283910078

Plate

Inflow ~~ Outfl:w

OS GC Plate
Specimen 1 ,

B19 613 61B 889 BBB 659
7.18 7." 7.21 7.21 7.18 7."
1.37 1.37 1.38 1.47 1.47 1.47 ~ 0.06

8.57E-04 8.6OE.()4 8.52E.()4 '.22E-<l4 9.22E-04 9.24C..()4 8.90E..04 3.66E-OS 5.0E.04 min
20.0 20.0
1.000 1.000

VoIwne (ee)
Tlme(s)
Flow Rate (GPMIft widlh)
Transmissivity (m"21s)
Test Temp (C)
Temp. Carr. Faclor

0.25

Direction Tested: Machine Diredlon

Normal Load (pst): moo
HydraulicGradient: 0.33
Test length (in) 12
TestWidth(In) 12

IPiate/Sample/Piate

Seat_
(houta)•
Thl:! t.esmg herein Is based upon accepled induslJy pt3CIlctI as well as the test method listed. Test resulls reporIed nereln do not apply
to samples other !han those tested. TRI neither aa:epts responsibHiIy for nor makes cfaim as to the fvIaI use and purpose of the material.
iRI cbseMlS and maintains cfient confidentiality. TRIlirnlla ~uctlon: of this report. moz:eplln full, without prior apprtr.'al of TRI.

,
page 9 ofll

GeosyntheticTesting.com
9063 Bee CiMlS Road J Adn. TX 78733 f 512 263 2101 flwc: 512 263 2558
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GEOCOMPOSITE TEST RESULTS
TRI Client: Civil & Environmental Consultants, Inc.

ProJed: Centrnl Waste landfill

Inflow.~ Outfl:W

OS GC Plate

Plate

Material: SKAPS TN27Q.2-6 Double Sided Geocomposite
Hydrnullc Transmissivity (ASTM D 4716)
TRI Log #: E2312-J3.(J2

PROJ.
SPEC.

STD.
DEV.MEAN

~ 0.02
~ 1.44E..Q5 5.0E..Q4 min

10••7

880
7.25
1.88

1.18E-m

•

2
8"
7.37
1.88

1.18E-03

20.0
1.000

•

88.
7.25
1.89

1.19E-03

•

88•
7.18
1.92

l.2QE-o:l

1."
7.21
1.93

1.21E-03

20.0
1.000

•7'
7.18
1.93

1.21E~

TEST REPLICATE NUMBER

1 2 3

Specimen
VoIume(cc)
Time(s)
Row Rate (GPMIn width)
Tmnsmisshiity (m"'2is)
Test Temp ee)
Temp. cerr. Faclor

0.25

PARAMETER

Sample Identification: 283910026

Direction tested: Machlml Direc:l:ion

Normal load (psi): m
HydmutlcGradient: 0.33
TestLength(In) 12 .
TestWidth(In) 12

IPlateJ Sample / Plate

Seat Tlma
(hours)

I

Sample IdentlflcaUon: 283910044

Direction Tested: MachIne Direction

Normal Load (psi): m
HydraulicGradient: 0.33
Test length (in) 12
TestWidth(in) 12

IPlate I sample I Plate

Seat Trme
(hourn)

InfIOW.~ Outfl.ow

OS GC Plate

Plate

~ 0.04
~ 261E..Q5 5.0E..Q4 min

7"
7.14
1.85

1.04E-Q3

2
747
7.13
1.88

1.04£-03
20.0
1.000

750
7.20
1.85

1.04E-03

789
7.18
1.74

1.09E-03

1

792
7.20
1.n

1.08E-03

20.0
1.000

795
7.31
1.n

1.08E-03

Specimen
VoIume(cc)
Time (5)
Flow Rate (GPMm width)
Transmissivity (m"'2/s)

Test Temp (e)
Temp. Corr. Fado'

0.25

,
The testing herein is based upon BD;:epted ndu5try prudice as well as the te:st method listed. Test results repgrled herein do not appty
to sample:! othel" than those tested. TRI neither oa::epts responsibl1ity for nO' makes daim as to the fll'\al use and purpose of the material •

. TRI obserYeS and rnamPts dlent ccnfldentiality. TRIlmfts J!iI)ttlCIudiO'l: d this repcrt, exceptln full,";lhoul pria appl'Oll<ll O!TRL

,
page8of9

Geosynthdic:Tcstlng.com
9063 Bee C8Yes Road I Almln. TX78733/512 2632101/1mc 512 263 2558



GEOCOMPOSITE TEST RESULTS
TRI Client: Civil & Envfronmental Consultants, Inc.

Project: Central Wasta Landfill

Material: SKAPS TN27~2-6 Double Sided Geocomposfte
Sample Identification: 283910004
TRI Log t: E2J12-33-02• PARAMETER

Hydraulic Transmissivity (ASTM 04716)

TEST REPUCATE NUMBER

1 234 5 • 7 • , 10
MEAN

STD.
DEY.

PROJ.
SPEC.

The testing herein Is based upon accepted industry practice as well as the test methocllisted. Test results reported herein do not apply
to samples other than those tested. TRi neSther oa::epts respontdbaity for nor makes dalm as to the flnsl vaG and purpose of the material.
TRi obseNes and maintain:> dient conflClenUalily. TRilimlts repmduction: of this report. except in full, -.tlhout prior approval of lR1.

Specimen 1 ,
'BB 1011 ,g. 980 954 950
7.15 7.31 7.25 7.37 7.18 7.15
Z19 Z19 Z19 Zl1 Zl1 Zl1 ~ 0.04

1.37E-03 1.38E-tl3 1.37E-03 1.32E-03 1.32E-03 1.32E-03 1.35E-oJ 2.76E-05 5.0E..()4 min
20.0 20.0
1.COO 1.COO

Geonet Component

2B2 '" '7, '84 '79 '82 .292 290 ". 27. m 7 250 min
276 «min

% carbon Black

0.94 min

2.0- 3.5%0.01

0.0000.947

Plate

Geonet Component

Geonet Component

0.947

Z31

0.947 0.947

Volume (cc)
Time (a)

Aow Rate (GPMIft widlh)
Transmissivity (m"'2Js)

Test Temp (C)
Temp. Carr. FBdor

0.25

Direction Tested: Machine Direction

Normal Load (pst): m
HydrauflcGradient: 0.33
Test length [m) 12
TestWidth(In) 12

Thickness (mils)

Thickness (ASTM D 51(9)

Dcn5lty (ASTM D 1505)

Carbon Bleek Content (ASTM 01603, mod.)

lplate I Sample I Plate

Seat Tllne
(hours)

. Density (glcm3)

,

page2of9
GeosyntheticT estIng.com

9063 Bee Caves Road / Austin, TIC 78733 / 512 263 2101/flD:: 512 263 2S5e



GEOCOMPOSITE TEST RESULTS
TRJ Client: Civil & Environmental Consultants, Inc.

Project: Ccnb'al,Wasle Landfill

Material: SKAPS TN27002.6 Double Sided Geocomposfte
Hydraulic Trunsmisslvlty (ASTM 04716)
TRilog tI: £1312.33-03

PARAMETER TEST REPLICATE NUMBER
1 2 , 4 5 6 7 8 • 10

MEAN
STD.
DEV.

PROJ.
SPEC.

Sample Identification: 283910149

Direction Tested: Machine Direction

Normal Load (pst): m
HydraulicGradient: 0.33
TestLength(in) 12
TestWidth(In) 12

IPiate I Sample I Plate.

Seat Tll'T1e

(hours)

0.25

Vdume(cc)
Tlme(s)
Flow Rate (GPMIIl widlh)
Transmissivity (m"2Js)

Test Temp (e)
Temp. CarT. Fader

Plate

Inflow ~ Outflow
. ~ ~--------------_.-========

OS GC Plate

Specimen 1 2
544 54' 530 550 629 538
5.411 5.58 5.31 5.3<1 ~43 5.48
1.SO 1.57 1.58 1.65 1.55 1.58

1.00E-03 9.82E-Q4 9.92E-04 1.03£-03 9.73E..()4 9.91E-Q4

21>.0 21>.0
1.000 1.000

~ 0,03
~ 20SE-05 5.0E-04 min

Sample IdenUfieation: 283910167
Plate

IPlate I sample I Plate

Seat Tune
(hours)

Direction Tested: Mactdne Direction

Normalload (pst): 500
Hydraul1c Gradient; 0.33

TestLength(In) '2
TestWidth(In) 12

Inflow.~ Outfl:w

OS GC Plate

I 0.25

Volume (ee)
Tlme(s)
Flow Rate (GPMJft width)
TransmissMty (m"21s)

Test Temp IC)
Temp. Corr. Factor

Specimen
547
5.84
1.48

9.31E-04

1
538
~75
1.48

9.3OE..()4
21>.0
1.000

511
5.48
1.48

9.3OE-04

551
5.00
1.75

1.10E-<l3

2
558
5.06
1.n

1.08E-03
21>.0
1.0DO

SOD
5."
1.73

Ul8E-G3
~ 0.14
~ 8.58E.Q5 5.0E-04 min

I..",<;.

Tho testing herein is b8S8CI upon ec:cepted indusby prudlco B3 well as tho lest method listed. Test results reported heren do not apply
to samplo:s ether than thoso tested. TRI neither accopts rusponlSibDity for nor makes daim 83 10 the fl1lal U50 and purpose of tho material.
TRI obserYes and main~1I dient IXlI'lflllentialily. TRllimlts reproduction: at this report, exz:eplln full, withcul prior appttMd oI1R1

pago6016
GeosynthetlcT estIng.com

9063 Bee CavI:s Road 1Austin, TX 78733/512 2G3 21ln/lax 512 2G3 2558
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GEOCOMPOSITE TEST RESULTS
TRI Client: Civil & Environmental Consultants, Inc.

Project: Central Waste Landfill

MBteriel: SKAPS TN27Q.2.6 Double Sided Goocomposlte
Hydraulic Transmisslvfty (ASTM 0 4716)
TRJ Log #: E2312.33-03I
PARAMETER TEST REPUCATE NUMBER

1 2 3 4 5 • 7 • , 10
MEAN

STD.
DEY.

PROJ.
SPEC.

Dlredlon Tested: Machlne Direction

Normal Load (pst): m
HydraulicGradient 0.33
Test length (In) 12
TestWidth(In) 12

sample Identification: 283910115

IPlatOJ Sample I ?Isle

Seat Time
(hours)

Inflow~~ Outfl~

OSGC Plate

I:::IEJ 0.01
~ 4.68E-06 5.0E-04 min

646
7.06
1.90

1.19E-03

2
6S4
7.11
1~90

1.19E.Q3

20.0
1.000

Plate

64'
7.10
1.90

1.19E-03

66'
7.21
1.91

1.2OE.oo

1
.71
7.25
1.90

1.19E~
20.0
1.000

66S
7.15
1.92

1.2OE.OJ

Spedmen
VoIume(cc)
11me(s)
Row Rate (GPMtl width)
Transrnissivily (m"'21s)
Test Temp (C)
Temp. cerr. Factor

0.25

Diredicn Testetl: Machine Dlrec:tlon

Normal Load (pst): m
Hydraulic Gradient 0.33
TestLength(in) 12
TestWidth(in) 12

Sample Identification: 283910132

IPlato J Sample' Plate

Seal Tlm.
(hours)

Inflow~~ Outfl~

OS GC Plate

c::TID 0.09
~ 5.84E-05 5.0E-04 min

606
7.21
1.33

B.36E.()4

2
604
7.20
1.33

a"",.,..
20.0
1.000

Plate

603
7.21
1.33

8.31E.()4

6BO
7.18
1.50

9.-42E..04

1
661
7.21
1.50

9.39E-()4
20.0
1.000

662
7.21
1.50

9.«JE.()4

Specimen
VoIume(oc)
Time (s)
Row Rate (GPMfl't widlh)
TransmissMty (mA2Is)
Test Temp (e)
Temp. Corr. Factor

0.25

,
The testing herein is based upal accepled nduslry prac:tic:e011 well BII the tesS method listed. Test results reported herein do not apply
to RUTTPlesother th8n those tested. TRI neither aecepts rtlSpClnslbllityfOl'nlJ' makes daim as 10 the fmal U$ll and purpose of the material.
TRI ~ and maintUls dienl conflllenUality. TRllimlla reprodudlcn: of this repcrl, ~t In fun. wtlhaul prior apprvval at TRI.

,
page50fB

Geosynthlltle:Tl!Sllng.com
IlO63 Bee Caves Roadl AustIn. n:: 7S133' 512 2U3 2101 !fex 512 263 2558
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GEOCOMPOSITE TEST RESULTS

TRJ Clierrt: Civil & Environmental Consultants, Inc.
Project: Central Waste Landfill

Material: SKAPS TN27002.6Double Sided Geoeomposlte
Sample Identification: 283910184
TRJ Log 11:E2312.33-03

PARAMETER TEST REPLICATE NUMBER
1 2 3 4 5 6 , • • 10

MEAN
STD.
DEV.

PROJ.
SPEC.

DIrection Test~; Machine Direction

Nonnal Load (p<f), moo
Hydraulic Gradient; 0.33
Test Length (in) 12
Test Width (in) 12

Thickness (ASTM 0 5199)

ThIckness (mUs)

Hydraulic Transmlssivtty (ASTN 04716)

Plate

InflOW.~ Out1l:w

OSGC Plate
Specimen 1 2

69' '03 6" 691 6.' 676
7.15 7.15 7.15 '.20 7.14 7.13
1.55 1.56 1.55 1.52 1.51 1.51 ~ 0.02

9.69E-04 9.78E-04 9.69E-04 9.54E-04 9.48C.-04 9.<CSE-04 9.61E-G4 1.31E-05 5.0E-04 min
20.0 20.0
1.000 1.000

Geonet Component

260 27. 276 251 277 251 2B8 2B8 2B4 301 BE , 25Oml"
276 «min

VoIume(cc)
Time (5)
Aow Rate (GPMm widlh)
Transmissivity (mA2Is)
Test Temp (C)
Temp. Carr. FBdDr

0.25

IPlate I Sample I Plate

seat nme
(hours)

Density (ASTM 0 1505) Geonet Component

2.0.3.5%0.012.322.34% carbon Black

The testing h~ b based upon acceptell1rnlustTy pna;:tlc:eas well as the test method listed. Test results repoI1ed herein do not apply
to samptes other than those tested. TRI neither acx:eplll responslbHlty for nor makes daim os to the rll1aluse and purpose of the material.
1RI ob~ and maintain, dlenl conrlClentiallty. 1RI rmlts rt:prtlductiorl; of thb report, except i'l tun. w\1houtprior approwl of TRI.

~D:~:'~ty~(:gJ:om:3:)==.,.,.====.,...,=,,~0~.84:'....:.~0~.~84~'~~0~.84:'__ ======= l~O~.~84~'~~O~.:DOO:_ _.:O.~84~m~'n~
Carbon Black Content (ASTMD 1603, mod.) Geonet Component

ID2.33~____________________________ .L. _I

I"..

page:2af6
GeosyntheticT estIng.com

11063Bee CaWlll Road' Auslln" TX 78733' 512 263 2101 11m:; 512 263 255B



GEOCOMPOSITE TEST RESULTS
TRJ Client: Civil & Environmental Consultants, Inc.

Project: Central Waste Landfill

Material: SKAPS TN27~2.6 Double Sided Geocomposlte
Sample IdenUflcaUon: 283910205
TRI Log #: E2312.54-07

PARAMETER TEST REPLICATE NUMBER

1 2 3 4 5 • 7 • 9 10
MEAN

STD,
DEV,

PROJ.
SPEC.

Hydraulic Transmissivity IASTM 04716)

DIrection Tested: Mactdne DIrection

Nama! Load (ps1); m
HydmullcGradient: 0.33
Testlength(in) 12
TestWidth(in) 12

IPiate I sample I Plate

SeatTmll
(hours)

Inflow ~~ Outfl:W

OS GC Plate

Plate

~ 0.01
~ 5.94E..Q6 5.0E.()4 min

97.
5.15
3.01

1.89E.Q3

2
'On
5,82
3,02

1.9IE.()J
20,0
1,000

en
5.12
3,02

1.9OE-03

951
4,98
3,04

1.91E.()3

1
973
5,09
3,03

1.9OE.()J

20,0
1,000

9.9
5.18
3,03

1.9OE.()3

Specimen
VoIume(cc)
TIme(s)
Row Rate (GPMIn width)
Transmissivity (m"2Is)
Test Temp (e)
Temp. carr. Factor

0,25

,
The testing hen*l is based upon accepted industry prlIdiee as well os the test method listed. Test results reported herein do not apply
tD ssmples other than those tested. 'TRI nolther accepts responsibUily far nor rnake:J daim as to the fll'lat use and purpose of the material.
TRJ obser\Ies and maintlms dlmt confidentiality. TRJ lmils repJ'Oductlon: of this report, exceplln full. without prior sppl"CMll of TRI.

I'."

paga2012
GeosynthlltlcT eslIng.com

9llli3 Bee Caves RmiodI Auslln, TX 18733/512 263 2101/fmc; 512 263 255lI
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June 27, 2008

Mr. John Schmidt, P.E.
Ohio EPA Northeast District Office
Division of Solid and InfeCtious Waste Management
2110 East Aurora Road
Twinsburg, Ohio 44087

Dear Mr. Schmidt:

The CQNQC Plan and OAC 3745-27-08(G) requires the shear strength to be tested twice prior
to the initial use of each geosynthetic material in the final cover system at the facility. Two tests
were conducted on each of the interfaces listed below.

On behalf of Central Waste, Inc. (CW!), Civil & Environmental Consultants, Inc. (CEC) is
submitting the Shear Strength Testing Results for the final cover system components proposed
for use in 2008 Closure construction at the Central Waste Disposal Facility in Alliance, Ohio.
This information is submitted in accordance with the CQNQC Plan and OAC 3745-27-08(G).,

Subject: Interface Shear Strength Testing Results
2008 Closure Construction
Permit to Install # 02-13262
Central Waste Disposal Fac:ility
CEC Project 072-230.0005

• Poly Flex 40 milllDPE Textured Geomembrane vs. ReCompacted Soil Barrier (RSB)
• Skaps TN270-2-6 Double-sided Geocomposite vs. Poly Flex 40 mil llDPE Textured

Geomembrane
• Skaps TN270-2-6 Double-sided Geocomposite vs. Frost ProtectionNegetative Cover

Testing was conducted at the following normal loads for comparison to the required peak shear
strengths listed in the QNQC Plan and summarized in the following table.

Normal Load
(st)
500

Required Peak Shear
Stren (sf)

250

Civil & Environmental Consultants, Inc.
Pittsburgh 333 BaldwinRoad

Pittsburgh, Pennsylvania 15205
Phone 412/429-2324
Fax 4121429-2114
Toll Free 8001365-2324
E-mailinfo@cecinc.com

Chicago
Cincinnati
Cleveland
Columbus
Detroit"-rt
Indlanapolis
NashVille
st. louis

8nJ963..6026
8001759-5614
8661507-2324
888/598-6808
866rJ80-2324
8001899-3610
an(l46-0749
8001763-2326
8661250-3679

mailto:E-mailinfo@cecinc.com


I

•

Mr. John Schmidt, P.E.
CEC Project 072-230.0005
Page 2
June 27,2008

The interraces tested met the requirements of the facility's QNQC Plan as shown in the
following table. The laboratory testing results are included in Attachment 1.

Interface Tested Normal Required Shear Peak Shear
Load (psf) Stren!!th (psf) Strength (psf)

40 mil textured vs. RSB - Test 1 500 250 329
40 mil textured vs. RSB - Test 2 500 250 348

Geocomposite vs. 40 mil textured - Test 1 500 250 277
Geocomposite vs. 40 mil textured - Test 2 500 250 297
Geocomposite vs. protective cover - Test 1 500 250 360
Geocomposite vs. protective cover - Test 2 500 250 299

Please contact Tom Johnson with CWI at (330) 823-6220 or CEC at (412) 429-2324 if you have
any questions regarding this report

Sincerely,

CIVlL & ENVIRONMENTAL CONSULTANTS, INC .r~ ~~~...-"
Daniel Tolmer, P.E.
Project Manager

Enclosure

Duane R. Lanoue, P.E.
Senior Project Manager

•

cc: Mary Helen Smith, District Board of Health of Mahoning County (w/enclosure)
Tom Johnson, CWI (w/enclosure) .
Steve Menoff, TransLoad America, Inc. (without enclosure)
Jim Stenborg, TransLoad America, Inc. (without enclosure)

LR-072.230.000SJ0271W
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I 1'\11LI'IIVIKVI'IIIVlcl'lll AL, 1I\l1"
A Texas Research International Company

John M. Allen. 06/1712008

Quality ReviewlDateI' Interface Friction Test Report
. t' CEC TRI Log#: E2308-23-05

ie~t: Central Waste, Closure Area 1 Test Method: ASTM D 5321
Test Date: 06/16/08-06/17/08

Tested Interface: Poly Flex 40 mil LLDPE Textured Geomembrane (LT-4-Q7-6001-75) vs. RSB
Soil (Sample 9 & 10), Test 1 of 2

Shear Stress vs. Normal Stress

--Peak Shearstress (linearFII) .
- - - Large Displacement SheaT Stress (linear Fit)

'00

o.
o 100 200 300

Normal Stress (psI)
'00 500

Test Results
Large

Peak Displacement
(@3.0 in.!

Friction Angle
(degrees): 33.3 31.9

Y -intercept or
Adhesion (pst): 0 0

Shear Stress vs. Displacement

Box Dimensions: 12"x12"x4"

Test Conditions

Interface soaked and loading applied for
a minimum of 24 hours priorto shear.

Interface
Conditioning:

Test Condition: Wet

Shearing Rate: 0.04 inches/minute

Upper Box & RSB Soil (Sample 9 & 10) remolded to
109 pcf at 17% moisture content

Lower Box Poly Flex 40 mil LlDPE textured
geomembrane

'.03.0
I

2.0
Displacement (inches)

1.0

Test Data
Specimen No. 1
Bearing Slide Resistance (Ibs) 13
Normal Stress (psi) 500
Corrected .Peak Shear Stress (psI) 329
Corrected Large Displacement Shear Stress (psI) 311
Peak Secant Angle (degrees) 33.3
Large Displacement Secant Angle (degrees) 31.9
Asperity.(mils) 23.6

The testing herein is based upon accepted industry practice as well as the test method lisled. Test results reported herein do not apply

to samples other than those tested. TRI neither accepts responsibility fo~ nor makes claim as to the final use and purpose of the material.
TRI observes and maintains dient confidentiality. TRllimits reproduction of this report:. except in full. without prior approval of TRI.

9063 Bee Caves Road 0 Austin. 1)( 78733-6201 0 (512) 263-2101 0 (512) 263-2558 0 Hl00-880-TEST



TRIIENVIRONMENTAL, INC.
A Texas Research International Company

Interface Friction Test Report
lent:

Project
Test Date:

CEC
Central Waste, Closure Area 1
06/16/08-06/17/08

TRI Log#: E2308-23-D5
Test Method: ASTM D 5321

gtt

John M. Allen. 0611712008

Quality ReviewlDate

Tested Interface: Poly Flex 40 mil LLDPE Textured Geomembrane (representative) vs. RSB Soil
. (Sample 9 & 10), Test 2 of 2

Shear Stress vs. Normal Stress

--Peak Sheaf5m= (UneatFil)
- - -latge Oispla~t Shear Stress (Unear FiO

500

400
e-
m
Co
-;: 300_••e
OJ
;;200
••.<=
'"

o
o '"

-~....-----------
200 300

Nonnal Stress (psi)

Test Results
large

Peak Displacement
I@ 3.0 in.!

Frjction Angle
(degrees): 34.9 27.8

V-intercept or
Adhesion (pst): 0 0

Shear Stress vs. Displacement Test Conditions

Box Dimensions: 12"x12"x4"

Test Condition: Wet

Shearin Rate: 0.04 inches/minute

Lower Box Poly Flex 40 milllDPE textured
geomembrane

Interface soaked and loading applied for
a minimum of 24 hours prior to shear.

Upper Box & RSB Soil (Sample 9 & 10) remolded to
109 pcf at 17% moisture content

Interface
Conditioning:

4.03.0

+SOOpsf

2.0
Displacement (inches)

1.0

Test Data
Specimen No, 1
Bearing Slide Resistmce (lbs) 13
Normal Slress (psI) 500
~~P~Sh~rSlress(psf) . 348
CoJTected Large Displacement Sh••••. Stress (psI) 264
P~k Secant Angle (degrees) :>4.9
Large Displacement SecanlAngle (degrees) 27.8
Aspeiity (mils) 23.4

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those teSted. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.

TRI observes and maintains ~Ilent confidentiality. TRllimits reproduction of this report, except in fun, without priOr approval of TRI.

9063 Bee CavesRoad 0 Austin, IX 78733-6201 0 (512)263-2101 0 (512) 263-2558 0 l-llOo-aaQ- TIOST



Interface Friction Test Report

TRIIENVIRONMENTAL,/NC.
A Texas Research International Company

CEC

,

Rich lacey. P.E ..• 0612512008
Quality ReviewlDate

TRllog#: E2308-23-Q5
Test Method: ASTM D 5321

Ilienl:
Project: Central Waste, Closure Area 1
Test Date: 06/09/08-06/24/08

Tested Interface: Skaps TN270-2-6 Double-sided Geocomposite (representative) vs. Poly Flex 40
mil LLDPE Textured Geomembrane (representative), Test 1 of 2

Shear Stress vs. Nonnal Stress

100

--Peak ShearStress(linearRt)
- - - Large OispIacemenl Sh8ar Sl1ess (LInear F4)

Test Results
large

Peak Displacement
(@3.0in.)

Friction Angle
(degrees): 26.7 10.0

Y-intercept or
Adhesion (psf): 26 74

• • 100 200 300
NonnaIStress(psf)

'00 500

Shear Stress vs. Displacement Test Conditions

'.0 2.0 3.0
Displacement (inches)

JO.

250

200
••••f

150OJ~
m••J:.,

+250 psf . -500 psf

,..

Upper Box & Skaps TN27D-2-6 double-sided
geocomposite

lower Box Poly Rex 40 milllDPE Textured
Geomembrane

Box Dimensions: 12"x12"x4-

Interface Interface soaked and loading applied for
Conditioning:' a minimum of 1 hour prior to shear.

Test Condition: Wet

Shearin Rate: 0.2 inches/minute

Test Data
Specimen No. 1 2
Bearing Slide Resistance (lbs) 10 13
Noonal Stress (pst) 2SO 500
Corrected Peak Shear Stress (pst) 152 277 '.
Corrected la'lle Displacement Shear Stress (pst) 118 162
Peak 5ecant Angle (degrees) 312 29.0
la'lJO Displacement Secant Angle (degrees) 25.3 18.0
Asperity (mils) 25.2 21.0

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes daim as to the final use and purpose of the material.

TRI observes and maintains client confidentiality. TRI 6mits reprodudion of this report, except in fuD,without prior approval of TRI.

9063BeeCavesRoad 0 Austin,TX 78733-62010 (512)263-21010 (512)263-25580 1-80Q-aaQ-TEST



TRIIENVIRONMENTAL, INc.
A Texas Research International Company

JohnM.Allen.E.I.T.,0611712008
Qualrty ReviewlDate

Interface Friction Test Report

TRI Log#: E2308-23-Q5
Test Method: ASTM 0 5321

lient CEC
Project: Central Waste, Closure Area 1
Test Date: 06/17108-06/17/08.

Tested Interface: Skaps TN270-2-6 Double.sided Geocomposite (representative) vs. Poly Flex 40
mil LLDPE Textured Geomembrane (representative), Test 2 of 2

Shear Stress VS. Nonnal Stress

---Peak Sheaf'Stress(linearFil)
- - - Large Displacemem Shear SUess (Linear Fit}

Test Results
Large

Peak Displacement
(lID 3.0 in.)

Friction Angle
(degrees): 29.7 19.4

Y-intercept or
Adhesion (pst): 12 27

SO<>400200 300
NannaJ Stress (psf)

'00

-~----
.•...._ ::::_:0"-- ---

;:="-

400

sao

'00

o
o

c-.,.eo
.,300.,
g.,
:;;200
••.c.,

Shear Stress vs. Displacement Te'st Conditions

Box Dimensions: 12"x12"x4"

Lower Box Poly Flex 40 mil LLDPE Textured
Geomembrane

Upper Box & Skaps TN27D-2-6 double-sided
geocompostte

Interface soaked and loading applied for
a minimum of 1 hour prior to shear.

Interface
Conditioning:

Test Condition: Wet

Shearin Rate: 0.2 inches/minute

4.01~ 2~ 3~
Displacement (inches)

0.0

,

Test Data
Specimen No. 1 2
Bearing Slide Resistance (tbs) 10 13
NormalStresslPSn 250 500
CorrectedPeakShearStress(psl) 155 297
CorrectedLargeDisplacementShearStress(pst) 115 203
PeaksecantAngle(degrees) 31.7 30.7
Large Displacement Secant Angle (degrees) 24.7 22.1
Asperity(m.s) 25.0 26.4

The testing herein is based upon accepted industry practice as wen as the test method fisled. Test results reported herein do not apply

to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.

TRI observes and maintains client oonfidentiality. TRllimits reproduction of this report. except in full, Without prior approval of TRI.

9063 Bee Caves Road 0 Austin, 1)( 78733-6201 0 (512)263-2101 0 (512) 263-2558 0 1-80D-880-TEST



TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

:aw

John M.Allen, 0611712008
Quality ReviewlDate

e

Interface Friction Test Report
TRI Log#: E2308-23-DS
Tesl Method: ASTM D 5321

i

lient CEC
Project: Central Waste, Closure Area 1
Tesl Dale: 06/16/08-06/17/08

Tested Interface: Skaps TN270-2-6 Double-sided Geocomposite (representative) vs. Frost
ProtectionNegetative Cover Soil (Sample 11 & 12), Test 1 of 2

Shear Stress V$. Normal Stress

---Peak Shear Stress (Unear Fit)
- - - Large Displacement Shear Stress (linear Fit)

soo

400
c:-••~
•• 300••~
0;~ 200••••'"'" '00

0
0 100 200 300

Normal Sb"ess (pst)
400 soo

Test Results
large

Peak Displacement
(@3.0 in.)

. Friction Angle
(degrees): 35.8 34.6

Y-intercept or
Adhesion (pst): 0 0

Test Conditions

Inlerface soaked and loading applied for
a minimum of 24 hours prior 10shear.

Upper Box & Frost ProlectionNegelalive Cover soil
remolded to 102.5 pet at 15% moislure
content

Lower Box Skaps TN270-2-6 double-sided
geocomposite

Box Dimension's: 12-x 12"x4"

Inlerface
Conditioning:

Test Condition: Wet

Shearin Rate: 0.04 inches/minute

4.01.0 2.0 3.0
Displacement [mches}

so'

o "~'-------+----~-+------t---_---<
,0.0

,

Test Data
Specimen No. 1
Bearing Slide Resistance (Ibs) 13
Normal Stress (psi) 500
Corrected Peak Shear Stress (psI) 360
Corrected Large Displacement Shear Stress (PSt) 345
Peak secant Angle (degrees) 35.8
Large Displacement Secant Angle (degrees) 34.6

The testing herein is based upon accepted industry practice as well as the test method fisted. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.

TRI obselVes and maintains c6ent oonfidentia6ty. TRI limits reproduction.of this report, except in Full,without prior approval of TRI.

9063 BeeCaves Road 0 Austin. 1)(78733-6201 0 (512) 263-2101 0 (512) 263-2558 0 1-600-68Q..TEST



TRIIENVIRONMENTAL, INc.
A Texas Research Intemational.Company

John M. Allen. 0611712000

Quality Review/Date

w

Interface Friction Test Report
TRI Log#: E2308-23-Q5
Test Method: ASTM D 5321

CEC
Project: Central Waste, Closure Area 1
Test Date: 06/16/08-06/17/08

,-

...... Iient:

Tested Interface: Skaps TN270-2-6 Double-sided Geocomposite (representative) vs. Frost
ProtectionNegetative Cover Soil (Sample 11 & 12), Test 2 of 2

Shear Stress vs. Normal Stress

Test Results
Large

Peak Displacement
(@3.0in.)

'Friction Angle
(degrees): 30.8 30.8

Y-intercept or
Adhesion (pst): 0 0

500400200 300
NonnaIS~ss(psij

100

---Peak ShearStress{UrleaTrd)- -=- - Lerge~Shear Stress(UnearFrt)

500

'00

oJ~-'--+---""'----+-~--1

Box Dimensions: 12"x12"x4"

Interface soaked and loading applied for
a minimum of 24.hours prior to shear.

Test Conditions
Upper Box & Frost ProteclionNegetative Cover soil

remolded to 102.5 pet a115% moisture
content

Lower Box Skaps TN27Q-2-6 double-sided
geocomposite

Test Concfmon: Wet

ShearinQ Rate: 0.04 inches/minute

Interface
Conditioning:

4.0

+SOOpsf

1.0 2.0 3.0
Displacement (inches)

Shear Stress vs. Displacement

0.0

so

350

300

>SO

mm 200ein~ 150
m
m.c., 100

Test Data
Specimen No. 1
Bearing Slide Resistance (Ibs) 13
Nonna! Stress (psI) 500
Corrected Peak Shear Stress (psi) 299
Corrected Large Displacement Shear Stress (psi) 298
Peak Secant Angle (degrees) 30.8
Large Displacement Se~nt Angle (degrees) 30.8

,.".'-'Ii"" •
"' The testing herein is based upon accepted industry practice as wen as the test method listed. Test results reported herein do not apply

to samples other than those tested_ TRI neither accepts responsibility for nor makes claim as to dle final use and purpose of the materiaJ.

l'RJ observes and maintains c6ent oonfidentiality. TRllimits reproduction of this report. except in full, without prior approval of TRL

9063 Bee Caves Road 0 Austin, TX 78733-<)201 0 (512) 263-2101 0 (512) 263-2558 0 1-800~O-TEST
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GEOCOMPOSITE VS. LLDPE GEOMEMBRANE INTERFACE TEST RESULTS SUMMARY
2008 CLOSURE CONSTRUCTION

CENTRAL WASTE DISPOSAL FACILITY
CENTRAL WASTE, INC.

Geotechnics JLT Lahoratories TRI Average .0

Required LabSKAPS TN270.2.6 Geocomposite vs Poly Residual Residual Residual Average Lab Peak
Poly Flex 40 QC Asperity Normal Shear Peak Shear Peak Shear Peak Shear ResidualFlex 40 mil LLDPE Textured (I) Strength!') Asperity Shear Asperity Shear Asperity Shear Lab Sample Shear

Shearmil Roll No. Load (psf) Strength Strength StrengthGeomembrane Interface Sample Height Strength .Height Strength Height Strength Asperity Strength
(psf) (psf)

(psf)
(psf)

(nsf)
(psf)

(psf) (psf)
Strength

SLOPE FAILURE INVESTIGATION
INTERFACE SHEAR TEST RESULTS

AS40 1382 21121 500 250 19.4 181 139 18.9 167 110 21.6 276 194 20.0 208 148
AS 41 1376 19/19 500 250 18.4 195 135 18.2 200 121 21.6 235 164 19.4 210 140
AS 42 1363 20/19 500 250 18.4 211 141 18.3 191 125 22.8 302 198 19.8 235 155
AS 43 1380 20/19 500 250 21.8 209 155 18.9 201 131 22.6 266 185 21.1 225 157
AS 44 1380 20/19 500 250 18.8 165 90 19.1 195 106 23.8 279 191 20.6 213 129
AS 45 1381 20120 500 250 22.4 224 160 18.7 201 121 25.2 256 163 22.1 227 148
AS 46 1379 20/19 500 250 17.2 143 81 18.0 189 115 22.6 290 203 19.3 207 133
AS 60 1364 19/19 500 250 20.8 129 95 18.4 199 114 23.6 271 181 20.9 200 130
AS 61 1348 19/19 500 250 23.2 218 123 18.6 187 112 21.8 224 180 21.2 210 138
AS 62- 1372 18/19 500 250 16.4 178 136 18.3 215 122 18.6 227 174 17.8 207 144
AS 63 1372 18/19 500 250 17.0 182 137 19.3 210 118 20.4 241 229 18.9 211 161
AS 64 1384 20/19 500 250 19.4 212 124 19.0 178 112 23.6 235 197 20.7 208 144
AS 65 1384 20/19 500 250 21.4 205 158 18.5 190 118 23.4 266 211 21.1 220 162
AS 66 1361 19/19 500 250 20.8 228 158 18.3 182 91 24.8 259 220 21.3 223 156
AS 67 1385 20/19 500 250 20.2 175 119 18.0 170 101 21.6 266 194 19.9 204 138

Minimum 16.4 129 81 18.0 167 91 18.6 224 163 18 200 129
Maximum 23.2 228 160 19.3 215 131 25.2 302 229 22 235 162
Avera"e 19.7 190 130 18.6 192 114 22.5 260 192 20 214 146

Notes:

1. QC Asperity values represents each side of the geomembrane.
2. A peak interface shear strength of 250 psfis required to achieve a slope stability factor of safety of 1.5, and a peak interface shear strength of 167 is required to achieve a slope stability factor of safety of 1.0, based on a maximum slope of3H:1V.
- Indicates Geomembrane sampled was tested with a different Geocomposite sample .
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L'•
CENTRAL WASTE DISPOSAL FACILITY

FINAL COVER SYSTEM
SHALLOW SLOPE STABILITY ANALYSIS

INPUT TABLE

Denotes an inpvt varue, ---- ~----- . '--- --. ..., Denotes an atltomaticaDv calculated cell
'" INP.UT. VALUES'- ,

thickness of cover soil at the tOP of the sklpe .•.he •• 2.50 • 0 ~metera" L-...J62mm
thickness of cover soil at the bottom 01 the slope •• 0 .•• 2.50 •Drainage layer thickness = I" ZSO ""

0 ~cm 0 r=':635mm
slope beneath the geomembrane (xH:1V) •• 3'.40 H:IV

slope angle beneath the geomembr.3ne •• ~ •• 16.39 '''''_finished slope angle •• 10.•. 16.39 """,,u {for uniform cover soil thickness OJ_ ~ I
length of slope measured along the geomembrane •• L .•. 100.0 • 0 ~:8 "", ..•

length of slope between drainage oudets •• l • 100.0 • 0 " ""''''MOiStUnit Weight 01Cover SOil" V," ,30.00 .
""

. ~" kNlm"3
S8lurallld unitweigh! = V•• " , 140.00

""
. '" """"3

friction angle of the cover soil c '" ZS """"cohesion of the cover soil "c •• 893 Ib/ft"2
minirn.un interfBce friction angle ••1i'" 17.5 -minimum interface adhesion "ca •• 0.0 Iblh"2

Unadjusted Curve Number 79
STORMEVENT YEAR 100 Yu>
STORMEVENT HOUR I H~

STORMEVENTRAINFALL 2.59 '''''''' . ~ fTVT\Ihour
FACTOROF SAFETYFOR DRAINAGE 2.0

DESIGNSTORMEVENTRAINFAlL 5.18 ,....•• 0 ~rnmfhour
Permeability 01cover mmerlal ••QI,; 1.00E-04 on"..,
Permeabiuty 01cb'ainage layer ; It,." 1.825 onI~

Long TCITTlDesIgn Transmi$sivity= 0; 116E-04 ",."...,
RedlCliorl FIlCttIl'fot gCOtllxtileintrusion cRF ••" 1

Reduction FIlCttIl'fot a'ee¥l deformation ••RFCR" 1.4,
ReductiOn FIlCttIl'lot d1emic:aIdoggirog; RFa;" 1.1
ReductiOn FaciOI'fot biological dogging c RF•• " 2B

equipment ground pressure (_ wt. of equipment/(2wb)) • q •• 679.1 IbIft"l -"lI<Q"CoFllClOro.fa.l. Vaua>
length of each equipment track • w •• 9.40 • "'-"" El::lliprnof'l T•• ck WIdh
width of eadl equipment track • b •• 3.00. • Thcm_ "".- w •• ""'roo<influence factor at ~ane interface. I • 0.97 ••• T"'" 0

acceleration/deceleration 01 the buDdozer • a • 0.00 • ''''''- 1.0> om 0."
3:lo-'OCOmn 0." om 0.>0

seismc ooeflicient _ Cs _I 0.12 19 '''''''- 0." 0.'" ""- •i.~ .. , '. .' -".~ ~- # ._ ..~-" ;,_.,,-~~_.'-~:_ .~ OUTPUT SUMMARYat=l~! _",'"t ~ • ; ~-~~.~'.• , __'t"o..
Ultimate Geocomposite Transmissivltv Specification a ..07'-' jm2/sec~~S.OOE-G4 .•

Slope Stability Factor of safety Summa----;;-

Method FS Required FS
Static - Translational. Drained .~2.03~ 1.50

Seismic. Translational. Drained ~1.54-.JD 1.00
Static. Translational - saturated :-.:q'1.13~ 1.10

e'
070,963 revised GR/18 and 19.FnalCover.ns 10I301l01S



The adjusted SCS Curve Number is calculated as;

CN" 100. (1QO.CNo) , (LZ I 5) <;g,(l11

Where'

eN,
L

s
Input Variables

final Cover Runoff Coefficient Calculation

SCS curve number (unadjusted for slope), from Figure 1\-3 of GRI Report 1119 Appendix

Standardized Dimensionless th;; l divided b 152 meters
Slandardlzed Dimensionless Indination e s f 0.04 (where s is defined as tha vertical lise over the horizontal
distance expressed as a ratio) •

CNo" 79
s. L. ",. 100 feet or 30.47851 meters

S. 3.'" ,,' 0.294 ,. "'d> ." 7.353
Storm Event

100 , 1 hou' storm
5.1S0 incheslhour or 131.572 millimeters1hour

calculated Variables
CN

O
,(lll;; 0.02904

LZI5" 0.0055
1OO.C~" 21

The adjusted 5C5 Curve Number is equal to:
CN- 81.9

The Polenl1al RetertUon. (PRJ in mlI1imeters Is eaJculated by:

PR" (254001 CN)- 254 0.0001

PR. " millimeters

The Runoff Coefflclent. RC(l), as a function of Ume Is determined by:

Re(t)e (pm- 0.2' PRlz

P(tJ '(P(t) + O.S'PRJ

Where:
PIt) e Accumulated PreciPItation, mm
PIt) e '0'

Where: P(t)"I't,. Rainfall Intensity. mm per hour,. Ums. hours

P(t)" 131.572 _ ...
R""t' •• 0.624
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C)•
Civil Environmental Consultants, Inc.

COVER PLACEMENT WITH THE INCORPORA nON OF EOUIPMENT LOADS

Placement of the Cover Material Layer

across the sidesJopes with the incorporation of Equipment Londs

Calculation Of FS
Active Wedge'

Wa- 2950/.0 Ib
Na~ 28302.2 Ib

passjve Wedge'

Wp= /500.1 Ib

b=.b +1~;.4ae)
a- 9662.1
b- -20295
e- /420.6

FS= 2.028

c- 19/2.0061 Ib

b/h.,. 1.2
We-qwt •• 6192.0

Ne-Wecosp_ 5940.4
Fe.We(a/9)~ 0.0

thickness of protective cover soil = h _
pro. COY. mat. slope angle beneath the geomembrane = p -

finished protective cover material slope angle = w -
length of slope measured along the geomembrane = L -

unit weight of the protective cover soil = y=
friction angle of the protective cover soil = $_

cohesion of the" protective cover soil = c =
critical interface friction angle = S-

adhesion = ca -

thickness of the protective cover soil = h =
equipment ground pressure (_ wt. of equipment/(2wb» = q =

length of each equipment track = w =
width of each equipment track = b =

influence factor* at geomembrane interface = I =
acceleration/deceleration of the bulldozer = a =

•1nfh.erce Fa::torDefaJl valles

',: 2.5.0.
...16.39
>'1'6.39
:'100:0
,,13.0.0
.•...25.0
~893.0
,.1,7.50
"0:0

,:.:2'.50
:679:.1
",:';9:4

:'\ ..,'3',0
::0.9}..'0:00.

ft
~ 0.29
- 0.29

lE-04
Ib/ft"3

.,. 0.44

• 0.31
Ib/ftl\2

ft
Ib/ft1-2
ft
ft

9

(rad.)
(rad.)

(rad.)

(rad.)
Ca- 0 Ib

CbverSoJ EqLiprert Track Widh
Thi:kness VeryWioo w,d> Slam""
2300 mn 1.00 0..97 0..94

:IJ().1000 mn 0..97 0..92 0..70

) 1000 mn 0..95 0..75 o..:IJ

070-963 revised GRI18 and 19.FinaICover,:ds
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UNIFORMED AND/OR TAPERED COVER SOli WITH CONSIDERATION OF SEISMIC FORCES

Calculation of FS
Active Wedge-
Wac 2950/.0 Ib
Na= 28302.2 fb
Ca= 0.0 fb

passive Wedge-
Wp= /500.7 Ib
C= 79/2.0 fb

fS = .-b+i~;-4ac1
a= 11230.5
b= -/7992
c= 1126.4

F5= 7.537

(Note: for uniform cover soil thickness the input value of w = 13)

unit weight of the cover soil =y= .:::1:30'0
friction angle of the cover soil = $ - ~;::~~~:25:0

cohesion of the cover soil.= c = ~~8_9.3~O
critical interface friction angle ~ ~;: ~\?~.;:'17.~5_

adhesion between cover soil and geocomposite = ca - [-1.,'?~:'O;O

thickness of cover soil at top (crest) of the slope = he -
thickness of cover soil along the bottom of the site = 0 =

soil slope angle beneath the geomembrane = 13=
finished cover soil slope angle = w =

length of slope measured along the geomembrane = L =

i:." :2:50
': ~•.:Z.SO,- .{6:39
7."::]:639
!,:~.100:0

It
It

= 0.29 (rad.)
0.29 (rad.)

1E-04
y2= 0.00 (Ft)
y/= 2.61 (tt)

(ru+P}J2: 0.286 (rad.)
(= /6.4 ')

Ib/ftA3
= 0.44 (rad.)

Ib/ftA2
= 0.31 (rad.)

Ib/ft ..••2

Note: Denotes an automaticall calculated cell
Denotes. in .tit-values'" ~::~~,..:.~_~~.,.-;',> ~_' ..
numbers in Italics are calculated values

070-963 revised GRI 18 and 19.FinaICover.xls Civil & Environmental Consultants, Inc 10/30/2015



e-J

Calculation of PlC and eSA

123.5

.155.9

J8.J

456.25801 kN

1.6283585 liN
0.0001582 leN
436.08982 leN

W p = 22.268243 leN

Uv = 0.0005378 lIN

W••=
U,,=
Uh=
NA =

FS =. - b"'.tb~ -4.ao.
2.

Ci!lculatl0n 01 fS
Ap!!ye Wedge.

pasgive Wedge'

FSc 1.13

whore a =
b ~

c ~

(rad.)

(rod.)

(rad.)

0.29

0."4
0.31

•

m

m

m
m

.,(b) Passl'09 wedgo

T
...1L,,"'_L u.

dry unit weighl 01 tho cover Goil = y••.• =~kN/ma

saturated unil weight of the cover soil = Y.- =~kN'ma

unit weight of water = Y •• = 9.81 kNfm)

friction angle of the cover soil = 9 =~.

Minimum interface friction engle = 0 =~.

N/'~ 1.t..~O'P0"

E,

u.

(a)AdI'09wodga

thickness of cover soil = h = 0.77
length of slope measured along the geomembrane = L = 30

soil slope angle beneath the geomembrane = fJ = 16.4

vertical height of the slope measured from the toe = H = 8.6
paranel submergence ratio = PSR = 0.01

depth of the water surface measured from the geomembrane = h •. = 0.01

i = 0.2822

L(eosfJ) = 29.2" m
x = 8.60 m 01e 1.U8

he,s = 0.8 om PSR 0.00739

h<j orles = 0.00635 m
he,s'" hd = 0.77 m

k c $. = 1.0E.Q6 mI,
k<j orkGS = 1:8E.Q2 mI,

P (RC) = 82.2 mm/h,
Actua/runoR= 127.97 mm/h,

PERC = 3.60 mn,,'"
FLUX....., = 0.105 m~fhr

FLUX _ = 0.U8 m)fhr OLe a 1.1183

q = 2.9E.Q5 m3,sec

h..w = 0.0' m
PSR" 0.001

n.

L =130.48
fJ = 16.39

p ~1:31.57 Irnmlhr
RC = .0_0_62_4 .

I:,
has =1_76_2_000 lmm

h d or t es = _60_3_5 mm

kcs =11.00E-04 lamls
kd or kGS = _'0_82_5 , cm/s

• Note: If there Is only only 00& soil

ebove the geomambrane
traelll as the dralooge layer.

NOlo:lnumbers in boxes are input values

numbelS in lIotics ere ca/culeted velues
Constructed by Te-YolIg Soong

070-963 revised GRI 18 and 19.FinalCover.xls Civil &. Environme~tal Consultants, tnc. 10/3012015
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Slide Analysis Information

SLIDE - An Interactive Slope Stability Program

Project Summary

Rle Name: T~ns.StlItfe.ll1'alned.sU
SUde Modeler Venlon: 6.029
Project nIle: SUDE. An Interac:tJve Slope 5tablUty Pn:l&J'iIrn

Surface Type; Non-Clrcular Block Search
Number of SurfllCe5: SOOO
P5Cludo-R.lIndom Surfaces: Enabled
Convex Sumcl!S Only: Disabled
Left Projection Angle (StOlt An8Ie):9S
Left: ProJection AngI!! (End Angle): 115
RIght Prolectlon Anskl (Start AngIIlI: 5
RIght Profectfon Angle lEnd AngIel: 85
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Genera/Settings
Material Properties

None None

o. •
Moh,.coulomb Mohr.covlomb

130 90

o '"
27 33

o

w•••

o

- CapJ_ eo........,.,....•.. 'so
«>10' ijj] • l1li
SUength Type Mohr.coutomb Mohr.Coulomb Mohl'Coulomb

unit Weliht (Ibsjf't3) 130 100 130
Coheslon (psf) 893 0 893
frictIon Angle (deal lS 175 lS
WllwSurf~ N~ N_ N~.

RuVnlue 0 0 0

Units of Measurement: Imperial Units
Time UnIts: seconds
Permeablllty Unlls: feet/second
Failure Olreetlcn: Right 10 Left:
OlitO Output: StllI1dard
Maximum Material Propertfes: 20
Maxlmum Support Properties: 20

AnalysIs OptIons

Global Minimums

N1Jmber of slices: 25
Tolenlntl!: 0.005
MaxImum number of lter1ltlons: SO
Chccll: malpha < O.Z: Yes
InItial trl.1 Villue of FS: 1
SU:ffensen ltenltlon: Yell

Groundwater Analysis

Method: spencer

F5: Z.017Z00
AxIs Lotatlon: 134.534, 1136.711
llIft 5np Surface EndlXJlnt: 113.970, llZ7.487
RlahtSllp 5urfllC& Endpolnt: Z09.575. 11S4.n5
Resl5tInB MomentDl.79714e+006Ib-ft
Driving Momentall90907 lb-ft
Reslstlns Homontlll ForcelllS399.8 lb
DrivIng Horizontal Force1l1634.26 lb
Total SlIce An!a.Z80.046 ftZ

Sutface Options

Random Numbers

Pseudo-l'30d0m Seed: 10116
RlIndom Number Genlmltlon Method: Park lind Mille.- v.3

Groundwiter Method: Water Surfao:es
Pore Fluid Unit WcfJht: 6Z.4 11nlft3
Advanced Groundwater Method: None

I Global M/~/mum CoordInates

IMethod: spencer
I , ,..------,

I I 1~.971l~:.49
118.ZZ4 llZ5.74

I I 180.395 1143.97

Z08.n 1152.22

TIln5 SbIlIc.OnIlned sll I Trans.5tlItIc.OnlIned.5l1

__ ' ' ------------------- 1 ------------------------.



r-'-;,;;",;;s""S""',ii'5<,.i"i.,",,-1------------------------------..,

Valid / Inualld Surfaces

Method: spencer

Number of Valid Surfaces: 2390
Number of Invalid Surfaces: 2610

Error Codes:

Error Code .108 reported for 1074 Rlrfaces
Error Code .111 reported for 764 JUrfac:a

Error ~e -111 r1!POrtl!d for 772 S1.Itfaces

Error Codos

The followlna ClTOB were l!flC(IUnte~ durinB the computation:

-108 ••TotlIl dTMIlI moment or total drtvll'l8 force < 0.1. This Is toUmh thecak:ulatlon of IlXtremeIy high safety f;cton If the driving

force Is very small (0.1 Is an arbllnlry numberl.
.111 ••5Ufoty factor equation did not COIM!fBe
.112 "Thecoeffldent M-AIph&" cos(alphallt+tanlalphallan{phf)/FI < 0.2 for theflneilleration of the sefetyflletor calculation. Thls
IlCl'eelU out some slip surfllalS which may not be valid In the context of the analysis, In particular, deep Jellted dIp 5Ur&ces wlth

many high negatM:! base angle slices In the passive lOne.

Slice Data

Global MInimum Query (spencer). safety Factor: 2.01n

•••• •••• •...., Shalf •••• •••• Elf" •.••

S'" WId"
W_

•••• ••••••• -.Ml -,
Cohalon •••••• S_h •••••••••N~"" 1ft) I"") •••••••• •••• S,"", ••••••I,nl] I••••••• ) Io>f) I,nl] Io>f) Io>f) Io>f)

3.6957 625.989
COp/Pl'otealve .., 25 580.877 1111.74 597.77 0 597.77

"'""
0.557804 199.934 GeosynthetlC5 0 17.5 69.5647 140.326 445.055 0 445.055

U4475 1567.82 Geosynthetlc:s 0 17.5 54.8761 110.696 351.083 0 351.083

4 4.14415 1569.23 Geosynthctla 0 11.5 54.9251 110,795 351.398 0 351.398

4.14415 1510.64 Geosynthetla 0 11.5 54.9141 110.895 351.113 0 351.713

6 4.14475 157Z.04 Geosynlhetlcs 0 17.5 55.0238 110.994 352.028 0 352.028, 4.14475 1573.45 Geosynlhetla 0 17S 55.0729 111.093 352.343 0 352.343

8 4.14475 1574.86 Geosynthetlcs 0 17S 55.1224 111.193 352.657 0 352.657

9 4.14475 1516.26 Geosynthetla 0 17S 55.1715 11l.292 352.972 0 352.972

10 4.14475 15n.67 G_fa 0 17.5 55.2206 111.391 353.287 0 353.287

11 4.14475 1579.08 GtO$yr'Ithetlcs 0 17S 55.2702 111.491 353.602 0 353.602

II ".14475 1580.48 Ge05ynthetla 0 17.5 55.3193 111.59 353.919 0 353.919

" 4.14475 1581.89 Geosynthetlcs 0 17S 55.3683 111.689 354.234 0 354.234

" 4.14475 1583.3 Gc10synlhella 0 17S 55.4179 111.789 354.549 0 354.549

TnnJ.5bItE.Onllnt'd.sll

15 4.14475 1584.7 """""'a 0 17.5 55.467 111.888 354.864 0 354.864

16 4.14475 1586.11 ...",.••••a 0 17S 55.5161 111.987 355.179 0 355.179

17 4.14475 1581.52 ••••.••••••,a 0 17S 55.5656 112.087 355.493 0 355.493

18 4.63583 1773.99 GeosynthetJes 0 17S 55.4541 111.862 354.779 0 354.179 ,
19 4.63583 1769.18 Geosynthetlcs 0 17S 55.3tl34 111.558 353.817 0 353.817 ;
" 4.63583 1764.37 Gc10synthatlcs 0

,
17S 55.1532 11L255 352.856 0 352.856 ,

11 4.63583 1759.55 Geosynlhl!tlcs 0 17S 55.002S 110.951 351.892 0 351.892
I,

II 4.63583 1754.14 ••••.••••••a 0 17S 54.8523 110.648 350.93 0 350.93 I" 4.63583 1732.29 ...",.••••a 0 11.5 54.1503 109.232 346.44 0 346.44

" 0.066527 22.1497 Geosynth!t1cs 0 17.5 30.8234 62.177
,

197.2 0 191.2 I
25 1.29857 211.998

ClIp/ProtectJve .., 2S 3n.771 751.954 -302.414
,

0 -302.474 ,
eo- I

;
I

'ntersUre Doto
,
!,,

G10bllI Minimum Cll-Y (qMllKel')' SlIfety F«lor: 2.0172 IS,,". • Y ...- ''''- ...-_.
"""""""

coordJnate ~Bottom Nonnol ••••• ShllirFotat ""'" •.•.. I
1ft) 1ft) IIMI 11M] 1_) I, 113.91 1127.49 0 0 0 ,,

2 111.666 1125.91 3050.2 703.229 12.9828 i, 118.224 1125.74 3190.95 735.68 12.9828

4 122.368 1126.95 2991.13 689.61 12.9828 i
S 126.513 1128.17 2791.12 643.499 12.9828 I6 130.658 1129.39 2590.94 591.346 12.9828, 134.803 1130.6 2390.58 S51.IS2 12.9828 I
8 138.947 1131.82 21.90.04 SOt.917 12.9828

,
I

9 143.092 1133.03 1989.32 458.64 12.9828
,
I

" 147.231 1134.25 1188.42 412.322 12.9827 i
11 151.382 1135.46 1587.34 365.963 12.9828 I
II 155.526 1136.68 1386.08 319.562 12.9827 ,
" 159.671 1131.9 1184.64 273.12 12.9827

,

" 163.816 1139.11 983.021 226.637 12.9828 I
15 167.961 1140.33 181.224 180.113 12.9828

!,
16 172.105 1141.54 579.248 133.541 12.9828 i
17 176.25 1142.16 377.092 86.9393 12.9828 I
18 lBO.395 1143.97 174.751 40._ 12.9828 I

19 185.031 1145.35 -56.1261 ,12.94 12.9828
I,

" 189.667 11'6.72 .286.383 -66.0261 12.9828
,
I

" 194.302 11&8.09 .516.014 .118.968 12.9828

22 198.938 1149.47 .745.018 -171.765 12.9828
i

" 203.574 1150.84 .913.391 -224.418 12.9828 I
24 208.21 1152.22 .1198.85 .216.398 12.9828 I
2S 208.276 1152.34 .1220.91 .281.484 12.9828 I
" 209.575 1154.73 0 0 0 I



List Of Coordinates
.. -

BlockSearch Window

X ,
164.974 1139.88

164.974 1139.36

207.61 1151.9

207.561 1152.41

S10ekSearch Window

x ,
111.625 1124.19.

111.673 1113.68

164.974 1139.36

164.974 1139.88

Block Search Window

X ,
Z07.s61 1152.41

207.61 1151.9

210.857 1151.59

210.857 1152.09

External Boundary

X ,
7.6905 . 1100

8.86002 1100
10.632 1100
15.••• 1100
19.492 1100

159.352 1100
318.704 1100
318.704 1140.83

318.704 1175.94

318.704 1176.98

318.704 1178.54

318.704 1179.06

318.704 1179.41

318.704 1181.67

270.735 1167.56

222.767 1153.45 I
207.32 1154.94 !

;159.352 1140.83 ,
111.384 1126.73 I

;
95.9366 1128.22 I
47.9683 lUUl i0 1100

I
Material Boundary i

I
I

X ,
I,..•.., 1100

I96.1779 lUS.68

111.625 1124.19

207.561 1152.41 I
223.008 1150.92 !
318.704 1179.06 :

Material Boundary I
I

X , !
10.632 1100

j96.2262 1125.17

I111.673 1123.68

207.61 1151.9
1223.057 1150.41 ;

318.704 1178.54 I
I
i

Material Boundary I
X , j

15.948 1100

I
96.371 1123.65

111.818 1122.16

207.754 1150.38 I213.201 1148.89

I318.704 1176.98

Material Boundary I
I

X , i
19A92 1100 I,

96.4675 1122.Gt !
I

I1L914 1121.15 ,,
1149.37 ,

207.851

1
223.298 1147.88



1318.704 1175.94

~
"...J
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Slide Analysis In/ormation

SLIDE - An Interactive Slape Stability Program

Project Summary

Ale Nome: Trens.Selsmlc.Dnllned.sl1
Slide Modeler Version: 6.029
Project lllle: SLIDE. An Interactlve Slope Stability PlOir.lm

General SettIngs

~

I
Surface Type: Non-Orcular 8Iodr; Search
Numberof Surfaces: SOOO
Pslludo-Random Surfacn: Enabled
COtM!xSUrfaC1lSOnly: Dlsllbled
Left Projection Angle (Start Angle): 95
left ProJedlonAngle lEnd Angle}: 17S
Right Projection Ang1l1lStllrt Angle): 5
RJ&h1ProJeetlonAnife lEnd AngIel: BS
Minimum Etll'VlJtlon:N'" Deflned
Minimum Depth: Not Deflned

Laadlng

5elsmlc load CoeffIclent (HoNOAtall:D.U

.~

Method: spencer

FS: 1.430780
AxIsLoci1Itlon:133.211. 1238.295
left Sllp Surfllce Endpoint: 112.227. 1126.974
Right SlIp Surfllce Endpoint: 209.6n. 11SU1S
Resisting Moments>1.87284e+006Ib-ft
DrMna Moment>ol.30896et006 lb-ft
Reslstltli Horizontal Foru-1S724.1 Ib
DrMna Hor1zontal Fotce,,10989.9 Ib
ToUlISlIce Arell_286.27S tt2

Material Properties

Units of Measurement lmpertll Units
nme UnlU: seconds
Permeability Units: feel/second
FIIUunIDIrection: Right to left
Data Output: Standard
Maxlmum Material Properties: 20
Maxlmum SuppotC Propertfes: 20

Analysis Optians

•...•.•-"""
""-

Number of $lItes: lS
Tofl!rance: 0.005
Maximum number of Itel1ltlons: SO
Check malphll < 0.2: Yes
InItialmal ~tue of FS:1
Sttffemeo Itl1rltlon: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces
Pore Fluid UnIt Weight: 62.4 lb!/ft3
Adwnced Groundwater Method: None

Random Numbers

CoO.

Strength Type
Unit Weight (lbs/ft3J
Cohtslon Ipsf)
Friction Angle (dllllJ
Woter Surface
Ru value

Global Minimums

Mohr.(oulomb
130."
2S

•••••
o

-- RS8 Intll",.~lIate Cavar Wut.

~ ~ 0 ~
Mohr-Coulomb Mohr.COulomb Mohr.(outomb Mohr<outomb

100 130 130 9D

0 .., 0 400

175 2S 27 "
N~ Non. N.~ Non.

0 0 0 0

Pseudo-random Seed: 10116
R.andom Number Generation Method: Partl and Miner 11.3

Surfaee Options

Global Minimum Coordinotes

Method: spencer

, l

Trans.setsmlc.Drllln.slJ



112.221 1126.91

116.48 1125.23

111.356 1141.31

208.312 1152.21

lO9.6n 1154.12

Valid / InvalId Surfaces
- . - .- ..

Method: spencer

NumberofValid Surfaces: 3135
Numberof lnwfld Sumte5: 1265

Errw COdas:

Error Code .108 reponed for 261 surfaces
Emil'"Code .111 reported for 88 sumcel
Error Code .112 reported for 915 surfnces

Error Codes

The followlnl erTOn were encountered during the computlltil:ln:

-108 "Totlll drtvlna moment or total drtvlng force < 0.1. this Is to limit the ClIlwlation of ertremely h[&hSlfety facton If the driving
fora! Is very sman 10.1 Is on arbItrary numberl.
.111 • $lIfety factor equatfon did not COflYf:l'8e
•112 aThecooflldont M-Alpha • cos(alphallt+wnl_lphaltan{phl}/F) < 0.1 for the f1nalltemlon of tho safoty fletor calculation. this
5CIl1ensout IOmo ,lip surfaces which may not be vand In tho contert of the analysis, In panlcular. deep $l!lted slIp SUrfllC1lSwlth
trIlIrt)' hlgtl neglIItivQba$l! angle sllCflsIn tho passive lone.

Slice Data

GJoba1 MInfmum O;uery IspencerJ. Safety Factor: 1.43078

•••• •••• .•.., ••••• •••• .-•••• W1dlh
w_

•••• ,.- •....., •••• .0",,,1
••••••• ,ft, (llnl _ .... Coftakm ••••• ••••• '- •••••••

IP>fl ,"'I ,"'I ••••• ,"'I •••••
1'-1 IP>fl ["'I

1 3.6957 625.989
Cep/ProtllCtMl ." " 933.039 1334.97 947.817 • 947.817

C<"'''
2 0.557804 199.934 Geosynthetlcs • 17.5 106.046 151.118 481.218 • 481.218, 4.12119 1596.85 GtosynlhetJcs • 17.5 73.8919 105.713 335.311 • 335.311

4 4.22119 1598.5 ~~ • 17.5 73.9881 105.833 335.658 • 335.658

• 4.12119 1601U5' ~~ • 17.5 74.0449 105.942 336.006 • 336.00&

6 4.22119 1601.81 Geo5ynlhetlcs • 17.5 74.1218 106.052 336.352 • 336.352

7 4.22119 1603.46 _ ...•~ • 17.5 74.198 106.161 336.1 • 336.1

• 'U2119 1605.11 Geosynthttlcs • 17.5 14.2149 106.211 331.041 • 331.047, 4.22119 1606.n Geosynthctlcs • 17.5 74.3511 ''''.38 331.395 • 331.395

1. 4.22119 1608.42 Gtoliynthelrcs • 175 14.4271 106.489 331.141 • 331.141

11 4.22119 1610.01 '""""""'" • 175 14.5041 106.599 338.089 • 338.089

11 4.22119 1611.13 Geosynthetics • 17.5 14.sso3 106.108 338.436 • 338.436

13 4.22119 1613.38 Geo$ynthetla • 175 14.6512 106.818 338.182 • 338.182

14 4.22119 1615.03 ""","",""" • 11.5 14.1334 106.921 339.13 • 339.13

15 4.22119 1616.69 Geosynthotfcs • 11.5 14.8102 101.031 339.418 • 339.418 I
16 4.61952 1169.5 Geosynthetks • 17.5 14.7655 106.913 339.215 • 339.215 I
17 4.61952 1168.21 Geosynthelks • 175 14.111 106.895 339.028 • 339.028

18 4.61952 1166.92 G""", ••••••• • 11.5 14.6565 106.811 338.119 • 338.119 I
19 4.61952 1165.62 Geosynthotfcs • 11.5 14.602 106.139 338.532 • 338.532 I
2. 4.61952 116433 Geosynthetlcs • 11.5 14.5469 106.66 338.283' • 338.283 I
Z1 4.61952 1763.04 Geosynthetlt:s • 17.5 74.4922 106.582 338.036 • 338,036 I
22 4.61952 1161.14 ....,......~ • 175 14.4311 106.504 331.188 • 331.188

I13 4.61952 1138.n Geosynthetlcs • 175 13.4669 105.115 333.382 • 333.382

14 0.066527 2U497 Geosynthetlcs • 17.5 36.6095 523801 166.129 • 166.129

2S 1.29851 211.998
CDp/Prote<t1Ye

893 " 499.233 114.293 .383.138 0 -383.238 I",""
i

Intersllce Data I,
Global Minimum Query lsperar) • Safety Fletcr: IA3018 I- X , - rnmsllCII ...- I

"""''''
coordlnate eoordl~ • Bottom Norm_I Fora .•..,""'" ""'" •.... I

"1 'ftl (lin! (llnl I_' I
1 112.227 1126.91 • • • I2 115.923 1125.46 4809.39 1461.39 16.9614

3 116.48 1125.13 4954.82 1511.11 16.9615

4 120.102 1126.46 4659.82 1421.16 16.9615

• 124.923 1121.1 4364.51 1331.66 16.9615

6 129.144 1128.94 .•.., 1241.46 16.9674 I
7 133.365 1130.18 3n2.99 1151.18 16.9675'

8 131.586 1131.41 3416.76 1060.8 16.9616
!

, 141.807 1132.65 3180.24 910,323 16.9615 !,
1• 146.029 1133.89 2883.4 819.156 16.9615

,
I

11 150.25 1135.13 2586.21 189.091 16.9615 l'
12 154.411 1136.36 2288.82 698.344 16.9615 i
13 158.692 1131.6 1991.08 607.498 16.9615

,
I

14 162.913 1138.84 1693.02 516.558 16.9615 I" 167.135 1140.08 1394.66 425.526 16.9615

18 11l.356 1141.31 1096 334.4 16.9614 I
17 115.915 1142.68 166.183 233.953 16.9615 I
18 180.595 1144.04 437.809 133.58 16.9675 r

19 185.214 1145.4 109.015 33.2199 16.9615 I
i,. 189.834 1146.16 .219.418 -66.90161 16.9615 I

Z1 194.453 1148.12 -541.611 .161.1 16.9615 I22 199.013 1149.48 .875.683 -261.18 16.9615
;



•.)
318.704 1119.06

318.704 1179.41

318.704 1181.67

270.735 1167.56

222.767 1153.45

207.32 1154.94

159,352 1140.83

1lU84 1126.73

95.9366 1128.2Z

47.9683 1114.11

0 1100

I Material Boundary
I X Y

I
8.1l6OO2 1100

I
96.1779 1125.68

111.625 1124.J9

207.561 1152.41

m.ooa 1150.92

318.704 1179.06

Material Boundary

.120::US -367.186 16.9615

-1526.95 "65.889 16.9675

-1.547.49 -472.154 16.9674

0 0 0

y

1135.72

1135.2

1151.9

1152.41

x y

l1L625 1124.19

111.673 1123.68

lso.au 1135.2

150.812 1135.72

X
150.812

150.812

201.61

207.561

BIodcSeard! Window

Block search Window

un Of Coordinates

rr-....•";-""03~."O;;'-----;,"150'"'.•"5---;-;;;;-;"-.",;-;;"'-..".,,,R1r----------------,
24 208.312 1152,21

15 208.318 1152.33

26 209.6n 1154.12

Block Soard! WJndow

X

207.561

201.61

211.384

2:11.384

y

1152.111

1151.9

1151.54

l1SZJI4

x y

10.632 1100
9&.22~ 1125.17

111.673 1123.68

207.61 1151.9

223.057 1150.41

318.704 1178.54

External Boundary Material Boundary

X
7.••••

8.86002

10.632

15.""
19.1192

159.352

318.704

318.704

318.704

318.704

1318
•
704

y

1100
1100
1100
1100
1100
1100
1100

1140.83

1175.94

1176.99

1179.54

x y

15.948 1100

96.371 1123.65

111.919 1122.16

207.754 1150.38

223.201 1148.89

318.704 1176.98

I Mllterilli BoundaryLl."~.,,:'00 I



96.4675 1122.64

111.914 lU1.15

207.851 1149.37

ZZ3.298 1147.88

318.704 1175.94

,
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Slide Analysis Informatlan

SLIDE - An Interactive Slope Stability Program

I'ro/e<t Summa",

FUe Nlme: TIlIm.Sbltlc.UnOnilned.sIJ
Slldtl Modeler Venlon: 6.029
ProJect TItle: SUDE • An Intel'llctlvo Slope 5tabllrty Pfvsr8m

I ~~e ~:-N~~OJ~:~Iock~atch -

I Numberof Surfaces: 5000
Pseudo-Random Surfaces: Enabled
COnvb Surfaces Only: DlSllbled
Left Projection Angle (Start Angle): 9S
Left Projection Angle lEnd Angle}: 175
Right Projection An&IoIStan Anile): 5
Right Projectiofl Angle lEnd Angle): 85
MInimum Elevation: Not Defined
Minimum Depth: Nol Dellned

Material PropertIes
GenetrJl SettIngs

OJ

RS8 Intermediate Cover IN,,,'"
M 0 M

Mohr.coulomb Mohr.(oulomb Mohr.coutomb

130 130 90

'" 0 400

2S 27 "Noo. N~ Noo.

0 0 0

y

1127.38
1125.76
1148.81

•
113.601
118.149

196.524

....- COp",""""" .",.,
G_

COlor. ~ M
Strength Type Mohr.(oulomb Mohr.coulomb

Unll Welitlt (1bs/ft.3) 130 100

COhesion lpst) '" 0

Friction Angle (dea) 2S 175

Wlltl!r Surface Waler Table Noo.
HuValue
RuVlllue 0

Method: spencer

FS:2.076870
AxIslocation: 134.780, 1237.885
left SlIpSurfllCe Endpoint: 113.601. 1127.378
R!ghtSllp Surface Endpolnl: 210.478, 1154.638
Reslstlna: Moment ••l.937~ lboft
DrMng Momentv9329811b-ft
RMlnlRi HOr1~ontDlForal"16&66.6 lb
DrfvIna:Hor1zontDlForca:8121.17Ib
TOUIISileo AreIl.273.781 ft2

Method: spencer

Global Minimum Coordinates

Global Minimums

P5eud0-random seed: 10116
Random NumberGcneriltlon Method: PlIr11and Miner v.3

UnIts of Measurement: Imperlal Unlt$
TlmClunits: seconds
Permeablllty UnIts: feet/second
F;lture DlfllCllon: RJsht to left
Oatil 0utput:5tlll1ctard
Maldmum Malerlal Properties: 20
MoJdmum Support Propertles: 20

Number of slkes: 2S
Toiet'lll'lC1!: 0.005
Maldmum number of lterotioos: 50
Check rnalpha < 0.2: Yes
InItial trial VlIIue of FS: 1
StvITensen Iteration: Yes

AnalysIs Optlans

Surface Optians

....••.-"""

1 GfOUndwate,. Analysis

I

I Groundw:JtClTMethod: Wllt!!f $urflKl!S
Pore Fluid Unit Weight: 62.4 1b!/ft3I ~nced Groundwater Method: None

Random Numbers

!

I
I I
I I
I I

I

I
I

__________________________ 1 -



1
209.083 1152.86T
210.478 1154.64 I

Valid / InvalId Surfaces

Method: spencer

Number of Valid Surflces: 3139
Number of IflYlllld Surfates: 1861

EmlrCodes:

Error Code -108 reported for 438 surfaces
EnOl" COde -Ill reported lor 616 surfaces
EfTOl' COde -112 reported for 807 surfaces

The followt"8 elTOf'5 were encountereddur1n; thecomputatlon:

-108 ••Totlll drMnll moment Of tollli drM"I fOral < 0,1. ThIs Is to "mll thec:alcvlatlonof extremely h!&h Afety factorsll thedrMlli
force bvery small (D.IIs an IiIIrtlltnirt number).
-111 •• safaty 'lldor equatlon dld nol cooverse
.112 ••Thecoeflldent M..••••pha. cos(a/phalll+tanfolphllJt8n(phII/FI < 0.2 for the f1nalltenltlon of thesafMy factor t11lcutatlon. This
scree", out SOmfl sIlp wmces which may not bllVillid tn the contelR of theana!y:lls,ln partlc\ltar. deep seated dIp surfaces with
many high neptt¥e base angle slices In the paulve lone.

Slice Data

Gtobal M1nlmum Query (spencerJ. Sllfety Fractor: 2.07687

•••• •••• ••••• Sha, •••• ,w.-
•••• ..- w_

•••• ••••F••••• N_' -...,
N•••••••.1ft) I"'" ••••••••• Cohakm ••••• ..." ."""" •••••••

)IOfl IIOfl (IOfl ..." IIOfl ..."
I_I (pot) 'IOfl

4,01518 680.103
CaPiPyotectMl .., " 541.412 1124.44 496.319 • 496.329

Ca""
O.SllS4S 189.611 Geasynthetlcs • 175 63.5268 131.937 '18.453 • 418.453, ".350416 1625.56 Gt:csynthetla • 17.5 52.8979 109.862 348.436 • 348.436

• 4.35416 1625.63 Geosyntt'tetla • 175 SZ••••• 109.866 348.452 • 348.452

• 435416 1625.69 Gftl5VI1ltM1tics • 175 52.9022 109.871 348.465 • 348.465

6 435416 1625.76 Geosynthetk:s • 175 52.9041 109.875 348.48 • 348.48

7 435416 1615.83 Geosynthetlcs • 17.5 52.9061 109.879 348.493 • 348.493

• 435416 1625.89 Geosynthetlcs • 175 51.9085 109.884 348.507 • """7
• 4.35416 1615.96 GlMJsynthetics • 17.5 51.9104 109.888 348.522 • 348.522

I. 4.35416 1616.01 Geo$ynthetlcs • 175 52.9128 109.893 348.535 • 348.535

11 4.35416 1616.09 GelJSV'lthetlcs • 175 51.9147 109.897 348.551 • 348.551

12 4.35416 1626.16 GeosYflthetlcs • 17.5 52.9171 109.902 ••••••• • 348.564

13 435416 1626.22 GemYflIMtla • 175 52.9191 109.906 348.571 • 348.571

T,.-.s.5tlltic.llrCrzI/n(!d.Sll

" 435416 1626.19 Geosynthetlcs • 17.5 52.9215 109.911 348.593 • 348.593

15 4.35416 1626.35 Geosynthetfts • 17.5 52.9234 109.915 348.606 • 348.606 I
16 435416 1626.42 Gftl5VI1thetlc:s • 17.5 52.9258 109.92 348.621 • 348.621

17 4.35416 1626.49 Geosynthetlcs • 175 51.9271 109.924 348.634 • 348.634

1B 435416 1626.55 -"""" • 17.5 52.9301 109.929 348.65 • 348.65

1. 4.35416 1626.62 """"""a • 175 52.9321 109.933 348.663 • 348.663,. 4.35416 1626.68 Geosynthetla • 175 52.934 109.937 348.676 • 348.676

11 3.71206 1367.66 Geosynthetla • 17.5 51.7461 107.47 340.853 • 340.853

" 3.71206 1329.33 Geosynthetla • 175 50.2959 104.458 331.298 • 331.298

I13 3.71206 12B8.12 Geosynthetlcs • 17.5 48.7363 101.219 321.028 • 321.028

" 1.42263 409.455
CDp/Protmlvt! '93 " 476.904 990.468 211.137 2.11496Ca,,, 209.022

" 1.39573 273.854
Clp/Pfotectlve .., " 378.321 785.723 -230.055 • ICa""

-230.055

Inrersllce Data I
Global Mlnhmnn QImy (lpenatrJ - SIfety Fmor;2.07687

'''''' • y •...- '''''- •...-
N"",""
_ ..

c:oordlnatIl - Bottom N•••••• ""'" .•...""'" """' •.•..
(ftl 1ft) (1m] ""'I I""",,) :

1 113.601 1127.38 • • • I, 117.617 1125.95 2880.77 542.171 10.6586 I, 118.149 1125.76 2993.68 563.421 10.6586
J• 122.500 1127.04 2777.8 521.792 10.6586, 126.857 112833 2561.91 482.161 10.6586

6 131.212 1119.61 2346.02 441.529 10.6586

7 135.566 1130.89 2130.11 400.894 10.6586

• 139.92 1132.17 1914.2 360.259 10.6586 i
• 144.274 1133.45 1698.27 319.621 10.6586 i1. 148.628 1134.73 1482.34 278.982 10.6586

11 151.982 1136.01 1266.4 238.341 10.6586 I
I

12 157.337 1137.29 1050.45 197.699 10.6586 I13 161.691 1138.57 834.496 157.055 10.6586

" 166.045 1139.85 618.529 116.409 10.6586 I" 170.399 1141.13 402.554 75.7621 10.6586

16 174.753 1142.41 186.57 35.1131 10.6586 I
17 179.107 1143.69 -29.4229 -5.5375 10.6586 i
1B 183.461 1144.97 .245.425 -46.1898 10.6586 i

" 187.816 1146.25 -461.435 .a6.8437 10.6586 ;

,. 192.17 1147.53 -6n.454 -127.499 10.6586 i
11 196.524 1148.81 -893.482 .168.156 10.6586 !

" 200.236 1150.01 -1108.76 -2Q8.673 10.6586

i" 203.948 1151.2 -1318.01 .248.054 10.6586

" 207.66 1152.4 -1520.77 -186.214 10.6586

" 209.083 1152.86 -939.121 -176.746 10.6586 I

~U"D •••••".



------------------------------------------------------------- - ---

II 01 I" 210.478 1154.64 0 0

UnOf Coordinates
.. _..._ .. - ~..__ .- .. - - . .__ . .. - . - - . - - - - .- ~. ---- __ • ___ 0 __ - _._ ..
Water Table

• y

7.6905 1100
96.146 1126.02

111.593 1124.53

207.53 1152,74

122.917 1151.25

318.704 1179.41

BJock sean:tl Window

• y

156.378 1138.5Z

156.378 1136.83

207.61 1151.9

207.449 1153.24

Block Search WIndow

• y

111.673 1125.37

111.673 1123.68

156.378 1136.83

156.378 1138.5Z

Blodl; Seard'l Window

• y

207.449 1153.24

207.61 1151.9

211.311 1151.54

211.798 1152.85

External Boundary

• y

7.6905 1100
8.86002 1100

10.632 1100
15.948 1100

•.)
I

.~
19.492 11001 i159.352 1100 i318.704 1100 ,

318.704 1140.83 I
318.704 1115.94 , .

318.704 1176.98

318.704 1178.54

318.704 1179.06

318.704 1179.41

318.704 1181.67

270.735 1167.56

222.167 1153.45

207.32 1154.94

159.352 1140.83

111.384 1126.73

95.9366 1128.22

47.9683 1114.11

0 1100

Material Boundary

• y

• .86002 1100
96.1719 1125.68

111.625 1124.19

Z07.561 1152.41

223.008 1150.92

318.104 1179.06

Material Boundary

• Y •

10.632. 1100
96.2262 1125.17

111.673 1123.68

207.61 1151.9

223.057 1150Al

318.704 1178.54

Material Boundary.. y .

15.948 1100
96.371 1123.65

U1..818 1122.16 ,,
lO7.7S4 1150.38 ,..,

TI1lIlS.Sllltk.UrCnlIraI.sl1



Material Boundary

x ,
19.492 1100

96.4675 1122.64

111.914 1121.15

207.851 1149.37

223.298 1147.88

318.704 1175.94
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Slide Analysis information

SLIDE - An Interactive Siope Stability Program

Project Summary

file Name: Rot..static.Dralned.sll
Slide ModelerVenlon: 6.029
Project ntle: SUOE. An lnterac:tlw Slope Stability Pfo8nIrn

Surface Type: Oreubr
Seatdt Method: Auto Rl!fIna se.arth
DfvbIOns alons slope: 10
ardes per dMsIon: 10
"llmbero' iterations: 10
OMsloos to use In next Iterutlon: 50"
Composite Surfaces: DIsabled
Minimum EIevitIorI: NtIt Deflned
MinImum Depth: Nat Deflned

Material Properties

General settings

Units of Measurement: Impel1al Units
Time UnIts: setonds
Permeability Units: feet/second
Fallunt Direction: Rtsht to Left
O;ItlI Output: StlIndllrd
Maximum Matetta1 Properties: 20
MaxImum Support Propertles: 20

Co""
5trength Type
Unh Weight (1bs/ft3)

Cohesion Ipst}
Fl1dlon Angle (dea]
Wllter Surface

RuVolue

Mohr-Coulomb

130

'""
o

GeosYntheUCs ; RSB" 1~,CcMIr: W ••••

~ ~ 0 ~
Mohr.(ou\omb Mohr.(.oulomb Mohr.(oulomb Mohr-Coulomb

100 130 130 90

0 '" 0 400

17' " 27 "
N~ Noo. N~ N_

o 0 0 0

Analysis Optlans

Number of slIces: 2S
ToIelllnte:O,OO5
MaxImum number of ltenltlons: 50
Chedl malpha < 0.2: Yes
Initial trial value of fS: 1
Steffensen IleratIon: Yes

Groundwater Method: Water Surfaces
Pan! Fluid Unlt Wclpt: 62.4 lb!rlft3
A.dv;Inecd Gn;lI.lndwaler Method: None

Random Numbers

Pseudo-random Seed: 10116
Random Humber Genel'1ltlon Method: Park and Mliler v.l

SurjDce Options

i I
I I

Glabal Minimums

Method: spencer

FS:3.m990
Center: 74.610, 1505.475
Radlus: 405.449
loft SUp SurfllCO Endpoint: 15.046, 1104,025
RlahtSilp Surfoce Endpoint: 318.557, 1181.615
Rl!$lstlna Momllnt-2.Z3Z73e+008 Ib-ft
Dl1vIna Moment-5.91Z96e+OO7 Ib-I't
Re$lstlna: Hortzontlll FDml_525833 Ib
Drtvlna Hortzontlll Forte"U9257 Ib
Total Slice Arllaoo651Z.n I't2

Valid I Invalid Surfaces

Method: spencer

Numberof Valid Surfaces: 1991
Number of Invalid Surfaces: 0

SlIce Data



• 77.3357 1100.04 26579.2 5857,03 12.4272 i

I
, 93,6083 1100.47 34308.7 7560.31 12.4272

10 109.881 1101.56 40545.2 8934.59 12.4272

" 126.153 1103.32 44961,9 9907.8& 12.4272 I
12 142.426 1105.74 47724.8 10516.7 12.4272

,,
13 158.699 1108.84 48560'

,
10700.9 12.4271 I14 174,971 1112.64 47312 10425.1 12,4271

15 191.244 1117.16 43936.5 9681.89 12.4271 I16 207.516 1122.43 38512.1 ••••••• 12.4272

17 Z23.789 1128,47 32118.2 7077.61
,

12.4272
j

18 240.061 1135.32 25298.6 5574.82 12.4271 ,
19 256.334 1143.03 17&40,5 3931.36 12.4272 I
10 272.606 1151.66 1D423.6 2296.95 12.4271 I
21 288.879 1161.27 3937.39 867.648 12.4272 I
2Z 305.152 1171.95 -473.514 -104.344 12.4271 I23 307.739 1173.75 -1264.94 -278.143 12.4271 ,
24 311.487 1176.42 -1059.:1 -233.406 12.4271 i
lS 312.703 1117.3 .1295.82 -285.548 12.4271 I

I
26 318.557 1181.63 0 0 0 I

List Of Coordinates I
i

External Boundary
,,

• , I
7.6905 1100

I
I

8.86002 1100

I10.632 1100
15.948 1100 ,
19.492 1100 !,
159,352 1100 :
318.104 1100 ;
318.104 1140.83

i
318.704 1175.94 i,
318.704 1176.98 I
318.704 1178.54 i
318.704 1179.06

318.704 1179.41 i
318.704 1181.67 I

270.7]5 1167.56 I
222.767 1153.45

207.32 1154.94 !159.352 1140.83

11L384 1126,73 :
95.9366 112.8.22 i

~

I

I

GIobIII MInImmn Query IJ~rt _ ~ Factor: 3.77599

•••• •••• 'Shur
"""

•••• EI'•• ",",

•••• WIdth W_ •••• ••••
CohoOlon """""

,......, ~NOrm.I'

Number Iftl I"') MateTfll
'Stnss ' ........" _ .•

•••••• 'S•••• ,•...
,(pol) ,••••••• 1 IP'1J 1P'1J IP'1J IP'1J '1P'1J

1 5.99028 1014.65
Cllp/PrOtectJve .., lS 270.518 1021.48 275.514 0 275.51"

eo..., 1.22379 "'.7 Goosynthetlcs 0 17.5 32.3507 12US6 387.43 0 387.43, 3.72611 1835.16 RSB .., lS 312.762 1180.99 617.593 0 617.593

4 2.53168 1675.71 IntermedIate Cover 0 " 96.1811 363.179 712.778 0 712.778, 16.2726 154985 Wlste 400 " 300552 1134.88 1131.62 0 1131.62

6 16.2726 25266.8 Waste 400 " 394.!l67 1491.39 168059 0 1680.59

7 16.2726 33073.4 Waste 400 " 475.674 1796.14 2149,87 0 2149.87

• 16.2726 39922.4 W"". 400 " 5043.367 2051.75 zs.t3.G 0 2543.G,16.2726 42289,2 Waste 400 " 560.947 2118.13 2645.68 0 2645.68

10 16.2726 41928.6 Wute 400 " 549.196 2073,76 2577.37 0 2577.37

11 16.2726 45854.9 Waste 400 " 582.11 2198,04 2768.75 0 2;68.75

" 16.2726 48817.7 Waste 400 " 604.019 2280,77 2896.13 0 2896.13

13 16.2726 50770.1 Wlste 400 " 614.898 2321.85 2959.4 0 2959.4

" 16.2726 51685.3 Waste 400 " 614.943 2322.02 2959.66 0 :1959.66

15 16.2726 51528.6 Waste 000 " 604.279 2281.75 2897.64 0 :1897.64

16 16.2726 45394.1 Waste 400 " 536.567 20:16.07 2503.92 0 2503.9:1

17 16.:1726 38993.9 Wute 400 " 468.28 1768.21 2106.87 0 2106.87

18 16.27Z6 35338.6 W"". 400 33 427.:171 1613.37 1868.43 0 1868.43

" 16.:1726 30383.9 W"". 400 33 375.60:1 1419.:17 1568 0 1568

20 16.2726 '''''' WllSte 400 33 313.157 1182.48 1204.91 0 lZ04.91

21 16.2726 16189.3 Waste 400 " 239.77 905.368 778.191 0 778,197

22 :1.58731 1712.53 IntermedIate CDIIl!r 0 " 73.4316 2n.:l77 544.187 0 544.187

23 3.74791 1845.9 RSB .., lS 274.627 1036.99 308.785 0 308.785

24 1.2161 443.664 GeosynthetlC$ 0 175 25.4174 95.9759 304.396 0 304.396

lS 5.8536 9915
CJp/PrOtectlYe .., lS :141.159 910.613 37.772 0 31.772

CD'"

Interstfce Data

Global MInimum Query lapencar) - safety Factor. 3.71599

•••• • , •••••••• IltteI'IIlce, ,-
.wn'- •••nll_ coo~ _Botton1. Normil foIU ShatFOrw ,FOra AnIle .

.tlt] {ftl '(1b>1 (Ib3)' '[......,1
1 15.0461 1104.43 0 0 0, 21.0364 1103.58 1852.46 408.211 12.4272, 22.2602 1103.42 1954.51 430.698 12.4272

4 lS ••••• 1102.95 -" 751.055 12.4272, 28.518 1102.65 3853.93 851.461 12.4272

6 ".790S 1101.1'2 104ll4.8 2310.44 12.4271, 61.06]1 1100.25 18374.5 4049.04 12.4272



n47.9683 1114.11 I
o 1100

Material Boundary

• y

8.86002 1100
96.1779 lU5.6B

111.625 1124.19

207.561 1152.41

223.008 1150.92
318.704 1179.06

Material80undary

• y

10.632 1100
96.2262 1125.17

111.673 1123.68

207.61 1151.9

22:1,057 1150.41

318.704 1178.54

Material Boundary

• y

15.948 1100
96.311 1123.65

111.818 1122.16

207.754 1150.38

223.201 1148.89

318.704 1176,98

Material Boundary

• y

19A92 1100
96"75 1122.64

111.914 1121.15

207.851 1149.37

223.298 1141.88

318.704 1175.94

\
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Slide Analysis Information

SLIDE - An Interactive Slope Stability Program

Project Summary

File Name: Rot.5elsmlc.Drillned.s1l
Slide ModelerVerslon: 6.029
Project T1ne:SUDE. An Intel'Ktlvu Slope StlIblllty Program

GeneroJ SettIngs

Surface Type:Qrculaf
search Method: Auto Refine Searth
DIv!5Ion, elOfl8 slope: 10
Ordl!S per dMslcm: 10
Numberofltemloru: 10
DIvbIoI1ll to lise In next Iteratkln: SO'J'
Composite Surf1lces: DIsabled
Minimum elevation: Not DefIned
MlnlmumOepth: Nol DefIned

I
I

I LQQ~~~9
i SelsmlclD:ld Coeffident (HorUol\t;Il): 0.12

,PrOperty cap/ProtilCtMl cover .- RS8 'lntirmed~ cover ." ...
Colo' ~ • • 0 •Strength Type Mohr.coulomb Mohr.colliomb Mohr.colliomb Mohr-Coulomb Mohr-eolllomb

Unit Weight (lbsIft3) 13. 100 130 130 !lO

Coheslon (psij .., 0 .., • '00

friction An&Ie Ides) 2S us 2S Z7 "
Watvr Surface N_ N~. N_ NOM N_

RuValue • 0 • 0 0

Material Propenles

Method: spencer
FS: 2.479780
Center. 74.610, 1505.475
R.odlus:405.449
l.J!ftSlip Surfuee Endpolnt 15.046, 1104.425
RIght Sllp Surface Endpoint: 318.557, 1181.625
RcsIstlna Momenta2.18901e..oo& Ib-ft

Drtvlllll Moment-S.82746e'tOO7 tb-ft
RcsIstlna Hotlzontal Forca_S16106lb
DrivIng Hortzontlll FoIW'l208126 lb
Total Slice AreP6S12,17 ft.2

Valid / Invalid Surfaces

Global Minimums

IMethod: 'penm
Number of V;.IJd Surfaces: 2097

Spencer

Unlts of Measurement: Impeml Units
T1me units: t.eCOnds
PermeablDtyUnits:~second
FlIlIure Dlrectfon: Right to left
Om Outpul: Standard
M;lldmum Material Propertles: 20

MaxImum Suppott Properties: 20

Number of slices: 2S
Toler1lnte: 0.005
MaxImum number of ltenrtJons: SO
Chedlll'llllpl'la < 0.2: Yes
Inilial triat Villue of FS: 1
Sreffensenllemtlon: Yes

--""'"

AnalysIs Optlans

PseudOolllfldom Seed: 10116
Random NumberGeneT;ltlon Method: Park and MlUer Y.3

Groundwllter Method: Wllter Surlnces
POll! Fluid Unit Welght: 62.4 lbs/ft3
~nced GroundwaterMethod: None

Random Numbers

Surface Options

Groundwater AnalysIs

I

I I

I I
I
I

,

I
I
!

______________ 1 _



.""\.,-'

Humber of IIMlIJdSurfaces: 0

Slice Data

GJo!MIIMinimum Query lspcmcarl- Safvty FKtor. 2.47978

•••• ••••
""" '''''' •••• ..~ ,-•••• Wldll>

w_
•••• •......,Cohalon •••••••• ,•... ••••••• •••••••• """""Number IftJ I""!
_ ....

IP>fJ ••••• IP'fI IP>fJ ••••• IP>fJ
,•...

I••••••• ) IP>fJ IP]fI

1 5.99028 1014.65 CopjPnrt""'" "3 Z5 432.667 1072.92 385.835 0 385.835

""'", L22379 446.47 Geosynthcrtla 0 175 49.656 123.136 390.536 0 390.536

3 3.72611 1835.16 R5B "3 Z5 497.737 1234.28 731.875 0 731.875

4 2.53168 1675.71 Intermediate Cover 0 27 Z50,89 372.934 7:11.922 0 731.922

5 16.2726 16498.5 W.n. ••• " 479.803 1189.81 1216.2 0 1216.2

6 16.2726 25266.8 W••• ••• " 623.088 1545.12 1763.33 0 1763.33

7 16.2716 33073.4 Waste ••• " 742.429 1841.(16 2219.03 0 2219.03

• 16.2726 39922.4 WO•• ••• " 839.671 2082.2 2590.36 0 2590.36,16.2726 .2289.2 W••• ••• " 859.205 2130.64 2664.95 0 2664.95

10 16.2726 41928.6 W••st~ 400 ." 834.425 2069.19 2.57Q.33 0 2570.33

11 16.2726 45854.9 W••ste ••• " 876.731 2174.1 2731.88 0 2731.88

12 16.2726 48817.7 Waste ••• " 902.116 ,2237.05 2828.81 0 2828.81

13 16.2726 5Ona.l W.n. ••• " 910.964 US"" l862.58 0 2862.58

" 16.2726 51685.3 W ••• ••• " 903.947 2241.59 2835.8 0 2835.8

Z5 16.2726 51528.6 Waste ••• " 881.619 2186.22 2750.53 0 2750.53

16 16.2726 45394.1 Waste ••• " n8.198 . 1929.76 2355.62 0 2355.62

17 16.2726 38993.9 Waste ••• " 675.633 1675.42 1963.98 0 1963.98

18 16.2126 35338.6 Waste ••• " 613.002 1520.11 1724.81 0 1724.81

19 16.2726 30383.9 W'"' ••• " 536.499 1330.4 1432.69 0 1432.69

20 16.2726 24038.3 Waste ••• " 446.337 1106.82 loaa.41 0 1088.41

21 16.2726 16189.3 Waite ••• " 342.671 849.749 692.554 0 692.554

l2 2.58731 1712.53 Intermedlllto Caller 0 27 100.106 248.241 "7.204 0 487.204

13 3.74791 1845.9 R5B ." Z5 408.156 1012.14 255.493 0 255.493

" 1.2161 443.664 Geosynlhetla 0 17.5 34.7108 86.0752 212.996 0 272.996

Z5 5.8536 991.5
CPpfl'nnec:t1Ye ." Z5 363.47 901.325 17.8525 0 17.8S25
e-

Inters/lce Data

GlcIt* Minimum Qufty lspencer) - s.r.ty Faetor: 2.47978- , , - I_w lntuIllCill

••••••••••• _ .••••.. -...,""'" """ ""'" ""'" ..•..."""'" 1ft' ,ft, (lin) (lin' I••••••• J
1 15.0461 1104.43 0 0 0, 21.0364 110].58 2798.73 "',088 185671 1 I

22.2602 1103.42 2868.96 963.679 18.5671

25.9863 1102.95 4847.n 1628.36 18.5671

5 28.518 1102.65 5245.8 1762.06 18.5672

6 44,790S 1101.12 12944 4347.85 18.567

61.0631 1100.25 21600 7255.41 18.5671

• n.3357 1100,04 30208.5 10147 18.5671, 93.6083 1100.47 31967.5 12753.2 18.5671

10 109.881 110L56 43981.2 14m.2 18.5671

11 126.153 1103.32 48039.2 16136.3 18.5671

12 142.426 1105.74 SOlO> 16llG3.1 18.5671

13 158.699 1108.84 50261.4 16882.7 18.5671

" 17.'-971 1112.64 48126.6 16165.7 18.5672

15 191.244 1111.16 43832.2 14723.2 18.5612

16 207.516 1122.43 37532.1 12607 18.5672

17 223.789 1128.47 30536 .• 10257.1 18.5611

18 240.061 113532 l3406,' 7862.13 18.5671

19 256334 1143.03 158SLS 5324.48 18.5571

20 272.606 1151.66 8S86." 2884.12 18..5611

71 288.879 1161.27 ZS12.67 844,003 18.5671

II 305.152 1171.95 -1243.9 -411.824 18.5671

13 307.739 1113.75 -2068.68 -694.866 18.5671

24 311.487 1176.42 -1439.77 -483.617 18.5671

Z5 312.703 11773 .1690.67 -567.895 18.~672

26 318.557 1181.63 0 0 0

Ust Of Coordinates

Extemal Boundary

x ,
7,6905 1100

a8600' 7100
10.632 1100
15544 7100

19.492 1100
159.352 1100
318.104 7100
318.104 1140.83

318.704 1175.94

318.704 1176.98

318.704 1178.54

318.704 1179.06

318.704 1179.41

318.704 1181.67

1270.735 1167.56
1_ •.....•..•



222.767 1153.45

207.32 1154.94

159.352 I1CO.8]

111.384 1126.7]

95.9366 1128.U

47.968] 1114.11

0 1100
.

Material Boundary

• ,
8.86002 1100
96.1779 1.1l5.68

111.625 1124.19

101.561 1152.41

22].008 1150.92

318.704 1179.06

Material Boundary

• ,
10.632 1100

96.2262 11l5.17

111.673 1123.68

207.61 1151.9

22].057 1150.41

318.704 1178.54

Material Boundary

• ,
15.948 1100
96.371 1123.65

111.818 U2:z.l6

207.754 115O.3!'

223.201 1148.89

318.704 1176.98

Material Boundary

• ,
19.492 1100

96.4675 1122.64

111.914 1121.15

207.851 1149.]7

223.298 1147.88

I
I

I

'-"", ••.'704""',7""5'.94"'----------------------------------,

,
I,
I

I
I
I
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Slide Analysis Information

SLIDE - An Interactive Slope Stability Program

Project Summary

FUeHarne: Rot.Sutk.UnOrelned.sll
Slide Modeler Verslon: 6.029
Project ntil!: SU()f; • An IntCl1Icttve Sklpe Stability Program

,,
IGenervl settings

Unin of Measurement Imperial Units
Time Units: seconds
Permeoblllty Units: feel/$ec:onc:l
Failure DIrection: RIght to left
Dota Outpu1:StBndard
MiUlmurn Matel1al Propettles: 20
Maximum Suppon Properties: 20

Analysis Options---....•
Spencer

Number of slices: 2S
ToIerlnce:O.OO5
Maximum number of ItI!!~tlDflS: SO
Check malpha < 0.2: Yes
lnldil ntal .••••lue of fS: 1

Steffensen llerntloo: Yes

Groundwater Analysis

Grou~ter Method: Water Surfaces
Pore Fluid Unll Wdiht 62.4 1bs/ft3
Adv30Cl!d Groundwater Method: Nono

Random Numbers

Pseudo-random Seed: 10116
Random Numbef Gcneretlon Method: Partland Miller v.3

Sur/au Options

•.) .~
Surfaa! Type: Orcv1.ar
search Method: Auto Refine Search
OMsions 810na slope: 10
ardes per dMslon: 10
Number of Iterations: 10
DMslolIS to use In next Itenltlon: SO'K
Composite Surfaon: DIsabled
MInimum Elevation: Nen Deflned
Minimum Dl:!pth: Not Deflned

Material Properties

•••••••• 'c.PiI'rinOctMi'COYiii .G~Cs RS' ~liitemwldl.ttfCcMr, WUte

""'" ~ ~ ~ 0 ~
Strength Type Mohr-Coutomb Mohr-eoulomb Mohr-COutomb Mohr.(oulomb Mohr-Coulomb

Unit W~1gtn (1b5/ft3) 130 100 130 130 "
Coheslon (pst) 89' 0 89' 0 '00

Friction An&Ie (deal 25 17,5 25 27 33

Water Surfate Water Table None N~. ...~ N~.

HuVlllue

RuVillue 0 0 0 0

Global Minimums

Method: spencer

FS: 3.175990
center: 74.610,1505.475
Rolldlus:405.449
Left Slip SurfaCll Endpolnt: 15.046, 1104.425
RIght SlIp Surface Endpolnt: 318.557, 1181.625
Rnlstlna MomentaZ.Z3173e-+008 Ib-ft
DfMIII Momenta5.912~7 Ib-ft
RmtllllII Horlzontal FomIsSZS833 lb
Drlvlna HorlwntDl Fotceo139257Ib
TOUl! Slice Mea=6SlZ.17 fU

ValidI Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 1965
Number of Invalid Surfaa!$:O

ISlice°at~



Globat MInImum Qoefy (spancer) _$dilly FKtw: 3.m99

"sae. ••••• ""'" ...., •••• 'POnl' Errectfft

••• W1<hh Welsht' •••• 'CoMsIoiI'
'F.ktkiif,

S•••• '5ir1inatt\ .
",Niirmill!

iPmsi,n.
'Ncrin1II'

Nom"" 1ft), (1)>) Matertal.
11D1I'

(Aiiiti' '.IPdl: . :(;if) "stiiit •. :(ji;t). .Sttas'1_" '(pi!)' 11D1I'

5.99028 1014.65 Cap/Protective .., 2S 270.518 1021.48 275.514 0 275.514eo."., 1.22379 446.47 GeO'SY'Ilhcrtlcs 0 17.5 32.3507 122.156 387.43 0 387.43,3.72611 1835.16 RSB B93 " 312.762 1180.99 617.593 0 617.593

4 2.53168 1675,71 lntennedtate Cover 0 " 96.1811 363.179 712.778 0 712.778

S 16.2726 164!l1l.S Waste 40ll 33 300.552 1134.88 1131.62 0 1131.62

B 16.2726 25266.8 Waste 40ll 33 394.967 1491.39 1680.59 0 1680.59

7 16.2726 33073,4 Wastl! 40ll 33 475.674 1796.14 Z149.87 0 Z149.87

B 16.2726 39922.4 Waste 40ll 33 543.367 2051.75 1543.48 0 2543.48, 16.2726 42289.2 Waste 40ll 33 560.947 2118.13 2645.68 0 2645.68

10 16.2726 41928.6 W•••• 40ll 33 549.1.96 2073.76 1577.37 0 1577.37

U 16.2726 45854.9 Waste 40ll 33 582.11 2198.04 2768.75 0 2768.75

1Z 16.2726 48817.7 Wllste 40ll 33 604.019 2180.77 2896.13 0 2896.13

13 16.2726 50770.1 Waste 40ll 33 614.898 2321.85 2959.4 0 2959.4

14 16.2726 51685.3 w•••• 40ll 33 614.943 2322.02 2959.66 0 2959.66

" 16.2726 51528.6 won. 40ll 33 604.279 2281.75 2897.64 0 2897.64

16 16.2726 45394.1 Waste 40ll 33 536.567 2026.07 2503.92 0 ZS03.92

17 16.2726 38993.9 Waste 40ll 33 468.28 1768.22 2106.87 0 2106.87

18 16.2726 35338.6 Waste 400 33 427.271 1613.37 1868.43 0 1868.43

" 16.2726 30]8].9 Waste 40ll 33 ]75.602 1418.27 "68 0 "68

20 16.2726 24038.3 Waste 40ll 33 313.157 1182.48 1204.91 0 1204.91

21 16.2726 16189.3 Wute 40ll 33 239.77 905.368 778.197 0 778.197

" 2.58731 1712.53 lntllrmedlllte Caver 0 " 73.4316 277.277 544.187 0 544.187

" 3.74791 1845.9 RS8 .., " 274,627 10]6.99 ]08.785 0 308.785

" 1.2161 443.664 Geosynthetlcs 0 17.5 25.4174 95.9759 304.396 0 304.396

2S 5.8536 991.5
tap/Protoctlw .., " 241.159 910.613 37.772 0 37.772

eo.".

Intersllce Data

Global MInimum Query (spencerl- Sltety Futor: 3.77599

Sllte
X y """""" lnt.nuc. . ,-

N"""",
_.

coordlnm - 8ottom NomW'Foial. 511Ur' FOrce; ,Fon::e Ancte

1ft) (ft) I'") (Ibi) [•.•....,
15.0461 1104,4] 0 0 0

21.0364 110].58 1852.40 408.211 12.4272, 22.2602 110].42 1954.51 430.698 12.4272

4 ".9863 1102.95 3408.29 751.055 12.4272

S 28.518 1102.65 3863.9] 851.461 12.4272

• 44.79llS 1101.12 10484.8 2310.44 12.4271

7 61.0631 1100.25 18374.5 4049.04 12.4272

B 77.3]51 . 1100.04 26579.2 5857.03 12.4272 i
93.6083 1100.47 34308.7 7560.31 12.4272

,, I10 109.881 1101.56 40545.2 8934.59 11.4272

11 126.153 1103.32 44961.9 9907.86 12.4272 I
1105:74

I
12 142.426 4m4.B 10516.7 12.4272 ,

I
13 158.699 1108.84 48560.9 10700.9 12.4271 I

" 174,911 1111.64 47312 10425.7 12.4211 I15 191.244 1117.16 43936.5 "81.119 12.4271

16 207.516 1122.43 38512.1 8486.58 12.4272 I
I

17 223.789 1128.47 32118.2 7077.61 12.4272

I18 240.061 1135.32 25298.6 5574.82 12.4271

" "6.3,, 1143.03 17840.5 3931.36 12.4272 ,
20 272.606 1151.66 10423.6 2296.95 12.4271 ,

I
" 288.879 1161.27 3937.39 867.648 12.4272 I
22 305.152 1171.95 -413.514 -104.344 12.4271 .
" 307.7]9 1173.75 .1264.94 .278.743 12.4271 i
" ]11.487 1176.42 .1059.2 .233.406 12.4271 I

i
2S 312.70] 1117.3 -1295.82 .285548 12.4211 !" 318.557 1181.63 0 0 0 ,

List 0/ Coord/notes i_. - I
Water Table

I
I

x y I,,
7._ 1100 I

96,146 1126.02 I,
111.593 1124.5] I207.5] 1152.74

222.9n 1151.25 i
i

318.704 1179.41 i
:
I

External Boundary i
x y !

7.6905 1100

!8.86002 1100

10.632 1100 I

".948 1100 !
19.492 1100 i
159.352 1100 I
318.704 1100 ,
318.704 1140.83 I318.704 1175.94 i



318.704 1176.98
318.704 1178.~
318.704 1179.06
318.7001 1179.41
318.704 1181.67
270.735 1167.56
222.767 1153.45
207.32 1154.94
159.352 1140.83
111.384 1126.73
95.9.366 1128.22 -
•.1.9683 111•. 11

0 1100

Material Boundary

• y

8.86002 1100
96.1779 1115.68

111.625 1124.19
207561 1152.41

223.008 1150.92
318.7001 1179.06

Material Boundary

• y

10.632 1100
96.2262 1125.11
111.673 1123.68
207.61 1151.9

223.057 1150.41
318.7001 1178.S4

Material Boundary

• y

15.948 1100
96.371 1123.65
111.818 1122.16
207.754 1150.38
223.201 1148.89
318.704 1176.98

Material Boundary

r-,••,.--.y',-------------------------------'I
19.492 1100

96.4675 1122.64 I
111.914 1121.15 I
207.851 1149.37 I
223.298 1147.88 i
318.704 1175.94 !

!
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APPENDIXC

ATTACHMENT A
CONSTRUCTION QUALITY ASSURANCE!

QUALITY CONTROL PLAN

SOLID WASTE
APPROVED

OHIO ENVIRONMENTAl.. PROTECTION AGENCY
f[~1. ~ ~Ql.fJj

AS EVIDENCED BY COPY OF
LEITER OF APP;:\OVAL
H~RETO AITACHED



centr.e Disposal Facility ••
ATTACHMENT A - TABLE 1

MINIMUM TEST FREQUENCIES FOR SOIL COMPONENTS

Component Required Test Minimum Frequency Acceptance Criteria Sample
Size

SOIL Density/Moisture Relationship
1 per 10,000 cU.yd. N/A 50lbSTRUCTURAL (ASTM 0698 or D1557)

FILL
Nuclear Density Gauge In-

Placed Material: ? 95% of Standard Proctor maximum dry density
Place Density and Moisture or? 90% of Modified Proctor maximum dry density N/AContent (ASTM D6938) 5 tests per acre/lift

+/- 4% optimum moisture content

Maximum Particle Size Visual inspection of each lift
12 inches or less N/Adurino or followino placement

Lift Depth Placed Material Visual ~ 12 inches uncompacted thickness N/A
Consolidated Undrained
Triaxial Compression Test

Once initially unless material or N/A(ASTM D4767) -with Pore
conditions change See Attachment B for required shear strength.

Pressure Readings or Direct
Shear Test (ASTM D3080l

ROCK Particle Size Placed Material Visual 100% ~ 24-inches N/ASTRUCTURAL
FILL Lift Depth Placed Material Visual < 24 inches uncompacted thickness N/A

Compaction Placed Material Visual Observation of non-movement N/A

153-121.CQA-Table 1.doc Page 1 of 3 October 2015



centr.<:! DisposalFacility -e.,.
ATTACHMENT A - TABLE 1

MINIMUM TEST FREQUENCIES FOR SOIL COMPONENTS

Component Required Test Minimum Frequency Acceptance Criteria Sample
Size

RECOMPACTED Sieve and Hydrometer (ASTM 0422) 1 per 1,500 cU.yd. 100% S 2-inch, 90% S 3/4-inch, and 50% S No. 200 sieve. 5-10 Ib
SOIL BARRIER'

Unified Soil Classification (ASTM 02487) 1 per 1,500 cu. yd. Prior to placement. 5-10 Ib
Density/Moisture Relationship

1 per 1,500 cu.yd. Prior to' placement. 50lb(ASTM 0698 or 01557)
Specific Gravity 3

1 per 1,500 cU.yd. N/A 5-101b(ASTM 0854)

Permeability: Flexible Wall Permeameter
1 per 10,000cu.yd. Permeability S 1 x 10,6 cm/sec 50 Ib(ASTM 5084)

? 95% of Standard Proctor maximum dry density or
? 90% of Modified Proctor maximum dry density with a

Nuclear Density Gauge In-Place Density Placed Material: 5 moisture content at or above optimum, or as modified
and Moisture Content (ASTM 06938) tests per acre/lift by test pad; or N/A

Compaction to a moisture content and dry density that
meets or exceeds the best fit line of optimums,

Moisture Content (ASTM 02216) At discretion of COA N/A; To confirm nuclear density gauge moisture
Variesfirm. correction.

Lift Depth Placed Material S 8 in'ches uncompacted depth N/A

Total Thickness Placed Material Minimum 18 inches. Required thickness verified by survey N/A
Consolidated Undrained Triaxial
Compression Test (ASTM 04767) One sample per

See Attachment 8 for required shear strength. N/A
-with Pore Pressure Readings or Direct material type
Shear Test (ASTM 03080)
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centr.e Disposal Facility
~WW1

ATIACHMENT A - TABLE 1
MINIMUM TEST FREQUENCIES FOR SOIL COMPONENTS

Component Required Test Minimum Frequency Acceptance Criteria Sample
Size

VEGETATIVE Reasonably free of debris, plant matter, and foreign objects.
COVER LAYER Visual Observation Placed Material No particles greater than 12 inches in diameter, N/A

Max lilt thickness is 30 inches.

Total Thickness Placed Malerial ~ 30 inches verified through surveyor direct measurement N/A

Notes:

1. Results of pre-construction testing of the borrow soils performed on representative samples shall be submitted to the Ohio EPA no iater than seven days prior to
the intended use of the material curing construction.
2. If the use of the Best Fit Line of Optimums is proposed, both standard and modified Proctor tests will be performed on alternating samples.
3. This testing is only required if the use of the Best Fit Line of Optimums is proposed.

153-121.CQA-Table 1.doc Page 3 of 3 October 2015



Centr osal Facilit

ATTACHMENT A - TABLE 2

40 mil LLDPE TEXTURED GEOMEMBRANE
QAlQC TESTING

REQUIRED PHYSICAL PROPERTIES
TEST REQUIRED MANUFACTURER QUALITY

PROPERTY METHOD VALUES (1) QCTEST ASSURANCE TEST
FREQUENCY FREQUENCY

THICKNESS 34 minimum

(mil) ASTM 05994 36 lowestindividuallor 8 01 10values Each Roil Every 100,000 51
38 minimum average

ASPERITY HEIGHT
(mil) (min. avg.) ASTM 07466 20 minimum See Note 2 Every 100,000 sf

SHEET DENSITY ASTM 01505 0.939 See Nole 2 Every 100,000 51(a/cm3) (max.) Or ASTM 0792

TENSILE PROPERTIES (min.)
(each direction) ASTM 06693 Type IV See Note 2 Every 100,000 51• Break Strength (Ib/in) 60

• Break Elongation (%) 250
CARBON BLACK CONTENT

ASTM 01603 2.0 -3.0 % See Note 2 Every 100,000 sf(allowable ranae in %)
CARBON BLACK DISPERSION

ASTM 05596 9 in Categories 1 or 2, and 1 in See Note 2 Every 100,000 51
(acceptable levels) Category 3
PUNCTURE RESISTANCE

ASTM 04833 44 See Note 2 Every 100,000 sf(avQ. min.) (lb)
TEAR RESISTANCE

ASTM 01004 22 See Note 2 Every 100,000 sf(ava. min.) (Ib)

Notes: (1) With the exceplion of Asperity Height, the required values are from GRI Test Method GM 17, Standard Specification for "Test Methods, Test Properties
and Testing Frequency for Linear Low Density Polyethylene (LLDPE) Smooth and Textured Geomembranes".
(2) Testing shall be completed at the manufacturer's standard testing frequency.

153-121.CQA-Table 2.doc Page 1 of 4 October 2015



centr.te DisposalFacility _~ .cPlan

TABLE 2 (CONT.)

REQUIRED PHYSICAL PROPERTIES
TEST REQUIRED MANUFACTURER QUALITY

PROPERTY METHOD VALUES (1) QC TEST ASSURANCE TEST

FREQUENCY FREQUENCY
OXIDATIVE INDUCTION TIME
• Standard (avg. min.) ASTM D3895 100 min

See Note 2 See Note 3
or
• High Pressure (avg. in.) ASTM D5885 400 min
OVEN AGING AT 85°C ASTM 05721

• Standard OIT (min avg % ASTM 03895 35%

retained after 90 days) Certify Each Formulation See Nole 3or
• High Pressure OIT (min avg ASTM 05885 60%

% retained after 90 days)
UV RESISTANCE
• High Pressure OIT (min avg % ASTM 05885 35% Certify Each Formulation See Nole 3

retained after 1600 hours)
..

STRESS CRACK
ASTM 05397 200 hours Per GRI GM 10 See Note 3RESISTANCE

INTERFACE SHEAR ASTM 05321 See Attachment B See Note 3 See Attachment BSTRENGTH
GEOMEMBRANE RESIN

DENSITY (max.) (g/mll ASTM 01505/0792 0.926 Each Resin Balch See Nole 3
MELT FLOW INDEX (gil 0 min)

ASTM 01238 1.0 Each Resin Balch See Nole 3(max.)

Notes: (1) Required values are from GRI Test Method GM 17, Standard Specification for "Test Methods, Test Properties and Testing Frequency for
Linear Low Density Polyethylene (LLDPE) Smooth and Textured Geomembranes".
(2) Testing shall be completed at the manufacturer's standard lesting frequency.
(3) Not Required
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centr.te DisposalFacility • .cPlan

TABLE 2 (CONT.)

INSTAllATION TESTING SUMMARY
PROPERTY TEST SAMPLE SIZE FIELD TEST ACCEPTANCE

METHOD FREQUENCY CRITERIA!')
TRIAL SEAM TESTING (1):

PEEL TEST (Ib/in) The average of the 3 tests shall be greater than 60 Ib/in with
Fusion Welds Minimum 1 test per one result being iess than 60 Ibfln but grealer than 48 Ibfln.

ASTM D6392 welder/machine Three (3) out of three (3) tests shall not have a break code of
combination; and prior AD. AD-BRK is only an acceptable break code if seam
to each seaming period incursion is less than 25%.

As Needed Refer to schematic on Page 4 for break codes.
PEEL TEST (Ib/in) Minimum 1 test per The average of the 3 tests shalt be grealer than 52 Ib/in with
Extrusion Welds welder/machine one result being less than 52 Ib/in but greater than 42 Ibfln.

ASTM D6392
combination; and prior Three (3) out of three (3) tests shall not have one of the

following break codes: AD1, AD2, AD-BRK or AD-WLD.to each seaming period
Refer to schematic on Paae 4 for break codes.

DESTRUCTIVE SEAM TESTING (11:

PEEL TEST (Ib/in) The average of the 5 tests shall be greater than 60 ib/in with
Fusion Welds one result being less than 60 Ib/in but greater than 48 Ib/iri.

ASTM D6392 Minimum 1 per 500 If of Five (5) out of five (5) tests shall not have a break code of AD.
seaming per device AD-BRK is only an acceptable break code if seam incursion is

less than 25%.
As Needed Refer to schematic on Paae 4 for break codes.

PEEL TEST (Ib/in) The average of the 5 tests shall be greater than 52 Ib/in with
Extrusion Welds Minimum 1 per 500 If of one result being less than 52 Ibfln but greater than 42 Ibfln.

ASTM D6392 Five (5) out of five (5) tests shall not have one of the foltowingseaming per device
break codes: AD1, AD2, AD-BRK or AD-WLD.
Refer to schematic on Paae 4 for break codes.

NON-DESTRUCTIVE SEAM TESTING:

AIR-PRESSURE GRI GM6 Every Fusion Welded No more than 3 psi drop with initial pressure of 30 to 35 psi for
Seam 5 minutes.

VACUUM ASTM D5641 Every Extrusion Weld Examine weld for 10 seconds with minimum vacuum of 3 psi.

Notes:
(1) For double fusion welded seams, both tracks shalf be tested for compliance with the minimum property values listed.
(2) Accepted specifications for breaks and unacceptable break codes obtained from the standard specifications in GRI-GM1 g.

153-121.CQA-Table 2.doc Page 3 of 4 October 2015



centr.te DisposalFacility .>-- .cPlan

SChomatlc of
Unluted SpecImen
S••d.....:.. putlrArIa.

• I ,.BUlfld A".
. @iHolTack(cMtlnninatld)

TABLE 2 (CONT.)
ASTM D 6392 LOCATION OF SEAM STRENGTH TESTING BREAK CODES FOR SEAMS TESTED IN SHEAR AND PEEL

EXTRUSION WELDED SEAMS FUSIONWELDED SEAMS
Scham.tll:: 0'

Untlsleet Spaclmen

"W.~. /'~"(=1bP_'
b l-' .Olrletion oIlnl~a1 POlIl BollOm Sh•• l

Typ •• 01 Bro.k

•
. ---
= ,.
~

••. Ort-<:'nlet e••d:::1.=

Location of
Brea~ Code

AD1

AD2

Break D88Cfrlptlon

Failure in adhesion. Specimens may.
also delaminate under the bead Bnd
break through the thin .extruded
malerial in the outer area.

.Failure in adhesion.

Break through the fillet.

.J

Types 01 Sr •• k Location or Break
BI'9.k Cod.' DIlCrlpUon

AD AdhesionFailUre

BRK BreakInsheeling,
Break can be in either
lop or bonom sheel

SE1 BreakInoutoredge01
seam. Break can be In either
top or bottom .heel. '

SE1

SE2

SE3

Break al seam edg8 In the bollom
sheet (eppUcabte10~oar only).

Break al seam edge In the.top sheet
(.ppllcabl. 10""eo, only).
Break al seam edge in the bonom
~e8t (applicable to peel only).

SE2

AD.BRK

Break at Inner edge of seam
through both aheels.

Break In rtrsl S88m after
:someadhesion f8~Urll,
'Break can be In,either
top or bottom sheet.

BRK1 Break in Ihe bonom sheeting. A .8~ In
parebtheses (onewlng the cOde means
Ihe specimen broke In the buffe~ area.

8RK2 Break In the top sheellng, A -S- in
parebtheses foDowin.9 the code means
the specimen broke In th~ buffed area.

SIP SeparaHon In the plane 01
the sheet Break can be In .
either top or bollom sheet.

=
---

2

AD.BRK

HT

Break in the bottom eheeting after some
edheslon lailure between the fillet and the ~
bonomshest.

Break at the edge of Ihe hot lack for
specimens wh;ch could net be
delaminated in the hoi tack.

~ . SIP S.p.roUon in th. pl.ne 01tho .h.e"

(1) Aoc.ptanc:. 01AD,WLDblNb moyd.~nd on wtMilMr "II vlllwi ml.l. minimum lpedftcaUDfl value,
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Central Waste Disposal Facility COA/OC Plan
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ATTACHMENT A - TABLE 3

DOUBLE SIDED GEOCOMPOSITE DRAINAGE LAYER
OAfOC TESTING

PROPERTY TEST FINAL COVER MANUFACTURER QATEST

METHOD SYSTEM QCTEST 'FREQUENCY

REQUIRED FREQUENCY

VALUES
GEONETCOMPONENT

THICKNESS ASTM 250 See Note 1 1 per 250,000 sf(mil) (min.) 05199
DENSITY ASTM
(g/cm3) (min.) 0792 or 0.94 (glcm3

) See Note 1 1per 250,000 sfASTM
01505

CARBON BLACK CONTENT ASTM
("!o) (min.) 01603 2.0 - 3.5 % See Note 1 1 per 250,000 sf

GEOTEXTILECOMPONENT
MASS PER UNIT AREA ASTM 5.0 See Note 1 1 per 250,000 sf ,(oz}sv) (min,) 05261
APPARENT OPENING SIZE ASTM 70 -140 See Note 1 1 per 250,000 sf
ISieve\ 04751
PERMITTIVITY ASTM 1.30 See Note 1 1 per 250,000 sf(sec") (min.) 04491
GRAB STRENGTt?' ASTM 160 See Note 1 1 per 250,000 sf
IIbs\ Imin.\ 04632
TRAPEZOIDAL TEAR(2) ASTM 65 See Note 1 1 per 250,000 sfIIbs) (min.) 04533
CBR PUNCTURE

ASTMRESISTENCE 435 See Note 1 1 per 250,000 sf
IIbs\ Imin.)

06241

UV RESISTANCE (%) (min.) ASTM 70 Certify N/AAt 500 hours of eXDosure 04355
GEOCOMPOSITE COMPONENT

TRANSMISSIVITY ASTM Final Cover: 1 per 50,000 sf
(m2/sec) ( min.) 04716 5.0 x 10" See Note 1

(See Note 3)

INTERFACE SHEAR ASTM See N/A See
STRENGTH (min) 05321 Attachment B Attachment B

Notes:
(1) Testing shall be completed at the manufacturer's standard testing frequency.
(2) Minimum values measured in machine and cross machine direction.
(3) Transmissivity tested with 500 psf at a gradient of 0.33.
(4) The geonet and geotextile components of the double sided geocomposite shall be tested separately

for the above parameters.

153-121.CQA-TabJe 3.doc October 2015



•

•

•

APPENDIXD

2008 FINAL COVER RSB PERMEABILITY RESULTS



MEASURE~mNT OF HYDRAliLlC CONDUCTf\>1TY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PEmmA;\1ETER

ASTM 05084-00 Method F; MCJCW}'U.Tubc Pcrmomcter - Inflow Volume = Outflow Volume

ICr. 1ect

o.

VI escription
Sample Condition

Civil & Environmental Consultants, Inc.

153-121.0002 Closure Construction Central Waste

36291

Brown Clay

Undistwbed

Boring

Depth

Sample

Lab Sample No.

RSB-I

09117/15

Shelby Tube

36291001

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SA.\ll'LE SUMMARY
Sample Status Initial Final Pipette Area, a,.. cm1 0.031416 Avg. Hydraulic ConductMty, k~lhcm/sr:c 45E-1l6
Tare Number wlO2 wl07 Annulus Area, lLo.em! 0.76712 Initial Water Content % 13.9%
Wt Tare & WS. gIn 257.42 715.89 Manometer Constant, M. =a.a./(a,,,~a..). em! 0.03018 Initial Dry Density, pef 113.2
Wt Tare & OS, gm 226.97 601.01 Manometer Constant, M1 = 1+ ala. 1.0410 % Compaction NA
Wt Tare,gm 8.49 8.46 Sample Constant, S =VA, em-I 0.198 Sample Status Undisturbed
Moisture Content, % 13.9010 19.4% Specific Gravity, 1)=~ - 8.., gmIcc 12.562 B Parameter 95
Wt Tube & WS., gm 894.2 NA Test Constant, C ""M1S15 4.76E-M Permeant Deaired Water
Wl OfTubc, gm 219.66 NA Mercury Level at Equilibrium, ~. em 3.1 Cell Pressure, psi 100
WLOfWS.,gm 674.6 706.8 Mercury Level of Pipette at 1=0, Rpo. em 8 Back Pressure, psi 95
Length I, in 3.136 3.158 Initial Head Difference, ZI ::(Rpa-R.q)M:z. em 5.10 Avg.(Mid-Heigbt) Confming Stress. psi 5
Length 2, in 3.142 3.19 Trial Constant, T=M1/z1,em 0.2041 Maximum Gradient 8.0
Length 3, in 3.175 3.168 Temperature Correction for 20°C, a. 0.958 Average Test Temperature, °C 21.8
Top Diame!er, in 2.834 2.775 TEST DATA
Middle Diameter, in 2.834 2.859 ~ R,. Az" ; H, AD, a' I a'm!. k"~
Bottom Diameter, in 2.844 2.868 Elapsed Mercury R,o-R,. Gradient Hcod Percent of Initial Effective Stress Bydr.auUc
Average Length. L, em 8.00 8.06 Time Height Head from t:() Max Min Conductivity
Average Area, A, cm"2 40.79 40.70 min em em em/em em % on on cm!$ee
Sample Volume, ee 326.5 327.9 0.00 8 0 8.0 64.1 100.0010 5.46 4.54 NA
Unit Wet Wt, FPJiee 2.07 2.16 0.03 7.9 0.1 7.8 62.8 98.0% 5.45 4.55 6.16~6
Unit Wet Wt. pef 128.9 134.5 0.07 7.8 0.2 7.6 61.5 95.9% 5.44 4.56 4.76E-1l6
Unit Dry Wt, pef 113.2 112.7 0.10 7.7 0.3 7.5 60.2 93.9% 5.43 4.57 4.80E-ll6

Ir" 1.81 1.81 0.14 7.6 0.4 7.3 58.8 91.8% 5.42 4.58 4.51E-1l6
S Gravity, Assumed 2.7 2.7 0.18 7.5 0.5 7.1 57.5 89.8% 5.41 4.59 4.48E-Q6
V 'o,e 0.489 0.495 0.22 7.4 0.6 7.0 56.2 87.8% 5.40 4.60 4.41~6

0 0.328 0331 0.26 7.3 0.7 6.8 54.9 85.7% 5.39 4.61 4.4SE-06
P olumc,cc' 107.21 108.61
Saturation, % 77.00/0

ELAPSED TIME "S. HYDRAULIC CONDUCTIVITY

IE-04

== -e
u - Hydraulic Conductivity (20°C) k" It, 10 (1-6zpT)•.;: - Icu
j,s IE-ll5
0
N

:;
Jo- - - ----- . - -- . --------- - -
"'Iic
"0
D
0 IE-1l6u
~ -H)'hWic CaDdtlctMty !==D

AvtftIC. H.c. _last 1 n:adiap f-=•• r-"0 •• -0.15 to 1.15Avenec ac.,.,
=

IE-07
0 0.05 0.1 0.15 0.2 0.25 0.3

Elapsed Time, 1, miD

'dation:ALO Rev;ewed By: SVG Date Tested: 9/2212015

aw=rage Jlydnzulic QmdlJ.ctivity if t:tJ1Cll1ated using the tl\I'UQge a/w last 4 deJumirUJriollS w1Iue aJ1 ,,~i.ritejltJwUJUl Hydraulic Conductivity condilio1U ore achievedJ

Preriijuisi1.r: Inflow/ OurjIow Ratio. J by dejrniJion o/tut procdun. Fuud HydnJulic Conduclivity - +-2J" of trVf!T'ageHydroulic Conductivity wnen k> JE..f cmlJec tVId +-JO" when k< JE-8 cmlJec.
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MEASUREMENT OF HYDRAUUC CONDUCTMTY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAilffiTER

ASTM 05084-00 Method F; Mercwy U-Tubc Permomcter - Inflow Vol\lJl1e = Outflow Volume

I,C ~ect

o.

VI Description

Sample Condition

Civil & Environmental Consultants, Inc.

153-121.0002 Closme Construction Central Waste
36291

Brown Clay

Undistwbed

Boring

Depth

Sample

Lab Sample No.

RSB-2

09117/15

Shelby Tube

36291002

SAMPLE CONDlT1QNS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette ~ a" _ em1 0.031416 Avg. Hydraulic Condueti\;ty, k::lll em/sec !.HE-08
Tare Number w107 w64 A.nnulus Area, a... cm1 0.76712 Initial Water Content, % 12.8%
Wt Tare &WS. gm 166.98 43329 Manometer Constant.. Mt '"'a.a..!(a..+a,,). eml 0.03018 Initial Dry Density, pef 108.1
Wl Tare & OS, gm 149 367.07 Manometer Constant, M1 •• 1+ Bp!a.. 1.0410 % Compaction NA
Wl Tarc,gm 8.46 8.37 Sample Constant, S"UA, em" 0.121 Sample Status Undisturbed
Moisture Content, % 12.8% 8.4% Specific Gravity, li ""lib.l;- 5 .•• gmIcc 12.562 BParnmcter 97
Wt Tube & WS., gm 408.9 NA Test Constant, C ""MIS~ 2.92E41 Pc:n:neant Deaired Water
Wl OfTubc, gm 0 NA Mercwy Level at Equilibrium. R.q. em 3.1 Cell Pressure, psi 100
WtOfWS.,gm 408.9 392.9 Mercury level of Pipette at t=O, Rpo. em 9.65 Back Pressure, psi 95
Length I, in 2.001 1.996 Initial Head Difference, Zl z(RprR..JM1> em 6.82 Avg.(Mid-Height) ConfIning Stress, psi 5
Length 2, in 2.069 2.075 Trial Constant, T <It M11 z" em 0.1527 Maximum. Grndient 16.8
Length 3, in 2.032 1.935 Tempaature Correction for 20°C, Rt 0.955 Ave:rage Test Temperature, DC 21.9
Top Diameter, in 2.839 2.879 TESTDA,TA
Middle Diameter, in 2.811 2.854 ~ R., Az" i U. AH, a' la' ••• k"~
Bottom Diameter, in 2.834 2.893 EI"",ed M=ury R,o-R,. Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, em 5.17 5.09 Time Height Head from t=O Max Mio Conductivity
Average Area, A, cm"2 40.52 41.89 min em em an/em em % Dri DS; cm!se<
Sample Volume, cc 209.4 213.0 0.00 9.65 0 16.8 85.7 100.0"1. 5.61 4.39 NA
Unit Wet Wt., gmIcc 1.95 1.84 2.00 9.6 0.05 16.7 85.0 99.2% 5.60 4.40 1.78E-ll8
Unit Wet Wt., pef 121.9 115.1 4.00 9.55 0.1 16.6 84.3 98.5% 5.60 4.40 1.79E-ll8
Unit Dry Wt, pcf 108.1 1062 6.00 9.5 0.15 16.5 83.7 97.7% 5.60 4.40 1.79E-ll8If- 1.73 1.70 8.00 9.45 0.2 16.3 83.0 96.9% 5.59 4.41 1.80E-ll8
S Gravity, Assumed 2.7 2.7 10.00 9.4 025 16.2 82.4 96.2% 5.59 4.41 1.81E-08
V 'o,e 0.559 0.586 12.00 9.35 0.3 16.1 81.7 95.4% 5.58 4.42 1.8 IE-ll8

, D 0.359 0.370 14.00 9.3 0.35 15.9 81.1 94.70/0 5.58 4.42 1.82E-ll8
Pore olume, cc 75.08 78.75
Saturation, % 61.8%

ELAPSED TIME vs. HYDRAULIC CONDUCTIViTY

IE-06

1= -e
u t== Hydrautic Conductivity (20°C) k" 0 R, In (l-6zpTJ•
~ ~ t

"
.lJI:~,s lE-07
0
N

;;
l>;:
"""= ........... .......... ......... -~
c
c IE-08u

Eu - Hydnulic: COadDcrMty'S
Avcnco: H.c. _last 2 ~ =•u -~

••• O.&StDI.lSAver-ecR.C.>,=
IE-09

0 2 4 6 8 10 12 14 16
Elapsed Time, t, min

In .dation: ALO Reviewed By: SVG Date Tested: 9n5n015

U1'Q'OgeH}'firrruJic Conduaivity i.rco.lculated lUing tht! ~gt! oftM last 4 deJemlintJtiolU wilen all requisill!j1ow and Hydraulic Condudivity condiJiofU are achie'lledl

Prurquisiu: lnfluw! OurjIow RatiD - I by thfinitiDn oftt!St proct!1iurt!. FimJl Hydnzulic Conductivity - +-15" of avuagt! Hydraulic Conductivity wht!n k > IE-8 emlse: and +-50" whDl k < JE-& cmlsa..
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MEASUREMENT OF HYDRAULIC CONDUCTlVITY OF SATURATED POROUS MATERIALS USING A FLE."aJlLE WALL PER1I1EA"'lETER

ASTM 05084-00 Method F; Mercury U.Tube Permometcr -Inflow Volume" Outflow Volume

it
C '~\ jet:t

o.

VI Description

Sample Condition

Civil & Environmental Consultan~. Inc.

153-121.0002 Closure Construction CCtltral Waste
3629[

Brown Clay

Undisturbed

Boring
Depth

Sample

Lab Sample No.

RSB-3

09/[7115

Shelby Tube

36291003

912812015

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMl'LE SUMMARY
Sample S1a1us Initial Final Pipette Area. 2" _ em1 0.03[4[6 Avg. Hydraulic: Conduethity, k::o. em/sec 2.5E-06
Tare Number w64 105 Annulus Area, a.. cm1 0.767[2 Initial Water Content.. % 17.2%
Wt Tare & WS, gm 272.[3 934.7 Manometer Constant, M1 ""s.a./(a..+a,,), cm1 0.030[8 britial Dry Density, pef 107.4
Wt Tare & OS, gm 233.38 801.95 Manometer Constant, M]:::I 1+ a,Ja.. 1.0410 % Compaction NA
Wl Tare, gIn 8.42 84.05 Sample Constant, S co VA. em"1 0.129 Sample Status Undisturbed
Moisture Content, % 17.2% 18.5% Specific Gravity,S c 6t., - 5 ••.•gmlcc 12.562 B Parameter 95
Wt Tube & WS., gr:n 8532 NA Test Constant, C -= MIS/S 3.IlE-04 Permeant Deaired W3J.tr
WL OfTuhe.,gm 0 NA Mercury Level at Equihorium, ~, em 3.1 Cell Pressure, psi 1I0
WLOfWS.,gm 853.2 862.4 Macwy Level of Pipette at t=O, Rpo, em 9.5 Back Pressure, psi [05
Length [. in 3.9 3.859 Initial Head Differmce, XI =(R.po-Rcq)Mll em 6.66 Avg.(Mid-Heigbt) Confining Stress, psi 5
Length 2. in 3.899 3.84 Trial Constant., T'" M21 x" em 0.1563 Maximum Gradient 8.6
Length 3. in 3.901 3.829 Temperature Correction for 20De, ~ 0.958 Avcrage Test T empe:rature, "C 21.8
Top Diameter, in 2.902 3.826 TEST DATA

Middle Diameter, in 2.896 3.884 ~ •••• Az, ; II, MI, ". I ".... k"-Bottom Diameter, in 2.9[ 3.861 E1'Psed Mercury R,a-R,. Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, em 9.9[ 9.76 Time Height . Head from t-O M•• Min Conductivity
Average Area, A, cm"2 42.69 75.38 min em em em/em em % .n 'n em/sec
Sample Volume, ce 422.9 735.7 0.00 9.5. 0 8.6 83.7 l00.()G/a 5.60 4.40 NA
Unit Wet Wl, gmIcc 2.02 1.17 0.03 9.4 0.[ 8.4 82.4 98.4% 5.59 4.41 2.52E-06
Unit Wet WL, pc! 125.9 73.[ 0.06 9.3 0.2 8.3 81.1 96.9% 5.58 4.42 2.44E-06
Unit Dry Wl. pef [07.4 61.7 0.10 9.2 0.3 8.2 79.8 95.3% 5.57 4.43 2.50E-06I~-1.72 0.99 0.13 9.[ 0.4 8.0 78.5 93.8% 5.56 4.44 2.48E-06
S Gravity, Assumed 2.7 2.7 0.[6 9 0.5 7.9 772 92.2% 5.55 4.45 2.49E-06
V. '0, e 0.569 1.729 020 8.9 0.6 7.8 75.8 90.6% 5.54 4.46 2.47E-06

.0 0.363 0.634 0.23 8.8. 0.7 7.6 74.5 89.1% 5.53 4.47 2.51E-06
Pore olume, cc . 153.34 466.[7
Sat1J.nltion, % 81.8%

ELAPSED TIME V5. HYDRAULIC CONDUCTlVITY

1£..04

i= -C

" I- HydrauUc Conductivity (20°C) k" It, In (l-M"TJ•
'"

l- t

";;
'"Ii lE-05
=N:;
c:: - - - - - -1i ---- ...... ------- .. _------ ---- ..... _--•..•0 [E-06u." _ Hydrau1k: CoadlIclivity ==•• AvtftIt: H.c. l1'tl:r~] rcadiDp ==•" -..

•• •• -O.8SI01.1SAw:npH.C."=
1£..(17

0 0.05 0.1 0.[5 02 0.25

Elapsed Time, t, miD

~dation: ALO Reviewed By: SVG Date Tested:

• UIIO'QgeHydraulic ComJuctiviJy if caku1D.ted using thl! avuoge o/ml! Ian -# de1ominotions whee all T'I!I1uisiujlow and Hydraul~ Conductivity conditions are adrievedl

Prl!nquisiu: Injlow I Owjlow Ratio. / by dl!fimtion o/wt pTOCl!dure. Fi114l Hydnzulk CondUdivitya +'15" 0/ trPuagl! HydrtnJ/k Condut:livity whm 1> /£.8 cmIset: and +-50% when 1< /E-8 cmIsec.
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MEASUREMENT OF HYDRAUUC CONDUcrMTY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER

ASTM 05084-00 Method F; Mercury U-Tube Pennometer. lnfIow Volume'" Outflow Volume

I'c ~ect

o.

VISU Description

Sample Condition

Civil & Eovironmc:otaJ Consultants, Inc.

153-121.0002 Closure Construction Central Waste

36291

Brown Clay

Undisturbed

Boring

Depth

Sample

Lab Sample No.

RSB-4

09/17/15

Shelby Tube

36291004

SAMPLE CONDITIONS TEST CONSTA1''TS & EQUA nONS SAMPLESliMMARY
Sample Status Initial Final Pipette Area, a.. - cm1 0.031416 Avg. Hydraulic: Conducthity, k:OI em/sec 2.2E-07
Tare Number W100 z Annulus Area, 3.-.. cm1 0.76712 Initial Water Content, % 13.0%
Wt Tare & WS. gm 267.3 738.13 Manometer Constant, M1 =a"a,/(a.+a,,), cm1 0.03018 Initial Dry Density, per 115.6
Wt. Tare & OS, gm 237.53 626.24 Manometer Constant, M1"'" I+ ala. 1.0410 %COmpactiOD NA
Wt Tare,gm 8.39 8.33 Sample Constant, S '"VA, em'l 0.202 Sample Status Undisturbed
Moisture Content, % 13.0% 18.1% Specific Gravity, a •. ~ - S.•••gmIcc 12.562 B Parameter 95
WI. Tube & WS., gm 942.7 NA Test Constant, C =M1SIS 4.85E.Q4 Permeant Deaired Watcr
Wt Of Tube, gm 227.64 NA Mercury level at Equilibrium, a.,.. em 3.1 Cell Presstm:, psi 100
WLOfWS.,gm 715.0 747.4 Mercury Level of Pipette at t=O, ~ em 12 Back Pressure; psi 95
Length I, in 3256 3.27 Initial Head Difference, ZI =(R"o-R".JM1. em 9.26 Avg.(Mjd-Heigbt) Confining Stress. psi 5
Length 2, in 3.269 3245 Trial Constant, T::: M:zI z .• em 0.ll24 Maximum Gradient 14.0
Length 3, in 3.274 3.299 Temperature Correction for 20"e,a- 0.960 Average Test Temperature, "C 21.7
Top Diameter, in 2.846 2.869 TEST DATA

Middle Diameter, in 2.849 2.871 ~ R,. Az, 1 II, All, O"lDU.1 G'mt., k"
Bottom Diameter, in 2.856 2.81 Elapsed Men:my R,a-R,. Gradient Hoad Percent of Initial Effective Stress Hydn.uUc:
Average Length. L, em 8.30 8.31 Time Height Hoad trom 1'-0 Max Min Conductivity
Av~gc~ A,cmA2 41.17 41.16 min em em an/em em % Dn os; cmlsec
Sample Volwne, cc 341.5 342.0 0.00 12 0 14.0 116.4 100.0010 5.83 4.17 NA
Unit Wet Wl, gm/cc 2.09 2.19 0.22 11.9 0.1 13.8 115,1 98.9% 5.82 4.18 4.0 IE-07
Unit Wet Wt., pef 130.6 136.4 0.66 11.8 0.2 13.7 113.8 97.8% 5.81 4.19 2.66E-07
Unit Dry WL, pef 115.6 IIS.S 1.06 11.7 0.3 13.5 112.5 96.6% 5.80 4.20 2.51E-07I~-1.85 1.85 1.51 11.6 0.4 13.4 111.2 95.5% 5.79 4.21 2.37E-07
S Gravity, Assumed 2.7 2.7 2.08 ll.5 0.5 13.2 109.8 94.4% 5.78 4.22 2.16E-07

io, e 0.457 0.459 2.57 11.4 0.6 13.1 108.5 93.3% 5.77 4.23 2.llE-07
, n 0.314 0.315 2.94 11.3 0.7 12.9 107.2 92.1% 5.76 4.24 2. 16E-07

Pore Volume, cc 107,17 107.61
Saturation., % 76.7%

ELAPSED TiME ,"S. HYDRAm~!cCONDUCTIViTY

lE-04

= -C

" == Hydraulic Conductivity (20"C) 1<" R, In (l-az.,TJ•
~

- I

}
U IE-05
;,
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a.~
'"0""C
C
0 IE-06u
~

_ Hydrmlic Qmdnctivily I
• Avo:n;cH.C. _1ul2 radiDp I• I--~ .... -us lD I.IS Avena: ac.e ._---- .. - .• _- ---------- .. - ......... _-- ............. _--- . .- ......... ----------

lE-07
0 0.5 1 1.5 2 2.5 3 3.5

Elapsed Tim~ t, min

.~dariOO: ALO Rrnewod By: SVG D,te T",ted: 9/2212015

aw!Ff1ge Hydraulk Conductivity is co1ctdoJt:tiusiJlg me (1\)OfJge a/the ltut -I cletuminations what: all rrquisiuflow and Hydraulic Dmductivily conditions Q7'tl achif:lledl

~isib; Inflow I Owflow &tio,. 1 by defin.ilion of testproutiuTe. FUltZlHydraulic Omduetivity- +.15" of trIIertJgt:Hydraulic ConduetiviZy whO! k> JE~ cmIsec and +-50% when k< JE-8 cmIs«..
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MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERlIfEAMETER

ASTM D5084-00 Method F; Mercury U-Tube Permomcter . Inflow Volwnc"" Outflow Volume

t
.

: 1cct

o.

I escription

Sample Condition

Civil & Environmental Consultants, Inc.

153-121.0002 Closure Construction Central Waste
36291

Brownish Gray Clay

Undisturbed

Boring
Depth

Sample

Lab Sample No.

RSB-5

09117/15

Shelby Tube

36291005

9n8l2015

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, au - cm1 0.031416 Avg. Hydraulic Condueth1ty, k;:Ol em/sec 6.1E-D7
Tare Number w66 120 Annulus Area, a.. em

,
0.76712 Initial Water Content % 15.7%

Wt Tare & WS. gm 41.73 900.14 Manometer Constant, M) ca,.a./(a.+a,,), cm1 0.03018 [nitial DIy Density, pef 118.9
WI. Tare & OS, gm 37.2 789.62 Manometer Constant, M1 = 1+ ala. 1.0410 % Compaction NA
Wt. Tare,gm 8.3 83.31 Sample Constant, S =UA. em") 0.216 Sample Status Undisturbed
Moisture Content, % 15.7% 15.6% Specific Gravity, 8 = 8q - 8..•.•gmIcc 12.562 B Parameter 95
Wt Tube & WS., gIn 816.2 NA Test Constant, C""M,S/8 5. I8E.Q4 Permeant Desired Waler
Wl Of Tube, gm. 0 NA Mercury Level at Equilibrium, ~. em 3.1 Cell Pressure, psi 110
WLOfWS., gm 816.2 816.0 Mercury Level of Pipette at t=O, Rpo. em 9.7 Back Pressure, psi 100
Length I, in 3.55 3.52 Initial Head Difference, ZI :::(RprR"JM2J em. 6.87 Avg.(Mid-Heigbt) Coo.fining Stress, psi 10
Length 2, in 3.62 3.491 Trial Constant, T'" M11 Zit em 0.1515 Maxim~Gradient 9.7
Length 3, in 3.562 3.496 Temperature Com:ction fOT20°C, Rc 0.958 Average Test Temperature, °C 21.8
Top Diameter, in 2.834 2.873 TEST 'DATA
Middle Diameter, in 2.835 2.845 ~ R,. A2" i a. AlI, a'_ .1 a'••• k"
Bottom Diameter, in 2.839 2.841 Elnpsod Mercury R,o-R,. Gmdicut Head PCf'Centof Initial Effective Stress Hydraulic
Average Length, L, em 9.09 8.90 Time Height Head fro", ..a M"" Min Conductivity
Average Area, A, em"2 40.75 41.24 min em em =1= = % os! Dsi em/sec
Sample Volume, cc 370.3 366.9 0.00 9.7 0 9.7 86.3 100.00/0 10.61 9.39 NA
Unit Wet Wl, f!lJJIee 2.20 2.22 0.17 9.6 0.1 9.6 85.0 98.5% 10.60 9.40 7.29E-07
Unit Wet Wl, pef 137.5 138.8 0.39 9.5 0.2 9.4 83.7 97.0% 10.60 9.40 6.52E-Q7
Unit Dry Wl, pef 118.9 120.0 0.60 9.4 0.3 9.3 82.4 95.5% 10.59 9.41 6.39E-Q7If- 1.91 1.92 0.82 9.3 0.4 9.1 81.1 93.9% 10.58 9.42 6.33E-07
S Gravity, Assumed 2.7 2.7 1.08 9.2 0.5 9.0 79.8 92.4% 10.57 9.43 6.02E-Q7
V 'o,c 0.417 0.404 1.30 9.1 0.6 8.8 78.5 90.~/o 10.56 9.44 6.06E-07
P 0 0.294 0.288 1.56 9 0.7 8.7 77.2 89.4% 10.55 9.45 5.93E-Q7
Por olumc, ee 108.97 105.57
Saturation, % 101.5%

ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY

IE-05

l= -C

" := Hydraulic Conductivity (20°C) k" R, In (I-.u,.l1•.;: - t•"j
Ii
0
N

';
i:' IE-Q6:E
."•-g - -0
U

-";; -~~0

"£ --A .•.cnce R.C. O\'e%1&$t1:rcadiDp

••• 0.&5 to I.IS Avcnee: H.C.

IE-Q7 I
0 0.2 0.4 0.6 0.8 I 1.2 1.4 1.6 1.8

Elapsed Time, t, min

;r-.dation:ALO ReV1ewcdBy:SVG Date Tested:
,~

IV, eroge HydTr;nJ.lk COnductiVIty /,J caleulawi UStng the avuage ofth.e hut 4 detcmillations whee all requlSiteflow ami HydTt1ll/ic C:",ducnvrry COnditiOns are achieved!

. : Inflow/Outflow Ratio .• J by definjnon of test procdure. Final Hydraulic ConduetMty •• +-25% of trltUtJge Hydraulic Q,nduetrvily when k > JE-8 C11tIsecami +.50% when k< J£..8 cm/set:.
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MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER

ASTM D5084-{lO Method F; Mercury U-Tubc Permometer - Inflow Volume'" Outflow Volume

1,-" , roject

I; No.

. " Description

Sample Condition

Civil &. Environmental Consultants, me.
153~121.0002 Closure Construction Central Waste

36291

BrownQay

Undisturbed

Boring

Depth

Sample

Lab Sample No.

RSB-6

09/17/15

Shelby Tube

36291006

9/2812015

SAIIIPLE CONDITIONS TEST CONSTANTS & EQUA nONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, a.. _ em2 0.031416 Avg: Hydraulic Conducd"ity, kIll>em/sec 1.9E-08
Tare Numba wlOO w66 ADIlUlus Area, a.. em1 0.76712 Initial Water Content % 15.4%
Wt. Tare &WS. gm 71.56 777.39 Manometer Constant, M1 ""a.,a.,!(a.+a..), cml 0.03018 Initial Dry Density, pef 116.8
Wt. Tare & DS, gm 63.12 674.72 Manometer Constant, M1 = 1+ ala. 1.0410 % Compaction NA
Wt. Tare,gm 8.39 8.28 Sample Constant, S ""UA. em"! 0211 Sample Status Undishubed
Moisture Content, % 15.4% 15.4% Specific Gravity, S D Oq - 0..., gmlcc 12.562 B Parameter 95
Wt Tube &WS., gm 766.4 NA Test Constant, C ""M1SIli 5.07EAl4 Permeant . Deaired Water
Wt Of Tube, gm 0 NA Mercury Level at Equilibriwn. ~. em 3.1 Cell Pressure, psi 110
WlOfWS.,gm 766.4 766.3 Mercury Level of Pipette at t=O. Rpo, em 9.9 Back Pressure, psi 105
Length I, in 3.473 3.381 Initial Head Difference, 21 -(Rpo-R...JMb em 7.08 Avg.(Mid-Heigbt) Confining S~. psi 5
Longth2, in 3.45 3.389 Trial Constant, T - M21 Zit em 0.1471 Maximum Gradient 10.3
Length 3, in 3.433 3.382 Temperature Correction for 20De, Rt 0.965 Avcngc Test Temperature, DC 21.5
Top Diameter, in 2.83 2.&45 TEST DATA
Middle Diameter, in 2.825 2.826 ~ R,. .;.z, ; II, MI, a'= I a'••• k"
Bottom Diameter, in 2.821 2.838 Elapsed Mercury R,o-R,. Gradient Head Percent of Initial Effective Stress HydrauUc
Average Length, L, em 8.77 8.60 Time Height Head from 1=0 Max Min Conductivity
Average Area. A, cm"2 40.45 40.76 min em em em/em em % gO; rm em/set;
Sample Volume, cc 354.7 350.4 0.00 9.9 0 10.3 88.9 100.00/0 5.63 4.37 NA
Unit Wet WL. gmIcc 2.16 2.19 5.00 9.8 0.1 102 87.6 98.5% 5.62 4.38 2.4 IE-08
Unit Wet Wl, pet 134,8 136.5 10.00 9.7 0.2 10.0 86.3 97.1% 5.61 4.39 2.43E-D8
Uwl Dry Wl. pef 116.8 118.2 15.00 9.6 0.3 9.9 85.0 95.6% 5.60 4.40 2A5E-OS11'- 1.87 1.90 20.00 9.55 0.35 9.8 &4.3 94.9%. 5.60 4.40 2.I5E-OS
S Gravity, Assumed 2.7 2.7. 25.00 9.5 0.4 9.7 83.7 94.1% 5.60 4.40 1.97E-DS

'0, e 0.442 0.425 30.00 9A5 0.45 9.7 83.0 93.4% 5.59 4.41 L86E-DS
, n 0.307 0298 35.00 9.4 0.5 9.6 82.4 92.6% 5.59 4.41 I. 78E-D8

Pore olumc, cc 108.74 104.46
Saturation, % 94.2%

.ELAPSED TJME VS. HYDRAULlC CONDUCflVlTY
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~dation: ALO Reviewed By: SVG Date Tested:

~._avuage1fydrau/it; ConductiviJy is calcu/oud using the tZVOageoflhe hut,( determinations whee a// requisitej10w and HydnwIit; ConducIfvity conditia1lS are aclilNedl

PrereijuisiJs: Inflowl Ourjlow Ratio <Z J by dejinitian oflat pl"OCdure. FInD1Hydrau/it; ConduWvity., +-25Y. of uverage Hydnruiit; Conductivily whl!1lk> IE-8 cmIsec and +-50% wilen k < IE-8 cmIsec.
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