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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 (PTI)
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 1 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:1V slopes due to settlement. The Closure Plan will address the regra&ing
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 PTI 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
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This Closure Plan‘incorporates.the following variance request in accordance with OAC 3745-27-

03(C):

1. Proposed waste regrading of the existing waste within Phase 1 through 6B to meet the
minimum slope of 5% and maximum slépe of 3H:1V in a-ccordance with OAC 3745-27-
08 (C)(4j(c) and (d) except for approximately 6.3 acres where the minimum proposed
grade is 3%. This is discussed in more detail in Section 11(B)(5)(e).

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

1. 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

detail in Section 11(B)(5)(e).

2. 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" cm/s can be achieved. This is discussed in

more detail in Section 11{G)(1).

3. 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 11(G)(1).

4. 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 11{H)(1).

153-121.0001-FCPC Plan -2- October 2015
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S. Proposed passive gas venting system installation since the landfill does not meet the
. minimum requirements of the New Source Performance Standards (INSPS) for the Non-

Methane Organic Compound (NMOC) emissions rate of 50 Mg/yr based on Tier 1I 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 (GRI) 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 Fac{lity), 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 altemnative schedule for

completing final closure and post-closure activities.
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11(A) APPLICABILITY

11(A)(1) 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 1, 1994

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

accepting waste.
11(B) FINAL CLOSURE/POST-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.

153-121.0001-FCPC Plan -4~ October 2015
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11(B)(3) Facility Contact

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

be:

3

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

Alliance, Ohio 44601
(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 2015
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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 QAC 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 cuté 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 § and 9 provide
details for the final cover system, the passive gas venting systém 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
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¢ 30-inch thick Vegetative Cover Layer

. e Double-Sided Geocomposite Drainage Layer
¢ 40-mil textured Linear Low Density Polyethylene (LLDPE) Flexible Membrane Liner
(FML)

e 18-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.

11(B)(5)(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.
11(B)(5)(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

153-121.0001-FCPC Plan -7- October 2015
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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 PTI 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;

e The landfill slopes range from 3% to 5% on the top and 3H:1V 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 BSIC, 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 2015
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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.
11(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.

11(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. ‘
11{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 barrer

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

153-121.000t-FCPC Plan -9- October 2015
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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 CQA/QC Plan provides a detailed description of the final cover system construction
methods and construction quality assurance/quality control procedures. Attachment A of the
CQA/QC 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 CQA/QC 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
i 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.

153-121.0001-FCPC Plan -10- October 2015
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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(B)(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 wiil be
excavated and reconstructed. Leachate outbreaks will be prevented from flowing to the surface
water contro] structures. CEC, on l;ehalf 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 ali 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.
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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 11(G) and (H) of this 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
e Mahoning County Solid Waste Management District
e Ohio EPA Northeast District Office

11(E) NOTIFICATION OF ACTUAL DATE
The CWDF has ceased accepting solid waste.

11(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.
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11(G) COMPOSITE CAP SYSTEM CONSTRUCTION
The CWDF final cover system will be constructed in accordance with the approved PTL.
11{G)(1) 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:1V side slopes provides a cushion for the underlying FML and provides 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 CQA/QC 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 108 cm/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.
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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 cm/sec to 1.8 x 10 cm/sec, with only two of samples having a
permeability less than the minimum required penﬁeability of 1.0 x 10 cm/sec. Since these
results indicate that the existing RSB generally meets the minimum required permeability of 1.0
x 10® cm/sec per OAC 3745-27-08 (21)(g)(iv), CEC proposes that only tﬁe 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 PTI 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.

11(G)(2) Composite Cap System per OAC 3745-27-09(B)(1) 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

11(H)(1) 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
2B 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 2B leachate collection pipe cleanout and
lowered to the Phase 2B sump. A temporary forcemain pipe was instailed from the Phase 2B
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 2B 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;
s Directly removing run-off from the landfill to minimize leachate generation; and

e 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;
e 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.
11(H)(3) Groundwater Monitoring System

The groundwater monitoring system is described in the approved Groundwater Detection

Monitoring Program.

A new monitoring well, MW-31D, will be installed north of Phase 5B as part of the Groundwater
Detection Monitoring Program. MW-31D will be screened within the Middle Mercer Shale
UAS. Due to the construction activities in this area associated with the closure construction,
MW-31D will be iqstalled 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.

11(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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11(H)(5) 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 and 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;
e Mahoning County Recorder of Deeds; and
e 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(I) 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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11(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.

11(DH(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 of the 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.
11(J)(2) Groundwater Monitoring System

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

system meets the requirements of OAC 3745-27-10.

11(5)(3) Plat and Deed

The Final Closure Certification will include a copy of the plat and deed showing the notation
required by Paragraph 11(H)(5) of this Closure Plan and bearing the mark of recordation of the

office of Mahoning County.

11(J)(4) Posted Signs

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

1 1{H)(6) has been posted and.that all entrances and access roads have been blocked as required

by Paragraph 11(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 taw.
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, writteri 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 of the following:

s Final cover system;

s Leachate management system,

e Surface water management system;
e 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 tank. 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 Stormwater 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 replacing 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 of the 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
| puiled 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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e Contain and properly manage the leachate;

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

o 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)(1) and

(AX2).
14(A)(5) Monitoring and Reporting Requirements

CWT will perform groundwater monitoring and reporting in accordance with the approved
Groundwater Detection Monitoring Program and OAC 3745-27-10(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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14(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:

s 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;

o Resuits 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

e 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.

14(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.
14(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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e A summary of changes to leachate quality and quantity;
. e Rate of leachate generation and depth of leachate at each leachate sump, with an
explanation of how the figures were derived,
e A summary of any on-going groundwater assessment or corrective measures,

e 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, Heaith 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

Determine the factor of safety for the 2008 final cover system based on existing interface shear strength and
geocomposite transmissivity test results. These calculations also consider the existing maximum 3.4H:1V 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 factors of safety:

Translational | Static or | Drained or | OAC Rule Minimum Factor Method of
or Rotational | Seismic | Undrained | 3745-27-08 of Safety Caiculation
Translational Static Drained (CUTHe)(i) 1.50 Sottware &
Spreadsheet*
Translational | Seismic Drained (CY(T)d)ii}) 1.0 Software &
Spreadsheet*
Translational Static Undrained {CH7 i) 1.1 Software &
: Spreadsheet”
Rotational Static Drained (CY7)(c)(iD) 1.5 results Sottware
Rotational Seismic Drained (ST d)(iD) 1.0 Software
Rotational Static Undrained (CYTHH() 1.1 Software

* Software calculations were performed to analyze the 3.4H:1V slopes including the benches;
spreadsheet calculations were performed to analyze the 3.4H:1V 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 8, 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 interface shear strength of final cover system components.
The spreadsheet calculates a FS by dividing the cover material along the 3.4H:1V 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.

153-121-Final Cover SSA Narrative.doc Civil & Environmental Consultaﬁts, Ing, Oclober 2015
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The analytical method presented in this reference is used 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 stability 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:1V 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 Atlas 14 — Point Precipitation Frequency
Estimate website for Alliance, Ohio.

GRI Standard — GC8, Determination of the Allowable Flow Rate of a Drainage Geocomposite

This paper presents the methodology for application of reduclion 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:1V slopes including the benches of the final cover systern. The
program uses limit equilibrium techniques to determine a FS for each given input cross-section and
corresponding data file. SLIDE wilt 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 Lavyer;
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 SUIDE 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 1.5 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:1V 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 siope 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: v = 130 pcf
Cohesion: ¢ = 893 psf

Intemal Friction Angle: ¢= 25 degrees

Permeability: k = 1.0 x 10™ cm/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: y; = 100 pcf
Cohesion: ¢ = 0 psf

internal Friction Angle: ¢= 17.5 degrees

Thickness = 0.5 feet.

Recompacted Soil Barrier (RSB) Shear Strenqth Parameters
Unit weight of the barrier soil material: y = 130 pcf
Cohesion: ¢ = 893 psf

internal Friction Angle: ¢= 25 degrees

Thickness = 1.5 feet.

Intermediale Cover Soil Shear Strength Parameters

Unit weight of the intermediate soil material: v = 130 pcf
Cohesion: ¢ = O psf

Internal Friction Angle: ¢= 27 degrees

Thickness = 1.0 feet.

Municipal Solid Waste Shear Strength Parameters
Unit weight of the solid waste material: y = 90 pcf
Cohesion: ¢ = 400 psf )
Internal Friction Angle: ¢= 33.0 degrees.

The shear strength properties of MSW are conservative when compared to the maximum recommendation in
Chapter 8 of the Geofechnical 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 piotting 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.
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Figure 811 Approximate relationship betwreon maxinuum accelerations at the base and crest
lor various ground conditions, Singh and Sun, 1995, Figure 3.
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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.

ACTIVE WEDGE

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 sideslope is analyzed within GR] 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, i.e. 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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The following typical LGP Bulldozer equipment specifications are used within the GRI 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 fi* = 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 GRI 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 GRI 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 GRt Report #19 spreadsheet calculation that impacts slepe stability is
the “runoff coefficient”, RC. The RC estimates the amount of precipitation that drains off the final cover
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" sideslope as surface water runoft, 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 Conservation 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 1o
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
version 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 k... = 1.0 x 10 *cm/sec:

A final cover material thickness of h,, = 30-inches

A geocomposite thickness of hy = 250 mils = 6.35 mm; and

A long term geocomposite transmissivity of 8, = 1.16 x 10™ m¥sec.

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

Kg = 0y /hg

Where hy equals the thickness of the geocomposite.

Therefore the permeability of the geocomposit;e equals:

Kq = {1.16 *10™° m%/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 for the reduction in transmissivity over the long term, reduction factors were applied to the installed
geocomposite transmissivity based on GRJ Standard — GC8, “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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By =0y * (RF " RFcr * RFcc * RFac )
Where :

RFin = Reduction Factor for geotextile intrusion (1.0 to 1.2);
RAFcq = Reduction Factor for creep deformation (1.2 to 1.4);
RFcc = Reduction Factor for chemical clogging (1.0 to 1.2); and
RFgac = Reduction Factor for biological clogging (1.2 to 3.5).

Since the laboratory testing was performed using site-specific boundary conditions, the reduction factor for
intrusion of the geotextile into the geonet was ignored (RF,y =1.0).

Reduction factors for creep deformation, RFcg = 1.4, biological clogging, RFpc = 2.8, and chemical clogging RFec
=1.1 were utilized. The resulting ultimate transmissivity (8,,) is calculated as shown below.

By =1.16 *10* m¥sec x (1.0* 1.4* 1.1 2.8) = 5.00 x 10™ m%/sec

SOFTWARE CALCULATIONS

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 (h,y) 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 surface 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.

153-121-Final Cover SSA Narrative.doc Civil & Environmental Consultants, Inc. QOctober 2015



( J .7 L)
L
Civil & Environmental Consultants, Inc.
2008 FINAL COVER SHALLOW SLOPE STABILITY ANALYSIS

PROJECT 153121

PROJECT

DETERMINATION OF INTERFACE STRENGTH AND GEOCOMPOSITE TRANSMISSIVITY page 11 oF 17

CENTRAL WASTE DISPOSAL FACILITY

MADE BY DRL DATE 1 0I28I1 5 CHECKED BY AMR

DATE 10430115

CONCLUSIONS

The following table presents a summary of the calculated factors of safety for the various analyses perdormed for
the final cover system. As shown, all calculated factors of safety meet the requirements of QAC 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 (CHTYe){ii) 2.02 1.50 Software
Translational Static Drained (CH7)e)(ii) 2.03 1.50 Spreadsheet”
Translational | Seismic Drained (CH7)(dXii) 1.43 1.00 Software
Translational | Seismic Drained {CUTN (D) 1.54 1.00 Spreadsheet*
Translational Static Undrained | (CYZ)H){ii) 2.07 1.10 Software
Translational Static Undrained (CHTIDD 1.13 1.10 Spreadsheet*
Rotational Static Drained (CHTYe)(ii) 3.78 1.50 Software
Rotational Seismic Drained | (CY{7){d)ii) 2.48 1,00 Software
Rotational Static Undrained | {(C){7){f)(ii) 3.78 1.10 Software

* Software calculations were performed to analyze the 3.4H:1V slopes including the benches;
spreadsheet calculations were performed to analyze the 3.4H:1V slopes between the benches.

Soil Shear Strength Requirements

The laboratory results indicate that the soil material used to 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:1V siopes. This peak
shear strength value was determined as follows:

T= C+ayfand

Where:
c = 893 psf
On = 500 psf -
{based on a cap protection {ayer thickness of 2.5’ and as required by the
CQA/QC Pian for testing)
¢ = 25
T = 1,126 psf

Any combination of ¢ and ¢ yielding a t 2 1,126 psf under a normal load of 500 psf results in an acceptable FS.
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" Interface Shear Strength Requirements

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

t= Cc+otand

Where:
: C = O psf
Cn = 500psf
(based on a maximum cap protection layer thickness of 2.5")
) 17.5 ° ( as described above)

T 158 psf
Any combination of ¢ and ¢ yielding a T 2 158 psf under a normal load of 500 péf results in an acceptable FS.

Geocomposite Requirements

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

Client CECI Boring RSL
Client Project Central Wasie Depth NA
Project No. 26487 Sample RSL-6D
5 Lab No. 26487003
Visval Description Light Ofive Brown Lean Clay With Sand
Sample Condition Remolded
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DIRECT SHEAR TEST OF SOILS
UNDER CONSOLIDATED, DRAINED CONDITIONS
MOHRS'S CIRCLE AND FAILURE PARAMETERS

Client CEC1 Boring: RSL
Client Project Central Waste Depth:
Project No. 26487 Sample: RSL-6D
Lab Sample 26487003
Material: Light Olive Brown Lean Clay With Sand
Condition Remolded
Average Friction Angle, ¢, deg, 25.1 Using All Points
Average Cohesion, ¢, psi 6.2 Using All Points
Sample Condition Remolded
Normal Siress, psi 34.68 69.45 138.89
Shear Stress at Failure, psi 23.74 36.75 71.81
Mohr's Circle Radius, psi 26.2 40.6 79.3
Mohr's Circle Origin, psi 45.8 86.6 172.5
(Origin - Normal Swess), psi 111 17.2 33.6
Minor Principat Stress o3, psi 19.6 46.1 93.2
Major Principal Swress ¢1, psi 72.0 127.2 251.7
Principal Stress Difference, 61-03, psi 524 Bl.1 1585
Normal Stress Pole Coordinate, X, psi 56.9 103.8 206.0
Shear Stress Pole Coordinate, Y, pst 23.7 6.8 718
Assumed Failure Plane, deg 0 - Horizoniat 0 - Horizonta) (0 - Horizontal
Major Principal Failure Plane Angie, deg 575 57.5 57.5
Minor Principal Failure Plane Angle, deg 325 325 32.5
Maximum Shear Stress, psi 26.2 40.6 79.3
Maximum Shear Failure Plane Angle, deg 12.5 12.5 12.5
Initial Water Content, % 193% 19.3% 193%
Initial Dry Density, pef 107.5 107.0 1079
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DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS - ASTM D 3080

Client CECI Boring  RSL
Client Project Central Waste Depth NA
Project No. 26487 Sample  RSL-6D
Lab No. 26487003
Visual Description Light Olive Brown Lean Clay With Sand
Sample Condition Remolded
SAMPLE CONDITIONS
Test No. 1 2 3
Initial |After Consol} Final Initial |After Consol] Final Initial |After Consot! Final
Tare I.D. 127 - 65 127 - 22 127 -} 69
Wt Wet Soil & Tare, gm 191.8 - 246.9 191.8 - 241.66 191.8 - | 245.5]
Wt. Dry Soil & Tare, gm | 174.33 - 221.86 | 174.33 - 218.66 | 174.33 - 22347
Wt. Tare, gm 83.91 - 84.16 83.91 - 81.68 83.91 - ! 8506
Water Content, % 19.3% - 18.2% 19.3% - 16.8% 19.3% - ; 159%
Wt. of Wet Soil & Mold, 316.98 - - 317.21 - - 317.59 - ; -
Wt of Mold, gm 151.68 - - 152.61 - - 151.69 - -
Wt. of Wet Soil, gm 165.3 - - 164.6 - - 165.9 -
Sample Height, in 1 0.9374 | 09188 1 09174 | 0.8925 1 0.8904 ° 0.8648
Sample Diameter, in 2.5 2.5 2.5 2.5 2.5 2.5 2.5 25 1 25
Sample Area, in"2 49" 4.9 4.9 4.9 4.9 4.9 4.9 49 | 49
Sample Volume, cc 80.44 75.40 73.91 80.44 73.80 71.79 80.44 71.62 | 69.56
Wet Density, pcf 128.2 NA 138.2 127.7 NA 140.0 128.7 NA ! 1446
Dry Density, pef 107.5 NA 117.0 107.0 NA 119.9 107.9 NA | 1247
) DEFORMATION RATE CALCULATIONS
tog» Min. (Sqrt. Method) 0.38 0.24 10.50
Equivalent tgp, min. (Sqrt.) 0.09 0.06 245
tsp, Min. (Log Method) 1.69 0.09 0.36
Selected tsq, min. (Max.) 1.69 0.09 2.45
Calc. Disp. Rate, in./min. 0.0028 0.0534 0.0020
TEST DATA AND SUMMARY
Test No. 1 2 3
Normal Stress, psi 34.69 69.45 138.9¢
Shear Stress at Failure, psi 237 Peak 36.8 Peak 71.8 10% Def.
Shear Disp. at Failure, in 0.240 0.240 0.250
Displacement Raie, in/min 0.6010 0.0010 0.0619
Horizontal Shear Shear | Vertical Shear Shear | Vertcal Shear Shear i Vertical
Displacement Force Stress | Deformation) Force | Stress | Deformation] Force Stress | Deformation
in ib. psi in b, psi in Ib. psi 1 in
0 0.0 0.0 0.000 00 0.0 0.000 0.0 0.0 0.000
0.005 1.6 0.3 0.000 5.3 L1 -0.003 8.6 L7 1 -0.004
0.010 12.4 2.5 -0.001 15.8 3.2 -0.004 25.5 532 ; 0005
0.015 36.8 - 15 -0.001 23.8 4.8 -0.005 44.2 9.0 ¢ -0.006
0.020 5.1 11.6 -0.002 34.0 6.9 -0.006 65.2 133, 0006
0.025 66.2 13.5 -0.003 48.5 9.9 -0.007 922 18.8 - 0007
0.030 70.0 14.3 -0.004 61.0 12.4 -0.008 116.5 237, -0.008
0.035 18.2 15.9 -0.005 72.7 14.8 -0.009 138.2 281 1 0010
0.040 78.4 16.0 -0.005 83.4 17.0 0010 | 157.7 321 1 0011
0.045 78.4 16.0 -0.006 92.9 18.9 -0.011 175.5 357 ; 0012
0.050 79.4 16.2 -0.007 101.4 20.7 -0.012 192.0 381 . 0013
0.055 19.6 16.2 -0.007 109.4 22.3 -0.013 206.9 422 ; -0.013
0.060 79.9 16.3 -0.008 116.1 237 -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 B3.1 16.9 -0.009 128.5 26.2 -0.015 245.2 50.0 ' -0.016
0.075 84.7 17.3 0.010 133.6 272 -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




0.085 87.0 17.7 -0.011 142.6 29.0 -0.017 274.8 56.0 -0.018
0.090 B7.8 17.9 -0.011 146.4 20.8 -0.017 283.3 7.7 -0.018
0.095 89.4 18.2 -0.011 149.9 30.5 -0.018 290.5 58.2 -0.019
0.i00 91.1 18.6 -0.012 153.1 312 -0.018 207.6 60.6 -0.019
0.105 91.9 18.7 -0.012 155.8 31.7 -0.019 303.9 61.9 -0.020
0.110 92.8 18.9 -0.013 158.7 323 -0.019 3100 63.2 -0.020
0.115 93.8 15.1 -0.013 161.3 329 -0.019 315.3 64.2 -0.020
0.120 93.1 19.0 -0.013 163.0 33.2 -0.020 320.3 65.3 -0.020
0.125 93.8 19.1 -0.014 165.0 33.6 -0.020 324.4 66.1 -0.021
0.130 94.2 15.2 -0.014 166.8 34.0 -0.020 328.2 66.9 -0.021
0.135 5941 19.2 -0.014 168.1 34.2 -0.021 3314 67.5 -0.021
0.140 93.3 1.0 -0.014 169.8 34.6 -0.021 334.9 68.2. -0.022
0.145 93.8 19.1 -0.015 171.2 349 -0.021 3373 68.8 -0.022
0.150 94.1 19.2 -0.015 172.4 35.1 -0.021 340.0 69.3 -0.022
0.155 94.5° 19.3 -0.015 173.2 353 -0.022 ] 34138 69.6 -0.022
0.160 96.1 19.6 -0.015 174.7 356 -0.022 3434 70.0 -0.023
0.165 96.1 15.6 -0.016 -] 1753 357 -0.022 344.6 70.2 -0.023
0.170 96.9 19.8 -0.016 176.3 35.8 -0.022 346.2 70.5 -0.023
0.175 98.8 20.1 -0.016 176.4 359 -0.023 346.7 70.6 -0.023
0.180 99.8 20.3 -0.016 1777 | . 362 -0.023 3483 71.0 -0.023
0.185 100.9 206 -0.017 177.8 36.2 -0.023 348.7 71.0 -0.024
0.190 102.3 20.8 -0.017 178.2 36.3 -0.023 349.6 71.2 -0.024
0.195 103.0 21.0 -0.017 178.4 364 -0.023 349.7 71.2 -0.024
0.200 103.9 21.2 -0.017 178.9 36.4 -0.023 349.5 71.2 -0.024
0.205 104.5 21.3 -0.017 178.9 36.5 -0.024 349.9 71.3 -0.024
0.210 105.3 21.5 -0.017 179.2 36.5 -0.024 350.7 71.4 -0.024
0.215 107.0 21.8 -0.018 179.3 36.5 -0.024 351.1 71.5 -0.024
0.220 108.5 22.1 -0.018 179.5 36.6 -0.024 351.6 ‘716 -0.025
0.225 109.7 22.4 -0.018 179.6 36.6 -0.024 351.7 71.7 -0.025
0.230. 112.2 22.9 -0.018 179.8 36.6 -0.024 351.8 71.7 -0.025
0.235 115.9 23.6 -0.018 179.8 36.6 -0.025 351.8 71.7 0.025
0.240 116.5 237 -0.018 180.4 36.8 -0.025 3523 71.8 -0.025 .
0.245 113.4 231 -0.018 179.9 36.7 -0.025 351.9 71.7 -0.025
0.250 1807.9 22.0 -0.019 180.4 36.7 -0.025 352.5 71.8 | -0.026

i

!
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ASTM D 4716

Client: American Environmental Group, Ltd Job # 2839
Project: Central Waste, OH
Product: TN270-2-6
Roll # 283910245

Test Configuration:

i{NF LOWY OUTFLQYY
12 M 12 Test Surfaoe

Test Information:
Steel Plate :°r:fa:‘::°ad: ;0;)20 ?tPSf
Boundary Conditions: Geocomposite sra .'e- Time: .
Steel Plate eatmg_] ur!e. 15 minutes
Flow Direction: MD
Test Results:
. Transmissivity, m*/sec
Pressure Gradient, ft ’
(psh t 15 minutes
10000 0.02 1.28 x 10

571 Industrial Parkway, Commerce, GA 30522 Phone: 706-336-7000 Fax: 706-336-7007 Email: skaps@skaps.com
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ASTM D 4716

Client: American Environmental Group, Ltd
Project: Central Waste, OH

Product: TN270-2-6

Roll # 283910245

Job # 2839

Test Configuration:

INF LOUY DUTFLOW
12 M 12 Test Surface
Test Information:
Steel Plate Norrr_nal Load: 500 psf
cas - Gradient: 033 ft
Boundary Conditions: Geocomposite . .
Seating Time: 15 minutes
Steel Plate ! .
Flow Direction: MD
Test Results:
. Transmissivity, m*/sec
ft
Pressure (_psf) Gradient, 15 minutes
500 0.33 1.39 x 10°

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



mailto:skaps@skaps.com

ASTM D 4716

Product: TN270-2-6

Client: American Environmental Group, Ltd Job # 2839
Project: Central Waste, OH

Test Configuration:
_b" ‘4"*’0‘4*‘**0‘«»“’*4»’&0‘&%""’44*4¢*¢*¢*v
INF LOUY OuUTFLOU
12 X 12 Test Surface
Test Information:
Steel Plate Normal Load: 500 psf
Boundary Conditions: Geocompaosite Grad-lent: 0.33 ft
Steel Plate Seating Time: 15 minutes
Flow Direction: MD
Test Results:
i )
Roll Number Gradient, ft Tmnsmnss;ylty, m"/sec
15 minutes
283910220 0.33 1.32x 107
283910245 ' 139 % 107

571 Industrial Parkway, Commerce, GA 30529 Phone: 706-336-7000 Fax: 706-336-7007 Email: 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:
INFLOW ' O UTFLOWY
12 X 12 T=st Surface
Test Information:
Steel Plate NomTal Load: 500 psf
L . Gradient: 033 f
Boundary Conditions: Geccomposite Seating Time: .
Steel Plate ea ng- m-Ee. 15 minutes
Flow Direction: MD
Test Results:
. Transmissivity, m*/sec
Roll No. Pressure (psf) Gradient, ft 15 minutes
283910001 1.37'x 107
283910035 . 1.41 x 107
283910070 1.38 x 107°
283910105 500 0.33 g 1.36 x 107
283910140 1.39x 107
283910175 1.37 x 107
283910210 1.40 x 107

571 Industrial Parkway, Commerce, GA 30529 Phone: 706-336-7000 Fax: 706-336-7007 Email: skaps@skaps.com
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GEOCOMPOSITE TEST RESULTS
TRI Client: Civil & Environmental Consultants, Inc.
Preject: Central Waste Landfill

Material: SKAPS TN270-2-6 Double Sided Geocomposite

Hydraulic Transmissivity (ASTM D) 4716)

TRl Log # E2312-33-02

STD. FROJ.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. SPEC.
1 2 3 4 5 3 7 8 ] 10
Sample |dentification: 283910061 -
Direction Tested: Machine Direction Plate
Normal Load (psf): 500 e T a—
Hydraulic Gradlent: 033 Inflow RIS Outflow
Test Length (in) 12 — P, A’A’AoA’A’A’A’A‘A’A’A’A’A‘A >
Test Width (in) 12 A ————— .
Plats / Sample / Plaie
DS GC Plate
Saeat Time
{hours) Specimen 1 2
Valume (ct) 872 872 862 B33 836 830
Time (5} 725 I3 125 125 7.2 7.25
Flaw Rate (GPMM widlh) 1.91 180 188 162 184 1.8 1,86 0.04
0.3 Transmissivity (m*2/s) 1.20E-03 1.18E-03 1.18E-03 1.M4E-03 1.16E03 1.ME-03 1ATE-03 | 247E-05  5.06-04 min
Test Temp (C) 20.0 200
Temp. Corr. Factor 1.000 1.000
Samgple IdentHication: 283910078
Direction Tested: Machine Direcion Plate
Normal Load (psf): 500 — I ———
i lent: .
.:{:‘muher;:)mt 0123 Inﬂow '.'."0'.'0'.V"’V"""'.'.'." \/ Out‘ﬂuw
meLﬂidgmuﬂn) = — P ANANNNANNNNANNNNANANTr
Plate / Sampla / Plats
I DSGC Plate
Seat Time
[hours) Spedmen 1 2
Valume (cc) 619 613 618 669 665 659
. Time{s) 718 708 1A 7.21 7.18 7.09
nos FlowRate (GPMA widih) 137 137 138 147 1.47 147 142 0.05
' Transmissivity (m*2/s) BSTE.04 S60E-0A4 B.52E-D4 O.22E-04 0.226-04 D.24E-04 B.90E-04 | 3.66E-05 5.0E-04 min
Test Temp (C}) 20.0 200
Temp. Car. Facter

1.000 1.000

Tha testing herein Is based upon scceptad industry practice as well as tha test method listed. Tes? resuits reported hemgin do nol apply
to samples other than thase tesied. TRI nefther accepts responsibiity for nor makes dlaim ea to the fingl use and purpase of the matesial.
‘TRI chserves and maintains client confidentiality, TRI limits reproduction: of this repont, except in full, withoul prior approval of TRI

pageoiD
GeosyntheticTesting.com
8063 Bee Caves Road / Austin, TX 787337512 263 2101 / fax 512 263 2558



£ B ES. A Tes Resouch memstons Conpary

GEOCOMPOSITE TEST RESULTS
TRI Client: Civil & Environmental Consultants, Inc.
\ Project: Central Waste Landfiil
Material: SKAPS TN2Z70-2-6 Double Sided Geocomposite
Hydraullc Transmissivity {ASTM D 4716)
TRI Log #: E2312-33-02

' sTD. PROJ.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. SPEC.
1 2 3 rl 5 ] 7 ] ) 0
Sample ldentification: 283910026 .
: Plate
Direction Tested: Machine Direction
Normal Laad (psf): 500 B )
Hydraullc Gradient: 0.33 Inflow e rrorTroroTog Outfow
Test Length (in) 12 . _—)’ "‘.‘0"‘0"‘.‘.‘.‘.""‘."‘ A
Test Width (in} 12 = -
Sk S s € L et WP o i i bR s
Plate  Sample / Plats
DS GC . Plate
Seat Time
(hours} Spedmen 1 2
Volume {cc) 874 876 868 BES a4 850
Time (8) 7.1a8 .21 7.18 7.25 7.37 7.25
0.25 Flow Rate (GPMA \A_'idlh) 1.83 1.83 1.92 1.89 1.88 1.88 1.90 0.02
- Transmissivity {m*2/5) 1L.21E03 1.21E-03 1.20E-03 1.18E-03 1,%EE-03 1,18E-03 1.19E-03 § 1.44E-05 5.0E-04 min
Test Temp (C) 20.0 200
Temp. Corr. Fador : 1.000 1.000
Sampla Identification: 282910044
Direclion Tested: Machine Direction Plate
Normal Load {psf): 500 e ——
I [ 0.33
:,'::tm"' © G“g:)e"t S Inflow v’v.vov’v’v’v’v’v’v.v’v’v’v.v g Outflow
Test Wi " AAAAALAAAAAAAAA‘ >
idth (in) 12
Plata f Sample / Plate
|— DS GC Plate
Sast Tome
(hours) Specimen 1 2
Votume (ct) 795 782 789 750 747 745
Time(s) - 7.3% 7.28 7.18 1.20 7.43 7.14
Fiaw Rae (GPMM width) 72 172 174 185 168 1.85 169 0.04
0.25 Transmissivity (m*2/s) 1.08E-03 1.08E-03 1.09E-03 1.04E-03 1.04E-03 1.04E03 1.06E-03 | 261E-05 5.0E-04 min
Test Temp (C) 20.0 200
Temp. Corm, Factor . 1.000 1.000

The testing herein i based upon accepted industry praciice as well as the test method listed. Test results reported herein do not apply
_ to samples other than those tested. TR neither secepts responsibiiity for nor makes daim asg to the final use and purpose of the matestal,
TRI cbserves and maintains dient confidentiafity. TRI limits reproduction: of this report, except in full, without prior epproval of TRL

page Bof B
GeosynthelicTesting.com
8063 Bes Coves Road / Austin, TX 75733 /512 263 2101 /1mx 512 263 2558
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GEOCOMPOSITE TEST RESULTS
TRi Client: Civil & Environmental Consultants, Inc.
Project: Central Waste LandSill
Material; SKAPS TN270-2-6 Double Sided Geocomposite
Sample |dentification: 263910004
TRI Log #: E2312-33-02
STD. PROJ.
PARAMETER TEST REPLICATE NUMBER MEAN DEV, SPEC.
1 2 3 4 5 -] 7 8 ] 10
Hydraufic Transmissivity {ASTM D 4716) '
Direction Tested: Machine Direction Plate
Normal Load (psf): 500 e e e T eGE
Hydraufic Gradient: 0.33 Inflow WAV AV AT W a W aWaVaVaVaVWaVaVaVWa VoY Outflow
Test Length (in) 12 — A A’AOA.A’A’A’A’A’A’A’A’A’A’A’A
Test Width (i} 12 A At ——— —
Plate f le / Plate
ate/ Sample /Pla DS GC Plate

Sasat Time
(hours) Specimen 1 2

Votume {cc) 886 1011 898 a8 a54 850

Time (s) 7.15 .3 725  7.37 7.18 7.5

0.2 Flow Rate {GPM/M width) 2.18 219 218 FAL) 211 211 215 0.04
” Transmissivity (m*2/s) 1.37E-03 1.38E-03 1.37E-03 1.32E03 1.326-03 1.326£-03 A 1.35E€-03 | 2.76E-05 5.0E-04 min

Test Temp (C) 20.0 20.0

Temp. Cosr. Factor 1.000 1.000
Thickness (ASVM D 5169} Geonet Component
Thickness {mils) 282 286 278 284 2719 282 - 292 290 238 276 285 7 2580 min

276 << min
Density (ASTM D 1505) Geonet Component
. Density {g/fem3} 0.847 0.947 0,947 0.947 0.000 0.84 min

Carbon Black Content (ASTM D 1623, mod.) Geonet Component
% Carbon Black am oz . =2 ] oo 20-35%

Tha {esting herein is based upon accepted industry practice s well as the test method listed. Test results reported herein do not apply
to samples other than those tested, TR neither accepts responsibiity for nor makes daim as to the final use and purposs of tha matertal.
TRI cbserves and maintains dient confidentislity. TRi fimits reproduction: aof this reporl, except in full, without prior spproval of TRL

page 201D
GeosyntheticTesting.com
D063 Bee Coves Rogd / Austin, TX 78733 / 512 263 2101 / fux 512 263 2558



GEOCOMPOSITE TEST RESULTS
TRI Client: Civil & Environmenta! Cansultants, Inc.
Project: Central Waste Landfill

Material: SKAPS TN270-2-6 Double Sided Geocomposite
Hydraulic Transmissivity {ASTM D 4716)
TR Log #: E2312:33-03

5TD. PROJ.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. SPEC.
1 2 3 4 5 6 7 8 2] 10
Sample Identification: 283910149 .
Direction Tested: Machine Direction Plate
Normal Load {psf): 500 Ty - et
Hydraulic Gradient: 0.33
T::t Length (ir) 12 Inflow "."'0'.'.'0'07’70'."".""."" Outflow
; ——FANANNNANNANNNNNNANNT
Tesl Width (in) 12
Plate / Sample / Plate, .
DS GC Plate
Sest Time
{hours) Spacimen 1 2
Volume (cc) 544 543 530 550 629 538
Time (5} 540 $50 531 530 643 540
Flow Rals (GPMM width) 1.680 1.57 1.58 1.65 155 1.58 1.59 0.03
025 o ansmissivity (mr2%) 1.00E-03 9.82E-04 5.82E-04 1.03E-03 0.73E-D4 9.81E-04 9,95E-04 | 2.05E-05 5.0E-04 min
Test Temp (C) 200 20.0
Temp. Corr. Faclor 1.000 1.000
Sample Identification: 283010167 :
Plate
Direction Tested: Machine Direction [———
Normal Load : 500 Inflow Outflow
M o |03 T XX —
Test Length (in) 12 e m . = -
Test Width (In} 12z DS GC Plate
|F'Iata f Sample { Piate
Seal Tume '
(hours) Specimen 1 2
Volume (cc) 547 838 s11 551 550 B0G
Time (5) 5.84 875 5.46 5.00 5.06 5.50
0.25 Flow Rate (GPMM widih) 1.48 1.48 1.48 1.75 1.72 1.73 1.61 0.14
- Transmissivity (m*2/s) $.31E-04 9.30E-04 9.30E-04 1.40E-03 1.08E-03 1.08E-03 1.04E-03 | B.58E-05 5.0E-04 min
Test Temp (C} 200 200
Temp. Corr. Factor i 1.000 1.000

The testing herein is based upon accepted industry prodiics as weil as the lest method listed. Test results reported herein do not apply
to samplas other than those teated, TRI nedther aceapts responsibllity for nor makes caim ag Lo the fing! uss 8nd purpase of the matertal,
TR} observes and maintains dient conlidentiality. TR limits reproduction: of this report, except in full, withou! prior approval of TRL

page 6ol B
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< B A Texas Resenrch jonal Company

GEOCOMPOSITE TEST RESULTS
TRI Client: Clvil & Environments! Consultants, Inc.
Project: Central Wasto Landfill

Material: SKAPS TN270-2-6 Double Sided Geocomposite
Hydraullic Transmissivity (ASTM D 4716)
TRi Log #: E2312-23-03

STD. PROJ.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. SPEC.
1 2 3 4 5 [} 7 8 8 10
Sample ldentification: 283910415
Direction Tested: Machine Direction
Normmal Load (psf): 500
Hydraulic Gradient 0.33 Inflow OlﬂﬂO’N
Test Length (in) 12 "’0..”0.”‘.’ A—>
Test Width (in) 12
Plate / Sample / Plale
DS GC Plate
Seat Tima
{hours) Specimen 1 2
Valume (cc) BES 871 869 849 854 848
Time {s} 715 135 1.2 7.0 741 7.06
Flow Rate {GPMA width} 192 1.90 1.81 1.80 1.90 1.80 1. 0.01
0.25 Transmissivity {(m*2/s) - 1.20E-03 1.19E-03 1.20E-03 1.19E-03 1.18E-03 1.19E-3 4.20E-03 | 4.68E-06 5.0E-04 min
Test Tamp (C) 200 20.0
Femp. Corr, Factor 1.000 1.000
Sample identification: 283910132
Direction Tested: Machine Directlon
Normal Load {psf): 500
Hydraulic Gradient: 0.33
Test Length (in) 12
Test Width (in} 12
Plate f Sample / Plats
| DS GC Plate
Saat Time
{hours} Specimen 1 2
Volume (cc) 682 681 680 B03 604 606
Time {5} 721 721 7.18 7.21 7.20 7.21
0.25 Flow Rate (GPMM width) 1.50 1.50 1.50 133 1.33 133 1.41 0.09
) Transmissivity {m*2/s) 94DE-04 8.39E-04 DAZED4 BI1E-04 B.ME-O4 BIGE-M4 B.B7E-04 | 5.84E-05 5.0E-04 min
Test Temp {C) 20.0 200
Temp. Corr. Factor 1.000 1.000

The testing herein is based upon sccepted industry praciice as well a9 the test method lisled. Test results reported hergin do net apply
1o samples other than those tested. TR nefther actepts responsibility for nor makes daim as to the final use and purpose of the materizd,
TR observes and maintaing dient confidentiality. TR limita reproduction: of this report, exxept in full, without prier approval of TRI

poge Sof B
GeosyntheticTesting.com
Bes Caves Rosd / Austin, TX 76733/ 512 283 2101 / fax 512 263 2558
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GEOCOMPOSITE TEST RESULTS
TRI Client: Civil & Environmental Consultants, Inc.
Project: Central Waste Landfill
Material: SKAPS TN270-2-6 Doubla Sided Geocomposite
Sample ldentification: 282910184
TRI Log & E2312.33-02
STD. PROJ,
PARAMETER TEST REPLICATE NUMBER MEAN DEV. SPEC.
1 2 3 4 5 [} 7 8 [ 10
Hydraulic Transmissivity (ASTM D 4716)
Plate
Direction Testad: Machina Direction
Nomal Lead (psf): 500 i e e S
Hydraulic Gradient: 0.33 inflo¥ oA RRRRAI Ao Outflow
Test Length (in) 12 _> ‘."‘o‘."‘.‘.‘.‘.‘.""‘."‘ A _’
Test Width (in) 12
Plate / Sample / Plate
DS GC Plate
Seat Time
(hours) Specimen 1 2 .
Volume {cc) 697 703 697 691 681 B78
Time {s) 7.15 715 7.15 7.20 7.14 7.3
0.25 Fliow Rate (GPMM width) 1.55 1.56 1.55 152 1.51 151 153 0.02
’ Transmissivity (m*2/s) 9.GOE-04 9.70E-04 D.60E-04 D.54E-04 DIBE-04 D.45E-04 9.61E-04 | $.31E-05 5.0E-04 min
Test Temp (C) 20.0 20.0
Temp. Corr. Faclor 1.000 1.000
Thickness (ASTM D 5199) Geonet Component
Thickness {mils) 280 278 276 281 Figd 81 288 2886 284 301 283 7 250 min
276 << min
Density (ASTM D 1505) Geonst Component
Density (g/lcm3) 0847  0.847 0847 0000  0.84min
Carbon Black Content [ASTM D 1603, mod.) Geonet Component
% Carbon Black 234 232 [E=T] oor  20.3s5%

‘The tegting hergin is based upon peeepled ndustry practice ag well 8 tho test method fisted. Test resulls reporied heretn do nat apply
to samples other than thase tested. TRI neither accepts responaibiity for nor makes daim as to the final use and purpese of the materia).
TRI obsenes and maintains clien! confidentiality. TRI limits reproduction: of this report, except in full, without prior approval of TRI.

page2a{ 6
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GEOCOMPOSITE TEST RESULTS
TR Client: Civil & Environmental Consultants, inc.
Project: Central Waste Landfili

Material: SKAPS TN270-2-6 Double Sided Geocomposlie

Sample |dentification: 283910205
TR Log & E2312-54-07

STD. PRO.L.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. SPEC.
1 2 3 4 5 ] 7 8 10
Hydraulic Transmissivity (ASTM D 4716)
Diredlion Tested: Machine Direction
Norma! Load (psf): 500
Hydraullc Gradlent: 0.33 Inflow
Test Length (in) 12 —A
Test Width (in) 12 —
Piate / Sample / Plate DS GC - Plate
Seat Time
(howrs) Specimen 1 2
Volume (cc) o8 97 951 o7 1072 878
Time (s} 5.18 5.00 4.86 512 5.62 5.15
0.25 Flow Rate {GPMM width) 3.03 3.03 an4 e 302 3. .03 0.01
- Transmissivity (m*2/s) 1.80E-03 1.80E-03 1.91E-03 1.80E-03 1.50E-03 1.HSE.03 1.90E-03 | 5.94E-05 5.0E-04 min
Test Temp (C) 200 200
Temp. Corr. Factor 1.000 1.000

The testing hereln is based upon secapted industy practice s well gs Lhe test method listed, Test resuils reported herein do nol apply
to samples other than those lested. TRI neither actepts responsibility for nor makes claim as (o the final usa and purpose of the material,

‘TR cbserves and maintains dlen! confidentiality. TRI limits reproduction: of this report, except tn full, without prier approval of TRI,

page 201 2
GeosyntheticTesting.com
8063 Bes Coves Road f Austin, TX 78733/ 512 283 2101 / fax 512 263 2558



EL

Civil & Environmental Consultants, Inc.

prosecr 2008 FINAL COVER SHALLOW SLOPE STABILITY ANALYSIS PROJECT 153-121

DETERMINATION OF INTERFACE STRENGTH AND GEOCOMPOSITE TRANSMISSIVITY o, 15 of 17

CENTRAL WASTE DISPOSAL FACILITY

MADE' BY DRL DATE 1 0"28I1 5 CHECKED BY AM R DATE 10/30M15

- Attachment C

Interface Shear Strength Test Results

153-121-Final Cover SSA Narrative.doc Civil & Environmental Consultants, Inc. October 2015




June 27, 2008

Mzr. John Schmidt, P.E.

Ohio EPA Northeast District Office

Division of Solid and Infectious Waste Mariagement
2110 East Aurora Road

Twinsburg, Ohio 44087

Dear Mr. Schmidt:

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

On behalf of Central Waste, Inc. (CWI), Civil & Environmental Consultants, Inc. {CEC) is
submnitting the Shear Strength Testing Resuits 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 CQA/QC Plan and QAC 3745-27-08(G).

The CQA/QC 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.

* Poly Flex 40 mil LLDPE 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 Protection/Vegetative Cover

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

Normal Load | Required Peak Shear

(psf) Strength (psf)
500 250

Civil & Environmental Consultants, Inc.

333 Batdwin Road Chicage B877/963-6026
Pittsburgh, Pennsylvania 15205 Cincinnati 800/759-5614
Phone 412/429-2324 Cloveland 8665072524
Columbus 888/598-6805
Fax 412/426-2114 .
Detroit B66/380-2324
Toll Free 800/365-2324 Export 800/B99-3610
E-mail Info@cedne.com Indianapolis B77/746-0749
Nashville 800/763-2326
5t Louis B66/250-367%

 Comarata Waoh Sita hitrefluse: ~erinn nnm
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Mr. John Schmidt, P.E. ég@ =4 51@7
CEC Project 072-230.0005 ' Kisw e

Page 2
June 27, 2008

The interfaces tested met the requirements of the facility’s QA/QC Plan as shown in the
following table. The laboratory testing results are included in Attachment 1.

1

Normal | Required Shear | Peak Shear
Interface Tested Load (psf) St?'ength (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 CWT at (330) 823-6220 or CEC at (412) 429-2324 if you have
any questions regarding this report.

Sincerely,

CIVIL & ENVIRONMENTAL CONSULTANTS, INC.

LTl

Daniel Tolmer, P.E. Duane R. Lanoue, P.E.
Project Manager Senior Project Manager
Enclosure

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-072-230.0005 Ja27/W




ATTACHMENT 1

LABORATORY TESTING RESULTS




1N LINVIKUNIVIEN | AL, §ING.
A Texas Research Infernational Company

Interface Friction Test Report

t: CEC : TRI Log#: E2308-23-05 John M. Alien, 06/17/2008
Dject:  Central Waste, Closure Area 1 Test Method: ASTM D 5321 Quality Review/Date
Test Date; 06/16/08-06/17/08 . .

Tested Interface: Poly Flex 40 mil LLDPE Textured Geomembrane (LT-4-07-6001-75) vs. RSB
Soil {(Sample 9 & 10), Test 1 of 2

: Shear Stress vs. Normal Stress
500 1 Test Results
S PL:;GS[;‘mxspLamm m@mmr iy - Large
400 1 Peak | Displacement
| E (@ 3.0in.)
! ® 301 Friction Angle
g {degrees): 333 31.9
o
g7 Y-intercept or
» [ Adhesion (psf): ] 0
00 1
ofF + L 4 t £
' Q 100 200 300 400 500
: ’ Normal Sfress (psf)
Shear Stress vs. Disp[acément- Test Conditions
T msmmem s, F500PS Upper Box& RSB Soil (Sample 9 & 10) remolded to
g S R e N ey pper Box p
+ f e ¢ 109 pcf at 17% moisture content
=
a8 1 = Lower Box  Poly Flex 40 mif LLDPE textured
2 0i % geomembrane
= i .
g g 1 |Box Dimensions: 12"x12"x4"
e =
» 100 3F Interface Interface soaked and loading applied for
" Conditioning:  a minimum of 24 hours prior to shear.
o.F ¢ } : ! .
0.0 1.0 20 30 40 Test Condition: Wet
Displacement (inches) .
Shearing Rate: 0.04 inches/minute
Test Data
Specimen No. _ 1
Bearing Siide Resistance (Ibs}) 13
Normal Stress (psh) 500
Corrected Peak Shear Stress (psf) ) 329
Comrected Lamge Displacement Shear Stress (psf) 31
Peak Secant Angle (degrees) 333
Large Displacement Secant Angte (degrees) 319
Asperity-{mils) 236

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 ctaim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.

9063 Bee Caves Road O Austin, TX 78733-6201 0 {512} 263-2101 O (512) 263-2558 0 1-800-880-TEST



TRI/EnviroNMENTAL, INC.

A Texas Research Intemational Company

A
S35 Interface Friction Test Report
Rient; CEC TRI Log#: E2308-23-05 John M. Allen, 06/1772008
Project  Central Waste, Closure Area 1 Tesl Method: ASTM D 5321 © Quality Review/Date

Test Date: 06/16/08-06/17/08

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
500 ¥ : Test Results
' Pesk Shear Struss (Unear i) Large
s00 T T T Lame Dispiocoment Shesr Stress (Lnear R0 - Peak | Displacement
g {@3.0in.)
‘@ 20 Friction Angle
g {degrees}): 349 27.8
(7
5 ™1 Y-intercept or
o Adhesion (psf): 0 0
100
o
Normal Stress (psf)
Shear Stress vs. Displacement ) Test Conditions
400
E +500 pst . Upper Box & RSB Soil (Sample 9 & 10) remolded to
30 Jé,ﬁﬁ'—h«%_ 109 pef at 17% moisture content
oo b & e e,
g 1# “"'ﬁ%%s% Lower Box  Poly Flex 40 mil LLDPE textured
2 = geomembrane
= 200 &
wn
E 150 E Box Dimensions: 12"x12™x4"
“ 100 % Interface Interface soaked and loading applied for
soffp Conditioning: a minimum of 24 hours prior to shear.
_f .
0% - ot e + !
0.0 10 20 3.0 40 Test Condition: Wet
Displacement {inches)
Shearing Rate: 0.04 inches/minute

Test Data

Spedimen No. 1
Bearing Slide Resistnce {{bs}) 13
Normal Stress (psf) 500
Caomected Peak Shear Stress (psf) © 348
Comected Lamge Displacement Shear Stress (psf) 264
Peak Secant Angle (degrees) 34.9
Large Displacement Secant Angle (degrees) 278
Aspeiity (mils} 234

The testing herein s based upon accepted industry practice as well as the test method listed. Test resulls reported herein do not apply
to samples cther than those tested. TRI neither accepts responsibility for nor makes clain as to the finat use and purpose of the material.
TRI abserves and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI,

8063 Bee Caves Road O Austin, TX 78733-6201 0 (512) 263-2101 D f512) 263-2558 O 1-800-880-TEST




TRI/EnvIRONMENTAL, |N;3_. ”

A Texas Research infemational Company

Interface Friction Test Report

lient: CEC TRI Log#: £2308-23-05 Rich Lacey, P.E.., 06/25/2008
Project: Central Waste, Closure Area 1 Tes_t Method: ASTM D 5321 Quality Review/Date
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. Normal Stress
001 Pes Shear Stress fLinear Fi) Test Resulits
== — = Large Displacement Shaar Stress (Linear Fit) Large
400 1 Peak | Displacement
g _(@30in)
g a0 4 Friction Angle
g (degrees): 28.7 10.0
w >
| g1 Y-intercept or
5 & Adhesion (psf): 26 74
i 100 4
o .
| o 100 200 300 400 500
| Normaf Stress (psf)
Shear Stress vs. Displacement . Test Conditions )
| 4250p " -s00pst UpperBox & Skaps TN270-2-6 double-sided

geocomposite

. Lower Box Paly Flex 40 mil LLDPE Textured
o W] Geomembrane
-y,

ﬁw‘?ﬁ-@’f‘%%, ez Box Dimensions: 12"x12 x4~

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

Shoar Stress {ps

210 30 40 Test Condition; Wet
Displacement (inches) :

Shearing Rate: 0.2 inches/minute

Test Data .

Specimen No. - 1 2
{Bearing Stide Resistance (ibs) 10 13

Normal Stress (psf) 250 500
Comected Peak Shear Stress (psf) 152 277 y)
Carrected Large Displacement Shear Stress {psf) - 118 162

Peak Secant Angle (degrees) - 312 299

Lamge Dispiacernent Secant Angle (degrees) 253 18.0
Asperily (mils) 252 210

The testing herein is based upon accepled industry practice as well as the test method listed. Test results reported herein do not a2pply
to samples cther than those tested. TRI neither acoepts respansibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI Bmits reproduction of this report, except in full, without prior approval of TRI.

9063 Bee Caves Road O Austin, TX 78733-6201 0 {512) 263-2101 O (512) 263-2558 O 1-800-880-TEST



TRI/EnviIRONMENTAL, INC.

A Texas Research Intemational Company

Interface Friction Test Report

CEC TRI Log#: E2308-23-05 John M. Allen, E.LT., 06/17/2008
Project: Central Waste, Closure Area 1 Test Method: ASTM D 5321 Quality Review/Date
Test Date: 06/17/08-06/17/08

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. Nommal Stress
00 [ Peak Shear Stress (Linear Fitf Test Results
== — «— Lage Dizplacement Shear Stress (Linear Fil} T Large
s00 ' Peak | Displacement
< {@3.0in.)
a,
a Friction Angle
£ {degrees): 297 19.4
w
g _ Y-intercept or
& Adhesion (psf): | 12 27
300
Nomnal Stress {psf)
Shear Stress vs. Displacement Te'st Conditions
350 -
+250 pst =500 pst UpperBox & Skaps TN270-2-6 double-sided

geocomposite

Lower Box Poly Flex 40 mil LLDPE Textured
Geomembrane -

Box Dimensions: 12"x12"x4"

Shear Stress (ps

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

on 10 20 20 0 Test Condition: Wet

Displacement {inches) ) N
Shearing Rate: 0.2 inches/minute

Test Data
Specimen No. 1 2
Bearing Slide Resistance (ibs) 10 13
Normmal Stress {psf) 250 500
-|Carrected Peak Shear Stress {psf) 155 297
Comected Large Displacement Shear Stress (psf) 115 203
Peak Secant Angle (degrees) 31.7 307
Large Displacement Secant Angle (degrees) 24,7 21
Asperity {(mils) 25.0 264

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 o the final use and purpase of the material,
TRI observes and maintains client confidentiality. TR! imits reproduction of this report, except in full, without prior approval of TRI.

9063 Bee Caves Road O Austin, TX 78733-6201 0 (512) 263-2101 O (512) 263-2558 O 1-800-880-TEST




TRI/EnvironMENTAL INC.

A Texas Research International Company

Interface Friction Test Report
ient:  CEC " TRILog# E2308-23-05 John M, Allen, 06/17/2008

Projectt  Central Waste, Closure Area 1 Test Method: ASTM D 5321 Quality Review/Date
Test Date: 06/16/08-08/17/08

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

Shear Stress v;s. Normal Stress
s00 1 Test Results
Peak Shear Stress Qoearey . Large
400 T tange Displacement s (Hinear 0 Peak | Displacement
E {@ 3.0in.)
E . Friction Angle .
e {degrees): 35.8 346
[74]
g Y-intercept or
o Adhesion (psf): 0 o
] 100 200 300 400 500
Normal Stress {psf)
" Shear Stress vs. Displacement Test Conditions
—— +300 pst UpperBox & Frost Protection/Vegetative Cover soil
%ﬁ“‘,ﬁﬁ R R RN RS remolded to 102.5 pcf at 15% moisture
@ content
a2 %F Lower Box Skaps TN270-2-6 double-sided
§ geocompasite
»n
g Box Dimensions: 12"x12"x4"
£
@ Interface Interface soaked and loading applied for
Conditioning: & minimum of 24 hours prior to shear.
10 20 10 a0 Tesl Condition: Wet
Displacement (inches)
Shearing Rate: 0.04 inches/minute

_ Test Data

Specimen Na. 1
Beanng Stide Resisnce (Ibs) 13
Normal Stress (psf) 500
Comrected Peak Shear Stress (psf) 360
Comredcted Large Displacement Shear Stress (ps) 345
Peak Secant Angle (degrees) 35.8
Large Displacement Secant Angle (degrees) 346

The testing herein is based upon accepted industry practice as well as the fest method fisted. Test results reported herein do not apply
to sampies other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material,
TRI abserves and maintains client confidentiafly. TR fimits reproduction of this report, except in full, without prior approval of TRI.

9063 Bee Caves Road O Austin, TX 78733-6201 0 (512) 263-2101 O (512) 263-2558 O 1-800-880-TEST



TRI/EnvironmENTAL, INC.

A Texas Research International Company

Interface Friction Test Report

TRI Log#: E2308-23-05
Test Method: ASTM D 5321

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

John M. Allen, 0E/17/2008

Quality Review/Date

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

Shear Stress vs. Normal Stress

Peak Shear Stress (Linear Fit)
I — = —Large Displacement Shear Stress (Linear Fit)

(=g
[
o
- 300 4
o
@
=
7]
=201
o
E—4
w2

100 +

o 100 200 300 400
Normal Stress (psf)

Shear Stress vs. Displacement

4.0

-4 500 pst
S 20 ‘"" ’
& ﬁ&éﬁ&
2 .@fw;s*
W
e
o
B
<
€
L
o
20 30
Displacement (inches)

Test Results
Large
Peak | Displacement
(@3.0in.)
“Friction Angle .
(degrees): 308 30.8
Y-intercept or
Adhesion {psf): 0 0

Test Conditions

Upper Box &

Frost Protection/Vegetative Cover soil
remolded to 102.5 pcf at 15% moisture
content

Lower Box Skaps TiNZ270-2-6 double-sided
geocomposite

Box Dimensions: 12°x12"x4"

interface
Conditioning:

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

Test Condition: Wet

} |Shearing Rate: 0.04 inches/minute

Test Data

Specimen No. 1
IBearing Shide Resistance ([bs) 13
Normal Stress {psf) 500
Correcled Peak Shear Stress (psf) 799
Corrected Large Displacement Shear Stress (psf) 238
Peak Secant Angle (degrees) 308
Large Displacement Secari Angle (degrees) 308

The testing herein is based upon accepted industry practice as well as the test methad listed. Test resulls reparted herein do not apply
ta samples gther than those tested. TRI neither accepts responsibility for nor makes claim as to the finat use and purpose of the material.
TRi observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.

9063 Bee Caves Road G Austin, TX 78733-6201 0 (512) 263-2101 0 (512) 263-2558 O 1-800-880-TEST
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GEOCOMPOSITE VS. LLDPE GEOMEMBRANE INTERFACE TEST RESULTS SUMMARY
2008 CLOSURE CONSTRUCTION
CENTRAL WASTE DISPOSAL FACILITY

CENTRAL WASTE , INC.
Required Geotechnics JLT Laboratories . TRI : A If‘\‘:l:gi Lab
SKAPS TN270-.2-6 Geocomposite vs Poly Poly Flex 40|QC Asperity] Normal Shear - Peak Shear Residual . Peak Shear Residual . Peak Shear Residual . bv;ragel a; ! ae: Residual
Flex 40 mil LLDPE Textured mil Roll N w Load (psf) @ | Asperity St h Shear Asperity Strenath Shear Asperity Strength Shear ab Sample Shear
Geomembrane Interface Sample e oacips Strength Height rengt Strength ‘Height Teng Strength Height 0 Strength Asperity Strength Strength
(psf) (psf) (ps) (psf) (psf) (ps (psh) (psf) onB
SLOPE FAILURE INVESTIGATION
INTERFACE SHEAR TEST RESULTS
AS 40 1382 21121 500 250 19.4 181 139 18.9 167 110 21.6 276 194 20.0 208 148
AS 4l 1376 19/19 500 250 18.4 195 135 18.2 200 121 21.6 235 164 19.4 210 140
AS 42 1363 20/19 500 250 184 211 141 18.3 191 125 22.8 3 198 19.8 235 155
AS43 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 20/20 500 250 224 224 160 18.7 201 121 252 256 163 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 23.6 235 167 20.7 208 144
AS 65 1384 20/19 500 250 21.4 205 158 18.5 190 118 234 266 211 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 i29 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
Average 19.7 190 130 18.6 192 114 225 260 192 20 214 146

Notes:

1. QC Asperity values represents each side of the geomembrane.
2. A peak interface shear strength of 250 psf is 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 facior of safety of 1.0, based on a maximum slope of 3H:1V.
* Indicates Geomembrane sampled was tested with a different Geccomposite sample.

@
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CENTRAL WASTE DISPOSAL FACILITY
FINAL COVER SYSTEM
SHALLOW SLOPE STABILITY ANALYSIS

INPUT TABLE
- L B Denoters an input value
A penotes an automatically calculated ceil
~ A o - . -INPUT VALUIES - . . . e .
thickness of cover soil at the top of the siope a he = 250 - In = 0.762 Jreters = | J62 mm
thickness of cover soil at the bottom of the slope = D = 2.50 R o
Drginage tayer thickress = | = 250 |mi = @85 " Jom = [__635mm
slope beneath the geomermbrang (xH: 1V} =) 3,40 H1V
siope angle beneath the geomembrane = f = 16.38 d
finished slope angle = o | 16,39 deg {far uniform cover soil thickness w=p )
lengzh of stope measured along the geomembrane = L = 100.0 f ; meters
length of slope between drainage outlets = L = 100.0 ft = meters
Moist Unit Weight of Cover sail s w=[ . 13000 oot = [ kNIm*3
Saeraled chil weight = vee =), |, 14000 - |pef = kNIm3
friction angle of the cover sgil s ¢< 25 degrees
cahesion of the cover sall sc= . 893 b/fn2
minimum interface friction angie o § ¢ .-
minimum interface adhesion =cax
Unadjusted Curve Number, , .
STORM EVENT YEAR| _ 100 " |Year
STORM EVENT ____ HOUR| 1 Howr
STORM EVENT RAINFALL 259 tnches = (653 __ ) mmihour
FACTOR OF SAFETY FOR DRAINAGE . 2.0
DESIGN STORM EVENT RAINFALL S5.18 inches = 13157 Y mmmour
Permeability of cover material 2 @, = 1.00E-04 cmisec
Permeability of drainage layer = K, = 1.825 on/sec
Long Tenm Design Transamisgivity = 0= 1 16E-04 m*sac
Reduction Factor for geotaxtile intrugion =RF g = 1
Reduction Facior for creep deformation = AFen = 14,
Reduction Factor for chemical clogging = RF e = 14
Reduction Factor for biological clogging = RFgg = 28
equipment ground pressure {= wt. of equipment/(2wb)) = q « 679.1 [ it “Infuenc o Factor Detiul Voluas
length of each equipment track = w = 9.40 ft oo Erdprrart Track Wicth
width of each equipment rack = b = . 3.00. f Thicknoss vory Yo PRy
influence factor® ai geamembrang interface = | = .0.97 See Table — -
acceleration/deceleration of the bulldozer = 2 = 0.00 o 300 rm 10 o& o8
300-1000 0. o2 0.70
seismic coefficent = Cs = 0.2 o ~ 1000 mm o.08 0.75 e
R ot o Gd ey TE RS0 L QUTPUT SUMMARY SN G ) ik L - W LTS S . N Ll
. - .~ . r"ﬁ“ v ] 2
Ultimate G posite Tr vity Specification = § “J5.00E-04'. [misec
Slope Stability Factor of Safety Summary
Method FS Required FS
Static - Translational - Drained WP 2.00 Slud 1.50
Seismic - Transiatioral - Drained E2cl 1.54 ma 1.00
Static - Translational - Satrated hito SR - 1.10

070-963 revised GRI 18 pnd 19.Fina¥Cover.xis

10307205



Tha adjusted SCS Curve Number is calculated as:

CN = 100 - {100-CNg) * {L* 1 §) 4 ° "'

1 Cover off Coefficient Caleulatio

Whera:
CNy SCS curve number {unadjusted for slope), from Figura A-3 of GRI Report #19 Appendix
L Standargizad Dimensiontess Length = L divided by 152 meters
Standardized Dimensionless Inclingtion = s / 0.04 {where s is defined as the vertical rise over the horizontal
s distance expressed as a ratio) _

Input Variables

CNy= 78

Slope Length = 100 feet or 3047851 maeters
. S= 2.40 oni 0.204 percent,  which ylelds 7.353
Storm Event
100 yaar 1 hour slorm

5180 inchegfour or 131.572 milimetersfhour

Calculated Variables '
CN ¥ 0.02904
L*i5= 0.0055
100 - Chg= 2
Tha adjusied SCS Curve Number is equal to:
, = 81.9

Tha Peteniial Retention, {PR) in millimetars is calculated by:
PR = (25400 / CN} - 254 G.0001

PR =

56 milimetsrs

e
The Runoff Coafficient, RC{1}, as a function of time is determined by:

]

[Plt}- 0.2 * FR}?

RCh = () * {PL1) < 0.8-PR]
Where:
P = Accumulated Precipitaton, mm
Py = 1"
Whera: Py =1"t

I= Rainfali intensity, mm per hour

= tima, hours

Bt = 131.572 milfimeters
RC{t) = 0.624

070-963 revised GRI 18 and 19.FinalCover.xis

Civil & Environmental Consultants, inc,

10/30/2015



Civil Environmental Consultants, Inc.

COVER PLACEMENT WITH THE INCORPORATION OF EQUIPMENT LOADS

Placement of the Cover Material Layer

across the sideslopes with the incorporation of Equipment Loads

. Caleulation of FS
Active \ . )
Wa= 29501.0 b
Na= 28302.2 b

Passive Wedge:
Wp= 1500.7 b

FS = b+ Ib_z, -4ac]
2a

a= 9662.1
b= -20295
c= 1420.6

[ 7s= 2028 |

thickness of protective cover soil = h
pro. cov. mat. slope angle beneath the geomembrane = 0.29 {rad.)
finished protective cover material slope angle = @ =|..'16,39]" 0.29 (rad.)
length of slope measured along the geomembrane = L =|. 100.0} 1€-04
unit weight of the protective cover soil =y=[. 130.0|Ib/ftA3

I
h
n
=)
¥

u
u
o
)
©

.
1

friction angle of the protective cover soil =¢=[""_25.0] = 0.44 (rad.)
cohesion of the protective cover soil = ¢ = "893.0|b/fa2 C= 7912.0067 b
critical interface friction angle = §=|- 17.50]* = 0.37 (rad)
adhesion =ca=[_ -~ 0.0}lb/fta2 Cam O b

thickness of the protective cover soil = h =[;" " 2:5i
equipment ground pressure (= wit. of equipment/(2wb)) = q =|
length of each equipment track = w =} *~
width of each equipment track = b =", , 3.
influence factor* at geomembrane interface = | =| 770
acceleration/deceleration of the bulldozer = a =,

ft b/ha 1.2
Ib/fta2 We=qwi= 6192.0
ft Ne=WecosB= 5940.4
ft Fe=We(arg)= 0.0

0]g

“Infuence Factor Defaut Valies -
- TRk W Note:|Denotes an automatically calculated cell
QoverSol Equipment Track Widh Denotes input values = S,
Thickness | vay Wide Wide Standard
2300 mm 1.00 0.97 0%
300-1000 mm o097 o®e 0.70
31000 mm 0.5 075 0.30

070-963 revised GRI 18 and 19.FinalCover.xis 10/30/2015



Calculation of FS
Active Wedge:
Wa= 29501.0 b
Na= 283022 b
C3= o0 b
Rassive Wedge:
Wo= 1500.7 b
C= 7912.0 b

s = b+ Ib2 - dac]
23

Note:

a= 112305
() b= -17992
o 1126.4
| FS= 1.537 1
(Note: for uniform cover soil thickness the input value of w=§ )
thickness of cover soil at top (crest) of the slope = hc =[i "~ ~ 2.5
thickness of cover soil along the bottom of the site = D =|]
soil slope angle beneath the geomembrane = B ={'. = 0.29 (rad)
finished cover soil slope angle = w = = (.29 (rad.)
length of slope measured along the geomembrane = L =|{:;7 1E-04
ye= 0.00 (ft)
yi= 261  (f)
fwfy2=  0.286  (rad.)
{= 164 )
unit weight of the cover soil =y=|"1.30:0|Ib/fr3
friction angle of the cover soil =§= . 0)° = 0.44 (rad.)
cohesion of the cover soil =c=]. :893.0]Ib/fra2 ‘
crivical interface friction angle ::5- N ,.,1 7 5 ° = 0.31 (rad)
adhesion between cover soil and geocomposite = ca = |55 0:0]Ib/ftA2

seismic coefficient = Cs =|£.70.120]g

Denotes an automattcaﬁy calcu!ated ceII
Denotes.input values™ 2 D70 2o iE T )
numbers in italics are calcuiated values

070-963 revised GRI 18 and 19.FinalCover.xls Civil & Environmental Consultants, Inc
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numbers in itefics era calculated values

fhcs
. K ha m
i= i (tan (=¥}
) o0 L
= smﬂ
L =130.48 m i= o.2822
B ={18.39 * L{cosf) = 20.2¢ m
X = 8,60 m DLC 1118
hes =[762.00 mm hes =08 .m PSR 0.00739
hy origs =[6.35 mm hg Orlgs = 0.00635 m
heg +hy =077 m
kes =[|1.00E-04 cmis keg = 1.0E.06 mig
Kq O kgs =|1.825 crvs Ky Orkgs = 1.86-02 mis
P =}131.57 mmhr P (RC}= 822 mmthr
RC =|0.824 Actual runoff = 127.97 mmhr
PERC = 360 mmhr
0.0001 FLUX s = 0.105 mimr
* Note: If there is only only one soi FLUX apowe = 0.118 m*fhr DLC = 1.1183
abova the geomambrane
trest it 85 tha drainage tayer.
: q= 29805  mlsec
N = .01 m
PSR = 0.007
Nalazlnumbem in boxes are input values J

(8} Active wadga

P FPN S,
snf wingcotp

rahecorf

PSR altr -
h

[YRALL ]
' FS

$ —_—

{b) Passive wadge

yafiatorfl

hickness of cover seil=h = 0.77

lenglh of slope measured along the geomembrane = L = 3¢
soil slope angle bensath the gsomembrane = § = 15,4

vartical height of the slope measured from the toe = H = g6
parallel submergence ratio = PSR = 0.0¢

depth of the water surfaca measured from the geomembrane = A, = 0.01

dry unil waight of tha cover 60il = ., <[204

kN/m*

saturated unil weight of the cover soil = Y ={22.0

Ki/m®

unit weight of water = y, = 8.81

kN/m*

friction angle of tha cover soil = ¢ =[25.0

. = 044 {rod)

Minimurn interface friction angle = § =[17.5

M =00 {raq.)

Lalculation o FS

Agtlye Wedge:
W, = 45625801 kv
U, = 16283585 kN
Uy = 0.0001582 kN
N, = 436.08982 kN

Passive Wedag;
Wo = 22.268243 &N
Uy = 00005378 xv

Fs=-b+Ib2 400
28
123.5
-155.9
181

where 8

o
nn

F5= 1.13

Constructed by Te-Yong Soong

070-963 revised GRI 18 and 19.FinalCover.xls
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Slide Analysis Information
SLIDE - An Interactive Slope Stability Program

Project Summary

Flle Name: Trans.Statlc.Drained.sll
Slide Modeler Version: 6.029
Project Title: SLIDE - An Interactive Slope Stability Program

Generol Settings

Units of Maasurement: imperlal Unis
Time Unlts; seconds.
Permesability Units: feet/second
Failure Direction: Right to Left
Dita Output: Standard

{ Materia! Properties: 20
Maximum Support Properties: 20

Analysis Optlons

Analysh Mothods Usad
Spencer

Number of slices: 25

Tolerance: 0.005

Maxt ber of | tons: 50
Check malpha < 0.2: Yes

tnitlal trial vatue of F5: 1
Steffensen iteration: Yes

Groundwater Analysis

Groundwater Mathod: Water Surfaces
Pore Fluld Unit Waight: 62.4 Ths/h3
Advanced Groundwater Method: Nane

Rondom Numbers

Pscudo-random Seed: 10116 . .
Randumn Number Generation Method: Park and Miller v.3

Surface Options

Surfaca Type: Non-Circutar Block Search
Number of Surfaces: 5000
Pseudo-Random Surfaces: Enabled
Carvex Surfaces Only: Disabled

Left Profection Angle (Start Angle): 95
Left Projection Angle (End Angle): 175
Right Projection Angle (Start Angle): §
Right Projection Angle (End Angle): 85
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Cap/Pr h
Cator

fntermadists Cover

Mohr-Coulomb  Mohr-Coulomb

Strength Type Mohr-G
Unit Welght [Ibs/ft3)

Coheslon [psf}

Frictlon Angle [deg)

Waoter Surfoce

Ru Value

Global Minimums

Mathod: spencer

FS:2.017200
Auds Location: 134.534, 1236.711

Driving Momente830907 (b-ft
Total Slice Area=280.046 fi2

Global Minimum Coordinates

Methed: spencer

X A
113.97 112749
118.224 112574
160395 1143.97
208,21 115222

Trons. Stallc. Drained <

Left Slip Surface Endpoint: 113,970, 1127.487
Right Sllp Surfoce Endpotnt: 209.575, 1154.725
Resisting Momento1.7971424006 (b-ft

Resisting Horfzonta! Force=15399.8 1b
Driving Horirontal Forcea7534,26 tb

Trans, Stptic Dratned. gl
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Error Codas

-112 = The coeffictert M-Alpha a ¢

Error Code -111 reported for 764 surfaces
Errer Code -112 reported for 772 surfaces

The followling errors were encountered during the computation:

-108 = Tota! driving moment or total driving force < 0.1. This s to Imit the calcutation of axtremely high satety factors If the driving
force Is very small (0.1 bs an arbltrary number).
-111 = safoty factor equation did not converge

UES

(phi}/F) < 0.2 for the final Reration of the safety factor caleulation. This
screens out some slip surfaces which may not be va[ld In the context of the analysls, In particular, deep seated slip surfaces with
many high negative bose angle siices in the passive zone.

- ’d'
[T557 11573 | T a18ars 15847 Geosytheilcs 0 V75 e 1Em 35486 T mEm
16 420475 1586.11 Geosynthetics 0 175 555161 111987 355179 o 355479
7 3
valid / invalid Surfaces 17 420475 158752 Geosynthetics 0 175 S55656 112087 255499 o 155403
A 18 46358 177399 Geosynthetlcs 0 175 554541 11882 354779 o 3871
19 463563 176018 Geasynthetlcs o 175 553034 111558 353817 o ssaew
Method: spencer 0 46383 176437 Geosynthatics 0 175 550532 111255 35286 o 3saEsE
Number of Volid Surfaces: 2390 21 a63583 175955 Geosymthetics 0 175 550025 110951 351892 o 3siem
Number of Invalid Surfaces: 2610 22 ag3El 175474 Geosymihetics 0 175 548523 110648 35093 0 35093
13 0638 173129 Geasynthellcs 0 175 541503 109232 346.44 0 M5.44
Error Codest 28 0066527 221497 Geosyrthetics 0 175 308230 62177 197.2 0 157:2
Ervor Code -108 reported for 1074 surfzces 5 120857 1998  Cop/Protectie 593 25 37LIN 75184 302474 o 302474

interslice Data

Glcbal Minlmum Query hpuncm} - Safety Factor: 20172

Slice Data
Glabal Query { ) - Satety Foctor: 2.0172 .

Basa Basy Effectiva
sice  Width  Wolght Base Base Fction eV s"“‘"h Normi Pore Normal
Number [M]  [s] Matariat cul M"‘”" angle s‘["mﬂ'" "[’M"" Strows "'”"'[ m' Stress

[degrees] Ipsf] [psf)
1 3.6957 625.989 Cap/ '°""CW‘"“° 893 25 580877 7L 597.77 0 597.77
2 0557804 199932 Geasynthetics. 0 17.5 69.5647 140326 445,055 0 245,085
3 414475 1567.82 Geosynthettcs o 17.5 SASTEl  110.695 151,08 0 351.083
4 414375 1569.23 Geosynthetles o 17.5 549251 110795 351,398 0 351398
5 414475 1570.54 Geosynthetics o 17.5 549747 110895 351713 0 351713
B 414475 157204 Geosynthetics o 17.5 550238 110994 352,028 0 352.028
7 414475 157345 Geosynthetics L] 17.5 55.0729 111.093 352.343 1] 352.343
B 414475 157486 Geosynthetics L] 175 551224 115193 352.657 Q 352.657
9 414475 1576.26 Geosynthetics L] 17.5 55.1715 111.292 352.972 1] 352.972
10 414475 157767 Geosynthetics o 175 552206 111391 153.207 0 353,287
11 418475 1579.08 Geosyrthatles ° 175 552702 113491 353,602 0 153,602
12 4.14475 1580.48 Geosynthetics Q 17.5 553193 111.59 3%3.919 4] 353.919
13 4,14475 1581.89 Geosynthetlcs [/ 175 55.3683 111.689 354,234 4] 354,234
14 413475 15833 Geozynthetics 0 175 S5.4179 113,789 354.549 0 354,549
Trons . Static. Drained s

L

$tica. ] tntarsiice Intersice  htersiiko
Mt _ coordinate ewrd}mu Bottom  Normal Foree  Shear Force  Forcs Angle
in &) iosl* [ibs) [degress]

1 113,97 1127.49 0 o 0

2 117.666 1125.97 3050.2 703.229 12.9828

3 118.224 1125.74 319095 735.69 12.9828

q 122.368 1126.95 2991.13 685.61 129828

5 126513 112817 7912 643.499 12,9828

& 130.658 1129.3% 2590.54 597.346 12,9828

7 134.803 11306 239058 551.152 12,9828

8 138,347 1131.82 1190.04 504917 129828

] 143,092 1122.03 198932 458.63 128828

10 147.237 1134.25 1788.42 412.322 129827

n 151.382 112546 1587.34 365.963 129328

12 155526 1136.68 1386.08 319.562 12.9827

13 159.671 1137.9 1184.64 712 12,9227

14 163.816 1139.11 983.021 226.637 12.9828

15 167.961 1140.33 781.224 180.113 12.9828

16 172.105 1141.54 579.248 133,547 129828

17 176.25 1142.76 377.092 86.9393 12.9828

18 180.395 114297 174.757 40,2006 12.4828

19 185.021 114535 -56.1261 -12.94 12.9828
20 189.667 114572 -286.383 -66.0261 12.9828

n 194,302 1148,09 516.014 -118.968 12.9828

22 193.938 1148.47 -745.018 -171.765 12.9828

23 2035 1150.84 9r3.397 -224.418 12.9828

24 208.21 115222 -1198.85 -276,398 12.9828
5 208.276 1152.34 <1220 -281.484 12.9828
26 209.575 1154.73 1] Q 0

“Trons. St Droined. st ~




" o PR
222767 1153.45
List Of Coordinates o3 s
159.352 114093
o T 111388 1126.73
Block Search Window 95.9366 1128.22
47.9683 111411
X ]
0 1100
164974 1139.88
164974 113936
207.61 11519 Material Boundary
207,561 1152.41 X ¥ ,
885002 1100 !
Block Search Window 961773 1125.68
111625 1124.19
n:szs 112::9 N
ren 1123.58‘ 223.008 1150.92 !
318708 1179.06 :
164.974 113936 H
164,974 1139.88
Material Boundary
Block Search Window X v
10632 1100
x Y 962262 112517
207,561 1152.41 11673 1123.68
0761 11518 0761 11509
210,857 115159 223.057 1150.41
210,857 1152.09 318704 1178.54
External Boundary Material Boundary
X ¥y X Y
7.6905 - 1100 15948 1100
8.85002 1100 95371 1123.65
10632 110 111818 112216
15948 1100 207.754 1150.38
19432 100 223.201 1148.89
158352 1100 318.704 117698
318.704 1100
318.704 1140.53
218708 117594 Material Boundary
318.704 117638 x ¥
318,704 1178.54 19432 1100
318.704 1179.06 96.4675 1122.64
318.704 1179.41 111914 112115
318.704 1181.67 207.851 1149,37
270,735 116156 222298 1147.88 '

Trons. Static. Dratned i
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Slide Analysis Information
SLIDE - An Interactive Slope Stabllity Program

Project Summary

Flg Nome: Trans.Seismic.Cratned.sli
Slide Modeler Version: 5,029
Project Title: SLIDE - An Interactive Slope Stabilty Program

General Settings

Units of Measurement: imperial Units
Time Unlts: seconds

Permeability Units: fest/second
Fallura Direction: Right to Left

Dats Qutput: Standard

Maximum Material Proparties: 20
Maximum Support Properties: 20

Analysis Options

Analych Methods Used
Spencer

Numbers of slices: 25

Tolerance: 0.005

Max ber of tons: 50
Check malpha < (.2: Yes

Initial trial vahue of F$; 1
Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Mathod: Water Surfaces
Pore Fluld Unit Weight: 62.4 [bs/f3
Advanced Groundwater Method: Nane

Random Numbers

Pseudo-random Sced: 10116
Random Wumber Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non-Circutar Block Search
HNumber of Surfaces: 5000

Psaud dom Surfaces: Enabled
Convex Surfaces Only: Disabled

Left Projection Angle {Start Angle): 95
veft Projection Angle (End Angle): 175
Aight Projection Angle [Start Angle): 5
Right Projection Angle (End Angle): BS
Minimum Efevation: Not Defined
Minimum Depth: Not Defined

Loading

Seismic Load Coefilcient {Horizontat); 012

Method: spencer

FS: 1.4307B0

Axls Locatlon: 133,211, 1238.295

Left Slip Surface Endpoint: 112.227, 1126.974
Right Silp Surfoce Endpolnt: 209,677, 1154.715
Reslsting Morent=1.872842+006 ib-ft

Driving Moment=1.30896e+006 1b-fi

Reslsting Horltenta! Forcgn13724.1 b

Driving Horlzontal Forces10989.9

Tatal Slice Arens285.275 12

Global Minimum Coordinates

Method: spencer

.

Material Properties
Proparty Cap/Pr lve Covtr Gaosymithe RSB Intormadiste Covar Waste

corr L ] [ ] (]
Strength Type Mohr-Coulomt  Mohr-Coutomb  Mohr-Coulomb Mgohr-Coulomb  Mohr-Coufomb
Unit Weight [Ibs/ft3) 130 100 130 130 a0
Cobesion [psf) 893 1] 893 0 400
Friction Angle [deg) 25 17.5 25 27 EE]
water Surfate None None None None None
Ru Vatue 1] /] o 1] [+]

Global Minimums

Trans. Scismic. Deatned, sfi

Trons.Selsric.Drotned.sil




) :

112,227 1126.97

11648 1125.23
171356 114131
08312 1152.21
09.677 1154.72

Valid / invalld Surfaces
Method: spencer

Number of Valid Surfaces: 3735
Number of lnvalld Surfaces: 1265

Error Codas:

Ecror Code -108 repornted for 262 surfaces
Error Code <111 reported for B8 surfaces
Error Code +112 reparted {or 915 surfoaces

Error Codes

farce ks very small {0.1 Is an arbltrary number).
<111 = safety factor equation did not converge
-112 a The coeffickent M-Alpha » coslalphal{l

The following errors were encountered during the computation:

Siice Data

Globiad Mindmum Guery [spencer) - Safety Factor: 1.43078

-108 = Total driving moment or total driving forca < 0.1. This s to limit the calculation of extremety high safety factors if the driving

{phi}/F) < 0.2 for the final Iteration of tha safety factor calculation, This
serenns out soma slip surfaces which may not be valld In the context of the unalysls, In partkeular, deep seated slip surfaces with
many high negative base angle slices in the passive zone.

Basn Base Efective
Site  Width  Waight Base Baza Friction s‘:";; 59’“' Normal 0O Normal
Mumber  [A]  [En) Matettal s Angls i "l” M""‘ Strexs "['”M‘" Strexs
{dagroas) tesfl [psfl

1 26957 625.989 C"""'“‘“cx 893 25 933,039 133497 947,817 o 947,817

2 0557804 199.534 Geosynthetics o 175 106046 151728 1218 0 481,218

3 422119 159685 Geosynthetlcs o 175 728919 105723 335311 0 335313

4 4ze 15985 Geosyntheties 0 17.5 739687 105833 335,658 0 335,658

5 422119 1600.15- Geasynthetles ° 175 740449 105942 335,006 0 335,005

6 422119 160181 Geosyntheties 0 175 781218 106052 336,352 o 136,352

7 4.22119 160345 Geosynthetics 0 175 74198 106.161 336.7 [} 3367

8 422119 1605.41 Geosynthetics a 175 747788 106271 397.047 0 337,047

9 422119 1606.77 Geosynthetics 0 175 723511 10638 337,395 0 337.395

10 422119 1608.42 Geosynthetles 0 175 744272 106.489 rsa o 13770

Trons. Scismic. Drotned. sl

11 432119 161007 Geosynthetics [ 175 745041 106599 338.089 [ 338.089
12422119 161173 Geosynthetics 0 175 745803 106708 338.436 0 338.436
13 422119 161338 Geosynthetics 0 175 74,6572 106.818 233,782 [ 338,782
14 422119 1615.03 Geosyntheties 0 175 747334 106927 339.13 o 339.13
15 422119 1616.69 Geosynthatics 0 175 748102 107.037 139.478 0 339.478
16 461952 17695 Geosynthetics 0 175 747655 106573 339375 0 339.275
17 461852 176821 Geosynthetics 4] 175 74.711 106,895 339.028 1] 339.028
18 461952 176692 Geosynthetics 0 17.5 746565 106817 338779 0 338779
19 461952 1765.62 Geosynthetics 0 175 74602 106739 330,532 o 338.532
20 461952 176433 Geosynthetlas ] 17.5 745468 10666 338,263 0 338,283
21 a.61952 1763.04 Geosynthetics 0 175 144322 106582 338.036 0 338,036
22 451952 176174 Geosynthetics 0 17.5 744377 106504 337.788 o 337.788
13 461552 173877 Gaosynthetics 1] 17,5 73,4669 105.115 333.382 o 333.382
24 0.066527 22.1497 Goosynthetics o 175 36,6095 52.3801 166.129 0 166.129
25 1.29857 211998 &mmm 893 25 499.233 714.293 «383.238 ] -3B3.238

intersiice Data

Global Minimum Query (spancer) - Safety Factor: 1.43078

sike X : Y Intersiics Intarslice  Interslics
Number coordinate coordinats - Bottom Mormal Force  Shear Force  Force Angle
L] 4] [Tbs} [bs] [degroes]

4 w2277 1126.97 [ 0 [
2 11594 1125.46 480939 1467.39 16,9674
3 116.48 1125.23 4554 82 1511.77 16,9675
4 120702 1126.46 25659.82 1421.76 16,9675
5 124923 11277 4364.51 1331.66 16.9675
6 129144 1128.94 4068.9 128146 16.9674
7 133365 1130.18 177299 115118 16.9675"
8 137586 13141 2476.76 1060.8 16.9676
9 141807 113265 2180.24 970323 16.9675
10 14609 1132.69 28834 879756 169675
1 150,25 1135.13 2586.27 789.007 16.9675
12 15447 113636 728882 698,344 16.9675
13 158692 1376 199108 5607.498 169675
14 162913 1138.84 169302 516.558 16.9675
15 167.135 114008 1394.66 425526 16.9675
16 171356 1241.31 1096 3344 16,9674
17 175918 114258 766.783 233.952 16.9575
18 160.595 1144.04 437.802 133.58 16.9675
19 185214 1145.4 109.075 33,2739 169675
0 1B9.834 1145.76 -219.418 -66.9467 16.9675
1 194453 1148.12 -547.671 1671 16,9675
2 199073 114928 -B75.683 26718 16.9675

Trans. Seiamic. Dratned. sl
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165675

Block

Block Search Window

X
111625
111673
150.812
150.812

¥
112419
1123.68
1135.2
113572

Block Search Window

X
150,812
150.812

07,61
207.561

¥
1135.72
1135.2
1151.9
1152.41

Saarch Window

x
207.561
207.61
211.384
211.384

Y
115241
11519
1151.54
1152.04

External Boundary

X
7.6905
B.856002
10.632
15.948
15.292
159.352
318.704
318,704
318.704
318.704
318,704

A
1100
1106
1100
1100
110¢
1100
1100
1140.83
1175.94
1176.98
1178.54

73 203602 1150.85 120345 -367.186

208312 152,21 152695  -465.889 169675

s 208378 1152.33 154749 472154 16.9674

B 20867 1154.72 0 0 0
List Of Coordinates

31B.704
318704
318.704
270.735
222.767
7.2
159.352
1110384
95.9366
47.9683
]

1179.06
1179.41
1181.67
1167.56
1153.45

‘1154.94

1140.83
1126.73
1128.22
1114.11

1100

Materlal Boundary

X
B.EG00R
96.1779
111625
207.561
223.008
31B.704

¥

1100
1125.68
1124.39
1152.41
1150.92
1179.06

Materia) Boundary

X
10.632
96.2262
111.673
207.61
123,057
318,704

Y
1100
112517
112368
1151.9
1150.41
117854

Material Boundary

X
15.948
96371

115618
| 200.754
223.201
318,704

Y

1100
1123.65
112216
1150.38
1148.89
1176.98

Materiol Boundary

Trans.Seismic Dvained. sl

X Y :
19.492 1100 :
. J
Trans. Scismic Drained.ol|
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96.4675
111.914
207.851
223.258
318.704

1122.64
112115
1149.37
1147.88
117594

Trans.Scismic Draned. s
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Slide Analysis Information
SLIDE - An interactive Slope Stability Program

Project Sumrnary

File Nama: Trans.Static.UnDrakngd.sll
Slida Modeler Version: 6.029
Project Titke: SLIDE - An Interactive Stope Stability Program

General Settings

Units of Measurement: tmperial Units
Tima Units: seconds
Permeabifity Units: fest/second
Falture Direction: Right to Left
Date Cutput: Standard
il Material Properties: 20
Aaxd Support Propertics: 20

Analysis Options

Anatysls Methods Usad
‘Spencer

Number of slices: 25

Talerance: 0.005

Maximum number of iterations: 50
Check malpha < 0.2: Yes

initlal trial value of FS5:1
Steffensen Iteration: Yes

i Groundwater Analysis

Groundwater Method; Water Surfoces
Pore Fluld Unit Welght: 62.4 the/R3
Advanced Groundwater Method: None

Random Numbers

Pseudo-random Seed: 10116
Randi by i hod; Park and Mifler v.3

Surface Options

Surfate Typa: Non-Clreuiar Block Search
RKumber of Surfaces: 5000

Peaud dem Surfaces: Ensbied
Convex Surfaces Onty: Disabied

Left Projection Angle {Start Angle}: 95
Left Projection Angle {End Angle): 175
Right Projection Anglo (Start Angle): 5
Right Projection Angle (End Angle}: B
Minimum Elevation: Not Defined
Minlmum Depth: Hot Defined

Axls Location: 134,780, 1237.885

Left Siip Surface Endpoint; 113,601, 1127.378
Right Slip Surface Endpoint: 210.478, 1154.638
Aesisting Momento1.937682+006 Ib-ft

Drfving Moment=932981 tb-ft

Resisting Horirontnl Forces16866.6 [b

Oriving Horlzontal Forea=8121.17 Ib

Tertal Slice Arean273.781 fi2

Glabal Minimum Coordinates

Method: spencer

X ¥
113,601 1127.38
118.149 1115.76
196,524 1148.81

Material Properties
Property Cap/Protactive Cover Geosynthetics RSB Intermediate Cover Wastn
Cabr . - L] L] ]
Strength Type Mohr-Coulomb  Mohr-Coulomb  Mohr-Loulomd Mohr-Coulomb  Mohr-Coulomb
Unit Weight [[bs/R3] 130 100 130 130 S0
Coheslon {psf) 893 0 893 .9 400
Frictlon Angle [deg] 25 175 P 27 33
water Surface Water Table None None None None
Hu Valua 1
Ru Valug o 0 0 o
Global Minimums
Method: spencer
F3: 2.076870

Traw Static UnDrained. st

Trans.Sustic, UnDimined <l
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205,083 115285 14 435316 162629 Geomynthelics o 175 529215 109911 348,593 0 346,503
210478 1154.64 . 15 435416 162635 Geosynthetics 0 175 519234 109.915 348,606 0 348,606
16 435416 162682 Geosynthetics o 175 518258 10992 18,621 o 348,621
Valid / Invalid Surfaces . 17 435416 1626.49 Geosynthetics 0 175 529277 109924 348.634 0 343,634
1B 435416 162655 Geosynthatics 0 - 175 528301 109.929 348,65 0 248,65
19 435416 162662 Geosynthetics 0 175 529321 109.933 348,663 o 343,663
Maethod: spencer 20 435416 162668 Geosynthetks 1] 175 52534 109937 348,676 1] 3676
Number of Valid Surfaces: 3179 1 371206 135766 Geosynthetics o 175 517461  107.47 340,853 o 340,853
Number of Invalld Surfaces: 1861 2 371206 132933 Geosynthatcs 0 17.5 502959 104,458 331.292 o 331298
3 371206 1288.12 Geosynthetics 0 175 487363 100219 371,028 o 321,028
Ervor Codes: 24 142763 409.455 “Wm 893 25 476.904 990.468 211137 211496 209.022
Emor Code -108 repored for 438 surfaces Cap/Protective
Ervor Code -111 reported for 616 surfaces 25 139573 172854 P 893 25 378321 785723 -230.055 o .230.055
Emror Codke -112 reponed for 807 surfaces
Ervor Codes Interslice Data
The following errors were d during the computation:
Global Mintmum Query {1pencer) - Sefaty Fector: 2.07687
-108 = Total driving moment or total driving forcn < 0,1. This is to lmit the calculation of extremely high safety factors if the driving X [ Inteniice Intersllce Intersiica
force Kvery small [0.1 Is an arbitrary number). S edinute <oofdinats-Bottom Nomma Force ShearFores  Force Angle
-111 = safaty factor equation did not converge Humber e ] s (i) [degrees)
4112 = The coefiictent M-Alpha = cos{alpha){1+tan{aipha)tan(phi}/F} < 0.2 for the final teration of tha safety factor a!mrmon This 1 113.601 17738 0 ¢ 0
screens out some slip surfaces which may not be valid in the context of the analysls, in particutar, deep seated sflp surfaces with
many high negative base angle slices In the passive zone. 2 117.617 112595 2880.77 542171 10,6586
3 118149 1125.76 209368  S63.421 10,6586
4 122503 1127.04 278 522992 106586
Slice Data 5 126857 1128.33 56191 482161 10,5586
6 uL22 1129.61 738602 441529 10,6586
Global Minimum Query {spencer) - Safety Factor: 2.07687 7 135566 1130.89 713011 400894 10.6586
Bass Base Effective B 13992 113217 19142 360259 106586
Siice ‘"’:"‘ Welght Base c:,:m Friction x smh Normal x,, ';'-*;“" 9 144274 113345 168827 2319621  10.5585
Number  [) fibs] Matertal {pst} | m) Ipsf) [psf] s::;]' [psf) I!t::'l‘ 10 148628 | uamn 1482.34 278.982 106586
CapfProtective u 152982 113601 12664 238341  10.6586
1 401518 680.103 . Cover 893 25 541912 1124.44 496,329 o 496.329 12 157.337 1137.29 105045 197.699 10.6586
7 0532545 189511 Geasynthetles 0 175 615268 131937 418.453 ¢ 418.453 13 161691 113857 B34435 157055  10.6586
3 435416 1625.56 Geosyntheties o 17.5 528979 109.862 34B.436 o 348.436 14 166.045 1133.85 638.529 116,409 10.6586
4 435416 1625.63 Geosynthetics 0 175 526998 109.866 348,452 ¢ 349,452 15 17039 1141.13 402554 757621 106585
5 435416 1625.69 Geasynthatics 0 175 529022 109.871 348.465 o 348.465 16 174753 114241 18557 351131 106586
6 435416 1625.76 Geasynthetics o 175 529041 109.875 348.48 o 348,48 7 179207 1143.69 -29.4229 55375 10.6585
7 435416 1625.83 Geosynthetics 0 175 S1.9061 109.879 348,493 o 348.493 18 183461 1144.37 -245425 461898 10.6585
8 435416 1625.89 Geosynthetics 0 17.5 52.9085 109.884 348,507 ¢ 348,507 13 187816 1146.25 -461435 868437  10.6586
9 635416 1625.96 Geosynthetics o 175 529104 109.889 348,522 ¢ MasN 19w 110753 577454 127499 10,6586
10 435416 1626.02 Geasynthetles 0 17.5 $29128 109.893 343,535 ¢ 348,535 21 196524 1248.81 833482 168156 10.6386
11 435416 1626.09 Geosynthetics o 175 52947 109.897 348,551 o 342,551 22 200238 1150.01 -116876  -X0B.673 10.6585
12 435416 1626.16 Geosynthetics 0 17.5 529171 109.902 348,564 o 348564 3 203943 1151.2 -1318.01  -248.054 10.6586
13 435416 1626.22 Geosynthetlcs 0 17.5 52919) 109.906 348577 0 MBSTT 2 20766 11524 -152077 286214 106586
5 209.083 1152.86 939111 -176.746 10.65B6
Trans, Static, UnDrained sl Trans Static. UnDrained sl




[ 26 2w04m 1154.64 o 0 o] ) 15492 1100
152352 1100

318704 1100

List Of Coardinates 318.704 1140.83
I i I T S e s 318704 1175.94
Water Tabla 318.704 1176.98
318.704 117859

x Y . 318.704 1179.06

7.6905 1100 318,704 1179.41

96146 1126.02 118704 1181.67

111,593 112453 270.735 1161.56

| 20753 115274 112767 1153.45
2122077 115125 : 20732 1154.94
318704 1179.41 159352 114083
111384 112673

Block Search Window 95.9366 1128.22

47.9583 111411
X Y [ 1100
156378 1138.52
156.378 1136.83
761 11519

Materiol Boundary

207.949 113%3.24 : x ¥
8.86002 1100
Block Search Window 96.1779 1125.68
. 111625 1124.19
X Y 207561 115241
111673 112537 223.008 115052
111.672 1123.68 218,704 1179.06

156.378 1136.83
156,378 1138.52

Material Boundary
X Y. )
Block Search Window
| 10.632 1100
X Y 962262 1125.17
| 207,449 1153.24 111673 112368
| 20761 11515 20761 11519
211311 115154 223,057 115041
211798 1152.85 o 318,704 1178.54
External Boundary Material Boundary
X - X- B S
7.6905 1100 15948 1100
8.865002 1100 96371 112365 '
10.632 1100 N 131818 112216 :
15.948 1100 . 107.754 115038 !
J
Traws. Skatic. UnDrained it

Trans.Ratic.UnDrained. sl




3

221,201 1)43.89
318,704 117698

Material Boundary

X
15.492
96.4675
111.914
207.851
223.298
318.704

¥

1100
1122.64
112118
114537
1147.68
117594

Trans.Static UnDrained.sil
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Slide Analysis information

SLIDE - An Interactive Slope Stability Program

Project Summary

Filg Name: Rot.Static.Dralned.shi
Siide Modeler Varsion: 5,029
Project Title: SLIDE - An Interactive Slope Stablilty Pragram

General Settings

Units of Measurement: tmperial Unks.
Time Unlts: seconds
Permeabliity Units: feet/second
Fallure Direction: Right to Left
Data Cutput: Standard
Maxi Material Propertics: 20

i Support Praperties: 20

Analysls Optlons

Analysls Methods Used
Spencer

Number of slices: 25

Toleranca: 0.005

Maximum number of erations: 50
Check malpha < 0.2: Yes

Inftial triaf value of F5:1
Steffensen leration: Yes

Groundwater-Analysls

Groundwater Method: Water Surfaces -
Pore Fluld Uit Weight: §2.4 [by/A3
Advanced Groundwater Mathod: None

Random Numbers

Pseudo-rendom Seed: 10116
Rand b tion Method: Ptk and Miller v.3

Surface Options

Surfuce Type: Qroular

Saarch Method; Auto Refina Search
Divisions along siope: 10

Clrcies per divislon: 10

Humber of lterations: 10

Divislons ta use In next [teration: 50%

Loft Slip Surface Endpolnt: 15.046, 1104.425
Right Slip Surface Endpolnt: 318,557, 1181.625
fesisting Moment=2.23273a+008 Ib-ft

Driving Momente5,91296a+007 ib-ft

Resisting Horfzontal Foreee525833 b

Driving Hortzonta! Force=139257 |b

Total Slice Arens6512.77 ft2

valiid / invalid Surfaces
Mathod: spencer

Number of valid Surfaces: 1991
Number of irvalid Surfaces: 0

Slice Data

Compaoslte Surfaces: Disabied
#inimum Elevation: Not Defined
Minimum Depth: Not Defined
Material Propertles
. Property, Cap/Protectiva Cover Geosy =Y RSB~ Intermedlate Cover.  Waste
cotor L] ] ]
Strength Type Mohr-Coutomb  Mohr-Coulomb  Mohr-Coulomb Mohr-Coutomb  Mohr-Coulomb
Unit Weight [Ibs/ft3) 130 100 130 130 50
Coheslon {psfl 893 0 893 ] 400
Friction Angle [deg] 5 175 25 27 3
Water Surface None Hone None None None
Ru Vohre [+ Q o o o
Global Minimums
Matheod: spencer
F5:3.775990
Center: 74.610, 1505.475
Radlus: 405.449

Raot.Stotic. Dradred, sl

Rot.Static. Droined.sil
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‘Giobal Minkmum Query {spencer) - Satety Factor: 3.77509 8 723357 1100.04 265732 5857.03 12.8272
. Base . . Base ! Effective 9 93,6083 1100.47 343087 756031 1242712
Sheo - Width - Waight Bare Cu::::m Frictien ::': s:::m “Norma pr. " Norinal’ 10 100881 110156 405452  B9IASS 124272
Numiber [R}  [’bs] Material : Angla :Stress Strass
Apsf] Pt L “Iosh tesfl- i 11 126153 1103.32 443519 990786 124272
EI. 585028 101455 Cap/Protective 93 . 12 142426 1105.74 477248 10516.7 12.4272 I I
: . Cover 15 270518 102148 275,514 0 215514 13 158699 108,84 WE5608 107003 124271
2 122379 446.47 Geasynthetles 0 17.5 323507 122156 387.43 0 87.43 14 174971 111264 a7z 10425.7 12,4271 |
3 372611 1835.16 RSB 893 25 312762 1180.99 §17.593 [V 617.593 15 191294 117.16 43936.5 9681.89 124271
4 253168 167571 Intermediate Cover 0 27 961811 363179 712.778 0 12778 16 207.516 12243 38512.1 8486.58 124272
5 162726 164585 Waste 400 33 300552 113468 13162 o 1131.62 o 223789 112847 21182 707761 124272
6 162726 252668 Waste a0 23 394.967 149139 1680.59 0 1680.59 18 240,061 1135.32 25298.6 5574.82 12,427}
7 162726 330734 Wwaste 400 33 475674 179614 2149,87 0 2149.87 _1 1563 114303 178405 393136 124272
8 162716 399224 Waste 400 33 S43.357 205175 2543.48 o 2543.48 20 112.606 1151.66 1042356 2295.95 12411
3 162726 42289.2 Waste 40 33 560547 2118.13 2645.68 0 2645.68 u 283819 1161.27 393738 B67.648 12,4272
10 16.2726 419286 Waste 400 33 S49.195 2073.76 57737 0 257737 T 305a52 117195 473514 104344 12.4271
11 16.2726 458549 Waste 400 33 s8211 219804 1768.75 0 2768.75 3 307733 1173.75 -1264.94  -278.743 12.4271
12 162726 288177 waste 400 23 504.019 2280.77 2896.13 0 896.13 9 Nlag 117642 10592 -233.408 124211
13 162726 S0770.1 waste 400 33 614898 232185 29594 ¢ 2959.4 5 2703 1773 -1795.82 285548 12430
14 162726 516853 Waste 400 23 614841 232202 2959.66 o 1959.66 6 318557 1181.63 ¢ 0 o
15 162726 515286 waste 400 33 604279 216175 2897.64 ° 189764
16 162726 45394.1 waste 400 33 536567 202607 2503.92 ° 250152 List Of Coordinates
17 162726 380039 waste 400 33 46820 1768.22 2106.87 0 1106.87 .
19 162726 353386 Waste 400 33 421371 161337 1868,43 o 1B68.43
19 162726 30383.9 waste 400 33 375601 1418.27 1568 [ 1568 External Boundary
20 162726 240383 Waste 400 231 313157 1162.48 120491 o 120451 x "
21 16.2726 161893 Waste 400 13 23977 905368 F18.19% ] 778,157 7.6905 1100
22 256731 171253  tntermediate Cover 0 27 734016 211277 $44.187 o 544,187 sgg002 1100
23 274791 18459 RSB £33 25 274527 103699 308.785 ¢ 308.785 10632 1100
24 12161 443,664 Geosynthetles 0 175 254174 959759 304,396 0 304,396 598 1100
5 58536 9915 c"""""'ec‘;:'r 693 25 240159 910613 wm o am 19492 1100
159352 1100
as708 1100 )
interslice Data 318.708 114083
. . - . . 318704 1175.94
318708 1176.98
Global Mirttmurm Query (spencer) - Safety Factor: 3.77599 " MBT0L 117854
Slice . . ; ] e, 318704 1179.06
Number coordinats murd:!nnuamom Normal Foroe  Shear Force . Forcs Angle -
Riy] L] - M) fiba}: ‘[degroer) : 18.704 117941 :
1 15061 1104.43 0 0 0 318708 1181.67 }
T n.ms 110258 1852.46 408,211 12,4272 270735 116756 .
3 7502 1103.42 195451 430693 124112 222767 115345
4 259863 1102.95 340820 751055 124272 20732 115483 |
5 78518 110265 386393 851461  12.41M 159352 114083
6 44,7905 110112 10484.8 2310.44 124171 11L384 112673
7 61.0631 1100.25 183745 4049.04 12,4272 950366 1128.22 }
Rot.Stetic. Drained.oi Rot.Static Drpincd i
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479583 1114.11

6 1100
Material Boundary
x Y

8.85002 1100
96,1779 1125.68
111625 1124.19
07.561 115241 \
223.008 115092
318704 1179.06

Matenial Boundary

X ¥
10632 1100
95.2262 1125.17
111673 112368 .
20761 11519 !
223,057 115041
318704 117854

Material Boundary

X ¥
15.948 1100
96,371 112365

111.818 1122.16
207754 115028
223,201 1148.89
318.704 1176.98

Material Boundary

x ¥
19.492 1100
964675 1122.64
111,914 112115 .
207851 114237
223.298 1147.88
318,704 117594

oy
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Slide Analysis information
SLIDE - An Interactive Slope Stability Program

Project Summary

File Name: Rot.Selsmic.Drained.sl]
Slide Modeler Version: 5.029
Project Title: SLIDE - An Interactive Slope Stability Program

General Settings

tnlts of Measurement: imperial Units
Time Units: seconds

Permeability Unlts: feet/second
Fallure Direction: Right to Left

Data Output: Standard

Maximum Materia) Properties: 20
Maximum Support Propertles: 20

Analysis Options

Analysts Mathods Used
Spencer

Number of slices: 25

Tolerance: 0.005

Max! ber of | lons: 50
Check malpha < 0.2: Yes

initig tripd value of £5: 1
Steffensen Iteration: Yes

Groundwater Analysis

Ground Method: Water Surfo
Pore Fluld Unit Welght: 62.4 [ba/R3
Advanced Groundwater Method: None

Random Numbers

Pseudo-random Seed: 10116
Random Number Generztion Method: Park and Miller v.3

Surface Options

Reg_Sedsmic. Drabied ot

Surface Type: Clroular

Search Method: Auto Reftne Search
Divisions along slape: 10

Creles per dMisian: 10

Humber of iterations: 10

Divisions to use [n next heration: 505%
Composite Surfaces: Disabled
Minimum Elevation: Not Deflned
Mintmum Depth; Not Defined

Loading

Selsmic Load Coeffickent (Horlzontal): 0.12

Left Slip Surfoce Endpoint: 15,0465, 1104.425
Right Slip Surface Endpoint: 318.557, 1181.625
Resisting Moments2,18901¢+008 [b-ft

Driving Moment=8.827460+007 1b-Rt

Resisting Horlzental Forco=516106 b

Driving Hortronts! Forca=208126 Ib

Total Slice Area=6512,77 2

Valiid / invalid Surfaces

Method: spencer
Number of Valid Surfaces: 2097

Material Properties
-Property Cap/Protecth Y RSB ‘intermediate Cover Waste
Color ] 0 L]
Strength Type Mohr-Coulomb  Mohr-Coulomt  Mohr-Coulomb Mohr-Caulomb  Mchr-Coulomb
Unit Welght [Tbs/ft3) 130 100 130 130 ]
Coheslon [psf} 893 1] £33 [} 400
Feictlon Angle [deg) 5 175 5 7 33
water Surface None None Hong Nong None
Ru Value 0 o 0 0 1}
Global Minimums
Method: spencer
FS: 2.479780
Center: 74.610, 1505.475
Rodius: 405.449

Aot Sefsmic Drolned st
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Siice Data

Number of Invalld Surfaces: 0

Glabal Minimum Query (spencer) - Safety Factor: 2.47978

Bate Bxss Effective

Sica  Wiith  Welght Basa Baze Friction m s:s:::m Normal ‘Pm Normat

Number  [f] (s} Materta) Angle Stress Strers

[p=f) {degrees) {psf] [psf) sl (a1 P
1 599028 1014.65 C""'P'“"‘w“"’ 893 25 432661 107292 385,835 0 385,835
2 122379 Aa4547 Geosynthetkcs 0 175 49656 123.136 390536 L] 3905356
3 3.72611 1A35.16 RSB B9l 25 497.737 1234.28 731875 1] 731.875
4 253168 167571 intermedime Cover 0 27 15039 372934 731922 0 731922
S 162726 154985 Waste a00 31 479803 1189.81 12162 o 12162
6 16,2726 25266.8 Wasta 400 331 622088 154512 1763.33 [ 116333
7 162716 330734 Waste ag0 3 742429 184106 21903 o 221903
8 162726 399224 Waste 400 33 8319671 2082.2 2590.36 1] 255036
9 162726 42289.2 waste 400 33 850205 212064 2664.95 0 2664.95
10 162726 419286 Waste 400 33 830425 206919 w3 0 2570.33
11 16272 438549 Waste 400 33 @EI 174 273188 0 273188
12 162726 48817.7 Waste 40 33 W2116 22105 2828.81 0 2828.81
13 161726 507701 Waste 200 33 910964 225899 2862.58 ° 2862.58
14 163726 516853 Waste 400 33 903947 224150 2035.8 o 28358
15 18.2726 51518.6 Wasto 400 33 BB1.619 218622 2750.53 Q 2750.53
16 162726 253941 Waste 400 33 778198 - 1929.76 2355.62 0 2355.62
17 162726 389939 waste 400 33 675.633 1675.42 1963.38 0 1963.98
18 16.2726 353186 Waste 400 33 613002 152011 172481 1] 172481
19 16276 303839 wasta 400 33 536499 13304 1432.69 o 1432.69
20 162726 240383 Waste 400 33 446337 110682 1088.41 0 1088.41
21 162725 161893 Waste 400 33 ML671 849,749 £92.554 o £92.554
22 258731 171153 Intermedlate Cover a 27 100.106 248.242 487.204 1] 487.204
23 374791 18459 AsB g3 25 408156 1012.14 255433 0 255.493
24 12161 443664 Geosynihetics 0 175 347108 860752 27299 0 27299
5 58536 9918 c“""’"’"c:v": 893 25 36347 501325 12.8525 0 178525

Interslice Data

Global Mintmum Query (tpencer] - Safaty Foctor: 2.47978

Slice X v
Number
] L]
1 15.0461 1104.43
2 21.0364 1103.58

coordinate  coordinsts - Bottorn  Morma! Force  Shear Force  Foron Angle

(3] [1bs) [degraes)

0 o
279373 940.088

0
18.5671

External Boundary

X
7,6905
B.85002
10.632
15.948
19.492
159.352
318.704
118.704
318.704
315,704
313.704
318704
318,704
MaT704
270.735

¥
1100
1100
1100
1100
1100
1100
1100
1140.83
117594
1176.98
1178.54
1179.06
1179.41
1181.67
1167.56

3 22.2602 1103.42 2868.95 963.679 18.5671

L] 25,9863 1102.95 4847.77 1628.36 1B.5671

5 28.518 1102.65 5258 176106 18,5672
€ 447905 110112 12944  4347.85 1B.567

7 61061 1100.25 21600 725541 185671

8 773357 1100,04 302085 10147 185671

9 936083 110047 79675 127532 18.5671
10 109.881 110156 433812 14772 185671
1 126153 1103.32 480392 161363 185671
12 142482 1105.74 $0203 168534 185671
13 158699 1108.84 502614 168827 1B.5671
14 174.971 1112.64 4B126.6 16165,7 18,5672
15 191284 1117.16 438327 14732 185672
16 20156 112243 375321 12607 185672
17 223.789 1128.47 30536.4 10257.1 18.5671
18 240051 13522 231063 786213 185671
19 256334 1143.03 158515 537448 185671
W 272506 1151.66 838629  2884.12 185671
1 .88 1161.27 IS1267  8ea003 185671
7 sas2 117195 12039 417.824 185671
B 30773 1173.75 206868 694866 185671
24 311487 1176.42 143977 4983617 185671
s 312703 un3 -1690.67 567895 185672
26 11B.557 118163 [+] 0 [+]

List Of Coordinates

Rot, Sepmic, Drained i




| 222767
07.31
159.352
111.384
95.9366
47.9683
[+

118345
1154.94
1140.83
1126.73
112822
111411

1100

Material Boundary

X
8.86002
96.1779
111,625
207,561
223.008
318,704

Y

1100
112568
1124.49
15241
1150.92
1179.06

Materlal Boundary

X
10632
96.2262
111.673
0761
123.057
318.704

\
1100
112517
1123.68
1151.9
135041
1178.54

Material Boundary

X
15.948
86.3711

111.818
207.754
223,201
318.704

Y

1100
nnes
n2216
115038
1142.59
1176.98

Material Boundary

x
15.492
95,4675
111914
207.851
113.298

Y

1100
1122.64
1121.15
11483.37
1147.88

l 318.704 117554 I

Rix Scismic.Drned, sli
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‘ Slide Analysis Information
SLIDE - An Interactive Slope Stability Program

Project Summary

File Nama: Rot,Stathc, UnDrained.sll
Slide Modater Version: 6.029
Project Title: SUDE - An internctive Siope Stabllity Program

General Settings

Units of Measurement: Imperial Units

Time Unlts: seconds .
Permasbiiity Units: feet/second

Faiture Direction: Right to Left

Data Cutput: Standard

Maximum Materal Proparties: 20

Maxienum Support Properties: 20

Analysis Opticns

Anatyshy Mathods Usad
Spencer

Kumber of slices: 25
Tolerante: 0.005

of lteratl
Check malpha < 0.2: Yos
tnitial trial value of FS: 1
steffensen lteration: Yes

1s: 50

Groundwaoter Analysis

Groundwater Method: Water Surfaces
Pore Fluld Unlt Welght: 62.4 ha/Rt3
Advanced Groundwater Method: Nong

Random Numbers

Pseudo-random Seed: 10116

N, o Eon A

»n Method: Park and Milier v.3

Surfoce Options

Rot_Statie UnDrolned £l

Surface Type: Qreular

Search Method: Auto Refine Search
Divistons along stope: 10

Clrcles per division: 10

Number of iteratlons: 10

Divislons te usa in next iRertlon: 50%
Compasite Surfaces: Disabled
Minimum Elevatien: Not Defined
Minlmum Depth: Not Defined

Material Properties
‘Proparty ‘Cap/Protactive Cower “Geasynthatics [ ntemiadlate Cover.  Waste
color : OJ ]
Strength Type Mohr-Coulomb  Mohr-Coutomb  Mohr-Coulomb Mohr.-Coulomb  Mohr-Caulomb
Unlt Welght {Ibs/R3) 130 100 130 130 50
Coheston [psf] 893 0 893 [ 400
Friction Angle [deg] 25 175 4] 27 EE}
Water Surface ‘Water Table Neone None Nane None
Hu Value 1
Ru Vatue 0 0 [ 0
Global Minimums
Method: spencer
F5:3.775990
Center: 74,610, 1505.475
" Radlus: 405.449

Left Slip Surface Endpoint: 15,046, 1104.426
Right Slip Surface Endpaint: 318.557, 1181.625
Resfsting Moment=2,23273e+008 [b-ft

Driving Moments5.91296e+007 Ib-ft

Rasisting Horlzontal Forca=525833 b

Driving Hordzontal Forees139257 (b

Totel Slice Area=6512.77 i

valid / invalid Surfaces

Method: spencer

Number of Valld Surfacos: 1965
Number of Invalid Surfoces: 0

Slice Data

Rot Stathc LinDrained.s




® | | ®

7 6L0631 1100.25 183745 4049.04 124372
Globa! Minkmum Query (xpancer} - Safaty Factor: 3.77599 8 773387 - 110004 26579.2 5857.03 124172
L S SO Do mn e
Number [ (i8] ‘Miterial - e wegh o ey ST g, .
\[dredn] gt o e} 11 126.153 llﬂ3:52 44961.9 9907.86 12,4272 |
1 599018 1014.65 Cap/Protecthve 893 5 70518 102148 275514 o 275514 12 142426 10574 47728 10516.7 1241m2 i
Cover 13 158.699 1108.84 4B560.9 10700.9 12.4271
2 12079 4647 Geosynthetles 0 17.5 313507 122156 187.43 0 387.43 14 1raan 1112.64 47312 10425.7 124271
3 372611 1835.16 RSB 493 5 312762 118099 617.593 0 £17.593 15 191244 1117.16 439365 9651.89 12471
4 253168 167571 Intermediate Cover 0 27 981811 363179 2778 0 712778 16 207518 1122.43 385121 8486.58 124272
5 16.2726 164985 Waste 400 33 300552 113a.88 113162 [1] 1131.62 17 113.789 1128.47 32118.2 7077,61 12.4272
6 162726 25266.8 Waste 400 33 394967 149139 1680.59 0 1680.59 18 240.061 1135.32 25298.6 5574.82 12471
7 162726 330734 Waste 400 33 475674 1796.14 2149.87 0 2169.87 9 1563M 1143.03 178405 293136 124172
8 162726 399224 Waste 400 33 543367 205175 2543.48 ] 2543.48 0 272.606 1151.66 10423.6 2296.95 12.4271
9 162726 42289.2 Waste 400 33 560947 211813 645,68 o 2645.68 21 28887 1161.27 2937.39 867.648 12.4272
10 162726 419286 Waste 400 33 S49.196 2073.76 1577.37 0 257737 22 205152 1171.85 473518 108344 1242 H
11 162726 458549 Waste a00 33 58211 2198.04 1768.75 0 176875 23 307719 117375 126494 278743 124M
1Z 162726 48817.7 waste 400 33 604.019 2280.77 2896.13 0 2896.13 29 311487 1176.42 -1059.2  -233.406 12427
13 162726 507701 waste 400 23 G4898 232185 2959.4 [ 2959.4 5 are 1773 120582  -285.548 12.4271
14 15.2726 516853 waste 400 33 614543 237202 295966 [\ 1959.66 6 318.557 118163 0 o 0 :
15 162726 515186 Waste 400 33 604.279  228LT75 1897.64 o 1897.54 H
16 162726 45394.1 waste 400 13 536567 2026.07 2503.92 o 2501.92 List Of Coordinates |
17 162726 389939 waste 400 33 46828 1768.22 2106.87 [\ 1106.87 |
18 163726 353386 Waste 400 33 47N 161337 1868.43 0 1868.43 oot |
19 162726 303839 waste o 33 375602 1418.27 1568 o 1568 Water Table |
0 162726 240383 waste 00 33 313.157 118248 1204.91 [} 1204.91 - -
21 162726 161893 Waste 400 33 23977 505.368 778.197 0 718197
22 258731 171253 Intermediate Cover [+] 27 134316 277.277 544,167 0 544,187 ;:z: u::‘g i
73 374791 18355 RSB 893 25 270627 103699 308,783 0 308.785 i
24 12161 443.664 Geosynthatics o 175 2154174 95.9759 304.396 0 304.396 1:;7‘::: :::::: i
15 58536 9915 c"’mm 293 5 741159 910,613 nm 0 7.7 272877 115125
18704 1179.41
Interslice Data i
) : External Boundary
Global Minimum Query {spencer) - Safety Fectar: 3.77599 x ¥
s x " raersicn thtemiica . toteriD 7.6905 1300
Number SOT0 dinate - Wormal Forcn. Shear Force: «Force Angle ) 885002 1200
L] r) W] L8 [dagrees} 10632 1100 }
1 150461 1104.43 0 [ 0 15948 1100 1
z 210364 110358 1852.45 4pz211 12.4272 . 19,497 1100 i
3 22260 1103.42 1954,51 430,698 12.4272 159352 1100 I
4 25.9863 1102.95 3408.29 751055 12,4272 318.704 1100 '
5 8518 110265 3863.93 851.461 124272 - 318.704 1140.83 l
6 447905 110112 104848 231044 12.42m 318704 1175.94 ],
Rot. Static. UnDvnined 5 Rot.Stathe. UnDrotned. sl




318.704
318,704
318.704
318,700
318.704
270735
22767
207.32
159.352
111.384
95.9266
47.9683
0

1176.58
117854
1179.06
179.4
118167
1167.56
1153.45
1154.94
114083
12673
1.2
1

1100

Material Boundary

H
B.86002
96.1779
111625
207561
223.008
318.704

Y

1100
1125.68
1124.19
115241
1150.92
1179.06

Material Boundary

X
10.632
96.2262
111673
207.61
123.057
318.704

Y
1100
1125.17
1123.68
11519
1150.41
1178.54

Material Boundary

X

*| 15.943
96371

111.018

207.754

13.201

318.704

Y

1100
1123.65
112216
1150.38
1148.89
1176.98

Material Boundary
| ——

X
15.492
96.4675
111314
207.851
223.298
318.704

¥

1100
1122.64
1121.15
1149.37
1147.88
117594

Rot.Static UnDroined.sti

Rob.Static. UnDeained.stl




APPENDIX C
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Centr3@dBle 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
STRUCTURAL (ASTM D698 or D1557) 1 per 10,000 cu.yd. N/A 50 Ib
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/A
Content (ASTM D6938) 5 tests per acre/lift . )
+/- 4% optimum moisture content
. . . Visual inspection of each lift .
Maximum Particie Size during or following placement 12 inches or less N/A
Lift Depth Placed Material Visual < 12 inches uncompacted thickness N/A
Consolidated Undrained
Triaxial Compression Test _— .
(ASTM D4767) -with Pore Son:‘;tzggfl(%::l?s material or See Attachment B for required shear strength. N/A ‘
Pressure Readings or Direct 9
Shear Test (ASTM D3080)
ROCK Particle Size Placed Material Visual 100% < 24-inches N/A
STRUCTURAL
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 0of 3 October 2015



Bie Disposal Facility

L7}

ATTACHMENT A - TABLE 1
MINIMUM TEST FREQUENCIES FOR SOIL COMPONENTS

Component Required Test Minimum Frequency Acceptance Criteria Sample
Size
RECOMPACTED Sieve and Hydrometer (ASTM D422) 1 per 1,500 cu.yd. 100% g 2-inch, 90% < 3/ 4-inch, and 50% < No. 200 sieve. 5-10 b
SOIL BARRIER' :
Unified Soi Classification (ASTM D2487) 1 per 1,500 cu.yd. Prior to placement. 5-101b
Density/Moisture Relationship® .
(ASTM D638 or D1557) 1 per 1,500 cu.yd. Prior to' placement. 50 Ib
Specific Gravity °
(ASTM D854) 1 per 1,500 cu.yd. N/A 5-101b
Permeability: Flexible Wall Permeameter o -6
(ASTM 5084) 1 per 10,000 cu.yd. Permeability < 1 x 10 cm/sec 50 Ib
> 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 D8938) tests per acref/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.
Moaisture Content (ASTM D2216) At discretion of CQA N/A; To confirm nuclear density gauge moisture Varies
firm. correction.
Lift Depth Placed Material < 8 inches uncompacted depth N/A
Total Thickness Placed Material Minimum 18 inchas. Required thickness verified by survey N/A
Cansociidated Undrained Triaxial
Comprassion Test (ASTM D4767) One sample per . N/A
-with Pore Pressure Readings or Direct material type See Aliachment B for required shear strength.
Shear Test (ASTM D3080)
153-121.CQA-Table 1.doc Page 2 of 3 October 2015
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2¥e Disposal Facility w Q&C Plan

ATTACHMENT A - TABLE 1
MINIMUM TEST FREQUENCIES FOR SOIL COMPONENTS

Component Required Test Minimum Frequency Acceptance Criteria Sample
Size
VEGETATIVE Reascnably ires of debris, plant matter, and foreign objects.
COVER LAYER Visual Observation Placed Material No particles greater than 12 inches in diameter, N/A

Max lift thickness is 30 inches.

Total Thickness Placed Material > 30 inches verified through susvey or direct measurement N/A

Notes:

1. Results of pre-construction testing of the borrow soils perfarmed on representative samples shall be submitted to the Ohio EPA no later than seven days prior to
the intended use of the material during 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
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ATTACHMENT A - TABLE 2

40 mil LLDPE TEXTURED GEOMEMBRANE

QA/QC TESTING
REQUIRED PHYSICAL PROPERTIES
, TEST REQUIRED MANUFACTURER QUALITY
PROPERTY METHOD VALUES (1) QC TEST ASSURANCE TEST
. FREQUENCY FREQUENCY
THICKNESS 34 minimum
(mil) ASTM D5994 36 lowest individual for 8 of 10 values Each Roll Every 100,000 sf
38 minimum average
ASPERITY HEIGHT :
(mil) (min. avg.) ASTM D7466 20 minimum See Nots 2 Every 100,000 st
_(SQTCE;E;; ?nEQIxS)ITY OArS;TSMﬂa 15.,9952 ' 0.939 Ses Note 2 Every 100,000 sf
TENSILE PROPERTIES {min.)
{each direction) ASTM D6693 Type IV
e Break Strength (Ib/in) 60 ‘ See Nola 2 Every 100,000 st
« Break Elongation (%) 250

CARBON BLACK CONTENT ASTM D1603 - 20-3.0% See Note 2 Every 100,000 sf

(allowable range in %)

CARBON BLACK DISPERSION 9 in Categories 1 or2, and 1 in

(acceptable levels) ASTM D5596 Category 3 See Note 2 Every 100,000 sf
PUNCTURE RESISTANCE )

{av _min.) {Ib) ASTM D4833 44 See Note 2 Every 100,000 sf
TEAR RESISTANCE ASTM D1004 22 See Note 2 Every 100,000 s!

(avg. min.) (Ib)

Notes: (1) With the exception 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 Densily Polyethylene (LLLDPE) Smooth and Textured Geomembranes”.
(2) Testing shall be completed at the manutacturer's standard testing frequency.

153-121.CQA-Table 2.doc Page 1 of 4 QOctober 2015



e Disposal Facility

TABLE 2 (CONT.)

2AC Pl
4 % an

REQUIRED PHYSICAL PROPERTIES

TEST REQUIRED MANUFACTURER QUALITY
PROPERTY METHOD VALUES (1) QC TEST ASSURANCE TEST
FREQUENCY FREQUENCY
OXIDATIVE INDUCTION TIME -
; ASTM D3895 100 min
;rStandard (avg. min) See Note 2 See Note 3
» High Pressure (avg. in.) ASTM D5885 400 min
OVEN AGING AT 85°C ASTM 05721 ]
¢ Standard OIT (min avg % ASTM D3895 35%
Orretalned after 90 days) Certify Each Formulation See Note 3
¢ High Pressure OIT (min avg ASTM D5885 60%
% retained after 90 days)
UV RESISTANCE .
» High Pressure OIT (min avg % ASTM D5885 35% Certify Each Formulation See Note 3
retained after 1600 hours)
ELEIESSTSAI'C\I?:QCK ASTM D5397 200 hours Per GRI GM 10 See Note 3
ISNTTHEERNFQ.?: SHEAR ASTM D5321 See Attachment B See Note 3 See Attachment B
GEOMEMBRANE RESIN
DENSITY (max.} (g/ml) ASTM D1505/0792 . 0.926 Each Resin Batch See Note 3
MELT FLOW INDEX (g/10 min) ASTM D1238 1.0 See Note 3

{max.)

Each Resin Batch

Notes: (1) Required vaiues are from GRI Test Method GM 17, Standard Specification for “Test Methods, Test Properties and Testing Frequency for
Linear Low Density Polyethylene {LLDPE) Smoocth and Textured Geomembranes".
{2) Testing shall be completed at the manufacturer's standard testing frequency.

{3) Not Required

153-121.CQA-Table 2.doc
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Centrw‘; ste Disposal Facility

TABLE 2 (CONT.)

INSTALLATION TESTING SUMMARY

PROPERTY TEST SAMPLE SIZE FIELD TEST ACCEPTANCE
METHOD FREQUENCY CRITERIA®
TRIAL SEAM TESTING '™
PEEL TEST (Ib/in) The average of the 3 tests shall be greater than 60 Ibfin with
Fusion Welds Minimum 1 test per one result being less than 60 Ibfin but greater than 48 ibfin.
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 sach seaming period | incursion is less than 25%.
As Needed Refer to schemalic on Page 4 for break codes.
PEEL TEST (Ib/in) Minimum 1 test per The average of the 3 tesls shall be greater than 52 Ib/in with
Extrusion Welds welder/machine one result being less than 52 Ibfin but greater than 42 Ibfin.
ASTM D6392 combination; and prior Three (3) out of three (3} tests shall not have one of the
10 each sean:ling period following break codes: AD1, AD2, AD-BRK or AD-WLD.
Refer to schemalic on Page 4 for break codes.
DESTRUCTIVE SEAM TESTING
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 Ibfin.
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 Reler to schematic on Page 4 for break codes,
PEEL TEST (Ib/in) The average of the 5 tests shall be greater than 52 Ib/in with
i C one result being less than 52 Ib/in but greater than 42 Ib/in.
Extrusion Welds ASTM D6392 Minimum 1 per 500 if of Five (5) out of five (5) lests shall not have one of the following

seaming per device

break codes: AD1, AD2, AD-BRK or AD-WLD.
Hefer to schematic on Page 4 for break codes.

NON-DESTRUCTIVE SEAM TESTING:

AIR-PRESSURE GRI GMS Every Fusion Welded | No more than 3 psi drop with initial pressure of 30 to 35 psi for
Seam 5 minules.

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 shall 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-GM19.

153-121.CQA-Table 2.doc
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(he_ntn;tgte Disposal Facility

ASTM D 6392 LOCATION OF SEAM STRENGTH TESTING BREAK CODES FOR SEAMS TESTED IN SHEAR AND PEEL

TABLE 2 (CONT.)

Types of Break

d
e ——

[

=

ﬁh:

——
e

a-ON-Canter Bead

EXTRUSION WELDED SEAMS

Schematic of
Untested Speciman

or Are
! lgﬂuﬂl-d Arpa

Bead

Mot Tack (determinated)

Location of
Break Code

AD1

AD2

AC-wLD!"

SE1

SE2

SE3

BRK1

B8AK2

AD-BRX

SiP

Break Dascription

Fallure in adhesion. Specimsans may
also detaminate under the bead and
braak through the thin extruded
maierial in the auter area.

-Failure in adhesion.

Broak through the fiflet,

J

Break at seam odge fn the boitom
sheet {applicable 1o shear only).

Break at seam adge in the top sheet
(applicable to shsar only).

Break at seam edge in the botlom
sheat {applicable {o peel only).

Break in tha bonorn shaeting. A'B" in
rarebtheaas {ollowing the code means
he specimen broke in the butfed area,

Break in the top shaeting. A“B" in
Parebthases following the cods means
he apecimen broke in the butfed area,

Break in the bottom sheeling aﬂér S0mMe
adheston lailure between the fillet and the -
bottom shest.

Break at the edge of the hot tack tor

spoc{mens which could not be
alaminated in the hol tack.

Separation in the plane of the sheet.

"{1) Acceptance of AD-WLD breaks may depend on whather Wt values mes! & minimum .podﬂuﬁm.vuua.

Typea of Break

| re————————
5:—-_‘-—"'_.2

=§‘3&:

=

—=e

R

===

FUSION WELDED SEAMS

Schamatlc of
Untested Spocimen
TWeldB el A Top Sheel

Ap—— .
Dirsction of Inital Pl

Location of
Broak Code
AD

BRAK

SE1

SE2

Botom Sheet

Break
Dascription

Adhesion Fallre -

Break in sheating,
Break can be in sither
top or bottom sheet

Break In outer edge of
seam. Break can be In either
top or botlom shoat.

Break al inner edge of seam

" through bath sheots,

AD-BRK

Sip

Braak In first seamn aftar
some adhasion failure.

‘Break can ba In sither

tap or bottorn shaeet,

Separation In (he plane of
the shee!. Break can be In .
alther top or ballom sheet.
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Central Waste Disposal Facility

CQA/QC Plan

?; @s

r

DOUBLE SIDED GEOCOMPOSITE DRAINAGE LAYER

ATTACHMENT A - TABLE 3

QA/QC TESTING
PROPERTY TEST FINAL COVER | MANUFACTURER QA TEST
METHOD SYSTEM QC TEST ‘FREQUENCY
REQUIRED FREQUENCY
VALUES
GEONET COMPONENT
THICKNESS ASTM
(mil ) (min.) D5199 250 See Note 1 1 per 250,000 sf
DENSITY ASTM
(g/em3) (min.) Dgsgfhﬁr 0.94 (g/cm?) See Note 1 1 per 250,000 st
D1505
CARBON BLACK CONTENT ASTM
(%) {min.) D1603 20-35% See Note 1 1 per 250,000 sf
. GEQTEXTILE COMPONENT
MASS PER UNIT AREA ASTM
(oz/sy) (min.) D5261 5.0 See Note 1 1 per 250,000 sf |
APPARENT OPENING SIZE ASTM
(Sieve) D4751 70 - 140 See Note 1 t per 250,000 sf
PERMITTIVITY ASTM
(sec") (min.) D4491 1.30 See Notel1 . 1 per 250,000 sf
GRAB STRENGTH" ASTM
(lbs) (min.) D4632 160 See Note 1 1 per 250,000 sf
TRAPEZOIDAL TEARY ASTM
(Ibs) (min.) D4533 65 See Note 1 1 per 250,000 st
CBR PUNCTURE ASTM
RESISTENCE DE241 435 See Note 1 1 per 250,000 sf
(Ibs) (min.)
UV RESISTANCE (%) (min.) ASTM )
At 500 hours of exposure D4355 70 Certity /A
GEOCOMPOSITE COMPONENT

TRANSMISSIVITY ASTM Final Cover:; See Note 1 1 per 50,000 sf
(m2/sec) ( min.) D4716 50x10* {See Note 3)
INTERFACE SHEAR ASTM See N/A See
STRENGTH (min) D5321 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 shail be tested separately

for the above parameters.
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MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXTBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Outflow Volume

Civil & Environmenta! Consultants, Inc. Boring RSB-1
153-121.0002 Closure Construction Central Waste Depth 09/17/15
36291 Sample Shelby Tube
Brown Clay Lab Sample No. 36291001
Sample Condition Undisturbed
SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final |[Pipettc Area, a, - cm® 0.031416|Avg. Hydraunlic Conductivity, Ky, crn/sec 4.5E-06
Tare Number wi02 | w107 [Apnuvlus Area, 2,, cm® 0.76712|Initial Water Content. % 13.9%
Wt Tare & WS, gm 25742 | 715.89 |Manometer Constant, M, =a,a /(a,+a,), cm® 0.03018|Initial Dry Density, pef 113.2
Wt. Tare & DS, gm 22697 | 601.8]1 |Manometer Constant, M; = 1+ a/a, 1.0410|% Compaction NA
Wt Tare, gm 8.4% B.46 |Sample Constant, S = L/A, cm™ 0.198 |Sample Status Undisturbed
Moisture Content, % 13.9% | 19.4% |Specific Gravity, § = 8y, - 8., gm/cc 12.562|B Parameter 95
Wi, Tube & WS, gm 894.2 NA  |Test Constant, C = M;S/8 4.76E-04{Permeant Deaired Water|
Wt Of Tube, gm 219.66 NA  |Mercury Level at Equilibrium, R,,, cm 3.1{Cell Pressure, psi i00
WL Of WS, gm 674.6 706.8 Mercury Level of Pipette at t=0, Ry, cm 8|Back Pressure, psi 95
Length 1, in 3.136 | 3.158 |Initial Head Difference, z, =(Rog-RoM,, cm 5.10}Avg.(Mid-Height) Confining Stress, psi 5
Length 2, in 3.142 3.19 |Trial Constant, T=M,/z,, cm 0.2041 |Maximum Gradient 8.0
Length 3, in 3.175 3.168 |Temperature Correction for 20°C, R, 0.958{ Average Test Temperature, °C 21.8
Top Diameter, in 2.834 2.775 TEST DATA
Middle Diameter, in 2.834 | 2.859 4 Rp. Az, i H, AH, Oes | O'ew ks
Bottom Diameter, in 2.844 2,868 Elapsed | Mercwoy Roo-Rpn Gradient Head Percent of Initial Effective Stress Bydraulic
Average Length, L, cm 8.00 8.06 Time Height Head from =0 Max Min Conductivity
Average Area, A, cm”2 40.79 40.70 min cm cm cm / em cm % pri pri cm/sec
Sample Volume, cc 326.5 327.9 0.00 8 [i] 8.0 64.1 100.0% 546 4.54 NA
Unit Wet Wt., gm/cc 2.07 2.16 .~ 0.03 7.9 0.1 7.8 62.8 98.0% 545 4.55 6.26E-06
Unit Wet Wt pcf 1289 1345 0.07 7.8 - 0.2 7.6 61.5 95.9% 5.44 4.56 4.76E-06
Unit Dry Wt,, pef 113.2 112.7 0.10 7.7 0.3 7.5 602 93.9% 5.43 4.57 4.80E-06
Unit Wt., gm/ce 1.81 1.81 0.14 1.6 0.4 73 58.8 91.8% 5.42 4.58 4.51E-06
5 Gravity, Assumed 2.7 2.7 0.18 7.5 0.5 7.1 57.5 89.8% 541 4.5% 4.48E-06
V 10, € 0.489 0.495 0.22 7.4 0.6 7.0 56.2 37.8% 5.40 4.60 4.41E-06
n 0.328 0.331 026 73 0.7 6.8 54.9 85.7% 539 4.61 4.48E-06
P olume, cc” 107.21 | 10861
Saturation, % 77.0%
ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY
1E-04 I T t
= <
g —— Hydraulic Conductivity (20°C) k3= R,—In (1-Az,T)
E | t
£
o 1E-05
2 —
5 —
g == R R T e S —
t
a
S 1E-06 ———
&2 —o=— Hydragtic Conductivity —
E e pverage HLC. over last 2 readings —
:: =+ +08510 115 Avennge HLE. |
1E-07
0 0.05 o1 0.15 02 0.25 0.3
Elapsed Time, t, min
idation: ALO Reviewed By: SVG Date Tested: 9222015

average Hydraulic Conductivity is calculated using the average of the last 4 determinations where ol requisite flow and Hydreulic Condh

(X1

are

Prerequisits: Inflow/ Outflow Ratio = 1 by definition of test procedure. Final Mydroulic Canductivity = +-25% of overage Hydroulic Conductivity when k> 1E-8 em/sec and +-50% when k< JE-8 cm/sec.

COPYRIGHT © 2014 GEOTECHNICAL TESTING SERVICES, INC. 1-800-853-7309




F

MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Cutflow Volume

Cl Civil & Environmental Consultants, Inc. Boring RSB-2
C ject 153-121.0002 Closure Construction Central Waste Depth 09/17/15
o. 36291 Sample Shelby Tube
Vi Description Brown Clay Lab Sample No. 362910062
Sampie Condition Undisturbed
SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final {Pipetie Area, 3, - cm® 0.031416{Avg. Hydraulic Conductivity, K.;, cm/sec 1.8E-038
Tare Number w107 w64 | Anpulus Area, a, em? 0.76712|Initial Water Content, % 12.8%
Wt, Tare & WS, gm 166.98 | 433.29 |Manometer Constant, M, =a,a,/(a,+a,), em? 0.03018}Initia]l Dry Density, pef 1081
Wt, Tare & DS, gm 149 367.07 |Manometer Constant, M, = 1+ a fa, 1.0410]% Compaction NA
Wt Tare, gm 8.46 8.37 |Sample Constant, § = L/A, e’ 0.121 |Sample Status Undisturbed
Moisture Content, % 12.8% 8.4%  |Specific Gravity, § = 8y, — 6., gm/cc 12.562{B Parameter 97
Wt Tube & WS., gm 408.9 NA  [Test Constant, C =M,5/ 2.92E-04|Permeant Deaired Water
Wt Of Tube, gm 0 NA  [Mercury Level at Equilibrium, R,,, ¢ 3.1|Cell Pressure, psi 100
Wt Of WS, gm 408.9 3929 [Mercury Level of Pipetie at t=0, Rpq, cm 9.65|Back Pressure, psi 95
Length 1, in 2.001 1.996 |Initial Head Difference, 2, =(Ryg-Ro)M;, cm 6.82|Avg.(Mid-Height) Confining Stress, psi 5
Length 2, in 2.06% 2.075 |Trial Constant, T =M;/z2,, cm 0.1527|Maximum Gradient 16.8
Length 3, in 2.032 1.935 |Temperantre Correction for 20°C, R, 0.955] Average Test Temperature, °C 219
Top Diameter, in 2.839 2.879 TEST DATA '
Middle Diameter, in 2811 | 2.854 1, R, Az, i H, AH, Sz | Oui ki
Bottom Diameter, in 2.834 2.893 Elapsed | Mercury RooRpy Gradient Head Percent of Initial Effective Stress Hydrauli¢
Average Length, L, cm 5.17 5.09 Time Height , Head from t=0 Max Min Conductivity
Average Area, A, cm™2 40.52 41.89 min et om em/cm em % psi psi cmizec
Sample Volume, cc 209.4 213.0 0.00 9.65 0 16.8 85.7 100.0% 5.61 4.39 NA
Unit Wet Wt, gm/cc 1.95 1.84 2.00 9.6 0.05 16.7 85.0 992% 5.60 4.40 1.78E-08
Unit Wet Wt., pef 121.9 115.1 4,00 9.55 0.1 16.6 843 98.5% 5.60 4.40 1.79E-08
Unit Dry Wt., pef 108.1 106.2 6.00 9.5 0.15 16.5 83.7 97.7% 5.60 4.40 1.79E-03
Unit Wt., gm/cc 1.73 1,70 8.00 9.45 0.2 16.3 83.0 96.9% 5.59 4.41 i.30E-08
Gravity, Assumed 2.7 2.7 10.00 9.4 Q.25 16.2 82.4 96.2% 5.59 4.41 1.81E-08
io, ¢ 0.559 0.586 12.00 9.35 0.3 16.1 81.7 95.4% 5.58 4.42 I.81E-08
0.359 0.370 14.00 9.3 0.35 15.9 81.1 94.7% 5.58 4.42 1.82E-08
Pore Volume, cc 75.08 78.75
Saturation, % 61.8%
ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY
1E-06 ¥ : z }
— -C
g — Hydraulic Conductivity (20°C) k= R, —— In (1-Az,T)
§ — t
o
&
5] JE-07
a
=]
g
Z
I e T W S W S DI P
= A L B LR el et - o s
=
S 1E-08
= == Hydrulic Cénduetivity
E Avernge K.C. over last 2 readings
g = = =0.85t0 1.15 Average BLC.
1E-09
0 2 4 6 8 10 12 i4 16
Elapsed Time, t, min
idation: ALO Reviewed By: SVG Date Tested: 9/25/2015

average Hydraulic Conductivity is caleutated using the average of the last 4 determinations where afl reguisite flow and Hydraulic Conductivity condirions are achieved!

Prerequisits: Inflow/ Owiflow Rario = I by definition of test procedure. Final Hydroulic Conductivity = +-25% of average Hydraulic Conductivity when k> 1E-§ cm/sec and +-50% when k < JE-8 [= 77

COPYRIGHT © 2014 GEOTECHNICAL TESTING SERVICES, INC. 1-800-853-7309



MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER

ASTM D5084-00 Method F; Mercury U-Tube Permometer -

Inflow Volume = Cutflow Veolume

Civil & Environmental Consultants, Inc. Baoring RSB-3
ject 153-121.0002 Closure Construction Central Waste Depth 09/17115
0. 36291 Sammple Shelby Tube
Deseription Brown Clay Lab Sample No. 36291003
Sample Condition Undisturbed
SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final |pipettc Area, a_ - cm® 0.031416|Avg. Hydranlic Conductdvity, k;, cm/sec 2.5E-06
Tare Number w64 105 |Annutus Area, a,, cm? 0.76712|Initial Water Content, % 17.2%
Wt Tare & WS, gm 272,13 | 9347 |Manometer Constant, M, =a,8./(a,+1,), cm® 0.0301 8| Luitial Dry Density, pcf 1074
Wt, Tare & DS, gm 23338 | 801.95 |Manometer Constant, M; = 1+ a/a, 1.6410]|% Compaction NA
Wt Tare, gm 8.42 84.05 |Sample Constant, $ = L/A, cm™’ 0.129 |Sampie Status Undisturbed|
Moisture Content, % 17.2% 18.5% |Specific Gravity, § = 8, - 5., gm/ec 12.562|B Parameter 95
Wt Tube & WS., gm 8532 NA  |Test Constant, C= M,5/5 3.11E-04{Permneant Deaired Water
Wt Of Tube, gm 0 NA _ [Mercury Levet at Equilibrium, R, cm 3.1{Cell Pressure, psi i10
WL Of WS, gm 853.2 862.4 [Mercury Level of Pipette at =0, Ryq, cm 9.5|Back Pressure, psi 105
Length 1, in 39 3.859 |initial Head Difference, z; =(Rpp-Rog)M3, cm 6.66| Avg.(Mid-Height) Confining Stress, psi 5
Length 2, in 3.899 31,84 |Trial Constant, T=M;/z;, cm 0.1563 |Maximum Gradient B6
Length 3, in 31.901 3.829 |Temperature Correction for 20°C, R, 0.958| Average Test Temperature, °C 218
Top Diameter, in 2.902 3.826 TEST DATA
Middle Diameter, in 2896 | 3.884 Y Ry Az, i g, AH, Cleae |  O'am Kz
Bottora Diameter, in 2.91 3.861 Elapsed | Mercwry | RpoRy | Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 9.91 9.76 Time Height - Head from t=0 Max Min Conductivity
Average Arca, A, cat2 42.69 75.38 min cm cm cm/cm cm % psi p3i cm/sec
Sample Volume, cc 422.9 735.7 0.00 9.5 0 8.6 83.7 100.0% 5.60 4.40 NA
Unit Wet Wt.,, gm/cc 2.02 1.17 0.03 9.4 0.1 8.4 82.4 98.4% 5.59 4.41 2.52E-06
Unit Wet Wt,, pcf 125.9 73.1 0.06 9.3 0.2 8.3 81.1 96.9% 5.58 4.42 2.44E-06
Uit Dry Wi, pef 107.4 61.7 0.10 9.2 0.3 8.2 79.3 95.3% 5.57 4.43 2.50E-06
Unit Dry Wt., ginfee 1.72 0.99 0.13 9.1 0.4 8.0 78.5 93.8% 556 4.44 2.48E-06
S, Gravity, Assumed 2.7 2.7 0.16 9 0.5 7.9 772 92.2% 555 4.45 2.49E-08
V io, ¢ 0.569 1.729 020 3.9 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% 5.53 447 2.51E-06
Pore Volume, cc T 153.34 | 466.17
Saturation, % 81.8%
ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY
1E-04 T T -
= <
g — Hydraulic Conductivity (20°C) kyy = R, —— In (1-42,T)
"% t
xﬂ
g 1E-05
a
a
z
z e e e e e
;-‘.-:: .............. P =g, S
i S 1E-06 |
i o = Hydrulic Conductivity —
! E = Avcrage HC overlast 2 readizgs —
, E__ * + 085t 1.15 Average HC. 1
1E-07
0 0.05 0.1 0.15 02 0.25
Elapsed Time, t, min
idation: ALO Reviewed By: SVG Date Tested: 9/28/2015

average Hydraulic Conductivity it calculated using the average of the last 4 determinations where all requisit flow and Hydraulic Conductivity conditions are achizved!
Prerequisits: Inflow / Outflow Ratio = | by definition of test procedure. Final Hydraulic Conductivity & +-25% of average Hydraulic Conductivity when k > 1E-8 on/sec and +-50% when k< 1E-8 am/sec.

COPYRIGHT © 2014 GEOTECHNICAL TESTING SERVICES, INC. 1-800-853-7309



MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - [nflow Veolume = Cutflow Volume

Civil & Environmental Consultants, Ine, Boring RSB
153-121.0002 Closure Construction Central Waste Depth 09/17/15
36291 Sample Shelby Tube
Visual Description Brown Clay Lab Sample No. 36291004
Sample Condition Undisturbed
SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final |Pipette Ares, a, - cm’ 0.031416|Avg. Bydraulic Conductivity, kap, cm/sec 22E-07
Tare Number w100 z Annulus Area, a,, cmz 0.76712|Initial Water Content, % 13.0%
Wt. Tare & WS, gm 2673 738.13 IManometer Constant, M, =a,a/(a,+a,), cm? 0.03018|Initial Dry Density, pef 113.6
Wt, Tare & DS, gm 237.53 | 626,24 |Manometer Constant, My = 1+ a /a, 1.0410(% Compaction NA
Wt, Tare, gm 8.39 8.33 }Sample Constant, S = L/A, cm’ 0202 |Sample Status Undisturbed|
Moisture Content, % 13.0% [ 18.1% [Specific Gravity, 8 =8, — 5., gm/cc 12,562|B Parameter 95
Wt Tube & WS, min 942.7 NA  [Test Constant, C = M;5/5 4.85E-04 |Permeant Deaired Water
‘Wt Of Tube, gm 227.54 NA  [Mercury Level at Equilibrium, R.q, cm 3.1}Cell Pressure, psi 100
Wt Of WS, gm 715.0 747.4  |Mercury Level of Pipette at =0, Ry, cm 12|Back Pressure, psi 95
Length 1, in 3256 3.27 |lInitial Bead Differeace, z, =(Rpo-ReiM3, cm 926 Avg.(Mid-Height) Confining Stress, psi 5
Length 2, in 31269 3245 [Trial Constant, T=M;/z,, cmn 0.1124|Maximum Gradient 14.0
Length 3, in 3.274 3.299 |Temperature Comrection for 20°C, R, 0.960] Average Test Temperature, °C 21.7
Top Diarneter, in 2.846 2869 TEST DATA
Middle Diameter, in 2.849 2.871 4 Ry Az, i H, AH, & o I 0" e e
Bottom Diameter, in 2.856 2.81 Elapsed | Mercury | RypRy | Gradient Head Percent of Initial Effective Stress Hydrauljc
Average Length, L, cn 8.30 831 Time Height Head from t=0 Max Min Conductivity
Average Area, A, cm”2 41.17 41.16 min cm cm cm /em cm % o8t psi em/sec
Sample Volume, cc 341.5 342.0 0.00 12 0 14.0 116.4 100.0% 5.83 4.17 NA
Unit Wet Wt., gim/cc 2.09 2.19 0.22 11.9 0.1 13.8 115.1 98.9% 5.82 4.18 4.01E-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 Wt pcf 115.6 115.5 1.06 11.7 03 13.5 112.5 96.6% 5.80 4.20 2.51E-07
Unit Dry Wt,, gm/cc 1.85 1.85 1.51 116 0.4 13.4 1112 95.5% 5.79 4.21 2.37E-07
S Gravity, Assumed 2.7 2.7 2.08 115 0.5 13.2 109.8 94.4% 5.78 422 2.16E-07
io, ¢ 0.457 0.459 2.57 11.4 0.6 13.1 108.5 93.3% 577 4.23 2.11E07
] 0.314 0315 2.94 11.3 0.7 12.9 107.2 92.1% 5.76 424 2.16E-07
Pore Volume, cc 107.17 | 107.61
Saturation, % 76.7%
ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY
1E-04 f ; : :
= C
9 +— Hydraulic Conductivity (20°C) k;; = R, — In (1-Az,T)
~‘§ — t
iy
Ej 1E-05
‘&
2
£
3
E
S 1E-06 ——]
2 s Hydrantic Contuctivity ——
E e Average H.C. over st 2 readings h—
;z‘:_. - = = =0.8510 115 Avangr HC. :
1E-07
0 0.5 1 35
Elapsed Time, t, min
Ind¥Mlidation: ALO Reviewed By: SVG Date Tested: 9/22/2015

average Bydraulic Conductivity is calculated using the averape of the last 4 determinations where all requisie flow and Hydraulic Carductivity conditions are achieved!
Prevequisits; Inflow / Ougflow Ratio = 1 by definirion of test procedure. Final Hydroulic Conductivity = +-25% of average Hydrgulic Conductivity when k> 1E-8 cm/sec and +-50% when k< 1E-8 cm/sec,

COPYRIGHT @ 2014 GEOTECHNICAL TESTING SERVICES, INC. 1-800-853-7309




MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXJBLE WALL PERMEAMETER.
ASTM D5084-00 Method F; Mercury U-Tube Permomcter - Inflow Volume = Outflow Volume

Civil & Environmental Consultants, Inc. Boring RSB-3
153-121.0002 Closure Construction Central Waste Depth 09/17/15
36291 Sample Shelby Tube
Browmish Gray Clay Lab Sample No. 36291005
Sample Conditicn Undisturbed
SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final |Pipette Area, a, - cm?® 0.031416/Avg. Hydraulic Conductivity, kyy, cm/sec 6.1tE-07
Tare Number w6 120 |Aonulus Area, a,, cm® 0.76712Initial Water Content. % 15.7%
Wi Tare & WS, gm 41.73 | 900.14 IManometer Constant, M, =a,a,/(a,*a,), cm® 0.0301 8 initial Dry Density, pef 118.9
Wt Tare & DS, gm 372 789.62 |Manometer Constant, M, = 1+ a /a, 1.0410{% Compaction NA
‘Wt. Tare, gm 8.3 8331 |Sample Constant, § = L/A, cm”’ 0.216 |Sample Status Undisturbed
Moisture Content, % 15.7% 15.6% |Specific Gravity, 8 = 8, - &, gm/fcc 12.562|B Parameter 95
Wi, Tube & WS., pm 816.2 NA  |Test Copstant, C = M,5/5 5.18E-04|Permeant Deaired Water
'We Of Tube, gm 0 NA  [Mercury Level at Equilibrium, R,,, cm 3.1|Cell Pressure, psi 110
Wt Of WS., gm 8162 816.0 [Mercury Level of Pipette at =0, R, cm 9.7{Back Pressure, psi 100
Length 1, in 155 3.52 [Initiai Head Difference, z, =(R,q-Ro,)M,, cm 6.87|Avg.(Mid-Height) Confining Stress, psi 10
Length 2, in 3.62 3.491 |Trial Constant, T= M,/ z,, cm 0.1515 [Maximum Gradient 9.7
Length 3, in 3.562 3.496 |Temperature Cormection for 20°C, R, 0.958] Average Test Temperature, °C 21.8
Top Diameter, in 2.834 2.873 TEST DATA
Middle Diameter, in 2.835 | 2.845 t R, Az, i H, AH, 0 O ot ko
Bortom Diameter, in 2.83% 2.841 Elapsed | Mercury Ro-Rpe | Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 9.09 8.90 Time Height Head from t=0 Max Min Counductivity
Average Area, A, cm*2 40.75 41.24 min cm cm cm /cm cm % psi psi cm/sec
Sample Volume, cc 370.3 366.9 0.00 9.7 0 9.7 86.3 100.0% 10.61 9.39 NA
Unit Wet Wt., gm/cc 2.20 222 0.17 9.6 0.1 9.6 85.0 98.5% 10.60 9.40 7.29E-07
Unit Wet Wt,, pcf 137.5 138.8 0.39 9.5 0.2 9.4 83.7 §7.0% 10.60 9.40 6.52E-07
Unit Dry Wt,, pef 118.9 120.0 0.60 9.4 0.3 9.3 82.4 95.5% 10.59 9.41 6.39E-07
Unit Dry Wt., gm/cc 1.91 1.92 0.82 9.3 0.4 9.1 81.1 93.9% 1058 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-07
v io, e 0.417 0.404 1.30 9.1 0.6 8.8 78.5 90.9% 10.56 9.44 6.06E-07
P o 0.294 0.288 1.56 9 0.7 8.7 772 89.4% 10.55 9.45 5.93E07
Porf v olume, cc 108.97 105.57
Saturation, % 101.5%
ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY
tE-035 T E ] z !
— - '
g | Hydraulic Conductivity (20°C) ky;= R, —In (1-Az,T)
‘g ) . t
&
g
a
a
£ 1E06
E ——t o
S sty oo A A P N oy
=
i -
3 Average H.C over last 2 readings |
- = = =085 1.15 Aversge H.C.
1E-07
0 02 04 0.6 0.8 1 1.2 1.4 1.6 1.8
Elapsed Time, t, min
In "?ﬂ plidation: ALO Reviewed By: SVG Date Tested: 9/28/2015

verage Hydraulic Conducrivity is caltulaied using the average of the last 4 determinations where all requisite flow and Hydraulie Conductivity conditions are achieved!
its: Inflow / Qugflow Ratio = 1 by definition of test procedure. Final Hydraulic Conductivity = +-25% of average Hydraulic Conductivity when k> 1E-§ cm/sec and +-50% when k< 1E-3 cm/sec.

COPYRIGHT @ 2014 GEOTECHNICAL TESTING SERVICES, INC. 1-800-853-7309



MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER.
ASTM D5084-00 Method F; Mercury [j-Tube Permometer - Inflow Volume = Outflow Volume

Civil & Epvironmental Consultants, Inc. Boring RSB-¢
153-121.0002 Closure Construction Central Waste Depth 09/17115
36291 Sample Shelby Tube
Brown Clay Lab Sample No. 36291006
Sample Condition Undisturbed
SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Stakus Inigial Final [Pipette Area, a, - cm® 0.031416]Avg. Hydrauiic Conductivity, kg, cm/sec 1.9E-08
Tare Number wl0o0 w66 | Annulus Area, a,, com® 0.76712|Initial Water Content. % 15.4%
Wt. Tare & WS, gm 71.56 77739 {Manometer Coostant, M, =a,a./(a,+a,), cmz 0.03018|Initial Dry Deasity, pef 116.3
'Wt, Tare & DS, gm 63.12 674.72 |Manometer Constant, M; = i+ aj/a, 1.0410]% Compaction NA
‘Wt Tare, gm 8.39 8.28 Sample Copstant, 8§ = L/A, |;-m'l 0211 |Sample Status Undisturbed
Moisture Content, % 15.4% 15.4% |Specific Gravity, 8 = 8yy — 5w, gm/fce 12.562|B Parameter 95
Wt. Tube & WS., gm 766.4 NA  |Test Constant, C = M,5/% 5.07E-04 |Permeant - Deaired Water
‘Wt Of Tube, gm 0 NA  |Mercury Level at Equilibrium, R, cm 3.1|Cell Pressure, psi 110
Wt Of WS, gm 766.4 766.3  |Mercury Level of Pipetie at t=0, Ry, cm 9.9|Back Pressure, psi 165
Length 1, in 3.473 3.381 [Initial Head Difference, 2, =(R o-R)M,, cm 7.08| Avg.(Mid-Height) Confining Stress, psi 5
Length 2, in 345 | 3.389 |Trial Constant, T =M,/ z,, cm 0.1471 |Maximum Gradieat ' 103
Length 3, in 3.433 3.382 |Temperature Cormrection for 20°C, R, 0.965] Average Test Temperature, °C 21.5
Top Diameter, in 2.83 2.845 TEST DATA
Middle Diameter, in 2.825 2.826 t R, Az, i H, AH, [ I [ Ko
Bottora Diameter, in 2.821 2.838 Elapsed | Mercury | RyoRp, Gradient Head Percent of [nitial Effective Stress Hydraulic
Average Length, L, cm 8.77 8.60 Time Height Head from =0 Max Min Conductivity
Average Area, A, cm”2 40.45 40.76 min cm cm cm/cm cm 2% psi _psi cmises
Sample Volume, cc 3547 3504 0.00 9.9 0 10,3 88.9 100.0% 5.63 4.37 NA
Unit Wet Wi, gm/ec 2.16 2.1% 5.00 9.8 0.1 10.2 87.6 98.5% 5.62 438 2.41E-08
Unit Wet Wt., pef 134.83 136.5 10.00 9.7 0.2 10.0 863 97.1% 5.61 4.39 2.43E-08
Unit Dry Wt., pef 116.8 1132 15.00 9.6 0.3 9.9 85.0 95.6% 5.60 4.40 2.45E-08
Unit Dry Wt., gin/ee 1.87 1.90 20.00 9.55 0.35 9.8 84.3 94.9% 5.60 4.40 2.15E-08
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-08
io, & 0.442 0425 30.00 9.45 0.45 9.7 83.0 93.4% 5.5% 441 {.86E08
, N 0.307 0298 35.00 9.4 0.5 9.6 82.4 92.6% 5.59 441 1.78B-08
Porc Volume, cc 108.74 | 104.46
Saturation, % 94.2%
ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY
1E-06
(=3
£  E— -
3; {—  Hydraulic Conductivity (20°C) kyy= R, —— In (1-Az,T)
iE j I
1
=
]
E
%z 1E07
é i Hydruntic Conductivity ]
3 Avernge HC. over bt 2 readings ||
é = = =085 tn 115 Average H.C. -
o
=
=
1E-08
0 5 10 15 20 25 30 35 40
Elapsed Time, t, min
idation: ALO Reviewed By: SVG Date Tested: 972872015

average Hydraulic Conductiviy is caleulored wusing the average of the lost 4 determinations where all requisite flow and Hydroulic Conductivity conditigns are achieved!

Prerequisits: Inflaw / Outflow Ratio = 1 by definition of test procedure. Final Hydraulic Conducrivity = +-25% of average Hydraulic Conductivity when k> JE-8 cmiseg and +-502 when k < 1E-8 cmisec.
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