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TITLE: SUMMARY OF GEOTECHNICAL DESIGN PARAMETERS

Problem Statement

Summarize the geotechnical design parameters for the various landfill and in-situ materials present at the
Pescadito Environmental Resource Center Project Site.
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Assumptions

The landfill will include the following components as detailed below (from top to bottom):

= Final Cover System (4H:1V Slope)
0 7-inch Vegetative Cover / Erosion Control Layer
0 30-inch Infiltration Layer

=  Waste (maximum waste column thickness of approximately 380 feet occurring through peak final
landform elevation of the North and South Unit Landfills)

= Leachate Collection / Liner System on 3H:1V Landfill Sideslopes (Reference No. 3)
0 Protective Soil Layer (2-feet thick)

0 Geosynthetics - Option 1
— Geotextile Slip Layer
— Double-Sided Drainage Geocomposite
— 60-mil Textured HDPE Geomembrane

0 Geosynthetics - Option 2
— Geotextile Slip Layer
— Double-Sided Drainage Geocomposite
— Bentonite Enhanced Textured FML (bentonite side faced down)
— Bentonite Enhanced Textured FML (bentonite side faced up)

o Compacted Low Permeable Soil Liner (k < 1x10” cm/sec)
— MSW Cells (2-feet thick)
— Class | Waste Cells (3-feet thick)

» Leachate Collection / Liner System on Landfill Base (Reference No. 3)
o0 Protective Soil Layer (2-feet thick)

o0 Geosynthetics - Option 1
— Double-Sided Drainage Geocomposite
— 60-mil Textured HDPE Geomembrane

0 Geosynthetics - Option 2
— Double-Sided Drainage Geocomposite
— Bentonite Enhanced Textured FML (bentonite side faced down)

o Compacted Low Permeable Soil Liner (k < 1x10” cm/sec)
— MSW Cells (2-feet thick)
— Class | Waste Cells (3-feet thick)
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= |n-Situ / Foundation Soils

o Stratum | - Stratum | has been reported to consist of clays and sandy clays, with limited presence of
sand and occasional gravel and cobbles. The clays have been characterized as having a stiff to
firm consistency, and occur at ground surface (where present) to a maximum depth of 18-feet
below ground surface (ft bgs) (Reference No. 1).

o Stratum Il - Stratum Il has been reported to consist of predominantly clays with minor occurrence of
sandy clay and organic (plant root) materials. The clays have been characterized as having a stiff to
hard consistency, and occur at ground surface (where present) to depths of up to 10-ft bgs with a
maximum thickness of 10 feet (Reference No. 1).

o Stratum 1l - Stratum Il has been reported to consist of clay and sandy, silty clay with thinly to very
thinly interbedded claystone, siltone, and sandstone seams and lenses (i.e., bedding units typically
1 to 2 feet or less). The clays have been characterized as having a hard consistency, and occur at
depths ranging from approximately 2- to 39-ft bgs with a unit thickness ranging from approximately
8- to 33-feet (Reference No. 1).

o Stratum IV - Stratum IV has been reported to consist predominantly clay and sandy, silty clay, with
thinly to very thinly interbedded claystone, siltstone and sanstone seams and lenses (i.e., bedding
units 1 to 2 feet or less). The clays have been characterized as having a hard consistency, and
occur throughout the site at depths ranging from approximately 16-ft.bgs to greater than 160-ft.bgs
with a unit exceeding 144-feet (Reference No. 1).

Note, the Stratum | and 1l soils are not continuous across the site and occur at very shallow depths below
ground surface (where present).

Material Properties of Geologic Units

A discussion of the material properties including unit weights, shear strength, and consolidation parameters
for the uppermost geologic units occurring at the site are discussed below. Because the Stratum I, Ill, and IV
soils exhibit the same material properties (including but not limited to shear strength) the three soils were
combined and modeled in the geotechnical stability calculations as one lithologic unit / soil layer. The Stratum
| soils were modeled as a separate soil unit / layer.

Unit Weights and Shear Strength

The in situ moist and saturated unit weights assumed for Stratum |, and the combined Stratum II, lll, and IV
soils are based on a review of laboratory test data / reports contained in Reference No. 2 and are
summarized on Table 1 on the following page.

The shear strength parameters of the soils were conservatively estimated based on a review of the following
information:

= Field shear strength data (based on pocket pentrometer readings) reported on the soil boring logs in
Reference No. 1,

= Laboratory tested plasticity indices (Reference No. 2) and

= Correlations made between plasticity indices and shear strength values (Reference Nos. 4, 5, and 6).
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Based on a review of the logs of borings contained in Reference No. 1 — the average shear strength was
estimated to be approximately 2,250 psf for the Stratum | soils, and approximately 4,500 psf for the Stratum
[I-11I-1V soils.

Based on a review of the laboratory test data contained in Reference No. 2 — the average plasticity index
(Pl) was estimated to be approximately 25 for the Stratum | soils, and approximately 35 for the combined
Stratum 1I-11l-IV soils. Using empirical correlations contained in Reference Nos. 4, 5, and 6, the long-term
shear strength friction angle for the Stratum | soil is estimated to be between 27 and 30 degrees based on the
approximate average Pl of 25 that was estimated for the Stratum | soil. Similarly the long-term shear strength
friction angle for the Stratum II-1ll-IV soils was estimated to be between 25 and 28 degrees using the
approximate average Pl value of 36 that was estimated for the Stratum II-1lI-1V soils. A summary of these
correlated values are presented on Table 1 below.

Table 1
Material Properties of Site Geologic Units
Shear Strength Values
. Conservatively Assumed For
Correlation Between Geotechnical Stability Calculations
. Plasticity Index
Approximate and Shear Strength Shear Strength
G Shear Strength 12 Short-Term Conditions Long-Term Conditions
Shear Strength
Moist | Saturated | Obtained from Approximate L L L
Unit Unit Field Pocket Average Friction Friction Friction
Layer Weight | Weight | Penetrometer Plasticity Angle Cohesion Angle Cohesion Angle
Description Yimoist Vst Readings Index ¢’ c (0] c ¢’
Stratum | 125pcf | 126pct | 2,250 psf 25 27°t030° | 1,000 psf 0° 250 psf 10°
Stratum [I-111-IV 129 pcf 132 pcf 4,500 psf 36 25°t0 28° 2,500 psf 5° 720 psf 13.5°

Notes

1. Plasticity Indices reported above represent approximate averages based on a review of the laboratory tested Atterberg Limits reported in Reference No. 2.
2. Correlations between Plasticity Index and Shear Strength are based on a review of empirical correlations cited in Reference Nos. 4, 5, and 6.

The shear strength values utilized in the geotechnical stability calculations (reported above in last few
columns of Table 1) for short-term and long-term conditions were conservatively assumed lower than the
values estimated from the field measurements and correlated Pl values. Specifically, for the short-term
conditions approximately one-half of the field measured undrained shear strength cohesion was assumed
with a friction angle of zero for Stratum | and a very small friction angle value of five degrees was assumed for
the Stratum II-IlI-1V soils. For the long-term conditions, low friction angle values were assumed to represent
potential “softening” or residual shear strength conditions of the soils, with low values for cohesion.
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Consolidation Parameters

The base liner of the North and South Units will be entirely in the Stratum IV soils, with the approximate upper
one-third of the sideslope liners in the Stratum 1ll soils, and the approximate lower two-thirds of the sideslope
liners in the Stratum IV soils. The consolidation parameters for settlement calculations were therefore only
considered for the combined Stratum II-1ll-IV soil unit / layer. The consolidation parameters (compression
index, recompression index, and secondary compression index) were calculated using empirical correlations
between the various consolidation parameters and plasticity index. As stated earlier, an average plasticity
index of approximately 36 was estimated for the combined Stratum II-1lI-1V soils (Reference No. 2). The
consolidation parameters are summarized below in Table 2. Based on a review of laboratory test data/reports
contained in Reference No. 2, an average void ratio (e,) of approximately 0.64 was estimated and is
presented below in Table 2 (later used in the foundation settlement calculations).

Table 2
Geologic Units
Consolidation Parameters

Secondary
Void Average Recompression Compression
Ratio Plasticity Compression Index Index
Geologic Unit / Layer (eo) Index Index (Cc) (C) (Co)
Stratum [I-I11-1V 0.64 36 0.4204 0.0609 0.0136
Notes:
1. Void ratio of 0.64 represents an estimated approximate average based on laboratory test data (Reference No. 2).
2. Compression Index (Cc) was calculated using the following correlation (Reference No. 7): Cc = 0.046 + (0.0104 x PI)
3. Recompression Index (C;) was calculated using the following correlation (Reference No. 7): C: = 0.00194 x (P! - 4.6)
4. Secondary Compression Index (Cq) was calculated using the following correlation (Reference No. 7):  Cq = 0.00168 + (0.00033 x PI)

Overconsolidation Ratio

The overconsolidation ratio (OCR) was determined using an empirical correlation that utilizes natural water
content (wy), liquid limit (w,), and the existing effective overburden pressure (p',) to determine the
preconsolidation pressure (p’',). The following empirical correlation was used based on Reference No. 7:

logiop'; = 597 — 5.32(WN/WL) — 0.25logq0p's

Using an estimated average water content and liquid limit of approximately 17% and 58%, respectively for the
Stratum II-I1I-1V soil unit (Reference No. 2), and calculating the overburden pressure at the landfill soil liner
depth of 100-ft.bgs and an assumed depth of 50-feet below the liner (150-feet) for potential compressible
sails, the preconsolidation pressure (p',) is solved for. The existing effective overburden pressure (p’,) at 100-
ftbgs and 150-ft.bgs is 6,960 psf (333.25 kPa) and 10,440 psf (499.87 KPa), respectively. The
preconsolidation pressure (p'.) at 100-ftbgs and 150-ft.bgs is 125,847 psf (6,026 kPa) and 114,763 psf
(5,495 KPa), respectively.
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The OCR is then calculated as follows:

I

ocr = Pc
(0]
t 100 ft.bgs = 125847 _ 18
at 100 ft.bgs = =55~ =
t 150 ft.bgs = 114,763 _ 11
at150 ft-bgs = 75770 =

The native soil at liner depth and below is determined to be overconsolidated, since the OCR is greater than
1.0. The maximum effective overburden pressure that will occur on the native soils lying directly beneath the
proposed compacted soil liner at the time of the complete build-out of the landfill will occur at the location of
the maximum waste column thickness of 380-ft. Using the unit weight of 65 pcf for waste fill (discussed on
following page) and the thicknesses and unit weight of the final cover, protective cover, and compacted soil
liner (total thickness = 3+2+3= 8-ft, and unit weight = 132 pcf), the effective overburden pressure (p’ﬂ-nal) at
the time of complete landfill build-out is:

D rinar = (380ft waste X 65 pcf) + [(8)ft soil layers x (132 — 62.4)pcf] = 25,257 psf

The estimated effective overburden pressure of 25,257 psf is significantly lower than the effective
preconsolidation pressure (p'c= 125,847 psf) acting on the native soil at liner depth; and therefore it is
assumed that the native soils that will underlie the proposed landfill soil liner will be incompressible for
purposes of foundation settlement calculations (Appendix 11I-D.5-4).

Material Properties of the Final Cover System

The landfill final cover will consist of 37-inches of the Stratum II-1ll-IV soils (as discussed earlier, 7 inches
vegetative cover and 30 inches infiltration layer). The final cover is assumed to perform as a water balance
cover and therefore will not have a geosynthetic barrier layer. For simplicity, the final cover system soil layers
were modeled as one unit in the stability calculations. A summary of the unit weights and shear strength
parameters are presented on Table 3 on the following page.
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Table 3
Final Cover
Unit Weights and Strength Parameters
Shear Strength Shear Strength

Short-Term Conditions Long-Term Conditions
Moist Saturated Friction Friction

Unit Weight Unit Weight Cohesion Angle Cohesion Anqle

Layer Ymoist Ysat (¥ (I) c’ (I)

Final Cover 129 pcf 132 pcf 720 psf 13.5° 720 psf 13.5°

Material Properties of Waste
Unit Weight and Shear Strength

The unit weight of the landfill waste varies widely because of differences in waste constituents, state of
decomposition, degree of compaction, height of placement, amount of daily cover, etc. The total unit weight
of waste has been reported in published technical literature to range from 55 pcf up to 95 pcf. A unit weight of
50 pcf (1,350 Ibs/cy) has been reported for various sites permitted in Texas and agrees with published data
reported for moderately compacted waste (Reference No. 8). Assuming that daily and intermediate soil cover
will be applied at a ratio of 20% to 80% waste, a weighted average of the landfill waste/cover is calculated to
be approximately 65 pcf using a unit weight of 129 pcf for the soil cover material (based on Stratum II-11l-IV
soils). The value of 65 pcf agrees with data published for the unit weight of waste with soil cover under typical
compactive efforts (Reference No. 9).

The shear strength of waste that has been assumed is zero cohesion with a friction angle of 30 degrees. This
assumed shear strength is based on the conservative assumption that the landfill will operate with continuous
leachate recirculation throughout the landfill useful life (Reference No. 10). The assumed unit weights and
shear strength parameters for waste are summarized below on Table 4.

Table 4
Landfill Waste Fill
Unit Weights and Shear Strength Parameters
Shear Strength
Moist Saturated Short-Term & Long-Term Conditions
Unit Weight Unit Weight
Yrmoist Ysat Cohesion Friction Angle
Layer (pcf) (pcf) cc o, ¢’
Waste Fill 65 65 0 psf 30°
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Consolidation Parameters for Waste

The consolidation parameters presented on Table 5 below were used to calculate the waste settlement due
to compression at the landfill. These values represent averages based on published data (Reference Nos. 11

and 12).

Table 5

Landfill Waste Fill

Consolidation Parameters

Compression Index Secondary Compression Index

Layer C¢ Ca

Waste 0.25 0.051
Material Properties of Base and Sideslope Leachate Collection / Liner System
Protective Soil Cover Layer
The protective soil cover layer will consist of 24-inches (2-feet) of the excavated Stratum II-1ll-1V soils placed
over the geosynthetics and immediately below the first lift of waste. The protective cover soil unit weights and
shear strength values are based on the values assumed for the combined Stratum II-1ll-IV soil unit/layer (refer

to Table 1). A summary of the unit weights and shear strength parameters are summarized below on Table

6.

Compacted Low Permeable Soil Liner

The compacted low permeable soil liner will be constructed using excavated Stratum II-1ll-IV soils. The
compacted soil liner unit weights and shear strength values are based on the values assumed for the
combined Stratum II-IlI-1V soil unit/layer (refer to Table 1). A summary of the unit weights and shear strength
parameters are summarized below on Table 6.

Table 6

Protective Soil Cover and Compacted Low Permeable Soil Liner

Unit Weights and Strength Parameters

Shear Strength Shear Strength
Short-Term Conditions Long-Term Conditions
Moist Saturated . .
Unit Unit Friction Friction
Weight Weight Cohesion Angle Cohesion Angle
Layer Yimoist Vat c (0] c [0}
Protective Soil Cover 129 pcf 132 pcf 720 psf 13.5° 720 psf 13.5°
Compacted Low Permeable Soil Liner 129 pcf 132 pcf 720 psf 13.5° 720 psf 13.5°
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Consolidation Parameters for Compacted Low Permeable Soil Liner

It is assumed that the consolidation parameters of the compacted low permeable soil liner presented on
Table 7 below are equal to the consolidation parameters of the combined Stratum II-llI-1V soil unit/layer as

presented previously on Table 2.

Table 7
Compacted Low Permeable Soil Liner
Consolidation Parameters
Secondary
Void Average Compression Recompression Compression
Ratio Plasticity Index Index Index
Layer (eo) Index Cc Cr Ca
Compacted Low Permeable Soil Liner 0.64 36 0.4204 0.0609 0.0136

Notes:
1. Void ratio of 0.64 represents an estimated approximate average based on laboratory test data (Reference No. 2).
2. Compression Index (Cc) was calculated using the following correlation (Reference No. 7): Cc = 0.046 + (0.0104 x PI)
3. Recompression Index (Cr) was calculated using the following correlation (Reference No. 7): C: = 0.00194 x (PI - 4.6)
4. Secondary Compression Index (Ca) was calculated using the following correlation (Reference No. 7):  Ca = 0.00168 + (0.00033 x PI)

Liner System Geosynthetics

The stability of the liner system geosynthetics will depend on interface shear strengths between the various
geosynthetic components which will include from top-down: protective soil-to-geosynthetic, geosynthetic-to-
geosynthetic, and geosynthetic-to-compacted soil liner. The liner system design proposes two different
geosynthetic layer options for both the sideslope liner and base liner e. The critical geosynthetic interface will

be between one of the following interfaces:

=  Geosynthetics Interfaces on 3H:1V Sideslope Liner (from top-down)

o Protective Soil Layer

o0 Geosynthetics - Option 1
— Geotextile Slip Layer
— Double-Sided Drainage Geocomposite
— 60-mil Textured HDPE Geomembrane

o0 Geosynthetics - Option 2
— Geotextile Slip Layer
— Double-Sided Drainage Geocomposite
— Bentonite Enhanced Textured FML (bentonite side faced down)
— Bentonite Enhanced Textured FML (bentonite side faced up)

o Compacted Low Permeable Soil Liner (k < 1x10” cm/sec)
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= Geosynthetics Interfaces on Base Liner (from top-down)

o Protective Soil Layer

0 Geosynthetics - Option 1
— Double-Sided Drainage Geocomposite
— 60-mil Textured HDPE Geomembrane

0 Geosynthetics - Option 2
— Double-Sided Drainage Geocomposite
— Bentonite Enhanced Textured FML (bentonite side faced down)

o Compacted Low Permeable Soil Liner (k < 1x10™ cm/sec)

The critical interface shear strength was assumed equal to a friction angle of 8 degrees with zero cohesion for
the liner sideslopes and equal to a friction angle of 14 degrees with zero cohesion for the liner base. The
values were selected based on a review of past project laboratory test results for various interfaces of similar

liner materials (Reference No. 13).

Table 8
Critical Geosynthetic Interface Shear Strength
on Sideslope and Base Liner
Shear Strength Shear Strength
Short-Term Conditions Long-Term Conditions
Moist Saturated . -
Unit Unit Friction Friction
Weight Weight Cohesion Cohesion Angle
Layer Ymoist Ysat c c ¢'
Critical Geosynthetic Interface Along Sideslope Liner 129 pcf 132 pcf 0 psf 0 psf 8°
Critical Geosynthetic Interface Along Base Liner 129 pcf 132 pcf 0 psf 0 psf 14°

Seismic Impact Zone

A seismic impact zone is defined as an area with a 10% or greater probability that the maximum horizontal
acceleration in lithified earth material, expressed as a percentage of the earth's gravitational pull, will exceed
0.10g in 250 years. Maximum horizontal acceleration is defined as the maximum expected horizontal
acceleration depicted on a seismic hazard map, with a 90% or greater probability that the acceleration will not

be exceeded in 250 years.
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From the United State Geologic Survey (USGS) Earthquake Hazards Program - National Seismic Hazard
Mapping website, the seismic coefficient for the landfill site area was determined to be between 0.02g and
0.049g, expressed as a percentage of the earth's gravitational pull (Reference No. 14). Therefore the site is
not in a seismic impact zone and seismic analyses are not required in accordance with Title 30 Texas
Administrative Code (TAC) §330.557.

Safety Factors Assumed in Geotechnical Stability Calculations

A safety factor of 1.5 was assumed for critical loading conditions in all stability calculations (Reference No.
15). A safety factor of 1.0 was assumed to be adequate when using all worst case conditions. The foundation
bearing capacity and sideslope liner runout calculations assumed a minimum safety factor of 2.0 for both the
short-term and long-term shear strength conditions.

Water Surface Assumed in Geotechnical Stability Calculations

The existing water table surface was conservatively assumed to be at ground surface for the slope stability
calculations and therefore was assumed as follows for the different slope stability scenarios:

= Cell Development Scenarios - the water surface is located at the bottom of the compacted low permeable
soil liner layer along the liner sideslopes and liner base (assumes dewatering to mass excavation / liner
grades if water is encountered in landfill cell); and

= Complete Build-out / Final Landform Scenarios - the combined water / leachate liquid level is located
within the leachate drainage geocomposite or 1-inch above the compacted low permeable soil liner layer
along the liner sideslopes and base.

The water table is believed to be perched and present only in isolated pockets across the site as determined
from subsurface investigations performed on this site (Reference No. 1). The site boring logs indicate soils to
be slightly moist to dry with only isolated pockets of wet to saturated soils present. Visual observations and
photo logs (Reference No. 1) made of the test pits performed in 2012 show the soils to be extremely dry
indicating a much lower water surface across the site.

Based on the results of site-specific investigations performed to date, the subsurface water is expected to
pose little threat to successful excavation of the landfill cells. Further, little if any seepage is expected to
occur based on observations made of isolated occurrences of pockets of wet to saturated soils on site that will
produce very small volumes of water during cell excavation / development. Additionally, if seepage did occur
it would most likely occur at a very slow rate of flow due to the very low permeability of the site soils (i.e.,
hydraulic conductivities ranging from 5.5 x 10”°- to 8.3 x10” cm/ sec - Reference No. 1).
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SUMMARY OF GEOTECHNICAL DESIGN PARAMETERS

Summary of Material Unit Weights and Shear Strength

A summary of material unit weights and shear strength values for all landfill layers and geologic units directly
beneath the landfill is presented on Table 9 below.

Table 9

Summary of Material Unit Weights and Shear Strength

Shear Strength
Short-Term Conditions

Shear Strength

Layer Description Totgl Saturated Long-Term Conditions
i Sl Friction Friction
e e Cohesion Angle Cohesion Angle
Yimoist Ysat c () c’ @
Soil Stratum |I:
Beneath Landfill Sideslope Liner, and o 5
outside of Landfill footprint 125 pef 126 pef | 1,000 psf 0 250 psf 10
Soil Stratum II, 11l & IV:
Beneath Landfill Sideslope Liners, Base Liners, o o
and areas outside Landfill footprint 129 pef 132 pef 2,500 psf 5 720 psf 13.5
Landfill Layers:
Final Cover 129 pcf 132 pcf 720 psf 13.5° 720 psf 13.5°
Waste 65 pcf 65 pcf 0 psf 30° 0 psf 30°
Protective Soil Cover Layer (2-ft) o o
on Sideslopes and Base 129 pcf 132 pcf 720 psf 135 720 psf 13.5
Compacted Low Permeable Soil Liner o .
on Sideslopes and Base 129 pcf 132 pcf 720 psf 13.5 720 psf 135
Critical Geosynthetic Interface along . o
Sideslope Liner 129 pcf 132 pcf 0 psf 8 0 psf 8
Critical Geosynthetic Interface along o o
Base Liner 129 pcf 132 pcf 0 psf 14 0 psf 14
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TITLE:

SUMMARY OF GEOTECHNICAL DESIGN PARAMETERS

Summary of Material Consolidation Parameters

A summary of material consolidation parameters for all landfill layers and geologic units directly beneath the
landfill is presented on Table 10 below.

Table 10
Summary of Material Consolidation Parameters
. Secondary
Effective Pre- Compression Compression
i Overburden | Consolidation Index R . Index
Void . Pressure Pressure S lES
Ratio [ Liquid P’ ' Ce Index Ca
Layer Description (o) Limit ° ¢ (C) Cr (Ca)
Final Cover 0.64 58 0.4204 0.0609 0.0136
Compacted Low Permeable Soil Liner 6,960 psf 125,847 psf
at 100-ftbgs * 064 % | (33325kPa) | (6026 kPa) 0.0609 0.0609 0.0136
Stratum II-1lI-1V 10,440 psf 114,763 psf
at 150-ftbgs 2 064 8 | 4o9s7kPa) | (5495 kPa) 04204 00609 0.0136
Waste Fil (0.25) (0.051)

Notes

preconsolidation pressure.

1. The referenced depth of 100-ft.bgs for the Compacted Low Permeable Soil Liner is relevant to the calculation of the effective overburden pressure and

2. The referenced depth of 150-ft.bgs for the Stratum II-1lI-IV soil is relevant to the calculation of the effective overburden pressure and preconsolidation
pressure on the Stratum IV soil that lies 50-ft below the Compacted Soil Liner.
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Reference Nos. 4, 5, and 6

Empirical Correlations Between
Plasticity Indices & Shear Strength Values































































Reference No. 7

Empirical Correlations Between
Plasticity Indices & Consolidation Parameters












Reference Nos. 8, 9, 10, 11, and 12

Material Properties for Municipal Solid Waste




































Reference No. 13

Interface Shear Strength Test Results
for Various Geosynthetic Interfaces


















Reference No. 14
USGS Seismic Hazard Map of the U.S.



Source: The U.S. Geological Survey (USGS) - 2014 National Seismic Hazard Map



Reference No. 15

USEPA - Solid Waste Disposal Facility

Criteria Technical Manual
(Recommended Safety Factors)

















