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1.0 Landfill Cell 15

Landfill Cell 15 was originally permitted with Cells 12 through 14. The design of Cell 15 was
subsequently modified in 2014. As of this time (June 2020), Cell 15 Subcells 9 through 13 are
currently active. Subcells 1-8 are closed. In addition, subcell 14 has been constructed, but is not yet
in use. A detailed discussion of the design, geotechnical considerations, construction methods, and
operational procedures to be used in Cell 15 are provided in the Design and Engineering Report
(DER). The original DER Report for Cell 15 is contained herein as Appendix A, and the DER Report
for the most recent Cell 15 expansion is contained herein as Appendix B.

The current permitted capacity of Landfill Cell 15 is 8,065,500 cubic yards, based on the Permit
Modification approved by DEQ in August 2015.

The specific construction details for Cell 15 may be found in the DER, Run-On Control System, and
Construction Quality Assurance (CQA) Plan. The following information from the Cell 15 application
not found in those documents has been provided.

1.1 Landfill Liner System

The base liner system for Cell 15 is designed and will be constructed with a triple liner/leachate
collection system configuration. The base liner system was modified and subsequently approved by
ODEQ in 2010. The proposed Cell 15 base liner system for subcells (6 through 22) is composed of
(from bottom to top):

e 3-ft thick compacted clay liner (k < 1 x 10-7 cm/s) ;

e bottom 60-mil HDPE textured geomembrane;

e bottom double-sided geocomposite leak detection drainage layer;

¢ middle 60-mil HDPE textured geomembrane;

o GCL;

e upper 60-mil HDPE textured geomembrane;

o upper double-sided geocomposite leachate collection drainage layer; and
e 2-ft thick protective cover layer.

1.1.1 Liner Location Relative to High Water Table

Cell 15 will be constructed above ground. The DER indicates that the lowest elevation at which the
waste will be disposed of in Cell 15 is at an elevation of 1,365.5 feet above mean sea level in the
northeast corner of the landfill. The groundwater elevation data indicates a potentiometric surface
elevation of approximately 1,360 feet above mean sea level beneath the northeast corner of Cell 15
and higher in the western and southern portions of the cell. The cell has been designed so that the
bottoms of the lowest sumps are indicated to be below the high water table, the Lone Mountain
Facility will submit a plan to the DEQ to raise the elevation of the floor/sumps, where necessary.
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1.1.2 Loads of Liner System

A discussion of the stresses considered in defining liner strength requirements is included in the DER
(dated June 2014) for Landfill Cell 15, contained in Appendix B.

1.1.3 Liner System Coverage

The liner system extends to the top of the cell embankment and is anchored in a trench. The
stormwater containment (run-off control) system, consisting of contours and/or ditches inside the
perimeter of the active subcells and phase of the cell, will be operated with an allowance of one foot
of depth (“freeboard”) above that required to contain the precipitation falling on the active portions
of the landfill from a 24-hour, 25-year storm event. Thus, the liner will cover all areas likely to
contact the waste.

1.1.4 Liner Exposure Prevention

The uppermost HDPE liner will be exposed to the elements for a short period of time before waste is
placed over it. In order to minimize degradation due to ultraviolet rays from sunlight, the liner
contains up to three percent carbon black anti-oxidants. The bottom of the cell with a protective
layer of select/screened waste or soils to guard against puncture damage. The protective layer will
gradually be extended up the sides of the cell, ahead of actual waste placement, to continue this
protection. As a consequence, there is minimal risk of damage to the liners from climatic exposure or
mechanical sources.

1.1.5 Liner Repairs During Operations

Any liner repairs needed during cell operation will occur in accordance with the Construction Quality
Assurance (CQA) plan for landfill cell construction and closure in effect at the time of repair.

1.1.6 Synthetic Liner

The synthetic liners shall consist of 60mil high density polyethylene (HDPE) sheeting. The liner
materials are composed of new, first quality products designed and manufactured specifically for this
type of application and have been satisfactorily demonstrated by prior use to be suitable and durable
for such purposes.

Samples of HDPE liner material and other structural components such as drainage net, geotextile
(filter fabric), and HDPE pipe have been tested for compatibility with leachate. These tests verify that
the landfill liner system materials of construction are compatible with the wastes and leachate found
inside the cell.
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Because leachate does not adversely affect the integrity of the liner system, the stress calculations
provide adequate assurances of sufficient liner strength for Cell 15 as discussed in the DER.

1.1.7 Clay Liner

The three-foot clay liner will be constructed with on-site borrow materials, if possible, although off-
site borrow materials will be used, as necessary. The approved CQA plan for the facility includes pre-
placemat specifications for soils and a discussion of the procedures used and the testing performed to
ensure that the required hydraulic conductivity is achieved in the constructed clay liner.

Landfill Cell 15 will contain wastes similar as those disposed in Cells 10 through 14. These wastes and
associated leachate do not present any compatibility problems with respect to the clay liner system.

1.2 Leachate Collection, Detection, and Removal System

The design of the leachate collection, removal, and detection system for Cell 15 includes sump
drainage areas or leachate collection areas for each subcell constructed. Each section will be sloped
on flat surfaces at a minimum grade of two percent towards leachate collection “ditches” which are
themselves graded (also at a minimum one percent slope) to a sump at the low point of each area.
Leachate collected within each sump will be removed via leachate removal pipes nested within large
diameter HDPE pipes in the uppermost, and bottom sumps that extend from the sumps up the
embankment slope to the top of the embankment. The leachate systems are each designed in
accordance with regulatory requirements and guidance. The uppermost system will be used for the
collection and removal of expected leachate and rainfall due to direct precipitation into the cell. The
bottom system is used for detection, collection, and removal of leakage (if any) past the upper two
liners and for removal of residual liquid resulting from initial construction, condensation, and other
miscellaneous infiltration.

For additional information, the reader is advised to see the DER for Landfill Cell 15 (dated June 2014)
which includes detailed discussions and drawings of the leachate collection, detection, and removal
systems.

1.3 Foundation

The foundation preparation will consist of removing excessively wet and/or soft (unsuitable) soils. This
material will be removed down to more competent natural soils. Foundation preparation also
involves removing vegetation and other organic matter, as well as debris and deleterious materials
from the area. The ground surface to receive the clay liner and embankment materials will be
prepared in accordance with the facility’s approved CQA plan at the time of construction.

Previously approved permit applications and modifications (most recently, the permit modification
for Cells 12 through 14 and Cell 15) included details concerning subsurface exploration and
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laboratory testing of the soils. Those details are not repeated here. The results of the additional
geotechnical Investigation performed for the location of Cell 15 are included in the DER.

The test results discussed in the DER indicate unconfined compressive strengths ranging form 560 to
5,460 PSF for the overburden soil, with bedrock values ranging from 8,050 to 36,500 pounds per
square foot. These strengths are consistent with those previously encountered and used in earlier
investigations for landfill cells at the Lone Mountain Facility.

Previously approved permit applications discuss the settlement analysis performed by Chen and
Associates, Inc. and detailed in their August 1, 1986 report. Additional settlement analysis performed
for the Cell 15 permit modification request is discussed in the DER. The allowable bearing capacity of
the clay liner is 2,000 pounds per square foot for live loads and dead loads and 3,000 pounds per
square foot for impact loads. The DER presents the calculations of the clay bearing capacity.

The original, approved application for Cells 12 through 15 contained a stability analysis performed by
Chen and Associates, Inc. Supplemental stability analysis, specific to the Landfill Cell 15 design, is
provided in the DER. Stability calculations indicate that the embankment has a static safety factor
under long term conditions of 1.8 with a dynamic safety factor of 1.6. EPA recommends a static
safety factor of 1.5 and a dynamic safety factor of 1.3. The above analyses indicate that the design of
Landfill Cell 15 exceeds these recommendations.

1.4 Run-On/Run-Off Controls

A complete discussion of the run-on/run-off controls may be found in the Run-On Control System,
Landfill Operations Procedures, and the Cell 15 DER sections of the permit application.

1.5 Construction Quality Assurance Plan

CHESI has developed a Construction Quality Assurance (CQA) Plan document to ensure that the
construction and closure of all landfill cells complies with the Oklahoma Department of
Environmental Quality (DEQ) and EPA regulations. The CQA Plan discusses project organization,
responsibilities of personnel, and qualifications for each position. The inspection, sampling, and
testing activities are associated with construction are also defined. The CQA Plan also details the
documentation required to provide evidence of adherence to the plan. When the various
components of the plan are combined, the resultant effort produces a well-constructed and
operational project. The CQA Plan is an evolving document, with modifications made when
technologies change, regulations change, and hands-on experience provides better or more efficient
means of monitoring and assuring quality construction is maintained.

1.6 Construction Schedule
A construction schedule is dependent upon many factors and cannot be fully developed until the

approximate date of permit approval or capacity depletion is known. A construction schedule is
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developed using input regarding materials availability, contractor capabilities, expected seasonal
delays, waste receipt volumes, and other information relevant to construction.
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May 18, 1999

Safety-Kleen, Inc.
56635 Flat Iron Parkway
Boulder, Colorado 80301

Attention: Mr. Don Dumr
Subject: Lone Mountain Facility
Typical Closure Sections & General Specifications

Gentlemen:

As requested, attached are the typical closure sections proposed for fandfill cell closures at the Lone
Mountain Facility. The typical sections have been modified to flatten the exterior slopes around the
closure caps from 2H:1V to amaximum slope of 2.5H:1V. Attached are two design drawings which
illustrate the proposed design for the closures; one drawing reflects using a geosynthetic clay liner
(GCL) for the soil portion of the composite liner system of the cap, and the other drawing reflects
using a 2-foot thick compacted clay liner for the soil portion of the composite liner system of the
cap. Some general specifications that should be included in the construction documents pertaining
to cell closures at the Lone Mountain Facility (associated with the typical sections included herein)
are summarized below,

HDPE Liner Flap, Drainage Net, and Filter Fabric

In order to provide a more free flowing discharge from the drainage net into the riprap erosion
protective rock covering (Type V Riprap), the HDPE Textured Liner Flap shouid extend to a
position approximately midway through the thickness of the Type II Granular Filter material.
Therefore, we recommend that the tolerance specification for the HDPE Textured Liner Flap be as
follows (see Note 3 on the drawings):

The 60 mil HDPE Textured Liner Flap shall extend into the Type II Granular Filter material
a distance of between 4 to 6 inches (slope distance), This Liner Flap shall be placed on a
slope equal to the top of the closure slope (i.e. 10 percent or flatter, depending on the
designation for the particular cap) and shall not extend down the 2.5H:1V slope.

The tolerance specification for the point at which the Drainage Net and Filter Fabric should
terminate should be as follows {see Note 4 on the drawing):
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The Drainage Net and Filter Fabric shall extend into the Type 11 Granular Filter Material a
distance of between 1 inch beyond the termination of the 60 mil HDPE Textured Liner Flap
and the interface between the Type I and Type V materials. These Drainage Net and Filter
Fabric materials shall be placed on a slope equal to the top of the closure slope (i.e.
10 percent or flatter, depending on the desi gnation for the particular cap) and shall not extend
down the 2.5H:1V slope.

Type I Granular Filter

- The thickness for the Type I Granular Filter material is specified to be 3 inches. It is important that

this thickness not exceed 3 inches. Therefore, the recommended thickness tolerance for the Type
1 material is that the in-place thickness shall be between 2 to 3 inches.

Based on information provided by Applied Geotechnical Engineering Consultants (AGEC), the
internal coefficient of friction for Type I Granular Filter must be at least 38 degrees.

The gradation for the Type I Granular Filter shall be as follows:

TYPE ] GRANULAR FILTER
Sieve Size Percent Passing
3/8 100
#4 95-100
#16 45-85
#50 5-30
#100 0-10
#200 0-3

It will be important during construction to verify that the Type I Granular Filter Material placed
meets the grain size criteria. We recommend that, as a minimum, one grain size distribution test for
the Type I Granular Filter material be conducted for every 1,000 cubic feet of material placed, with
no less than 3 tests per side area of each closure cap. It willalso be important to observe the material
as it is placed so that a change in the material can be detected and tests conducted to verify
compliance.

Type II Granular Filter
The thickness for the Type I Granular Filter material is specified tobe 4 inches. The recommended

thickness tolerance for the Type II material is that the in-place thickness shall be between 3 to §
inches.
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Based on information provided by AGEC, the internal coefficient of friction for Type Il Granular
Filter must be at least 38 degrees,

The gradation for the Type 1l Granular Filter has been determined by AGEC such that the material
will have a permeability in excess of 4 cm/sec and will also serve as a filter medium between the
Type 1 Granular Filter and the Type V Riprap. This is a revised specification from that used
previously at the Lone Mountain Facility for Type 11 Granular Filter material. Based on AGEC’s
testing, the gradation for the Type II Granular Filter shall be as follows:

TYPE Il GRANULAR FILTER
Sieve Size Percent Passing
3 inch : 90-100
3/4 inch 35-70
#4 0-20
#16 0-3
#200 0-1

It will be important during construction to verify that the Type II Granular Filter Material placed
meets the grain size criteria. We recommend that, asa minimum, one grain size distribution test for
the Type II Granular Filter material be conducted for every 1,000 cubic feet of material placed, with
1o less than 3 tests per side area of each closure cap. It will also be important to observe the material
as it is placed so that a change in the material can be detected and tests conducted to verify
compliance.

Type V Riprap

The thickness for the Type V Riprap is specified to be 6 inches. The recommended thickness
tolerance for the Type V material is that the in-place thickness shali be a minimum of 6 inches, with
the additional stipulation that the average slope of the surface of the riprap be maintained at 2,.5H:1V
or flatter.

Based on information provided by AGEC, the internal coefficient of friction for Type V Riprap musl
be at least 38 degrees.

The gradation for the Type V Riprap has been revised, from that used previously at the Lone
Mountain Facility, to include a limitation on the allowable fines in the material, The gradation for
the Type V Riprap shall be as follows:
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TYPE V RIPRAP
Riprap % Smaller Than Intermedinte Rock*
Designation Given Size
By Weight Weight Dimension Dy**
ibs inches inches
Type V 70-100 43 8
50-70 18 6
35-50 5.3 4 4
2-10 0.7 2
0-1 0.04 3/

* Dimension is based on volume of a cube and Specific Gravity = 2.3 for Type V Riprap.-

** D, = Nominal particle size

It will be important during construction to verify that the Type V Riprap placed meets the grain size
criteria. We recommend that, as a minimum, 3 grain size distribution tests for the Type Vv ijrap
material be conducted per closure project. It will also be important to observe the material as it is
placed so that a change in the materal can be detected and tests conducted to verify compliance

If you have any questions regarding the information included herein, please call.

Sincerely,

HA&L ENGINEERING, INC.

arvin E. Allen,
Principal

attachments
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1.0 INTRODUCTION .

1.1 Background and Physiographic Setting

Laidlaw Environmental Services (Lone and Grassy Mountain), Inc. is proposing to modify the
design of RCRA Landfill Cell 15 at their Lone Mountain Facility near Waynoka, Major County,
Okiahoma. HA&L Engineering was retained by Laidlaw to provide the modified design for the cell,
Design information, design drawings and details related to the original design were submitted previously
in a report entitled, ”Summary of Design and Engineering Report Landfill Cell Expansion Lone Mountain
Facility," dated July 1989, A modification to the original design and the corresponding design information,
drawings and details were submitted in a report entitled Landfill Cell 15 Design Engineering Report,” dated
June, 1993. Included in the original and the modified design reports were the results of geotechnical
investigations conducted at the facility; storm drainage facilities design, including a discussion of the runoff
management system and the run-on control system to control runoff from surrounding watersheds impacted
by Cell 15; and the design criteria associated with the proposed landfill cell.

Landfill Cell 15 will be located in Section 28, T. 23 N., R, 15 W., I. M. and will be adjacent to
Landfill Cells 12 and ‘14. The north embankments of Cells 12 and 14 \;Jili be shared as the south
embankments of Cell 15 and the east embankment of Cell 14 will be shared as the west embankment of
Cell 15. Landfill Cell 15 will extend to the north such that the exterior toe of the north embankment
parallels approximately 20 feet to the south of existing channel 4. The east embankment of Landfill Cell 15
will be an extension, to the north, of the east embankment of Cell 12, and the west embankment of Cell
15 will be an extension, to the north, of the west emnbankment of Cell 14.

1.2 Scope of Services

The scope of this project included revising the design of Landfill Cell 15 in meeting the design
requirements of 40 CFR Part 264 of the Code of Federal Regulations and Oklahoma Administrative Code
(OAC) 252:200 of the Oklahoma Department of Environmental Quality, Waste Management Service.
Other design criteria not included in the referenced documents but otherwise provided as a requirement
by the Oklahoma Department of Environmental Quality have also been implemented in the design.

The following sections are presented in this report: 1) Stormwater Management, 2) Landfiil Cell
Design, and 3) Landfill Cell Closure.
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Design drawings for Landfill Cell 15 including the closure of Cell 15 have been prepared and are
included in Exhibit A, A geotechnical investigation for Landfill Cell 15 was conducted previously by -
Applied Geotechnical Engineering Consultants (AGEC). ‘The AGEC report, which presents the results of
their geotechnical investigations, is included in Exhibit B. Calcuiaﬁons for the stormwaler management
system are presented in Exhibit C. The design criteria for the HDPE geomembrane liners are presented
in Exhibit D. The design criteria and caleulations associated with the leachate collection/detection systems
assaciated with the synthetic/composite triple liner system for the cell are Presenled in Exhibit E.

Calculations associated with closure of Landfilt Cell are contained in Exhibit F.



2,0 STORMWATER MANAGEMENT

2.1 Stormwater Facilities

Stormwater management associated with landfills at the Lone Mountain Facility wil| provide for
the control of surface water drainage, resulting from Precipitation events on areas that are tributary to the
landfill cells. A portion of the precipitation that falls on the sjte will infiltrate directly into the ground, a
portion will evaporate, some will adhere directly to vegetaiibn and some will run off and be transported
towards collection points or drainage ways. The stormwater Mmanagement plan consists of facilities to
control runoff inside and outside of the cell. Facilities outside of the cells control runoff from precipitation
which falls outside of the cells, whereas the control systems inside of the cells will control runoff from
precipitation which falls inside of the cells. Control facilities inside of Landfill Cell 15 will be referred to
as the run-off management system. Control facilities outside of the cell will be referred to as the run-on
management system. The run-on management system must be capable of preventing flow onto the active
portion of the landfill cell during the peak discharge from at least a 25-year, 24-hour storm (as per 40 CFR
264.301). The run-off management system must be capable of collecting and controlling the ni-off water
volume from the active portion of the landfill, resulting from a 25-year, 24-hour storm.

A more detailed description of the run-off management system and the Tun-on management system
is provided below.

2.2 Run-On Management System

Since Landfill Cell 15 will have embankments that are to be constructed above the existing ground
surface around the entire perimeter of the cell, run-on to active portions of the landfill cell from
surrounding watershed areas s not possible. ‘Thus, potential areas which could contribute run-on to active
portions of the landfill would be restricted to runoff from the top of the embankments themselves, from
the closure caps of adjacent eells, or from closed phases of Cell 15.

‘Runoff from precipitation falling on top of the embankment of the landfilj cell, on top of the closure
caps of adjacent cells, or on closed phases of Cell 15 will be collected and controlled by providing cross
slopes on top of the cell embankments, via ditches and storm drainage pipes to be constructed around the
tops of the embankments and via berms and ditches to be constructed in conjunction with the closure caps
of adjacent landfiils and with the closure cap of Cell 15. These berms and ditches direct runoff from the
closure caps and from the tops of the cell embankments towards pipe downspouts located at key locations

around the cell. The pipe downspouts wiil convey the collected runoff down the exterior 2.1 horizontal
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to 1 vertical (2.1H:1V) side slopes of the landfill cell and will discharge the runoff into existing drainage
channels. The detailed design of the ditches, berms and downspouts associated with the closure design of:
Landfill Cell 15 will be discussed in the landfill cell closure section of this report.

Facilities associated with the run-on management system include conveyance facilities designed to
prevent runoff from adjacent watersheds from collecting and concentrating along the toes of the exterior
embankment stopes. ‘The run-on management system cansists of five run-on conveyance channels which
collect runoff from the drainage areas south and west of the landfill cells and from the closure caps of
surrounding landfill cells, and which convey this collected flow around the cells to an existing drainage way
tocated on the west side of the county road. Landfill Cell 15 will be located inside of the area controlled
by these five run-on conveyance channels. Design information associated with these channels was
submitted previously in a report prepared by HA&L Engineering entitled "Comparison of Developed vs.
Predeveloped Conditions and Run-On Conveyance Channel Design Lone Mountain Facility," (HA&L
Engineering, June 1990). ‘

2.3 Run-Off Management System

“The run-off management system will control runoff from precipitation that falls directly onto active
areas of Landfill Cell 15. The run-off management system will consist of a conveyance channel or ditch
around the top inside perimeter of the cell (and other ditches andfor berms constructed on the surface of
the waste material) which will direct precipitation runoff from active areas of the cell toward temporary
holding areas located inside the cell.

Active areas of the cell may be minimized by implementing the following options so that
management of runoff from active areas of the cell can likewise be minimized.

1. Two types of berms:(phase or sub-phase division berms and temporary area berms) will
be constructed on the floor inside the landfill cell that are designed to contain runoff
generated from active areas of the cell from entering areas that have not received waste
materials. The location of the phase or sub-phase division and temporary area berms are
illustrated on Sheet 4 of the drawings presented in Exhibit A. The Iandfill cell has been
designed to have eight sump drainage areas (referred to hereafter as sump areas). When
sump area no. 1 receives waste and becomes active, the temporary area berm between
sump areas 1 and 2 will retain within sump area no. 1 all or part of the runoff from the
waste material. As additional sump areas receive waste material, the additional sump areas
will become active and the berms between the active sump areas and the adjacent non-
active sump areas will retain all or part of the runoff from the active sump areas from
entering the non-active areas. Cross-sections taken through a temporary area berm and
through a phase or sub-phase division berm are presented on Sheet 4 of the drawings in
Exhibit A. As illustrated on these cross-sections, the berms will be covered with HDPE
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liner to prevent runoff water collected on the active side of the berms from inﬁltrating S
through the berms and into inactive sump areas of fhe cell.  Runoff from precipitation T e
falling on inactive sump areas of the cell will not be considered contaminated since it has
fot contacted hazardous waste materials located in active Sump areas. The temporary area :
berms may be removed to the top of the two-faot thick protective cover prior to placing i
waste jn the next adjacent sump area. If the temporary area berms are removed, the

Sufficient storage capacity should be maintained withip the active areas of the cell to totaily contain

the runoff volume resulting from a 25-year, 24-hour Precipitation event (6.0 inches), Assuming a curve

number of 91 for bare soil conditions and a hydrologic soit group C, the runoff volume from the 25-year, e
24-hour Precipitation event is 0.4) acre-feet per acre of area. T hus, sufficient capacity should be e

maintained in the temporary holding areas tg contain 0.41 acre-feet of runoff water per acre of active area

Al
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contributing Tunoff to the temporary holding areas, Table 1 presents the amount of area contained within
each sump drainage area and the potential runoff volume that may be generated from those areas assuming .
the areas are entirely open, If the active waste area consists of sump area 1 only, the temporary holding
areas within sump area 1 must have enough total capacity for 1.88 acre-feet. The total capacity can be
provided behind the temporary area berm (with one foot of freeboard) if the toe of the waste material is
maintained at a minimum distance of 35 feet from the toe of the berm. Table 2 presents set-back distances
between the toe of the waste material and the toe of the berms for some combinations of active areas
assuning all runoff storage capacity is provided behind the berms, The waste set-backs presented in the
table provide for the caleulated runoff storage capacities and provide for one-foot of freeboard {czlculations
are presenied in Appendix 1 of Exhibit C). Other combinations of active sump areas and required holding
capacities may be evaluated to contain runoff from the active areas as the need arises during operation of
the cell. Where holding areas are provided other than behind the berms, runoff will be directed to those
areas, When waste placement progresses in active sump areas and the temporary holding areas no longer
meet capacity requirements for the 25-year, 24-hour precipitation event, inspections will be made to check
for any spill over that may occur frorﬁ the temporary holding areas into inactive (or clean) sump areas
during brecipitation events. Once spill-over oceurs, the inactive sump areas will be considered active

unless they are cieaned—up.l
TABLE 1

SUMP DRAINAGE AREAS AND POTENTIAL RUNOFF
VOLUMES FROM ENTIRELY OPEN AND ACTIVE SUMP AREAS.

Sump Drainage Area Potential Runoff Volumes
Area (acres) (acre-feet)
1 4.54 1.88
2 3.06 1.26
3 3.06 1.26
4 277 1.14
5 2.72 1.12
6 3.17 1.30
7 3.88 1.59
] 2.36 0.97




TABLE 2

SUNIMARY OF ACTIVE SUMP AREAS, BERM ELEYATIONS AND WASTE
MATERIAL OFFSETS REQUIRED TC PROVIDE TEMPORARY HOLDING CAPACITIES
FOR RUNOFF FROM THE WASTE MATERIAL IN THE ACTIVE SUMP AREAS.

Required Holding  Top of Berm Waste offsets  Calculated Holding

Sump Area Capacity Elevations from Berms Capacity
Combinations (acre-feet) (feet) {feef) {acre-feet)
1 1.88 1381.9 35 1.88
1&2 3.14 1381.4 60 3.16
1-3 4.40 1382.81 60 4.40
1-4 554 13804 80 5.68
1/20f2&3-5 4.15 1376.7 10 4.16

Once the waste in the cell reaches an elevation within approximately 7 feet below the top of the
embankments, conveyance channels will be formed between the waste and the inside slopes of the cell that
will direct runoff from the active portions of the cell toward the temporary holding areas inside of the cell.
The conveyance channels prevent runoff from overtopping the cell embankments and have been designed
with sufficient capacity to convey the peak flow rate generated from the 25Lyear, 24-hour precipitation
event with one-foot of freeboard. The conveyance channels were also analyzed to determine how they
would function if they were to receive runoff from a 100-year, 24-hour precipitation event.

Construction of the conveyance channels will be dynamic in conjunction with the segmented
closure of the landfills. A minimum depth of 1.6 feet must be maintained at the upstream end of each
channel and the channel will be sloped with a minimum downhill gradient of 0.5 percent from the upstream
end of the channel toward the temporary holding area. However, as the cell is filled and phased closure
takes place over a portion of the cell, the portion of the cell that has been closed will no longer contribute
runioff to the conveyance channel. The channel will then be reconstructed such that the depth at the new
upstream end of the channel (the point where phased closure has progressed to) is 1.6 feet with the channel
sloping at the designated slope from that new point of .conslructicm toward the temporary holding area,

These conveyance channels have been designed to have a trapezoidal cross-section with the 3H:1V
inside slope of the cell forming one side of the channel, the waste placed on an approximate 2H:1V side
slope forming the other side of the channel, and a bottom width of approximately 6.3 feet (which is the
horizontal thickness of the 2-foot protective cover on the 3H:1V slopes). The conveyance channels will

be constructed on an approximate 0,5 percent grade. The estimated peak flow rates at the upstream end
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of the channel from a 25-year, 24-hour precipitation event and from a 100-year, 24-hour precipitation event
are 11,7 cfs and 16.1 cfs, respectively, The estimated peak flow rates at the downstream end of the
channel from a 23-year, 24-hour precipitation event and from a 100-year, 24-hour precipitation event are
37.2 cfs and 50.7 cfs respectively. The downstream peak flow rates were calculated assuming the
maximuin length of channel to be about 950 feet or less,

Assuming the typical channel cross-section indicated above, a 0.5 percent channe) gradient, and
a Manning's n of 0.024, the normal flow depth at the upstream end of the channel is 0.6 foot (at the
velocity of 2.6 fps for the 25-year, 24-hour precipitation event) and 0.7 foot (at a velocity of 2.9 fps for
the 100-year, 24-hour precipitation event). The normal flow depth at the downstream end of 2 950-foot
long channel would be 1.08 feet (with a velocity of 3.8 fps for the 25-year, 24-hour precipitation event)
and 1.28 feet (with a velocity of 4,16 fps for the 100-year, 24-hour precipitation event). A channel
constructed (o the dimensions and gradient presented would provide a minimum of 1-foot of freeboard for
the 25-year, 24-hour precipitation event and 0.9 foot of freeboard for the 100-year, 24-hour precipitation
event. Calculations are presented in Appendix 2 of Exhibit C,

After all phases of the cell have received waste and the waste in the final active areas nears the top
of the cell embankments, either the perimeter ditches or a ponding area, to which runoff is directed, will
function as the holding areas for precipitation runoff from the waste material in areas of the cell not yet
closed. 1f ditches are used for containment of runoff, the ditches will be constructed at a minimum depth
of 7.2 feet with a bottom width of about 6.3 feet around the top inside perimeter of the cell embankments.
Ditches constructed to a minimum depth of 7.2 feet and with a 6.3-foot bottom width will have sufficient
capacity to contain runoff generated by a 100-year, 24-hour precipitation event from active portions of the
waste with one-foot of freeboard (see calculations in Appendix 2 of Exhibit C).



3.0 LANDFILL CELL DESIGN '

3.1 Landfill Cell Layout and General Design Description
Landfill Cell 15 is designed to allow construction ta occur in three phases with the first phase being

constructed as two separate sub-phases as shown on Sheets 4, 5, 6 and 7 of the drawings in Exhibit A.

" Phase I is located east of Landfill Cell 14 and North of Landfill Cell 12. Phase I will be constructed as two

separate sub-phases referred to as Phase IA and Phase IB. Phase If is located north of Phase 1 between
Phase I and channel no. 4. Phase III is Jocated west of Phase H between the north side of Landfill Cell
14 and channel no. 4. Each phase of Cell 15 will be separated from the other phases by constructing phase
division berms designed to contain precipitation runoff from the waste material (from the 25-year, 24-hour
storm event) in completed and active phases of the cell from entering adjacent and inactive phases of the
cell, Phase IA will be separated from Phase IB by constructing a suh'-phasc division berm designed to
contain precipitation runoff from the waste material (from the 25-year, 24-hour storm event). The pfmse
or sub-phase division berms will be constructed similar to the cell embankments such that they will consist
of all the same liner and Jeachate collection systems characteristic of those for the cell embankments.
Waste storage capacities were calculated for each of the phases of the cell. Waste storage capacities for

the different phases of the cell are presented in Table 3 and were calculated assuming the maximum waste

" storage that can be placed in each phase prior to placement of waste in subsequent phases of the cell.

During actual waste placement, Laidlaw may decide to begin waste placement in subsequent phases of the
cell prior to maximizing waste placement in the previous phases.

The capacities presented in this table reflect the maximum waste volume that can be placed in each
phase or sub-phase prior to requiring waste placement to continue in adjacent phases or sub-phases. For
example, the Phase I volume excludes the capacity above the waste set-back from the Phases I and I
division berm and above the slope along the leading face of the waste. The Phase II volume includes the
capacity that was excluded from Phase I but excludes the capacity above the set-back from the Phases II
and II¥ division berm and above the slope along the leading face of the waste. Initial filling of Phase II is
also restricted to a height level with the top of the cell embankments due to liner stability concerns,
therefore, the Phase IT volume also excludes the capacity in the waste mound forming the subgrade to the
closure cap above Phase 1I. Phase ]Il volume includes all the capacity of Phase HI and the capacity

excluded from the Phase IT volume.



TABLE 3

)

WASTE STORAGE CAPACITIES OF PHASES WITHIN LANDFILL CELL 15

Description of Waste Phase JA  Phase 1B PI;I; {;;aim Phase 11 ®  Phase HI @
Level cy cy cy cy
e cy
Storage capacity at 241,000 / 209,100 450,100 447,100 407,900

elevation 1419 (one-foot
below the top of the cell
embankments)

Storage capacity within 105,100 100,400 205,500 68,000 398,300
the waste mound forming
the closure cap sub-grade

Total storage capacity for 346,100 309,500 655,600 515,100 806,200
each phase :

1) The maximum volume of waste that may be placed in Phase I prior to expanding waste placement into
Phase 11, taking into consideration the waste placement versus liner stability eriteria discussed in
Section 3.2.5 of this report and the waste set-back from the Phases I and I division berm.

2) The maximum volume of waste that may be placed in Phase 1l and the remainder of Phase I prior to
expanding waste placement into Phase III, taking into consideration the waste placement versus liner
stability eriteria discussed in Section 3.2.5 of this report and the waste set-back from the Phases H and
I division berm,

3) The maximum volume of waste that may be placed in Phase IIT and the remainder of Phases I and I1.

The total waste storage capacity of Landfill Cell 15 at elevation 1419, {which is one-foot below
the top of the cell embankments) will be approximately 809 acre-faet (1,305,100 cy). The total waste
storage capacity to the fop of the waste mound forming the subgrade to the closure cap is 1225.4 acre-feet
(1,976,900 cy) using geosynthetic clay liner (GCL) for the closure cap. A more detailed discussion of the
closure cap design is contained in section 4.0 of this report entitled Landfill Cell Closure,

Federal and State regulations require that hazardous waste landfills be constructed with two or
more liner systems and with a leachate collection system above each liner system (40 CER 264.301).
Landfilt Cell 15 has been designed and will ‘be constructed with three liner systems and a leachate
collection/detection system above each of the liner systems. The liner systems will consist of an uppermost
synthetic liner (80 mil high density polyethylene geomembrane, HDPE), a middle synthetic liner (60 mil
HDPE geomembrane), and a bottom composite synthetic/clay liner (consisting of 60 mil HDPE

geomembrane overlying a minimum three-foot thick compacted clay liner). The leachate collection and

10



,

removal systems (LCRS) will consist of a synthetic drainage net material (SLT GS-228, Gundle XL-14,
or other drainage nets that ate approved in meeting design requirements) placed over each liner systen, -
The proposed composite triple liner system is illustrated in Detail A located on Sheet 38 of the design
drawings presented in Exhibit A.

Although only 2 double liner and leachate collection/detection system is required to meet
governmental regulations, Laidlaw has chosen to design and construct the cell with a triple rather than a
double liner system. Thus, the extra liner and LCRS acts as a supplemental (but not required) feature. -
Most of the Jeachate collected in the landfil will be retained above the uppermost liner, collected in the
uppermost sump, and will be removed via the uppermast LCRS. The middle LCRS will be preserved from
the rigors of active operations and will function to determine if there js a leak in the uppermost liner
system; whereas, the bottom LCRS will function to determine if there is a leak in excess of the proposed
action leakage rate (ALR) in both the uppermost and middle liner systems,

The floor of i.andﬁll Cell 15 has been divided into eight sump drainage areas or leachate collection
removal systems. The floor of each sump area will consist of planar surfaces graded to slope toward a
sump and toward leachate collection drains consisting of perforated corrugated polyethylene pipe and
gravel backfill. The collection drains will be graded on a slope toward the sump to be constructed at the
lower elevations of each Sump area. The individual sumps provide a reservoir where leachate js collected
and from which leachate in the landfill can be removed (see Sheets 10 through 36 in Exhibit A). Cell 15
has been designed to have 2 minimum bottomn slope of one percent (40 CFR 264.301) which, based on the
geotechnical investigation provided by AGEC (Exhibit B), should not be impacted by differential
settlement. Leachate collected within each sump will be removed via 16-inch diameter HDPE pipes in the
Uppermost sumps and 12-inch diameter HDPE pipes in the middle and bottom sumps, which extend from -
the sumps to the top of the embankments.

The uppermost LCRS will consist of 2 continuous single layer of drainage net on the floor of the
cell. The boundary conditions for the uppermost LCRS will be the underlying 80-mil uppermost HDPE
geomembrane liner and a non-woven geotextile filter Pabric (Tensar TG-700, or other geotextile filter
fabric materials that are approved in meeting design requirements) which will be Placed over the uppermost
drainage net. Leachate collection drains (consisting of perforated corrugated polyethylene pipe and gravel
backfill) will be constructed on the floor of the cell above the uppermost liner system. The drains will
extend out onto the floor of the cell along the line formed by the intersecting plane surfaces forming the
floor of each sump area and along the interior toe of the north embankment in sump areas 6, 7 and 8. The
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drains will collect leachate contribution from the intersecting planes on the floor of the cell and from the
north embankment and will convey the leachate directly into the uppermost sumps.

The middie LCRS will have the same general design and configuration as the uppermost LCRS
except that the drainage net will also extend up the interior slopes of the celf and the sumps will have less
capacity. Boundary conditions for the middle drainage net on the floor of the cell will be the 60 mil middie
HDPE geomembrane liner below and the Tensar TG-700 non-woven geotextile filter fabric {or other
approved geotextile filter fabric meeting design requirements) above. Boundary conditions for the middle
drainage net on the inside slopes of the cell will be the 60 mil middle HDPE geomembrane liner below and
the 80 mil uppermost HDPE geomembrane liner above. Similar to the uppermost system, leachate
collection drains will be constructed on the floor of the cell above the middle liner system and the slope
of the floor and leachate collection drains will be toward the middle sumps.

The bottorn leachate detection/collection and removal systemn {(LDCRS) will consist of a continuous
layer of drainage net on the floor and inside slopes of the cell. The bottom LDCRS will be bounded below
by the 60-mil bottorn HDPE geomembrane liner and bounded above by the 60 mil middle HDPE
geomembrane liner.

The clay liner which forms the lowest most member of the triple liner system will be constructed
from clay matetial at or near the facility that will be processed, placed, and compacted such that the
in-place saturated hydraulic conductivity is less than or equal to 1 x 107 cm/sec. Construction procedures
and construction quality control to ensure that the permeability requirement will be met are included in the

construction quality assurance/quality control plan prepared by Laidlaw for the Lone Mountain Faclliry.

3.2 Geotechnical Investigation

The following data are summarized from the report submitted by Applied Geotechnical Engineering
Consultants (AGEC) of Salt Lake City, Utah entitled "Geotechnical Investigation ~ Landfill Cell 15 - Lone
Mountain Facility - Waynoka, Oklahoma, April 13, 1993. This report is presented in Exhibit B,

3.2.1 Bearing Capacity

Based on exploratory borings and test pits, the subsurface conditions beneath the proposed landfill
consists of less than one foot to more than twelve feet of natural clay soil overlying claystone!si!lstone
bedrock. Most of the natural soils and all of the bedrock are suilable to support the proposed construction,
It is anticipated that unsuitable foundation soil (consisting of excessively wet and soft soils) will be

encountered in limited areas beneath the proposed Landfill Cell 15, AH unsuitable material will need to
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be removed prior to construction. Classical bearing capacity calculations have been conducted to
determine the bearing capacity of the bedrock and natural clay materials. A safety factor greater than 3
was calculated for the cell embankments and for the entire landfill.

3.2.2 Slope Stability Analysis

Interior embankment sideslopes are designed on a 3-foot horizontal to 1-foot vertical (3H:1V)
slope. Exterior embankment side slopes are designed such that the embankment surface will be on a
2.1H:1V slope. Slope stability calculations indicate that the embankment section for a 66-foot high
embankment has a static safety factor under long term condition of approximatefy 1.8 with a dynarmc
safety factor of 1.6. A horizontal ground acceleration of 0. 04g was used to evaluate the embankment under
seismic COl'ldlll()IIS. This was based on studies conducted by Algermissen and Perdins (U.S. Geological -
Survey Open File Report, 76-416, 1976) which indicate that the horizontal acceleration (expressed as a
percentage of gravity) in rock with a 90 percent probability of not being exceeded in 50 years at the Lone

Mountain Facility is estimated to be approximately 0.04g,

3.2.3 Ramp Stability Analysis

Ramps will be constructed down the 4.24H:1V slopes at the interior southwest comner of Phase 1
and at the interior southwest corner of Phase III to provide access into the landfill cell. The ramp in the
southwest corner of Phase I will be constructed with an eight-inch thick protective layer above the
uppermost liner, an eight-inch thick concrete or soil cement slab above the protective layer and two feet
of protective cover above the cancrete slab (see Sheet 39 of the drawings in Exhibit A). Based on stability
calculations presented in the AGEC report in Exhibit B, the ramp has a safety factor against sliding of 1.5,
A ramp in the southwest corner of Phase 11l may be constructed of waste material by first placing waste
material on the cell floor at the bottom of the southwest corner and conlinuing placement up the corner on
a maximum slope of 8H:1V. This type of ramp would pravide a minimum safety factor of 1.3.

Additional access points may be provided into the cell along the west embankment of Phase I and
the south embankment of Phase III, These additional access points may be provided as the cell fills with
waste material to near the top of the cell embankment and as phased closure begins. ‘The access points into
the cell will consist of constructing a roadway between the top of the embankment and the top of the waste

material in the cell.
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3.2.4 Settlement ,

According to AGEC, settlement will occur within the overburden soi!, foundation bedrock
materials and within the embankment soils resulting from Cell 15 construction. Calculations indicate the
proposed embankment may experience up to 3-1/2 to 8-1/2 inches of settlement due to the consolidation
of foundation material. Embankment canstructed directly on bedrock will experience less settlemnent than
embankment constructed directly on overburden soils. The entire landfill is estimated to settie
approximately 4-1/2 to 9 inches due to consolidation of the foundation material. Maximum settlement will
occur in the central portions of the cell, reducing down to less than an inch at the outside edge of the
embankment. A large portion of the settlement will occur during initial placement of the material within
the ernbankment areas and/or within the cell. Since a large portion of the settlement will occur during
initia! placement of the material within the embankment areas andfor within the cell and since the overall

seitlement projections are low, differential settlement after cell construction will be negligible.

1.2.5 Waste Stability

Eilling of the Iandfill cell will begin at the south end of Phase T and will move northward to the
north end of Phase II and will continue from Phase 11 toward the west o the west end of Phase III. With
the exception of some stability restrictions, the waste may be placed in the cell such that the wasie is
brought to design grade as waste placement in the cell progresses. As the -waste is brought to design grade,
the cell may be closed in phases in order to reduce the area of waste material exposed to precipitation and
to promote precipitation runoff away from the waste material in the cell. To maintain.stabi!ity of the
synthetic liner/waste system, the waste within the cell should be placed such that the horizontal distance
along the top of the waste (extending out away from the embankment) is at least 5 times the height of the
waste. The height of the waste is measured from the top of the uppermost liner to the top of the waste.

This criteria applies to all leading surfaces of waste placement until the waste level within the entire cell

" has reached the top of the cell embankments and the grade of the final waste surface is being achieved.

This is an extremely important aspect of the operation of the landfill cell due to the fact that the
materials on the floor and interior side slopes of the cell have very low resistance to sliding. Placement
of waste outside of this criteria may cause sliding which may result in damage to the synthetic materials.
A safety factor of 1.5 is calculated with a phreatic surface located 1-foot above the bottom of the waste
extending from the top of embankment down the interior embankment slope and across the cell floor to
the end of the waste. This is a conservative assumption as the uppermost leachate collection and removal

system on the floor of the cell is designed to reduce the depth of water head on the uppermost liner to
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appmximatély the thickness of the drainage net, which is less than one inch. This condition has, however,
been evaluated to determine if water would result in unacceptable performance of the waste disposal.
system.

Slippages in the waste itself are very difficult if not impossible to evaluate due to the unknown
characteristics and non-uniformity of the wasie material. Stability analyses conducted using strength
parameters that would apply to relatively weak soils indicate that slopes constructed on the order of 3H:1Y
are anticipated to be stable. Safety factors of 1.3 are obtained with a friction angle of 23.7 degrees with
no cohesion or with 650 pounds per square foot cohesion with no friction. Using typical strength
parameters that would apply for a highly plastic clay {cohesion of 79 pounds per square foot and a friction
of 20 degrees) would provide a safety factor of 1.3.

3.2.6 Construction Considerations

EQund_aim.u_Emnammﬂ Foundation preparation will consist of removing the unsuitable foundation
soils. This material will be removed down to more competent material, which will consist of the bedrock
materials, very stiff embankment materials or more competent natural soils. Foundation preparation will

also consist of stripping vegetation and other organic or deleterious materiais from areas to receive fill,

Embankment Construetion. The embankment may be constructed using on-site materials consisting
of overburden soils and/or the claystone/siltstone bedrock broken down to soil size particles. Fragments
of bedrock as large as six inches, if surrounded by soil size pariicles, are acceptable. Al fill material
placed in the embankment should be compacted lo at least 95 percent of the maximum Standard Proctor
Density within four percent of optimum moisture content. Fill compacted using heavy compaction
equipment should be placed in uniform lifts not more than 8 inches thick prior to compaction. Fill
compacted by hand aperated equipment should be placed in lifts no more than 4 inches thick prior to
compaction.

New fill material should be benched into existing embankments. The benching should extend at
least ore foot horizontally into the existing embankments for each lift placed.

Clay Liner. Landfill Cell 15 will be lined with a clay liner material that will be a minimum of 3-
feet thick. This clay liner must meet the permeability requirement of being less than or equal to 1 x 107

em/see. Materials for clay liner are likely available from the surrounding area. A test fill(s) will be
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constructed fo define the construction procedure(s) needed to obtain the required permeability of the clay
liner. '

Placement and compaction procedures will be defined from the test fill(s) to obtain the desired
permeability. Compaction should be at least 95 percent of the maximum Standard Proctor Density as
determined by ASTM D-698. Moisture content will likely need to be maintained near or above the
optimum moisture content. “To prevent surface cracking of the clay, positive measures should be taken to

keep the surface of the clay liner moist.

Protective Cover. Approximately 1.5 feet of soil will be placed above the middle synthetic liner
and LCRS on the floor of the Landfill Cell 15 as protection for the middle synthelic liner. The soil can
consist of on-site or imported materials that have been broken down to soil-sand size. Approximately 2.0
feet of soil, select waste andfor screened waste will be placed above the uppermost synthetic liner and
LCRS on the floor and inside sl'opes of the cell as a protection for the uppermost synthetic liner. The
protective covers must be frce of materials and objects that may damage the liner.

The placement of the soil protective cover above the middle liner should be conducted to prevent
displacement of the underlying clay liner soils, Placement of the protective cover above the uppermost
liner should be conducted to prevent displacement of the underlying soil protective cover above the middle
liner. This is to be accomplished by only allowing equipment on top of the soil protective cover above the
middle liner that will not impose a pressure preater than the allowable bearing capacity of the clay liner
beneath the middle and bottom liners. Equipment used to place the protective cover above the uppermost
liner and during operation of the cell should be restricted to equipment that will not exceed the allowable

bearing capacity of the soil protective cover beneath the uppermost liner on the floor of the cell.

3.3 Svnthetic Composite Triple Liner System
3.3.1 Design - HDPE Liners

The HDPE liners must have sufficient strength to resist stresses caused by the following conditions:
compression, settlement, climatic conditions, uplift, external and intemal pressure gradients, and stresses
imposed during operation and instaliation of the liners. It must also be demonstrated that the synthetic liners
are compatible with the waste materials deposited in the landfill ceil. Summarized below are design
considerations in analyzing the above indicated stresses for conditions to be encountered specifically in

Landfitl Cell 15. Chemical compatibility testing procedures and data are described elsewhere by Laidlaw.
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HMMWMMWW- Stresses resulting in the
HDPE liner from the conditions listed above are interrelated. For example, climatic conditions affect the -
strength properties of the liner thereby affecting the liner's ability to withstand forces due to compression,
settlement, construction and operation, External and internal pressure gradients are a result of normal forces
(or compressive forces) which would include uplift and live and dead loads imposed during the construction
and operation of the landfill cell,

Stresses resulting from the conditions indicated above could be grouped into distributed normal
stresses and tangential stresses on the liner and the effects therefrom. Distributed normal stresses would
include the dead load of overburden material placed on the liner, the live load of machinery used during
installation and operation of the landfili cell, and any uplift pressures caused by the accumulation of liquids
or gases undemeath the liner. The effects of these normal stresses on the HDPE liner are twofold; the liner
could be pushed into a depression if the allowable bearing capacity of the underlying subgrade is exceeded,
‘or the liner could be pushed into a crack between two ridges of the drainage net which will be placed between
the HIDPE liners. Should the strength properties of the liner be exceeded by either failure of the underlying
subgrade material or the liners inability to bridge the small span between ridges of the drainage net, the yield
strength of the liner could be exceeded. Distributed tangential stresses would result primarily from differential
settlement of the landfill cell under the dead load of materials placed therein, resulting in elongation of the
liner. Since differential settlement of the embankments has been projected 1o be small, elongation of the liner
and therefore distributed tangential stresses are negligible.

The integrity of the HDPE liner has been analyzéd for dead and live loads, resulting in normal stresses
to the liner during construction and operation of the landfill cell. Assumptions made in the analysis and/or
construction requirements developed from the analysis include the following:

() Equipment used in spreading the protective cover on top of the HDPE liners in the bottom
of the landfill cell shall be restricted to the following (or other equipment with prior approval
from the Engineer, after evaluating loading characteristics of that equipment to ensure it does
not exceed the allowable bearing capacity of the underlying soils):

a. Track-Type Tractors of equivalent or improved loading characteristics (i.e. weight,
center of gravity, ete.) to the Caterpiliar D6 Track-Type Tractor or to the John Deere
750 Dozer.

b. Wheel-Type Rubber Tire Dozer Tractors of equivalent or improved loading

characteristics (i.e. weight, center of gravity, etc.) to the Caterpillar 8248 or §24C
Wheel-Type Rubber Tire Dozer Tractor.
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c. Track-Type Front End Loaders of equivalent or improved loading characteristics (i.e.
weight, center of gravity, etc.) to the Caterpillar 977L Track Front End Loader with .
a three and one quarter yard bucket.

d. Wheel-Type Rubber Tire Front End Loaders of equivalent or improved loading
characteristics (i.e. weight, center of gravity, etc.) to the Caterpillar 966C Wheel
Front End Loader with a three and one quarter yard bucket, or to the John Deere
6448 and 644C Rubber Tire Loaders with a four and one half cubic yard bucket.

d. Motor Graders of equivalent or improved loading characteristics (i.e. weight, center
of pravity, etc.) to the Caterpillar 14G Motor Grader.

e. Track-Type Excavator/Backhoes of equivalent or improved loading characteristics
(i.e. weight, center of gravity, etc) to the Caterpillar 235 Track-Type
Excavatot/Backhoe.

f. Trucks that do not exceed the maximum highway wheel loads specified by AASHTO
for a H5-20 truck,

@) Track type tractors or front-end loaders used in placing the liner protective cover in the
bottom of the cell must push the protective cover out in front maintaining a minimum cover
of L5 feet between the liner and the tracks of the vehicle for the soil protective cover placed
over the middle liner, and maintaining a minimum cover of 2 feet between the liner and the
tracks of the vehicle for the protective cover placed over the uppermost liner.

{3 Wheel type tractors must maintain a minimum cover of 1.5 feet (unless otherwise approved
by the Engineer) between the liner and the wheels of the vehicle during placement of the soil
protective cover over the middie liner, and a minimum cover of 2 feet must be maintained
(unless otherwise approved by the Engineer) between the liner and the wheels of the vehicle
during placement of the protective cover over the uppermost liner.

()] The minimum cover that must be maintained over areas traversed by trucks, with an HS-20
loading, hauling the protective cover material into the cell for placement is two feet for either
the soil protective cover over the middle liner or the protective cover over the uppermost liner.
Trucks with loading conditions lower than the HS-20 designation may be analyzed and
approved by the Engineer for operation on less than two feet of protective cover.

(5)  The two-foot protective cover above the uppermost liner on the inside slopes of the cell will
be placed in five-foot high lifts as the cell is filled with waste. These lifts must be placed by
equipment reaching from the bottom up and from the top down. No machinery will be
allowed on the side slope while placing the protective cover.

Stress to the liner due to deformation of the subgrade material beneath the uppermost, middle and
bottomn liners from the normal stresses described above can be avoided by assuring that loadings are within
" the allowable bearing capacity of the subgrade material. According to AGEC (see Exhibit B), the allowable

bearing capacity of the clay liner material subgrades to the middle and bottom liners (assuming a safety factor
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of 3 for live and dead loads and a safety factor of 2 for impact loads) is 2,000 pounds per square foot for live
and dead loads and 3,000 pounds per square foot for impact loads. The allowable bearing capacity of the soil
protective cover underneath the uppermost finer was determined by the following equations recommended by

AGEC (sce Exhibit B). Allowable bearing pressure assuming a safety factor of 3 for dead and live loading:

43)] ABC =540+ 120 W+ 510 8C
Where: W= width of the bearing area of the load on the ground surface of a single track or tire in
feet.

SC= height of protective cover above the uppermost liner in feet.
ABC= allowable bearing pressure in Lbs/f*,

Allowable bearing pressure for impact loading assuming a safety factor of 2:

) ABCI = 1.5(ABC) ‘

Where: ABCI = allowable bearing pressure for impact loading in ibs/fit.

Strength of the liner to withstand stresses caused by bridging the small gap between ridges of the
drainage net which separates the two HDPE liners, was analyzed by a methodology proposed by J.P. Giroud
in a publication entitled, "Design of Geotextiles Associated with Geomembranes," (Giroud, J. P., 1982).
Normal loads used in the analysis included forces caused by the weight of the soil and waste material placed
ontop of the liner as well as live and impact loadings caused by machinery used during construction and filling
the cetl.

 Uplift pressure resulting from the accumulation of gases or liquids beneath the liner is also a normal
stress that could act on the liner. However, the effect of uplift pressure on the liner of a landfill celi with solid
waste deposited and compacted therein is significantly different from the effect of uplift pressures on a liner
of a surface impoundment filled with a liquid that can be displaced if the uplift pressures are significant
enough. Ina landfill cell uplift forc'es will not be significant enough to displace the overburden material
thereby creating a void in the overburden and additional stress in the liner. An analysis of a free-body diagram
at the surface of the liner at rest would indicate that the force applied to the liner from the top would be
countered by an equivalent reaction from the forces of the subgrade material on the botiom of the liner. Any
force created by uplift pressures would not be an accumulative force added to the reaction from the subgrade
soil, but would be a replacement force for an equivalent amount of the reaction force from the subgrade soil,
since the combined forces fram beneath must equal the force from overburden above the liner. In order for

uplift pressures to totally replace the reactions of the subgrade soil to the liner and displace the overburden
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thereby causing damage to the liner, uplift pressures would have to exceed 8,400 Ibs/f* which is not
anticipated. :

Based on hydrogeologic characterization of the Lone Mountain Facility as presented elsewhere inthe

permit application, hydrostatic pressure from beneath the HDPE liners due to ground water is not anticipated.

Although the underlying clay soils have some inclusions of naturally occurring organics, accumulations of

gases beneath the embankment and clay liner are anticipated to be negligible, if any atall.

Results. The results from the analysis conducted to demonstrate that the HDPE liners can withstand
normal and tangential stresses created during installation, operation, and ultimate completion of Landfill Cell
15 are summarizéd in Tables 4 and 5, with the results for the middle and bottom liners presented in Table 4
and the results for the uppermost liner presented in Table 5. The results presented in Tables 4 and 5 are
categorized under two major headings; Gap Analysis - o the ability of the HDPE liner to bridge the small gap
between ridges of the drainage net to be placed between the two 60 mil HDPE liners, and Loadings During
Installation of the Protective Cover Over HDPE Liners and During Operation.

The results presented in Tables 4 and 5 indicate that as long as the minimum cover requirements are
met for machinery and equipment used during installation and operation of the cell, the minim.um safety factor
aainst failure determined in the analysis was 2.4. Actually this minimun value is the safety factor against
failure of the protective cover under the uppermost liner. Aslongasthe protective cover does not fail, the liner
will not be stressed from normal loadings, with the exception of the gap analysis which demonstrated a safety
factor of 3.1 against failure. Should the clay or soil sub-base fail and the liner become stressed as a result, the
liner itself would have an additional safety factor against failure up to its yield strength. Therefore, the factor
of safety against failure of the liner is much greater than 2.4

The results presented in Tables 4 and 5 indicate that the HDPE liners can withstand the normal and
tangential stresses created during installation, operation, and ultimate completion of the cell. Supporting

caleulations are contained in Appendix 2 of Exhibit D.
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- RESULTS OF THE ANALYSIST
MIDDLE AND BOTTOM HDYE Li
STRESSES IMPOSED ON THE LINER DURING
CLOSURE OF LANDFILL CELL 15.

TABLE 4

O DETERMINE THE INTEGRITY OF THE
NERS AGAINST NORMAL AND TENSILIE
CONSTRUCTION AND ULTIMATE

Conditions for Analysis

Teasile
Force in
Liner {ibsfin.
of width)

% of Yield
Tensite
Swength

Live+ Dead
Load Bearing
Pressurz on
Clay Sut-
base (ib/it)

% of 2000
e
Allowable
Bearing
Capacity on
Subgrade

Live + Dead
+ lenpact
Load Bearing
Pressure on
Clay Sub-
base {1by/it)

% of 3000
VR
Altowable
Impaci Load
Beating
Capacity

Safety
Factor
S.F.

GAP ANALYSIS

1. HDPE Liner bridging the gap of the drainage
et under uitimate dead losd condiions after the
Jandfilt eell is closed {goveming load condition
for the gap analysis).

LOADING DURDNG INSTALLATION OF
THE PROTECTIVE COVER OVER MIDDLE
HDPE LINER

3. Analysis of H5-20 Truck loading on bearing
capaclty ol clay sub-base assuming 2 minimum
covet {gaveming load condition reaulta fram
single axle losding).

4. Analysis of Caterpitlar 977L Track Type
Loader (3 £/4 CY bucker) on bearing capacity
of clay sub-bage assuming 1.5' minimum cover.

3. Amalysis of D-6 Track Type Doreron
bearing capscity of chay sub-base assuming 1.5
alnimum ¢over,

4. Analysis of Catgrpillar 824C Wheel-Type
Dozer assumicg 40 psi maximuwn tire pressure
and 1.5 minimum cover,

5, Analysis of Caterpiilar 366C Wheel-Type
Loader assuming 40 psi maximum tire presuze
and 1.5" minimuro cover.

§. Analysis of Caterpiilar 14G Motor Grader
assuming 45 pst maximum fire pressure 2nd 1.5
minimum covef,

7. Analysis of Calespiilar 235 Track-Type
Excavator Backhoe assuming 1.5" minimum
cover,

1892

1703

1478

o4

194

1944

1646

95

31

¥

96

97

N

LY}

2057

2230

116

paiil

2183

2296

1937

&9

4

58

76

76

77

65

31

28

7

15

2.6

2.6

26

il
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RESULTS OF THE ANALYSIS TO
UPPERMOST HDPE LINER AGAIN

MPOSED ON THE LINER DURING CONSTRUCTION AND DURING OPERATION

TABLE S

DETERMINE THE INTEGRITY OF THE
ST NORMAL AND TENSILE STRESSES

Excavator Backhoe assuming 2" minimum
cover,

OF LANDFILL CELL 15
"Live + Pead Yeof Live + Dead tiol
Tensite tiofYield  Load Pearing Atlowable + Impact Allawable
Conditions for Analysis Foece in Tensile Pressuse on Bearing Load Bearing Impact Lead Safety
Liner [Ibs/in, Swength Clay Sub- Capacity o Pressure oa Bearing Facter
of widih} base (M) Subgradefor  Liner (ibs/) Capacity SF
SF =3
LOADING DURING RISTALLATION OF
THE PROTECTIVE COVER ABOVE THE
UPPERMOST LINER AND DURING
OPERATION
1. Analysis of H5-20 Truck Joading on beading - - 1892 t13 2057 B2 24
capatity of sail sub-base assuming 2.0°
minimum cover {goveming load condhiion
resulls from single axle foading).
2. Analysis of Caterpitlar 9771 Track Type . - 1614 93 1837 72 2.8
Laader (3 1/ CY bucket) on bearing capacity
of sofl sub-base assuming 2' minimum coves,
3, Analysis of 1.6 Track Type Dozeron - - 1233 1 1478 55 3.5
bearing capacity of seil sub-base assuming by
minimum eover, .
4. Analysis of Catespillar 824 Wheet-Type - - 1373 %1 1840 ! 28
Dozer assuming 40 psi maximum tire pressure :
and 2* minimum cover.
5, Aralysis of Calerpitiar 966C Wheel-Type - . 1570 82 1834 &9 29
- Loader assuming 40 pst maximum tire pressure
and 2’ micsimum cover,
&. Anslysis of Carerpillar 14G Moler Grader - - 1553 ) 89 1814 &9 2.9
assuming 45 pyi maximum tre pressure and ¥
minimun cover.
7. Anzlysls of Caterpillar 235 Track-Type . - 1572 90 1837 0 2.3

22



e

5

3.3.2 Design - Uppermost Leachate Collection and Removal System (LCRS})

Design of the ULCRS consists of hydrologic evaluations for projecting anticipated leachate rates and '
volumes, hydraulic design of the leachate collection system, and design of the sumps and leachate removal
process. The hydrologic evaluation was performed using EPA's Hydrologic Evaluation of Landfill
Performance (HELP) Model. Projected leachate rates and volumes generated by the HELP model were used

for design of the leachate collection systems and the sumps and leachate removal systems.

HELP Modeling. The HELP Modelisa quasi-two-dimensional hydrologic computer model used for
conducting water balance analyses of landfills, cover systems and other solid waste containment systems. The
model accepts weather, soil and design data and vses solution techniques that account for the effects of surface
storage, snowmelt, runoff, infiltration, evapotranspiration, vegetative growth, soil moisture storage, lateral
subsurface drainage, leachate recirculation, unsaturated vertical drainage, and leakage through soil,
geomembrane or composite liners,

Landfill Cell 15 is designed to contain all direct precipitation during filling of the cell and to divert
outside runoff from entering the cell. Therefore, runoff from the cell and introduction of other than direct
precipitation were nota consideration. Vegetative growth and leachate recirculation were also not considered
in the HELP Model.

Precipitation and daily temperature data were obtained on CD ROM from Hydrosphere Data Products
for the time period between January 1980 and September 1994, Additional precipitation and daily temperature
data between October 1994 and December 1995 were obtained from the USGS Climatological Data for
Oklahoma. All precipitation and temperature data was obtained from the gauging station located in Waynoka,
Oklzhoma (near the facility). Solar radiation and evapotranspiration data were niot available for the Waynoka
station, therefore, the data was synthetically generated by the HELP model using data available within the

madel for Tulsa, Oklahoma. Tulsa was selected because of it's latitude proximity to the facility.

wMgg!_gjﬂb_bmt_&u Maodel! calibration was accomplished using actual waste elevations within
Yandfill Ce!l 13 and comparing the predicted leachate quantities generated by the HELP model against actual
records of leachate quantities pumped from the cell. Adjustments were made to the input data for physical
characteristics of the waste material until a relatively close comparison was obtained between the leachate
quantities generated by the model and the actual leachate quantities. ‘

Calibration of the HELP model appears to be most sensitive to soil and waste thicknesses, the saturated

hydraulic conductivity of the soil and waste materials and the evaporation zone depth at the surface of the soil
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and waste materials. Since varying the waste thickness as a function of time is not an option provided in the
HELP model, waste ¢levations were evaluated for Landfill Cell 13 in order to determine a time period when:
waste elevations remained relatively constant. Waste elevation data were obtained from Jividen Land
Surveyors based on periodic waste surface surveys conducted within Cell 13. The conditions of Landfili Cell
13 in 1993 were selected for model calibration because the data obtained from the waste surveys indicate that
the waste elevation remained somewhat constant, at a near leve! full condition, for that year.

Alihough there were differences between monthly Jeachate quantities generated by the model and
actual monthly leachate quantities pumped from Cell ].3, the annual quantity for 1993 is nearly equal. The
variation in monthly values may result from waste thickness variations, irregularity in the waste surface which
may cause variations in runoff and infiltration patterns and possible variations regarding the physical
characteristics within the waste materials. The model provides a higher peak month leachate quantity than the
actual peak month quantity pumped from Cell 13 in 1993. This would indicate that values generated by the
model should be somewhat conservative for design purposes.

“The actual annual and peak month leachate quantities from Landfill Celi 13 for 1993 are 11,11 inches
and 1.83 inches, respectively. The annual and peak month leachate quantities for 1993 as generated by the
HELP mode! are 11.42 inches and 3.72 inches, respectively. The quantity in inches represents the average

depth of leachate generated over the area of the cell.

HELP Moadeling of Landfill Cetl 15. Landfili Cell 15 has been designed with eight different sump
drainage areas. Each of the sump drainage areas are unique in size, configuration and slopes. Therefore, each
sump area was modeled separately for waste thicknesses of about 24 inches {near empty), half full (based on
height and not capacity), level full (with the top of the cell embankments) and full (waste height at closure).
Weighted averages were used as input to the HELP mode! for waste thickness and for lateral drainage slope
and transmissivity because of the impact the embankment height and sideslopes have on these characteristics.

Tables 6, 7 and 8 present leachate quantities generated by the HELP model for peak day, peak month
and for average day based on peak month for each of the waste levels modeled. The peak day and peak month
values represent the peaks over the 15 years (1980 through 1995) of weather data that were used,

eachate cti . EPA requires (40 CFR 264.301) that the leachate collection and
removal system should be capable of collecting and conveying leachate to the sumps such that the maximum
depth of leachate on the liner system outside the sumps is one foot. The Oklahoma Department of

Environmental Quality has determined that the maximum depth of leachate which will be allowed is 16 inches,
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measured at the low p‘oint of the liner or sump system. The uppermost leachate collection and removal system
has been designed such that the maximum leachate depth within the Jeachate collection system above the
uppermost liner should not exceed one foot. The drainage net of the uppermost system serves as a continuous
pipe drainage system between the uppermost liner system and the overlying geotextile and protective cover
material. The drainage net, therefore, must be sized such that the capacity of the net is not exceeded for the
projected leachate rate when considering the design sfope of, and the normal Joading on, the net. As long as
the capacity of the net is not exceeded, flow in the drainage net will be in essence "open channel" flow and
the depth of fluid on the liner system below the net will be limited by the thickness of the net, which is less
than one inch.

SLT GS-228 draina;ge net (or other drainage nets, such as Gundle XL-14, that are approved in meeting
design requirements) has been specified as the drainage netto beused in construction of the uppermost LCRS.
Test data are available for SLT GS-228 (and from Gundle XL-14) from which the transmissivity of the net can
be determined under the boundary conditions and ultimate loading conditions proposed in the design of
Landfill Cell 15. A coniractor may propose a substitute drainage net for approval as long as it can be
demonstrate that the transmissivity of the proposed drainage net meets design transmissivity requirements
(under the boundary and loading conditions and under the slopes used in the Cell 15 design) for the uppermost
LCRS and as long as it can be demonstrate that the substitute net is chemically compatible with potential
leachate generated in Cell 15, Transmissivity test data for SLT GS-228 and Gundie XL-14 drainage nets are
presented in Appendix ! of Exhibit E for varied loading conditions and slopes and for the upper boundary
condition of Tensar TG-700 non-woven geotextile fabric and the lower boundary condition of HDPE liner.

The drainage net has been designed using the design-by-function concept recommended by EPA for
the design of RCRA hazardous waste facilities. According to EPA (1989, pg. 56), "whatever paramcter‘of a
specific material one is evaluating, a required value for the material must be found using a design model and
an allowable vatue for the material must be determined by a test method. The allowable value divided by the
required value yields the design ratio, or the resulting factor of safety." Thus, in evaluating the drainage net
for the leachate collection system, an aliowable transmissivity is divided by the required transmissivity to

determine the factor of safety for the design.
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TABLE 6

PEAK DAY LEACHATE VOLUMES

Sump Diir;a;ge Near Enllpry Half Full Level Full Full

No. @ | o @ | @ | m (@ | ) &
1 197690 0.82 13509 | 0.22 3624 0.16 2636 0.15 2471
2 133300 0.83 0220 0.21 2333 0.15 1666 0.15 1666
3 133160 0.82 2099 0.21 2330 .15 1665 0.15 1665
4 114440 0.82 7820 0.20 1907 0.15 1431 0.14 1335
5 117930 0.81 7960 0.19 1867 0.15 1474 0.14 1376
6 136960 0.97 11071 0.21 2397 0.15 1712 0.15 1712
7 167510 0.82 ' 11474 | 022 3078 0.16 2239 0.15 2099
] 102850 0.96 8228 0.35 3000 0.17 1457 0.16 1371

TABLE 7
PEAK MONTH LEACHATE VOLUMES

Sump Dr;il;aage Near Empty Hslf Full Level Full Full

Mo. @@ | @ | G @ | @ | )
1 197690 5.76 94891 | 3.64 59966 3.44 56671 2,93 48269
2 133300 576 63984 | 372 41323 | 3.22 35769 | 2.79 30952
3 133160 576 63917 3.‘72 41280 | 3.23 35842 | 2.76 30627
4 114440 576 54931 | 3.76 35858 | 3.09 29468 | 264 25177
5 117930 5.11 56705 | 377 37050 | 3.01 29:58 1 2.60 25552
6 136960 598 65969 | 3.72 42458 | 3.23 36865 | 2.82 32186
7 167910 5.76 80597 | 3.64 50933 340 47575 292 40838
8 102850 578 49539 | 320 27427 | 3.71 31798 341 29227
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TABLE 8 '

AVERAGE DAY LEACHATE YOLUMES BASED ON PEAK MONTH

Sum‘p Drainage Area  Near Empty Half Full Level Full Fuil
No. () () () (7 (fc)
1 197690 3163 1999 1889 1609
2 133300 2133 1377 1154 1000
3 133160 2131 1376 1156 988
4 114440 1831 1195 931 812
5 117930 1890 1235 954 824
6 136960 2199 1415 1189 1038
7 167910 2687 1698 1535 1318
8 102850 1651 914 1026 943

Koemer (1990) suggests that additional factors of safety be applied to the aliowable value found by
test method to account for creep deformation, or intrusion, of the adjacent geosynthetics into the geonet's core
space and for biological and chemical clogging in the geonet's core space. In accordance with the procedures
recommended by Koemer (1990), an additional factor of safety of 1.4 has been applied to the allowable
transmissivity for creep deformation or intrusion of the adjacent geosynthetic into the geonet's core space, and
an additional factor of safety of 2 has been applied to the allowable transmissivity for potential biological and
chemical clogging of the geonet. This is in additiontoa factor of safety of 1.5 to be used in the design-by-
function concept discussed abové. The combined safety factor for the drainage net is therefore 4.2, which is
determined by multiplying the three safety factors indicated above,

Calculations derived in determining the required drainage nettosump configuration for the uppermost
LCRS are presented in Appendix 2 of Exhibit E. These calculations indicate that a single layer of SLT GS-228
drainage net is adequate to convey the leachate to the leachate collection drains and to the sumps. Data
supplied by Gundle Lining Systems indicated that the transmissivity of Gundle XL-14 drainage net is higher
than the transmissivity of SLT GS-228 under the same boundary and loading conditions. Gundle X1.-14
drainage net would, therefore, be acceptable for use,

Leachate collection drains will extend out across the floor of the cell along the line formed by the
intersection of the plane surfaces of the floor and along the interior toe of the north embankment in sump areas

6, 7 and 8. The leachate collection drains will consist of three-inch diameter perforated corrugated
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polyethylene pipe (PCPP) and will be backfilled with 3/4-inch foundcd washed drain rock. The leachate
collection drains will intercept leachate contribution to the floor and from the north interior side slope of the
cell and convey the collected leachate directly into the sumps. Based on the maximum tributary area to the
longest leachate collection drain and based on the design leachate infiltration rate presented above, the
maximum flow rate to be conveyed by the drain would be on the order of 2.14 cubic feet per minute. The
three-inch diameter PCPP has a flow carrying capacity of 3.36 cubic feet per minute on a 1 percent slope.
Thus, the proposed pipe has more than sufficient capacity to handle design leachate flows.

A geotextile filter fabric is to be placed between the drainage net and the overlying finer protective
soil cover to prevent migration of the soil into the drainage net. The geotextile fabric must have sufficient
filtering capability to retain the soil, must be permeable enough to convey water percolating through the soil
cover into the underlying drainage net, and must not become clogged by the overlying soil material, According
to the "Geotextile Engineering Manual® (U.S. Department of Transportation Federal Highway Administration),
to meet the soil retention eriteria (for soils with a gradation such that less than 50 percent by weight of the soil
passes the #200 sieve) the equivalent opening size (E.O.S.) of the fabric must be less than or equal to BxDy,,
where Dy, is the soil particle size‘ for which 85 percent is finer by weight and B is equal to 1 for a uniformity
coefficient of the soil (C, ) less than or equal to 2 or greater than or equal to 8, B is equal to 0.5 x C, fora C,
greater than or equal to 2 or Jess than or equal to 4, ar B is equal to 8/C, for C, greater than 4 or less than 8.
To meet the permeability criteria, the permeability of the fabric must be greater than ten times the penneability
of the soil. Calculations presented in Appendix 3 of Exhibit E indicate that the Polyfelt TS 700 geotextile filter
fabric provides the required soil retention capability to retain the soil above the net, has sufficient permeability
when compared with the permeability of the soil protective cover and meets the permeability criteria presented
shove.

Sumps. The sumps were designed using the contour of the floor above the uppermost liner system
to form the bottom of the sumps. The top of the uppermost sump is formed by a leve! plain surface 1.5 feet
abave the lowest point on the floor f_'ormed by the uppermost liner syster,

Projected leachate quantities generated by the HELP model were used to determine the amount of
holding capacity the sumps have with respect to leachate generation time. In other words, the frequency at
which leachate should be pumped from the sumps depends on the potential the cell has for generating leachate,
According to results from the HELP model, the potential of Ieachate generation depends on the Jeve! of waste

material in the specific sump area. As the waste level becomes higher, the required pumping frequency can
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be reduced because the quantity of leachate will be reduced and the sumps have the capacity to hold lenchate
volumes generated over a longer period of time,

The design details for the uppermost sumps are presented on Sheets 29 through 36 of the drawings
in Exhibit A. The sumps will be filled with 3/4-inch rounded washed rock and will have a system of 6-inch
and 3-inch diameter perforated corrugated polyethylene pipes that will collect and convey leachate and water
stored in the sumps towards the low point of the sumps. HDPE leachate withdrawal pipes (16-inch diameter
for the uppermost sumps) will be placed up the slope of the cell from the sump to the top of the embankment.
The leachate withdrawal pipes allow pumps to be inserted into the sumps for removal of leachate from the
sumps. A porosity of 32 percent was used for the sump rock and 100 percent of the volume of the perforated
pipes was used to calculated the storage capacity in the sumps. The capacity of the uppermost sumps was only
assumed to a depth of [6 inches which is the ponding depth approved by Oklahoma DEQ within the sumps.
This capacity is exclusive of any storage in the leachate collection drains ouiside of the sumps. Sump storage
capacity calculations are presented in Appendix 5 of Exhibit E. The capacities and a relationship between
waste height and potential pumping frequency for the uppermost sumps are presented in Table 9. The numbers
presented in ’fable 9 were generated by dividing the peak day leachate volume provided by the HELP model
(see Table 6) by the calculated sump storage capacity. The pumping frequencies presented in Table 2
represent the most frequent pumping that may oceur based on maximum peak day conditions as generated by
the HELP model. Actual pumping frequencies may be substantially less than those presented depending on

weather conditions at the facility and physical characteristics within the waste material and on the waste

- surface.

Leachate Withdrawal Pipes, The required wall thickness for the leachate withdrawal pipes must be
designed to prevent failure or significant loss of cross sectional area from the ultimate loading that will be
placed on them. The HDPE leachate withdrawal pipes have been designed with sufficient wall thickness to

prevent failure by wall ¢rushing, failure by wall buckling, and failure by ring deflection. Manufacturers test

data used in the calculations represent a maximum period of analysis of 50 years.
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TABLE 9 '

UPPERMOST SUMP STORAGE CAPACITIES AND POTENTIAL PUMPING FREQUENCIES I

Pumping Frequency for Pumping Frequency for Pumping Frequency for
a Near Empty a Half Full Condition  a Full Condition and
Condition and Peak  and Peak Day Leachate  Peak Day Leachate

Storage Capacity Day Leachate Volume Volume Volume
Sump No. (gallons) {days) (days) (days)

1 19,320 0.2 0.7 1

2 20,470 0.3 1.2 1.6
3 9,650 0.1 0.6 0.8
4 9,980 0.2 0.7 H

5 14,020 0.2 1 1.4
6 16,380 0.2 0.9 1.3
7 14,550 0.2 0.6 09
2 13,560 0.2 0.6 . 1.3

Calculations presented in Appendix 4 of Exhibit E, indicate all HDPE leachate withdrawal pipes with
4 SDR of 15.5 are safe against wall crushing with a safety factor of 2.9, are safe against wall buckling with a
safety factor of 2.0, and have a ring deflection of 2.9 percent compared to an allowable ring deflection of 3.9
( . percent. Backfill for the leachate withdrawal pipes should consist of a mixture of 50 percent sand soils and
50 percent clay soils for the maximum height of fill anticipated above the pipe proposed in the design of the
cell. These safety factors were derived assuming the soil around the pipes to have been compacted to a
minimum of 85 percent of Standard Proctor. Specifications will require 2 minimum compaction around the
pipes of 90 percent of Standard Proctor. Therefore, these safety factors are conservative.
The eight uppermost sump drainage areas for Landfill Cell 15 are designed to direct all flow toward
the sumps through the drainage net and leachate collection drains placed as designated above. The maximum
head of water on top of the uppermost liner will be less than one foot except possibly for short periods of time

during severe storm events which may oceur while the landfill is open and except in the sumps.

3.3.3 Design - Middle Leachate Collection and Removal System (LCRS)

Drainage Collection Svstem. The middle leachate collection and removal system on the side slopes
of the cell and on the slopes and the top of the phase division berms will be bounded above by the uppermost
liner and bounded below by the middle liner. The leachate collection system on the cell floor will be located
between the Tensar TG-700 geotextile filter fabric and protective cover above and the middle liner below. The
middle LCRS will consist of a continuous layer of SLT GS-228 drainage net (or other drainage nets, such as
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Gundle XL-14 that are approved as meeting design requirements) placed on the floor and inside slopes of the
landfill cell. Tensar TG-700 geotextile filter fabric and a 1.5-foot thick soil protective cover will be placed -
on the floor of the cell, above the middle drainage net, asa protective cover between the middle and uppermost
synthetic liners. Thus, similar to the uppermost system, a filter fabric will be placed above the drainage net
on the floor of the cell as a permeable barrier between the soil cover material and the drainage net. The
boundary conditions for the middle drainage net on the floor of the cell consist of the filter fabric above and
the 60 mil middle HDPE synthetic liner below. The boundary conditions for the middle drainage net on the
inside slopes of the cell consists of the 80 mil uppermost HDPE synthetic liner above and the 60 mil middle
HDPE synthetic liner below.

The middle LCRS has been designed to have the same general configuration as the uppermost LCRS.
As such the middle LCRS functions to convey leachate towards the middle sumps under the same design
conditions as the uppermost LCRS as if the uppermost HDPE liner were not present. Leachate collection
drains will also be constructed for the middle LCRS extending across the floor of the cell and at the interior
toe of the north embankment as was done with the uppermost LCRS. These collector drains will intercept
Jeachate contribution to the floor area and the interior side slopes of the cell and will convey the collected
leachate into the sumps,

The middle LCRS is also a backup system that can be used to check for leaks in the uppermost system
and to allow the removal of leachate should it leak through the uppermost liner system. Regulations (Federal
Register, Volume 57, No. 19, January 29, 1992) for RCRA hazardous waste landfilis indicate that a backup
system should be designed to be capable of detecting, collecting and removing leaks of hazardous constituents
atthe earliest practicable time through all areas of the top liner likely to be exposed to waste or leachate during
the nctive life and post closure care period. The middle LCRS will have the same slope, boundary conditions,
and loading characteristics as used in the uppermost LCRS design. Transmissivity values used to design the
middle LCRS are the same transmissivity values as those used for the uppermost leachate collection and
removal system. Similar safety factors as discussed in the design for the uppermost leachate collection and
removal system were applied to the design of the middle LCRS. The longest possible distance between a point
of leakage and the point of leachate detection was used to determine the longest poss:ble theoretical response
time. A response time of 5.5 hourswas determined using SLT GS-228 drainage net and is slightty less using
Gundle XL-14 drainage net.

Design considerations for the geotextile filter fabric and the 12-inch diameter HDPE leachate
withdrawal pipe for the middle LCRS are the same as those summarized in the design for the uppermost
LCRS.
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Sumps. The design details for the middle sumps are similar to those for the uppermost sumps and are
presented on Sheets 21 through 28 of the drawings in Exhibit A. The bottom of the middle sumps consists .
of the floor formed by the middle finer system. The top of the middle sumps consists of a level plain surface
one foot above the low point of the middle sumps. The sumps will be filled with 3/4-inch rounded washed
rock and will have a system of 6-inch and 3-inch diameter perforated corrugated polyethylene pipes that will
collect and convey leachate and water stored in the sumps towards the low point of the sumps. HDPE leachate
withdrawal pipes (12-inch diameter for the middle sumps) will be placed up the slope of the cell from the sump
to the top of the embankment, The leachate withdrawal pipes allow pumps to be inserted into the sumps for

removal of leachate from the sumps.

3.3.4 Design - Bottom Leachate Detection, Collection, and Removal System (LDCRS)

Drainage Collection System. The bottom leachate detection, collection, and removal system will be
located between the middle liner above and the bottom liner below and will be the lowest leachate collection
and removal system in the cell. According to EPA (EPA, January 1992) no maximum has been set for the
level of liquids in the sumps, but the head on the bottom liner and backup of liquids into the drainage layer
must be minimized by removing pumpable liquids from the sumps. The Oklahoma Department of
Environmental Quality has determined that the maximum depth of leachate which will be allowed is 16 inches,
measured at the low point of the liner or sump system. The bottom LDCRS will consist of a continuous layer
of SLT GS-228 drainage net (or other drainage nets, such as Gundie XL-14, that are approved in meeting
design requirements) placed on the floor and on the inside slopes of the Jandfill cell between the middle and
bottom liners. The boundary conditions for the bottom drainage net on the floor and on the inside stopes of
the cell consist of the 60 mil middle HDPE synthetic liner above and the 60 mil bottom HDPE synthetic liner
below. The bottorn sumps are located vertically beneath the middle and uppermost sumps in each sump area.

The bottom LDCRS is a seconﬂ or redundant backup system used to check for leaks in excess of the
action Jeakage rate from the middle liner system and to allow the removal of leachate that may leak through
the middle liner system. As indicated above, regulations (Federal Register, Volume 57, No. 19, Janvayy 29,
1992) for RCRA hazardous waste landfills indicate that a backup system should be designed to be capable of
detecting, collecting and removing leaks of hazardous constituents at the earliest practicable time through all
areas of the top liner likely to be exposed to waste or leachate during the active life and post closure care
period. .

The bottom LDCRS will have the same slope and loading characteristics as used in the uppermost and

middle LCRS designs. However, the boundary canditions for the bottom LDCRS are somewhat different since
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it is bounded both above and below by a 60 mil HDPE geomembrane liner, instead of having an upper
boundary condition of a geotextile filter fabric. The transmissivity test value used in the design of the
uppermost system was also used in the design of the bottom system. The test results are conservative when
applied to the bottom system because the boundary conditions of the bottom system provide better flow
characteristics than the boundary conditions of the uppermost system. When a load is applied to the geotextile
filter fabric, which provides the upper boundary layer in the uppermaost system, the filter fabric tends to push
into the gaps between the ribs of the drainage net, restricting the flow of leachate through the drainage net.
However, when a load is applied to HDPE geomembrane liner, providing the upper boundary layer in the
bottom syster, the liner tends to bridge the gap between the ribs in the drainage net, thereby allowing leachate
to flow more freely through the open spaces in the drainage net,

The transmissivity values used to evaluate the bottom LDCRS are the same transmissivity values as
those used for the uppermost and middie LCRS's. Similar safety factors, as discussed in the design for the
uppermost LCRS, were applied to the design of the bottom LDCRS. The longest possible distance between
a point of leakage and the point of leachate detection was used to determine the longest possible theoretical
response time. A response time of 5.5 hours was determined using SLT GS-228 drainage net and is slightly
less using Gundle X1.-14 drainage net.

Design considerations for the 12-inch diameter HDPE leachate withdrawal pipe for the bottom

LDCRS are the same as those summarized in the design for the uppermost LCRS,

Sumps. The design details for the bottom sumps are presented on Sheets 13 through 20 of the
drawings in Exhibit A. The sumps will be filled with 3/4-inch rounded washed rock and will have a system
of 4-inch diameter perforated corrugated polyethylene pipes that will collect and convey water stored in the
sumps towards the 12-inch diameter HDPE leachate withdrawal pipe to be placed up the slope of the cell from
the sump to the top of the embankment. This Jeachate withdrawal pipe is located at the low point of each sump
and a pump, for pumping leachate from the cell, will be placed inside of the 12-inch diameter HDPE pipe.

The sump capacities for the bottom sumps are presented in Table 10, A porosity of 32 percent was
used for the sump rock and 100 percent of the volume of the perforated pipes was used to calculate the storage
capacity in the sumps. Sump capacity calculations, including stage capacity relationships for each sump, are
presented in Appendix 7 of Exhibit E. ‘
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TABLE 10

BOTTOM SUMP STORAGE CAPACITIES

Storage Capacity
Sump No. (gallons)
i 1575
2 1575
3 1558
4 1558
5 1617
6 1419
i 3712
B 1740
Action Leakage Rate (ALR). Based on the January 29, 1992 EPA rule, owners or operators of a

hazardous waste disposal unit must calculate an action leakage rate based on the maximum design lezkage rate
that the Jowermost leak detection system (in this case the bottom LDCRS system) can remove without the fluid
head on the bottom liner exceeding one foot. This leakage rate must account for an adequate margin of safety
for uncertainties in design which, EPA indicates in the rule, should be a factor of safety of 2. The ALR must
take into consideration both the drainage layer in the unitas well as the pumping capacity of the leak detection
sump.

The drainage layer associated with the LDCRS, as described above, consists of a continuous la;yer of
drainage net placed on the floor and inside stopes of the landfill cell between the middle and bottom liners.
The boundary conditions for the bottom drainage net on the floor and inside slopes of the cell consist of the
60 mil middle HDPE synthetic liner above and the 60 mil bottom HDPE synthetic liner below. The bottom
LDCRS stopes toward sumps and toward leachate collection drains that slope toward sumps at the low point
in each sump drainage area.

The bottom sumps are filled with 3/4-inch rounded washed rock and contain a series of 4-inch
diameter perforated corrugated polyethylene pipes. The sumps are graded toward 12-inch diameter HDPE
leachate withdrawal pipes, located at low points in the sumps, into which pumps are placed and which extend
up the inside slope of the cell between the middte and bottom HDPE liners. Two or three of the 4-inch
diameter corrugated polyethylene pipes (two in sump 7 and three in sumps 1 through 6 and 8) extend directly
into and convey water collected in the sump into the 12-inch diameter HDPE leachate withdrawal pipe. These

pipes provide a hydraulic conduit for conveyance of water collected within the sump directly to the pump.
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Pumps having a capacity of at least 40 gpm are placed in the sumps to pump leachate collected in the sumps
to the top of the embankment where itis collected and then treated and disposed of as required inthe operating -
permit for the facility.

Design calculations associated with the ALR are presented in Appendix 8 of Exhibit E. The
calculations include an analysis of the capacity of the drainage layer and drainage system tributary to the
bottom sump and a comparison of the capacity of the pump and operation of the pumping system, to the
capacity of the sump and drainage layer. The analysis of the drainage layer includes an analysis of the flow
capacity of the bottom drainage net in the vicinity of the sump. The transmissivity test values for the drainage
net used in the design of the middle and uppermost systems were also used in the analysis of the bottom
system. As described previousty, the test results are conservative when applied to the bottom system because
the boundary conditions of the bottomn system provide better flow characteristics than the boundary conditions
of the middle and uppermaost systems.

Transmissivity values were determined from test results for the slopes and loading conditions of each
sump area of the cell. Based onthe transmissivity values obtained, the areas tributary to the bottom sumps and
the capacities of the bottom sumps, the controlling sump area for the ALR is sump area no. 7 with a
transmissivity of 7.5 x 10° m?/sec (0.48 £2/min) and a resultant floor slope of 1.04 percent. This transmissivity
value includes a safety factor of 4.2, as described above.

As presented in the calculations in Exhibit E, the flow capacity of the drainage net into bottom sump
no. 7is 53.8 gallons per day per foot (gpd/ft). Using the flow capacity of the drainage net of 53.8 gpd/ft, a
total tributary area to the sump of 3.88 acres, and a safety factor of 2, the ALR based on the limiting factors
of the drainage system is 391 gallons per acre per day.

The pumping system was determined nottobea limiting factor in determination of the ALR, with the
ALR of the pumping system being on the order of 6,344 gallons per acre per day assuming a minimum
pumping rate of 40 gpm and applying a safety factor of 2.

Tiae system ALR is further limited by the operation of the leachate withdrawal system. Ifthe pumping
system is not automated and Laidlaw follows an inspection and pumping program of once a week for the
bottom sumps, the sump capacity and pumping system control the ALR. According to the calculations
presented in Exhibit E, sump no. 1 becomes the controlling sump without the use of an automated pumping
system. Using a bottom sump capacity of 1,575 gallons, an inspection and pumping program of once per
week, and a sump area of 4.54 acres, the resulting ALR is 25 gallons per acre per day. If the inspection and
pumping program for the bottom sumps is conducted once each day, then the resulting ALR would be 173

gallons per acre per day.
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This analysis has been conducted in accordance with the suggestions and requirements of the January
29, 1992 Federal Register "Part I Environmental Protection Agency 40 CFR Parts 260, 264,265,270, and -
971 Liners and Leak Detection Systems for Hazardous Waste Land Disposal Units; Final Rule” (Federal
Register, Volume 57, No. 19, Wednesday, January 29, 1992, Rules and Regulations).

3.4 Erosion Control of Exterior Em bankment Slopes .

Accounting for the expected precipitation and the exterior side slopes (2.1H:1V) of the landfiil cell,
design for embankment erosion protection has to be approached ina different manner than simply providing
protection against erosion from overland flow. Standard solutions for erosion protection (such as vegetation}
would not be feasible on the side stopes of the cell. A vegetative cover as dense as Bermuda Grass would be
required to limit erosion to 2 tons/acre/year (as recommended by EPA), which would require extensive
irrigation to maintain the cover in this semi-arid area. Thus, vegetation would not provide a good long term
solution without ongoing maintenance.

Soil stabilizing chemicals have also been investigated as a means for controlling erosion, However,
there appears to be little to no information available regarding the effectiveness of soil stabilizing chemicals
in reducing erosion on steep slopes. There is also little supporting data regarding the Jongevity of soil
stabiiizing chemicals. Thistype of solution could therefore require significant maintenance over the active life
of the cell, as well as during closure and beyond.

It has been determined that a rock covering would provide the best long term low-maintenance
solution. However, forslopes steeper than 3H: 1V, the overriding factor in designing rock as erosion protection

is not the tangential shear stress acting on the surface of the rock from water flowing down the slope as

" overiand flow, but the overriding factor becomes slope stability of the rock cover under saturated conditions

(Duncan and Buchiganani, 1975). The movement of water down the side slopes of the cell from the 100-year,
24-hour precipitation event must be approached as ground-water interflow within the rock cover and not as
a surface overland flow problem as will be demonstrated by the safety factors against slope faiture for 2.1H:1V
slopes presented hereafter.

Water will infiltrate into the void spaces between the rocks as precipitation falls on the rock cover.
Runoffwill then flow down the stopes through the void spaces in the rock simulating ground-water movement.
Assuming laminar flow within the rocks, Darcy's Law for ground-water flow then becomes valid and the depth
of flow within the rock is determined by the permeability of the rock material, the flow rate, and the hydraulic

gradient.
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Assuming interflow within the rock erosion protective cover, the ability of the rock to stay on 2H:1V
side slopes was analyzed as a slope stability problem. Angular rock and filter materials with a friction angle -
of thirty-eight degrees and with secpage occurring through the void spaces in the rack and filter materials were
assumed in the stability analysis. Applied Geotechnical Engineering Consultants (AGEC) determined that if
the rock cover is totally saturated throughout its depth (a condition that must exist before overland flow over
the rock surface could begin) the safety factor for the rock cover against slope failure is less than 1.0 for a
2H:1V side slope. Therefore, under saturated conditions the rock cover is not stable against slope failure for
slopes as steep as 2H: 1V, As the saturated depth of rock decreases with respect to the total depth of the rock,
the safety factor increases, AGEC determined that in order to provide a safety factor of 1.5 for the rack cover
against slope failure the saturated depth of the rock should not exceed 20 percent.

Therefore, the design of a stable rock cover for erosion protection requires that the thickness versus
permeability of the rack be sized such that the depth of flow within the rock cover lies within the lower fifth
of the total thickness of the rock cover (assuming angular rock). The more permeable the rock, the smatler will
be the depth of flow within the rock. Use of a more permeable rock to limit the depth of flow will require a
coarse rock gradation without fines, which would necessitate the use of a filter blanket between the rock cover
and the embankment material. Otherwise, the embankment material would erode due to a pumping action
created by flow within the rock. When considering the depth of flow and the corresponding required thickness
of the rock material, the thickness of the filter blanket must be considered in determining the thickness of the
rock cover. The filter blanket must likewise be composed of angular not rounded material. '

Actually a two-layered filter blanket is required, the lower layer consisting of a three-inch thick finer-
grained material (referred toas TypeI) designed as a suitable filter for the embankment material, and the upper
layer consisting of a four-inch thick coarser-grained material (referred to as Type 11) designed as a suitable
intermediate filter between the Type I filter blanket and the overlying protective rock covering. The gradations
for these two filter layers are presented in Table 11,

The granular filter blanket acts as a part of the erosion protective rock structure except that the lower
fine-grained filter blanket material has a Jower permeability than the clean, poorly graded, angular rock of the
upper layer of filter blanket material and the rock covering itself, so it can better resist t;rosion of the
embankment soils. The saturation or seepage depth within the rock structure, therefore, includes the filter
blanket materials.

Assuming a permeability of about 7.3 feet per minute for the upper filter blanket material and
overlying protective rock covering and 0.018 feet per minute for the fower filter blanket material, the required

thickness of the slope protective covering (including the filter blanket) to maintain a minimum safety factor
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against slopé failure of 1.5 varies from about 21 inches at the top of the slopes to about 39 inches at the toe

" ofthe longest slope (see Appendix 3 in Exhibit C for caleulations). Of this slope protective cover thickness,

7 inches would be granular filter material (3 inches for Type 1 and 4 inches for Type Il materials) and the
remainder would be arock (riprap) protective cover. Amean rock diameter (Dyo) of 9 inches was selected for
this riprap protective cover. The gradation for this riprap layer having a mean rock diameter of 9 inches is
presented as Type L riprap in Table 12.

The riprap protective cover will be keyed down into the ground along the toe of slope to a minimum
depth (at the top of the riprap cover) of 1 foot in order to provide erosion protection for the slope protective
cover around the outside toe of the embankment. In addition to the erosion protection on the 2.1H:1V exterior
slopes, as described above, temporary erosion protection will be placed on the 3H:1V exterior slope located
along the west embankment of Landfill Cell 15. By applying the same design procedures that were used for
the 2.1H:1V exterior slopes, the required thickness of the slope protective cover (including the granular filters)
1o maintain a minimum safety factor against slope failure of 1.5 would be approximately 15 inches. Ofthis
15 inches, seven inches would be granular filter materials (three inches of the Type 1 and four inches of the
Typell filter materials) and 8 inches would be riprap cover. A mean rock diameter of four inches was selected
for the 8-inch thick riprap cover . The gradation for riprap with a mean diameter of four inches is also

presented as Type V riprap in Table 12,
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TABLE 11
GRANULAR FILTER BLANKET GRADATIONS

(O
U.S, Standard ' Percent Passing
Sieve Size by Weight
TYPEI GRANULAR FILTER:
' 3/8" 100
No. 4 95-100
No. 16 45-80
No. 50 10-30
No. 100 2-10
No. 200 0-2
' TYPE 11 GRANULAR FILTER:
3" 90-100
- 3" 3590
EM% No.4 0-30
No. 16 0-15
- 03

No. 200
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TABLE 12

RIPRAP GRADATIONS
Intermediate Rock*
% Smaller Than Weight Dimension Dy **
Riprap Given Size (Lbs) (Inches) (Inches)
Designation By Weight
Type L 100 350 16.2 9
50 70-125 94-11.5
20 30 7.1
Type V 70-100 43 8 4
50-70 18 6
35-50 53 4
2-10 0.7 2

* Dimension based on volume of cube and SG=2.3

** ), = Nominal particle size
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4.0 LANDFILL CELL CLOSURE

ut and eral Degcripti

A final cover for a landfill should be designed to: (1) Provide long-term minimization of migration
of liquid through the closed landfil}; (2} function with minimum maintenance; (3) Promote drainage and
minimize erosion or abrasion of the cover; (4) Accommodate settling and subsidence so that the cover's
integrity is maintained; and (5) Have a cap liner system that has a permeability less than or equal to the
permeability of any bottom liner system or natural subsoils present. The closure cap for Landfili Cell 15 has
been designed taking into consideration these requirements.

The closure cap of Landfill Cell 15 will consist of a geosynthetic clay liner (GCL) or two feet of
compacted clay meeting a maximum permeability of 1 x 107 em/sec, a HDPE geomembrane liner with a
drainage system above the liner, a protective cover over the liner and drainage system, and an erosion
protective cover.over the protective cover. The closure cap will be constructed in the general shape of 2
"hipped roof’ or elongated pyramid, with the cap surface sloping toward the outer edges of the cap at
maximum slope of approximately ten percent. Grading the closure cap as proposed will assist in
accommodating subsidence so that the cover's integrity is maintained. At the proposed slopes of ten percent,
the cap could subside an additional eight feet over a horizontal distance of 100 feet and still maintain a slope
of approximately two percent, thus, promoting drainage off the surface of the cap.

Landfill Cell 15 may be closed or partially closed in phases as the cell is filled with waste material in
order to minimize rainfall impingement on active waste areas in the cell. Design drawings for the closure of
Landfill Cell 15 are presented on sheets 40 through 44 in Exhibit A. Downspout and storm drainage pipes will
be located around the cell to convey precipitation runoff from the surface of the closure cap (as the cell is
partiaily closed and upon final closure? and from the top of the cell embankments to drainage channels located

at the exterior toe of the north and east embankments.

4,2 Phased Closure

Three general phases of cell closure are presented in the design drawings which cormespond
approximately to the three phases of Landfill Cell 15 construction. For example, Phases I, Il and III of the
closure cap are located (with some minor variation) approximately above Phases I, 11 and 111, respectively, of
the landfill cell. Each of the three phases of closure may also be partially closed in sub-phases as waste

material in portions of each phase is graded to its final elevations providing the subgrade to the closure cap.
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Thus, closure of Landfill Cell 15 may be progressive during cell operation, the cell may be closed or partially
closed in the designated phases or several phases may be closed as a single project.

It is anticipated that the landfill cell will be filted from the southern end of Phase I moving northward
through Phases 1 and 11, and then moving westward through Phase I1I, The waste may be placed in the cell
such that the waste will regularly be brought to design grade as the filling of the cell progresses. As the waste
is brought to design grade, the cell may be closed on a regular basis in phases and runoff from the closed
portion of the cell will be directed away from the active working area of the cell as part of the run-on
management system. This process of filling and closing the cell in phases may proceed in such a manner so
as to limit the active working area in the cell, Thus, the volume of runoff water generated from the active areas

of the cell can be minimized and the volume of [eachate generation will also be minimized.

4.3 Design

Typical cross-sections and details of the closure cap are illustrated on sheet 44A (for a cap consisting
of a GCL and sheet 44B (for a cap consisting of two feet of compacted clay) of the drawings in Exhibit A.
The closure cap will consist of the following:

1, A final waste surface that has been graded, compacted and prepared to receive.cap materials,
2. A low permeable soil layer consisting of either a GCL or two feet of compacted clay as
follows:

a, 1fa GCL is used:
- A 6-inch thick compacted layer of soil will be placed upon the waste surface
ifa GCL is used in order to provide a better subgrade condition for the GCL..
- A peosynthetic clay liner (GCL) which has equivalent or improved
permeability characteristics 1o a two-foot thick compacted clay liner.
b. To feet of compacted clay cap material meeting a maximum in-place permeability
of 1 x 107 cm/sec.

3. A 60-mil HDPE geomembrane liner, Since the cap will consist of a geomembrane liner, it
will have a permeability that is less than or equal to the permeability of the bottom liner
system in the cell.

4, A middle drainage layer consisting of a drainage net with overlying geotextile filter fabric.
The middle drainage layer will convey water, which percolates through the overlying cap
materials, off the underlying geomembrane liner. The drainage net will be placed on the ten
percent sfope paralleling the surface of the closure cap. The edge of the drainage net will
extend into the erosion protective cover around the edges of the cap to allow water that enters
the drainage net to drain freely. However, the majority of the drainage water collected in the
net will be intercepted by a perforated drainage pipe, which is to be located around the
perimeter of the cap directly undemeath the flow line of the drainage collection ditch of the
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cap. This pipe will be placed on the same slope as the drainage collection ditch (i.e. 0.5%)
and will be connected into the proposed downspouts. The cap drainage layer consists of SLT
GS-228 (or other drainage nets, such as Gundie X1-14, that meet or exceed the drainage
characteristics of SLT GS-228) underlying a Tensar TG-700 filter fabric (or other equivalent
or improved filter fabric materials). Test information supplied by SLT under a normal load
of 6500 pounds per square foot (much greater than will be experienced by the cell cap liner)
indicates that SLT GS-228 drainage has a transmissivity of 2.5 x 107 m*/sec on a ten percent
slope.

Koerner (1990) suggests that safety factors can be applied to the test results value to
account for creep deformation, or intrusion, of the adjacent geosynthetics into the geonet's
core space and for biological and chemical clogging in the geonet's core space. Inaccordance
with the procedures recommended by Koerner (1990), a safety factor of 1.4 against creep
deformation or intrusion of the adjacent geosynthetic into the geonet's core space, and an
additional safety factor of 2 against potential biclogical and chemical clogging of the geonet
have been applied to the SLT GS-228 test results. Applying an additional design-by-function
safety factor of 1.5 (EPA, 1989) produces a combined safety factor for the drainage netof 4.2
and an allowable design transmissivity for the SLT GS-228 drainage net of 0.6 x 107 m¥fsec
which is approximately equivalent to a foot of sand with a saturated hydraulic conductivity
of 0.20 cm/sec.

5. A 2-foot soil protective cover that will provide frost protection for the liner. The regional
depth of frost penetration map for the United States (EPA, 1980) indicates that the frost depth
at the Lone Mountain Facility is about 10 inches. The protective cover and erosion protective
cover thicknesses should, therefore, provide adequate frost protection.

6. Erosion protective cover consisting of Type 1 granular filter and Type V riprap inside the
ditches around the perimeter of the cap and Type I and Type 1 granular filters and riprap on
the berm and the 2H:1V slopes around the perimeters of the cap.

7. Berms, ditches, downspout pipes, storm drainage pipes and other drainage facilities to control

and convey runoff from the cap.

Based on calculations performed by AGEC, safety factors against failure of the main closure cap area
are 1.6 under static conditions and 1.1 under seismic conditions assuming the geonet is placed such that the-
length of the roll is placed parallel to the slope of the cap. The safety factors are 3.3 under static conditions
and 1.7 under seismic conditions assuming the geonet is placed s!.tch that the length of the rolls is
perpendicular to the slope of the cap. The stability calculations were based on use of textured HDPE liner.

Safety factors against failure of the perimeter berms around the closure cap are 1.5 under static
conditions and 1.4 under seismic conditions. The letter provided by AGEC regarding the resuits of the stability
analysis is included near the end of Exhibit B.
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Closure actions include the following: )

I. Preparation of the Waste Mound

The waste surface at the top of the cell must be amenable for closure. Proper selection,
compaction, slope and grading of the waste is necessary to ensure the integrity of the cap design.
Incoming waste free of sharp objects and debris will make up the final or top one-foot of waste placed
in the cell in order to protect the overlying cell cap. The cell wili be shaped and contoured to conform
to the final grading plan for the waste. The cap will be graded ata maximum slope of approximately
ten percent. The contouring of the waste will reduce the subsequent need for additional fill material,
facilitate grading of the cap, and reduce the possible formation of depressions that could pond water.

2. Unclassified Soil Material

Following completion of the waste surface preparation, an unclassified soil material will be
placed and compacted on top of the waste surface ata thickness of approximately 6 inches where a
GCL is to be placed. This unclassified soil will be graded to conform to the designated cap slopes (i.e.
maximum slopes of approximately ten percent).

3. Low Permeable Soil Layer (Geosynthetic Clay Liner (GCL) or Compacted Clay Cap)

As indicated above, closure of the cell may proceed in phases soon after waste ina given
phase has been prepared to receive the low permeable soil layer. Closure may begin at the southern
end of Phase I and progress northward to coincide with the proposed placement plan for waste in the
cell. Placement of the low permeable soil layer will be initiated and will progress such that drainage
of precipitation runoff from the closure cap and from the adjacent waste material will be away from
the Iow permeable soil layer. The HDPE liner will immediately be placed above any GCL that is
placed to prevent moisture resulting from precipitation from coming into contact with the GCL.

4, I-IDPE Lingr

A 60-mil HDPE geomembrane liner will be instatled above the low permeable soil layer. The
HDPE liner in conjunction with the underlying low permeable soil layer will provide for the long-terin
minimization of liquid migration through the closed cell. Quality control and quality assurance for
HDPE liner installation will be ensured during construction by implementation of the CQA plan.

Slope stability analysis of the 2H:1V side slope around the petimeter of the cap indicates that
the plane govemning stability occurs along the HDPE liner interface with the soil. The slope stability
analysis results (see computations in Exhibit B) indicate that the safety factor against slippage on the

2H:1V side slopes between the textured HDPE liner and the compacted soil is 1.8 under static
conditions and 1.6 under dynamic conditions.

5. Drainage Net and Filter Fabric
A drainage net will be placed on top of the HDPE liner to function as a drainage media for
water that infiltrates the surface soil. A layer of geotextile filter fabric will be installed directly above

the drainage net to prevent clogging of the drainage net by the overlying soil. The drainage net and
the filter fabric will be installed at the same time as the soil protective cover,’
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6. Soil Protective Cover

A 2-foot thick soil protective cover layer will be placed over the drainage layer. Tt is
anticipated that the soil protective covermeeting the Unified Soil Classification designations CL, ML,
$M, SC, SP, SW or combinations thereof may be obtained from borrow sources near the Lone
Mountain Facility.

7. Erosion Protective Cover

The erosion protective cover across the interior portion of the cap (inside the ditch around the
perimeter of the cap) will consist of 2 4-inch layer of Type II granular filter material above the soil
protective cover and a 6-inch layer of Type V riprap. The erosion protective cover on the berm and
on the 2H: 1V slopes around the perimeter of the cap will consist of a 3-inch layer of Type 1 granular
filter, a 4-inch layer of Type 1I granular filter, and a 6-inch layer of Type V riprap on the berm and a
12-inch layer of Type V riprap on the 2H:1V sideslope of the cap..

4.3.1 Surface Water Drainage and Erosion Control

The final closure cap, as illustrated by the closure details presented in Exhibit A, will be constructed
such that it s separated into eight drainage areas consisting of plane surfaces sloped toward drainage collection
ditches around the outside perimeter of the closure cap. The drainage collection ditches will be graded on an
approximate 0.5 percent slope toward pipe downspouts that will be constructed at low points in each drainage
area around the perimeter of the cap. Runoff water will be intraduced into the pipe downspouts via a concrete
inlet box. The pipe downspouts will consist of either a single 18-inch diameter corrugated polyethylene pipe
or a set of two 18-inch diameter corrugated polyethylene pipes. The downspouts will convey the runoff from
the cap areas described above to either existing channel no, 4 located along the north side of Cell 15, existing
channel no. S located along the east side of Cell 15, or to storm drainage pipes that will be constructed in the
common embankments between Cells 14 and 15 and in the common embankment between Celis 12 and 15.
The storm drainage pipes will convey stormwater runoff to the extreme northwest corner and the extreme
southeast corner of Landfill Cell 15, down the exterior embankment slopes and into channel no.'s 4 and 5.

The design of the drainage collection ditches, downspouts and storm drainage pipes for the closure
cap is based on the 100-year, 24-hour precipitation event with peak flows generated using the curve number
methodology and unit hydrograph procedure developed by the USDA Soil Conservation Service (SCS).
Hydrologic calculations are presented in Exhibit F. The rainfali depth for the 100-year, 24-hour precipitation
event at the Lone Mountain Facility is 8.0 inches, Determination of the value of curve number for use in the

§CS procedure was accomplished through the use of information published by the Soil Conservation Service.
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. Acurve pumber of 75 was selected for runoff design from the surface of the final cover based on a Hydrologic

A Soil Type A with a gravel or rock cover.

1. Drainage Collection Ditches

Using the SCS curve number methodology, the peak discharge from the 100-year, 24-hour
precipitation event of 8.0 inches fo the drainage collection ditches with the largest tributary area on
the top of the closure cap was estimated to be 20,2 efs. The analysis assumed that all of the flow
generated from the largest tributary area would be contained within a single drainage collection ditch.
Actually, the flow will be divided between two drainage collection ditches, therefore the analysis
performed is conservative. The drainage collection ditches will have a triangular cross sectional area
with the approximate 10 percent slope (10H:1V) of the cap forming one side of the ditch and a berm
forming the outside of the ditch, constructed with 2H:1V side slopes to a height of 2.83 feet from the
flow line of the ditch to the top of the riprap cover on the berm (see design drawings in Exhibit A).
The riprap and Type Il granular fiiter will not contain runoff water without the water seeping through
the riprap and granular filter. Thus, the actual design of the drainage collection ditches is based on
the flow depth in the ditches and providing one-foot of freeboard to the top of the Type I granular
filter. The actual design depth of the collection ditches is considered to be 2 feet. Ata flow rate of
20.2 cfs and a channel slope of 0.5 percent with a rock lining, these ditches will have a flow depth of
1.2 feet and a velocity of about 2.3 feet per second (see hydrologic calculations in Exhibit F). Ata
velocity of 2,3 feet per second, the riprap erosion protective cover of the cap will be adequate ta
prevent erosion along the drainage collection ditches. With the design depth of the drainage collection
ditches of 2 feet and the maximum flow depth of 1.2 feet, the minimum freeboard in the drainage
coliection ditches during the 100-year, 24-hour precipitation event will be 0.8 foot to the top of the
Type I granular filter material.

2. Downspouts

The closure cap will be drained by eight downspouts that are numbered as Downspout No.
D1 through Downspout No. D8 (see sheet 40 of the drawings in Exhibit A). Table 13 presents a
summary of the design information for each of the downspouts, Supporting calculations for each of
the downspouts are presented in Exhibit F.

3. Storm Drainage Pipes

The storm drainage pipes will consist of smooth lined corrugated polyethylene pipe and will
receive and convey runoff water from Downspouts D1, D2, D3 and D4; from the north half of the
closure cap for Landfill Cell 14; from the roadways formed by the common embankments between
Cells 14 and 15 and between Cells 12 and 15; and from half of the roadways formed by the common
embankments between Cells 12 and 13 and between Cells 13 and 14. The storm drainage pipes are
numbered P1 through P8 and are shown on sheet 40 of the drawings in Exhibit A. The design
information for the storm drainage pipes is summarized in Table 14,

Manhales will be located at every downspout junction with the storm drainage pipes, at the
southeast and southwest corners of Phase 1, and at the northwest and southwest corners of Phase III.
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Inlets to the storm drainage pipes from runoff water generated on the roadways on top of the cell

embankments will consist of inlet boxes or grated covers in the manholes.
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TABLE 13

DOWNSPOUT PIPE DESIGN INFORMATION

Contributing

Headwaler Depth at

Area Flow Rate Number and Sizeof  Downspout Inlet
Downspout (acres) {cfs) Downspout Pipes (feet)
D1 2.0 9.6 1-18" Dia. <3.0
D2 3.6 16.8 2-18" Dia. <2.6
D3 2.3 il? 1-18" Dia, <3.0
D4 2.3 10.8 1-18" Dia, <3.0
D5 2.3 10.9 1-18" Dia. <3.0
D6 34 16.2 2-18" Dia. <2.6
D7 4.4 20.2 2-18" Dia. <2.6
D8 3.6 16.7 2-18" Dia. <2.6

Note: Inlets to all of the downspouts are to be USBR Type 4 inlets.

TABLE 14

STORM DRAINAGE PIPE DESIGN INFORMATION

Pipe Contributing Area Flow Rate  Pipe Size Pipe Slope
MNumber (acres) {cfs) (inches) (fi/fi)

Pi 8.6 50.8 36 0.005
P2 5.5 26.9 30 0.006
P3 2.8 14,0 24 0.006

P4 42 19.5 30 0.005
P5 6.1 28.8 30 0.005
P6 8.5 40.3 36 0.005
P7 8.7 413 30 0.15
P8 8.7 51.5 30
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DESIGN DRAWINGS
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