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1.0 EXECUTIVE SUMMARY

National Waste Managers, Inc. (NWM) proposes to reclaim approximately 114.4 acres
(measured at inside top edge of perimeter berm), formerly used for sand and gravel
mining, with an engineered state-of-the-art, rubble landfill that will provide disposal
airspace for Anne Arundel County rubble waste disposal for 12 years. The site consists
of a 480-acre parcel located near Odenton, Maryland, as shown on Figure 1-1. The total
area of disturbance is approximately 193.2 acres, as shown on Figure 1-1.

The landfill is proposed to have 21 cells, to allow sequential development. The landfill
cells will be lined with a state-of-the-art, low-permeability liner system to block leachate
(water which contacts the waste) from contacting groundwater. Each cell will be
equipped with a leachate collection and removal system, which will convey the leachate
through a force main to the on-site leachate storage tanks. The leachate will be
transported to a local treatment plant for treatment and disposal. Depending on actual
leachate characteristics and treatment cost, NWM may eventually propose for regulatory
approval an on-site treatment plant with discharge to surface water in accordance with
appropriate National Pollution Discharge Elimination System (NPDES) permit.

As the landfill achieves final grades, the closure cap will be constructed. By constructing
the closure cap in a phased approach, as top of waste grades are achieved, ongoing
leachate generation is reduced, and stormwater can be managed through the series of
terraces, downchutes, perimeter channels; culverts, and stormwater retention basins.

While there is a general movement in stormwater management to promote infiltration, in
the case of landfills, infiltration of stormwater through the waste is undesirable.
However, the on-site stormwater controls will attenuate peak runoff rates, so as not to
increase the runoff rate discharge leaving the site.

The Phase Il Permit Application, prepared by Advanced GeoServices Corp. (AGC
Montrose) and dated June 2020, was approved by Maryland Department of the
Environment (MDE) on June 17, 2020. This Phase Ill Permit Application was prepared
in accordance with Code of Maryland (COMAR) Regulations, as required for issuance of
a Refuse Disposal Permit from MDE. Landfill construction and operation will comply
with Federal, State, and County Regulations pertinent to waste acceptance, sediment
control, stormwater management, flood plains, wetlands, environmental protection,
public health, and safety.

National Waste Managers, Inc., at the following address, will be responsible for operation
and maintenance of the proposed rubble landfill.

National Waste Managers, Inc.
2900 Linden Lane, Suite 300
Silver Spring, MD 20910
Telephone: 301-495-1520

1-1
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2.0 WASTE ACCEPTANCE AND AREA TO BE SERVED

The Code of Maryland (COMAR) Regulations Title 26 Subtitle 4 Chapter 7 (herein after
referenced as 26.04.07), identifies four categories of solid waste landfills in Maryland:

e Municipal Solid Waste (MSW) — defined as waste generated by a community,
excluding wastes defined otherwise (COMAR 26.04.07.02). Traditionally MSW is
residential and office and retail business wastes.

e Land Clearing— limited to soils, trees stumps, root mats, brush and limbs, logs,
vegetation, and rock (COMAR 26.04.07.11)

¢ Industrial Waste — nonhazardous industrial solid wastes (COMAR 26.04.07.19)
Rubble Waste — typically debris associated with construction demolition (see
Section 2.1)

The Chesapeake Terrace Rubble Landfill will only accept wastes COMAR-approved

“rubble waste.”

2.1 Acceptable and Unacceptable Waste

The Chesapeake Terrace Rubble Landfill is located in Odenton, Anne Arundel County,
Maryland. The rubble landfill will accept the types of rubble waste listed in the COMAR
26.04.07.13 summarized, as follows:

Land Clearing Debris, includes the following:

O O O O O O O O

Earth material such as clays, sands, gravels, and silts;
Topsoail;

Tree Stumps;

Root Mats;

Brush and Limbs;

Logs;

Vegetation; and,

Rock.

Demolition Debris, includes the following:

O

Acceptable demolition debris associated with the razing of buildings,
roads, bridges, and other structures includes structural steel, concrete,
bricks (excluding refractory type), lumber, plaster and plasterboard,
insulation material, cement, shingles and roofing material, floor and wall
tile, asphalt, pipes and wires, and other items physically attached to the
structure, including appliances if they have been or will be compacted to
their smallest practical volume.

Unacceptable demolition debris includes industrial waste or byproducts,
any waste materials contained within a structure or on the grounds of
the structure being demolished that are not physically part of the
structure, or which are comprised of or contain materials that pose an
undue risk to public health or the environment.

2-1
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Construction Debris, includes the following:

o Acceptable construction debris is structural building materials including
cement, concrete, bricks (excluding refractory type), lumber, plaster and
plasterboard, insulation, shingles, floor, wall and ceiling tile, pipes, glass,
wires, carpet, wallpaper, roofing, felt, or other structural fabrics. Paper
or cardboard packaging, spacing, or building materials, provided that
they do not exceed 10% by volume of the waste, may be accepted at
the rubble landfill.  Paint containers, caulk containers, or glaze
containers are acceptable, provided that they are empty and any
residual material that is dried before acceptance at the rubble fill, and
further provided that this waste category does not exceed 1% by volume
of the waste accepted at the rubble landfill.

o Unacceptable construction debris includes commercial, domestic, or
industrial wastes or byproducts, paint, tar or tar containers, caulking
compounds, glazing compounds, paint thinner or other solvents or their
containers, creosote or other preservatives or their containers, tile,
paneling, or carpet cement or other adhesives, and other solid waste
which may contain an unacceptable waste or substance as may be
determined by the approving authority to be unacceptable.

Tires. Scrap tires may be accepted at the facility and managed in
accordance with the requirements of a scrap tire collection facility license
issued under COMAR 26.04.08. Disposal of tires in a landfill is prohibited.

Asbestos Waste. Asbestos waste is acceptable provided that the material
that is received is packaged and labeled as specified in COMAR
26.11.15.04, and is managed in the following manner:

o Prior notification to the landfill supervisor is required;

o The waste asbestos is unloaded carefully to prevent emission of fibers
into the air;

o The area used for burial of asbestos shall be restricted to the working
face of the landfill, or a separate cell dedicated solely to asbestos
disposal;

o The waste shall be completely covered with earth or other rubble and
may not be compacted or driven over until sufficient cover has been
applied to prevent the release of asbestos fibers to the atmosphere
during compaction or application of other cover material; and,

o Operators at the landfill shall wear respiratory protection approved by
the National Institute for Occupational Safety and Health for protection
against asbestos fibers, and protective clothing when considered
necessary.

o Household Appliances and White Goods. Household appliances and
white goods are acceptable provided that any refrigerant is removed
from the appliances before burial in the landfill and is managed in
accordance with §608 of the Federal Clean Air Act (42 U.S.C. §76719).

o Processed Debris. Processed debris is acceptable only at a rubble
landfill having a liner and leachate collection system constructed to the
standards as specified in Maryland Department of the Environment
(MDE) COMAR Regulations 26.04.07.16.

2-2
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o Other Waste Materials. Waste materials not specifically listed in this
section may not be disposed of in a rubble landfill before receiving
written approval of the Approving Authority.

The Chesapeake Terrace Rubble Landfill has a total gross design capacity of
approximately 9.3 million cubic yards (MCY). Assuming three percent (10%) of the volume
is reserved for daily/weekly cover, the net disposal capacity is 8.4 MCY..

The average daily rubble intake used for calculating the life of the Landfill is 1,602 tons per
day, and an average unit weight of 0.59 tons/cubic yard. At the average daily rubble intake
rate (5-day per week operation), the life of the Chesapeake Terrace Rubble Landfill facility
is 12 years. The average daily rubble intake is used for estimating purposes and the actual
rubble intake rate may lead to a different facility life span. Often, waste intake varies by
season and day of the week. As such, some days may have higher intakes, while others
may be lower. At the end of life, the landfill will be closed, maintained and monitored
according to the COMAR regulations and the facility's Closure and Post-Closure Plan,
included in Section 15 of the Phase Il Permit Application.

2.2 Signage

To be clear on the types of wastes accepted at the site, there will be two large signs
posted near the scalehouse at the main entrance listing wastes that are and wastes that
are not acceptable. The details for these signs are provided on Drawing 9.

Due to the number of vehicles and the traffic expected within the property, there will also
be a series of other signs controlling traffic throughout the site, including but not limited
to, the list of signs below:

e Stop e Speed Limit (various) e Steep Grade
¢ Yield ¢ No Shoulder ¢ Authorized Vehicles Only
e Do Not Enter ¢ Wrong Way e Back-in Parking Only

A variety of other signs will be used as needed.

2.3 Area and Population Served

The Chesapeake Terrace Rubble Landfill is located in Anne Arundel County, Maryland.
Due to the cost of transporting rubble, it is a reasonable assumption that most of the rubble

waste will originate within a 75-mile radius of the landfill. This area includes the following
Maryland counties and their corresponding populations:

2-3
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Anne Arundel 556,100
Baltimore 842,600
Calvert 100,450
Caroline 40,300
Carroll 197,400
Charles 177,200
Dorchetser 36,300
Frederick 287,900
Harford 276,500
Kent 22,200
Montgomery 1,075,000
Prince George’s 921,900
Queen Anne’s 55,650
Saint Mary’s 130,100
Somerset 28,300
Talbot 40,050
Wicomeco 107,450

Population taken from web page https://msa.maryland.gov/msa/mdmanual/01glance/htmi/pop.htmli#county

The total population of these counties is nearly 5 million people.

2-4
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3.0 PROJECT DESCRIPTION

3.1 Regulatory Compliance

Table 3.1 - Phase Ill Application Compliance with COMAR Regulations

COMAR Description Where
Regulation addressed
26.04.07.16

Phase llI

1. A map which designates the property boundaries, the actual | Drawings
area to be used for filling, and existing and proposed structures
and on-site roads

2. A description of any vehicle weighing facilities, communications | Section
(telephone, radios), maintenance and equipment storage 12.0
facilities, and water supply and sewage systems.

3. a. A description of the types of solid waste: Section

(i) to be accepted. 2.0
(ii) NOT to be accepted.
b. Area and population to be served by the facility.

4. The anticipated quantities of solid waste to be accepted and the | Section
calculations used to determine the useful life of the facility 5.0

5. Proposed methods of collecting and reporting data on the | Section
quantities and types of solid waste received and for revising 12.0
facility life expectancy projections.

6. The volume and type of available cover material, the calculated | Section
volume of earth needed for periodic, intermediate, and final 8.4
cover, the location of earth stockpiles, and provisions for saving
topsoil for use as final cover.

7. Proposed means of controlling unauthorized access to the site. Section

12.0

8. Proposed operating procedures including: Section

a. Hours and days of operation 12.0
b. Number and types of equipment to be used
¢. Number of employees and their duties
d. Provisions for fire prevention and control
e. Means of preventing public health hazards and
nuisances from blowing paper, odors, rodents, vermin,
noise, and dust
f. Proposed method of daily operation including wet
weather operation

9. The location and depth of solid waste cells and the sequence of | Drawings
filling.

10. Natural or artificial screening to be used. Section

6.3

11. Methods of controlling on-site drainage, drainage leaving the | Section

site, and drainage onto the site from adjoining areas. 17.0 &
Drawings

3-1
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COMAR Description Where
Regulation addressed
26.04.07.16

Phase lll

12. A contingency plan for preventing or mitigating the pollution of | Section
the waters of the State of Maryland. 16.0

13. Proposed methods for covering and stabilizing completed | Section
areas. 18.0

14. & 15. | A system for monitoring the quality of the waters of the Sate | Section
around and beneath the site, including the location and types of 16.0

monitoring stations, and the methods of construction of
monitoring wells.

16. A schedule for implementing construction and implementation | Section
of the operation plans and engineering specifications once the 7.2
refuse disposal permit has been issued.

17. A landfill closure and post-closure plan to be followed cover a | Section
period of not less than 5 years after application of final cover. 15.0

18. The name, address, and telephone number of the person or | Section
agency responsible for the maintenance and operation of the 1.0
site.

19. An engineered design for a liner system and leachate collection | Sections
system for the proposed rubble landfill based upon geotechnical | 9.0 & 10.0
information developed in Phase | and Phase Il and

Drawings

20. A proposed method, engineering specifications, and plans for | Section

the collection, management, treatment and disposal of leachate 10.0

generated at the facility, including the calculations used to
determine the estimated quantities of leachate to be generated,
managed, stored, treated, and disposed.

3.2 Existing Site

The site of the proposed rubble landfill is located southeast of Fort Meade in Odenton,
Maryland. The property is bounded by Patuxent Road to the north, CSX/Amtrak rail lines to
the west, Conway Road to the south, and Patuxent River Park to the northeast. See
Location Map on Drawing 2. The property, consisting of approximately 480 acres, was
previously used to mine sand and gravel. Surface runoff drains across the site in a
northerly direction toward a 100-year flood plain, between the proposed rubble landfill and
Patuxent Road. See Site Plan on Drawing 2.

National Waste Managers, Inc. proposes to reclaim approximately 114.4 acres, formerly
used for sand and gravel mining, with an engineered state-of-the-art rubble landfill that will
provide air space for rubble waste disposal for 12 years. The site consists of a 480-acre
parcel located near Odenton, Maryland, as shown on Drawing 2. Existing topography and
mapped wetland boundaries are presented on Drawing 2. The proposed landfill limit of
waste is approximately 114.4 acres, as shown on Figure 3.

3-2
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The landfill is proposed to have 21 cells, to allow sequential development. The landfill cells
will be lined with a state-of-the-art, low-permeability liner system to block leachate (water
which contacted the waste) from contacting groundwater. Each cell will be equipped with a
leachate collection and removal system, which will convey the leachate through a force
main to one of the on-site leachate storage tank. Final disposition of the leachate from the
storage tank is addressed under Section 10.11 Leachate Disposal, of this Phase Ill Report.

As the landfill achieves final grades, the closure cap will be constructed. The closure cap
will also include a low-permeability barrier layer designed and constructed to prevent
precipitation from infiltrating into the filled waste material. By constructing the closure cap
as grades within cells or portion of cells are achieved the volume of leachate requiring
management is reduced. Precipitation falling on the completed cap (i.e., stormwater runoff)
is managed through the series of controls and diversion (such as terraces, down-chutes,
perimeter channels and culverts) that direct the water to stormwater retention basins
situated around the landfill. The stormwater retention basins provide storage and allow the
water to be discharged in a limited/controlled fashion. Drawing 3 presents the conceptual
layout and configuration for the proposed landfill cells and stormwater retention basins.
Additional details regarding landfill layout, configuration, closure cap construction and
stormwater management are presented throughout this Phase Ill Permit Application.

3.3 Topography, Drainage and Features
3.3.1 On-Site

A topographic base map of the site is shown on Drawing 2. This map shows natural
drainage features, wetlands, the 100-year flood plain, property lines, and forested areas.
Extensive surface mining for sand and gravel has taken place in the northwestern portion of
the proposed landfill area. The results of this past mining activity is the surface is uneven
and barren in some areas. There are no on-site structures, utility pipelines, storage tanks,
or water supply wells.

A ridge with elevations up to 196 feet (ft) above mean sea level (amsl) is located on and
adjacent to the southern property line. The land surface across the site slopes north from
this ridge toward the Little Patuxent River which is at an elevation of approximately 60 ft
amsl. The vast majority of surface water from the site drains to the northeast toward the
Little Patuxent River. The extreme western corner of the property drains to the west toward
the Patuxent River.

3.3.2 Localized

The topography beyond the property can be viewed on Figure 2 from the Phase Il Permit
Application (included here as Attachment 3A), which shows profiles in four directions
through the site. These profiles are taken from GoogleEarth® so the elevations are +/-5-ft
amsl. The value of these profiles is that they show the relative elevations of the site
compared to the surrounding communities, from 3 to 5 miles from the site. The data shows
that the site is located along a localized high-point created by the Little Patuxent and
Patuxent River valleys. The areas north, west and east are at lower elevations than the
southern portions of the site. The elevations beyond the southern limits of the site
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generally slope downward to the Patuxent River. This means that surface water is
generally not running onto the site from off-site sources.

3.4 Access/Site Entrances

Three entrances are shown for the site, as depicted on the Design Drawings.
Construction of only one site entrance is required by COMAR regulations and Maryland
Department of the Environment (MDE). The main entrance is intended to be the East
Entrance (Drawings 4 and 5) from Conway Road, as stipulated in the special exception
issued by the County, with access for emergency vehicles provided via a 12 feet wide
lane from Patuxent Road (see Drawing 64). The Optional North and South Entrances,
Drawings 89 and 90,respectively, are presented for approval in the permit but will only
be constructed in theevent that acquisition of the property, right-of-ways or easements
required for the EastEntrance is unsuccessful. NWM recognizes that the stipulation in
the special exceptionmust be changed or nullified before the optional entrances may be
utilized.

If the Optional North Entrance is constructed in lieu of the East Entrance, stipulations
under construction sequencing drawings for the Optional North Entrance are maintained.
If the Optional South Entrance is designated by the Owner to be constructed in lieu of
both the East and North Entrances, then a variance from MDE (as specified under
Section 7.3, "Variance from Sequence of Construction for Landfill Cells") must be
obtained, prior to beginning construction.

Information on Drawing 63 "Sequence and General Notes for Construction" describes
criteria for landfill construction.

Primary methodology associated with landfill construction over the life of cell
construction and waste placement operation is depicted on Intermediate Construction
Stage Plans (see Drawings 64 through 81), which depict construction of landfill cells and
appurtenances from beginning to end of landfill construction.

Contract Documents for landfill construction, per Specifications under Section 7.6,
"Preparation of Contract Documents for Intermediate Stage Construction", will be
prepared per Intermediate Construction Stage Plans shown on Drawings hereunder.

3.4.1 Site Entrance Infrastructure and Queue Lanes

As shown on Drawings 4and 5 for the East Entrance, and on Drawings 89 and 90 for the
optional entrances, scale house and truck scales, maintenance building, and wheel
wash with adjacent concrete clean-out are provided for each of the three site entrances.
See "Operations Plan" in Section 12.0.

It is anticipated that the facility will accept rubble waste at the rate of approximately
1,602 tons per day. Per "Operations Plan" in Section 12.0, at this waste acceptance
rate, it is expected that almost all waste will be delivered to the site by semi-trailers.
Under the assumption that each semi-trailer delivers 20 tons waste to the site, 80 semi-
trailers per day would be required to meet 1,602 tons per day throughput.

Per "Operations Plan" Section 12.6.2.3, approximately two minutes processing per
vehicle would be required to move a vehicle from the truck scale onto the landfill

3-4
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perimeter access road. During an 8-hour day, average arrival rate of semi-trailers at the
site would be approximately 6 minutes. In consideration of the eventuality that peak
traffic consisting of simultaneous arrival of semi-trailers at the scale house, queue lanes
for each of the three site entrances are provided (per description under Sections 3.4.2
through 3.4.5). Regardless of which entrance is eventually constructed, trucks will not
be permitted to queue onto public roads.

3.4.2 Assumed East Entrance

The assumed East Entrance would be constructed as shown on Drawings 4, 5, 55, and
56. The East Entrance access road from Conway Road to the scale house is
approximately 5,000 feet long. Assuming the length required to queue a single tractor
trailer is 60 feet, and no movement past the scale house, all of the landfill's estimated
daily 80 waste trucks could be queued on the East Entrance access road. Access for
emergency vehicles will be provided via a 12 feet wide lane from Patuxent Road (see
Drawing 89).

The portion of the East entrance access road from Conway to the property line is a
gravel-surfaced road. From the property line to the scales through the turn onto the
landfill perimeter road, the road surface is paved.

3.4.3 Optional North Entrance
Optional North Entrance would be constructed as shown on Drawings 89 and 57.

Three lanes, approximately 600 feet long each, are provided. Assuming single vehicle
queue length of 60 feet and no movement past the scale house, 20 of the landfill's
estimated daily 80 waste trucks could be queued on two North Entrance lanes. The
remaining lane would be reserved for outbound traffic. As warranted, outbound traffic
would be queued on-site and the outbound lane would be used by emergency vehicles
entering the site, if the main path is blocked with waste trucks.

3.4.4 Optional South Entrance

Optional South Entrance would be constructed as shown on Drawings 90 and 54. Four
approximately 450 feet long lanes are provided. Assuming single vehicle queue length
of 60 feet and no movement past the scale house, 22 of the landfill's estimated daily 80
waste haulers could be queued on three South Entrance lanes. The remaining lane
would be reserved for outbound traffic. As warranted, outbound traffic would be queued
onsite and-the outbound lane would be used by emergency vehicles.

3.4.5 Emergency Exit

Regardless of which entrance is constructed, consistent with the redundant design
approach associated with landfills, so that each system has a primary and a “backup”,
there will be a road for use as an “emergency exit”, in the event the Entrance is blocked
(e.g., downed power lines, broken-down truck, loss of power at the automatic gates,
etc.). This emergency exits will be one 12-foot wide, paved lane, as shown on Drawing
64, at the location of the Optional North Entrance.
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3.5 Proposed Rubble Landfill Description

The proposed rubble landfill will consist of approximately 114.4 acres dedicated for landfill
waste disposal, or airspace. Total site disturbance to construct the facility (including the
access road, leachate collection and storage area, stormwater management facilities, etc.)
is approximately 193.2 acres. The rubble landfill will consist of a series of excavated cells,
contained within a perimeter berm (Cells 1 through 10 in the West Section and Cells 11
through 16 in the East Section, as shown on Drawings 10 and 11). A summary of cell
areas is provided in the following table.

Summary of Cell Areas

Cell Area (acre)
1 13.2
2 7.5
3 4.9
4 5.5
5A 5.6
5B 3.4
5C 4.4
5D 2.9
5E 3.2
5F 1.7
6 5.2
7 6.7
8 6.0
9 4.0
10 9.6
11 7.0
12 6.7
13 3.4
14 4.3
15 4.7
16 4.5

The landfill will have a series of containment systems to protect human health and the
environment from potential releases form the landfill. These containment systems include

the following:
Liner System

Cap/Closure System

Stormwater Management

Leachate Collection and Management

Landfill Gas Collection and Control

These systems are described briefly below and in greater detail throughout the Phase llI

Permit Application.
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Site entrances are described under Section 3.4.
3.5.1 Liner System

Each landfill cell will contain a liner system. The proposed design includes a liner system
configuration specifically meeting the COMAR requirements listed in 26.04.07.16C. The
proposed liner system components include the following basic components, from top to
bottom:

e Select Waste: A 48-inch protective layer to protect the integrity of the underlying
layers;

e Leachate Collection Layer: A 24-inch leachate collection and removal system to
remove leachate, precipitation that comes into contact with the waste, from the
landfill;

o Barrier Layer: Layer to prevent leachate from percolating beyond the landfill liner
system and into the underlying soils and groundwater; and

e Prepared Subbase: A 24-inch layer with reduced hydraulic conductivity in intimate
contact with the barrier layer intended to minimize the leakage from the barrier
layer, in the event the barrier layer is compromised.

As indicated by the description of the liner system, most items at a landfill have a primary
system and then a backup for contingency — in the event the primary system fails. This
redundancy is reflected in the liner system with the primary barrier layer and the prepared
subbase backup barrier layer.

The COMAR-required liner system identifies the use of natural soil materials or synthetic
materials for certain liner system components. The liner system proposed by NWM utilizes
the synthetic alternatives provided for in the COMAR regulations for the barrier layer (60 mil
HDPE geomembrane) and a portion of the leachate collection layer (geocomposite
drainage layer (GDL) located on top of the geomembrane and at the bottom of the 24-inch
thick leachate collection layer).

Geosynthetics are widely preferred and used over natural soil materials for many of the
liner system components due to consistency of product, ease of installation, improved
performance over natural materials relative to protection of groundwater, and their use for
this purpose for more than thirty (30) years in hazardous waste, municipal solid waste, and
industrial waste applications.

Landfill liner systems with properly installed geosynthetic components are viewed as
superior to systems with natural soils, for a number of reasons, including but not limited to:

¢ Consistency of the geosynthetic products over multiple years of construction;

o Permeability being several orders of magnitude lower than the permeability of
natural soils, providing more protection against leakage;

¢ Inert nature of the geosynthetics, averting possible chemical reactions with the
leachate or waste disposed at this site;

3-7
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e Proven-track record of using geosynthetics as barrier components of liner systems
for more than 30 years in municipal waste landfills, hazardous waste landfills, and
industrial waste landfill;

Reduced traffic from hauling natural materials to site for construction;
¢ Reduced timeline for each phased construction effort; and,

e Preservation of natural soils to reducing the needing for soils mining.

More detailed discussions of materials and their selection is provided in Section 9 of this
Phase Ill Permit Application. Liner system details are provided on Drawings 14 through 16.

The landfill cell floor grades have been designed to maintain 3 feet minimum distance (after
landfill settlement) from the bottom of the prepared subbase to the Highest Predicted
Groundwater Contours indicated on Phase Il Permit Application, as discussed further in
Section 4.0.

3.5.2 Leachate Management System

The leachate collection system has been designed in accordance with COMAR
26.04.07.16.C. The bottom limit of the leachate collection system is defined by the GDL,
which will be installed directly on the geomembane liner component. The geomembrane
layer will be in intimate contact with the top of the prepared subbase. Elevation control for
the top of subbase grading presented on Drawings 10 and 11, is critical to ensure that 2%
minimum required bottom slopes remain following any predicted long term settlement.
During construction, bottom elevations shall be laid out utilizing the sump invert elevations
and minimum slopes presented on Drawings 6 and 7, and 10 and 11.

Leachate collection system details are shown on Drawings 19 through 21. Leachate will be
intercepted by the leachate collection layer contained within the liner system, immediately
above the barrier layer. Leachate will flow within the leachate collection layer to the
leachate collection sump. Within the cell sump (i.e., low spot), submersible pumps
compatible with the leachate will transfer the leachate out of the cell into the leachate force
mains and then to one of two Leachate Storage Facilities.

From the leachate storage tanks, the leachate will be hauled off-site for disposal.

Environmental Recovery Corporation (ERC) of Maryland, located in Baltimore, has
provided written confirmation that they can process and treat the estimated leachate
volume of 75,000 gallons per day. A copy of that confirmation is attached to this response
to comments letter. No pre-treatment is anticipated prior to shipment.

Details and layout of the leachate management system are provided on Drawings 17
through 29. Detailed description pertinent to leachate collection system design and
installation is presented in Section 10.0 "Leachate Management System" and in Section
14.0, "Construction Specifications", respectively.

Depending on the nature of the waste disposed, the levels of contaminants in the leachate,
and the volume of leachate produced (which is directly linked to the amount of rainfall), the
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owner may choose, in the future to develop an on-site wastewater treatment plant to treat
leachate and obtain a NPDES discharge permit.

3.5.3 Cap/Closure System
3.5.3.1 Final Cover Layer

As waste grades attain the maximum permitted filling elevations presented on Drawings 30
and 31, a minimum24-inch thick Final Cover will be placed. The Final Cover Surface shall
be graded to promote runoff and minimize erosion. Minimum and maximum Closure Cap
slopes are four percent (4%) and twenty-five (25%), respectively. In addition, to ensure
adequate flow capacity for the proposed cap drainage layer, the minimum cross-slope for
the Final Cover surface across proposed terraces and haul road benches shall be 7-
percent.

3.5.3.2 Closure Cap

The Final Cover Layer will be the supporting layer for the Closure Cap. Pursuant to
COMAR 26.04.07.21G, the Closure Cap will consist of the following components, from top
to bottom:

e Vegetative Stabilization — Perennial cover as recommended by the Anne Arundel
County Soil Conservation District, with sufficient lime and commercial fertilizer
applied to sustain vegetative growth.

e Final Earthen Cover — 24-inch thick (minimum) soil layer, including a upper 6-inch
thick vegetative support layer.

e Drainage Layer - Geocomposite Drainage Layer (GDL) or 6-inch thick drainage
layer with a permeability equal to or greater than 1 x 10° cm/sec. We are
requesting MDE approve of the GDL in-lieu of the 6-inch thick drainage layer.

e Low Permeability Cap - 40 mil (minimum) synthetic (textured LLDPE) material with
a maximum permeability of 1 x 10'° cm/sec.

The purpose of the closure cap is several-fold, including to:

e Prevent infiltration of precipitation into the waste,
e Prevent contact with the waste, by people or animals, and
e Prevent burrowing animals from disturbing the waste.

More detailed discussion of the Closure Cap system and selection of materials is provided
in Section 9.0. Grading plans and details associated with the final cover layer and the
closure cap system are provided on Drawings 30 through 35. Materials specifications are
provided in Section 14.
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3.5.4 Landfill Gas Collection and Control

A byproduct of landfill disposal of waste is often gaseous emissions, as the waste
decomposes, when exposed to infiltrating rainwater or the mixture of the wastes disposed.
The exact character and nature of these emission, dubbed “landfill gas”, varies based on
the composition of the wastes disposed, but the primary component is usually methane.
Depending upon the concentration of methane in the landfill gas, a passive landfill gas
management system may be used. However, if concentrations are higher, so that they can
sustain a landfill gas flare or even be used to produce power for on-site use, an active
landfill gas collection and control system should be installed.

For municipal waste landfills, an active landfill gas (LFG) collection and control system is
required. For rubble waste, the need for an active system varies with the type and volume
of waste deposited. For this application NWM has included information and details for an
active LFG collection and control system will be needed. This LFG system will include the
following components:

o LFG monitoring probes at the property line to verify LFG is not in the soils or
groundwater at the property limits.

e LFG extraction wells installed in the waste (the extraction wells will be capable of
functioning in passive mode if gas generation rates cannot support an active gas
system and use of a passive system is approved by MDE).

o LFG laterals and headers to convey LFG from the wells to a LFG Flare to burn the
LFG.

o A blower which will impose a negative pressure on the system to “suck” the LFG
out of the landfill. The blower is typically included with the flare and recommended
by the flare manufacturer. (The size and configuration of the blower and flare will
be a function of the volume of gas being generated/required extraction rates,
methane concentrations and size and layout of the area of extraction.)

Further discussion of the LFG Collection and Control System is provided in Section 11.
3.5.5 Stormwater Management

One of the requirements of COMAR 26.04.07 and 40 CFR 257 is the management of
surface water run-on from upgradient sources and the management of stormwater runoff
from landfills. 40 CFR 257 and 258 list requirements for coal-combustion residual and
municipal solid waste facilities. 40 CFR 258.26 (a) specifically requires

“(1) A run-on control system to prevent flow onto the active portion of the landfill
during the peak discharge from a 25-year storm;

(2) A run-off control system from the active portion of the landfill to collect and
control at least the water volume resulting from a 24-hour, 25-year storm.”

While this is a Rubble Waste facility so these federal requirements are not applicable, they

are relevant and appropriate. Thus, surface water/stormwater runoff controls at the
Chesapeake Terrace Rubble Landfill were designed for the 25-year, 24 hour storm event.
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The stormwater management systems consists of a number of components, including the
following:

Terraces on the closure cap

o Downchutes to convey flow from the terraces, off the landfill

o Perimeter channels and swales to convey flow from the downchutes and other
operational areas to the stormwater management basins

e Culverts convey flow at road or driveway crossings

Detailed design information about the stormwater management system is provided on
Drawings 38 through 53 and described in Section 17.

3.6 Solid Waste Management Plan

The Chesapeake Terrace Site was included in the Anne Arundel County 10-Yr Solid Waste
Management Plan 2013-2023 as a proposed facility.
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Regional Topographic Information
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4.0 GROUNDWATER SEPARATION

COMAR 26.04.07.16C(6)(a) specifies that “the liner system shall be located entirely above
the composite high groundwater elevation.” It further requires there must be minimum 3
feet distance between “maximum expected groundwater elevation” and “bottom of the liner
system, including the subbase.”

Drawings 6 and 7 present the Bottom of of Subbase grades ffor the west and east sections,
respectively. Figure 12 of the Phase Il Permit Application (included in Attachment 4A)
represents “highest observed/predicted groundwater condition — unconfined zone.”
Comparing these two surfaces provides the isopach map (Figure 4-1) representing the
distance between these surface. At all locations, the isopach map shows a minimum
distance of at least 3 feet.

It should be noted that the grades shown on Drawings 6 and 7have a minimum constructed
slope of three percent (3%) to account for differential settlement over the life of the landfill,
so that after placement of waste, minimum floor grades will remain at two percent (2%) or
greater. For further discussion about differential settlement, please consult Section 9.

During construction stakeout for the bottom of the subbase beneath the sump, the bottom
of subbase elevations shown in tabular form on Drawings 6 and 7 should be laid out first.
All subsequent stakeout should be performed relative to the bottom of subbase beneath the
sump and utilizing the leachate collection sump configuration on Drawing 19.
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5.0 LANDFILL DESIGN LIFE
5.1 Landfill Air Space Estimate

Available area for rubble waste disposal consists of approximately 114.4 acres, as
measured at the inside top of berm. AutoCAD computer software was used to estimate
total landfill air space between Top of the Leachate Collection System Contours (shown on
Drawings 17 and 18) and Top of Waste Contours (shown on Drawings 30and 31). The
total gross volume available between these two surfaces is 9.3 million cubic yards (MCY).

5.2 Landfill Life Expectancy

Total available landfill airspace between Top of the Leachate Collection System and Top of
Waste surfaces is approximately 9.3 MCY of compacted fill material. This volume includes
intermediate and periodic cover. Assuming ten percent (10%) of the total waste disposal
volume is intermediate and periodic cover, the net waste disposal volume is 8.38MCY.

The Owner anticipates 1,602 tons per day rubble waste placement, at an average unit rate
of 44.0 Ibs/cf during a 5 -day per week operational time frame. At this rate, one 8-ft thick lift
over 1 acre will provide 4.8 days of disposal. The average daily waste placement rates are
based on a 12 year operating life, See the calculation and summary Table A in Attachment
5B.

There will be time associated with construction of the landfill and closure of the landfill
which falls outside this 12 year operating life.

We currently anticipate the initial roadways, leachate storage tanks, cells, interior roads,
and stormwater management features will take up to two years to construct. After final
landfill grades are achieved, COMAR 26.04.07.21C requires closure construction to begin
within 24 months of the placement of the final lift of waste and completion of closure cap
construction within 36 months of the placement of the final lift.

While we anticipate phased closure cap construction, as areas achieved top of waste filling
grades, there may still be a substantial area (20+ acres) requiring final closure cap
construction after placement of the final lift of waste. A closure cap can readily be
constructed over an area of 20 acres within the required 36 months following placement of
the final lift, with favorable weather and adequate borrow sources for cover soils.

Thus, the total duration of construction activities at site are anticipated to be as follows:

¢ Initial Construction 2 years (or less)
¢ Landfilling and cell construction concurrently 12 years
e Closure Cap construction 3 years (or less)

Total Construction Timeline = 17 years (or less)

5-1
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Subject: Available Airspace (Waste Disposal Volume)

t..‘UbE:l VICES Job No. 2018-3854 Made by: VEF Date 07-03-20
wir rntal Grow REV: 08-25-21
Ref. Checked by: JCA Sheet 1 of 2

REV By PGS

Objective: The objective of this analysis is to estimate the total waste disposal volume, or airspace.
Design Approach and Assumptions:

The volume of disposal is based primarily on the total area of the landfill and the grading plans
representing the Top of Leachate Collection Layer and the Proposed Top of Waste. The total volume

available between the grading plans provides the total volume.

This design was developed based on the COMAR-required liner system with geomembrane barrier
layer, with a thickness of eight (8) feet.

e Four feet of Select Waste; e Eliminated from calculation

¢ 10 ounce per square yard (0z./s.y.) nonwoven
geotextile for layer separation and visual
indicator if breached:;

e Two feet of leachate collection layer,
comprised of locally mined sandy soils;

e A geocomposite drainage net (GDN),
consisting of a tri-planar drainage net with a
minimum 8 oz./s.y. nonwoven geotextile heat-
bonded to both sides;

e geomembrane with a permeability less than
or equal to 1 x 10-'° cm/sec; and;

e Prepared subbase with a minimum thickness
of 2 feet and having a permeability less than
or equal to 1.0 x 10° cm/sec.

Total Thickness — 8 feet

The final cover system is comprised of the following components, with a total thickness of 4 feet:

e 6-inch thick layer of vegetative support layer (topsoil or other material capable of supporting
vegetation);

e 18-inches of protective cover soils, with a permeability not exceeding 1x10° cm/sec;

e A geocomposite drainage layer, with a tri-planar drainage net and 8 oz./s.y. nonwoven
geotextile heat-bonded to both sides; and,

e 40-mil textured on both sides, linear low density polyethylene (LLDPE) geomembrane with a
permeability less than or equal to 1 x 107"° cm/sec.

e 24-inch thick Final Cover Soil Layer
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Calculations:

Based on the two grading plans, using the Civil3D tools in AutoCAD, determine the total volume
between the final cover grading plan and the subbase grading plan for the west and east sections.
Also, using the area function in AutoCAD, determine the total area of each section.

Landfill Section West (Cells 1-10) East (Cells 11-16)
Volume (cubic yards) 7,247,000 2,065,000
Total Volume (cubic yards) 9.31M
Area (square feet) 3,649,585 1,335,004
Area (acres) 83.8 30.6
Waste Disposal Volume (cubic yards) 9,312,000 c.y.
(including Intermediate and Final
cover)
Assume 10% for Int/Final Cover 0.93 M c.y.
Waste Disposal Volume (tonnage) (8.38 M c.y. x 1188 Ib/c.y.)/2000

~ 5.0 M tons
Average Daily intake (assuming 5.0 5.0 M/(12 x 5.0 x 52) =
days/week and 52 weeks per year 1,602 tons/day
operation for 12 years)

Conclusions:

Based on the foregoing, the total waste disposal volume for the proposed Chesapeake Terrace
Rubble Landfill is 8.38 M c.y., or 5.0 M tons, excluding intermediate and periodic cover.

References:

1. Advanced GeoServices Corp., “Top of Leachate Collection Layer Grading Plan — West Section,”
dated August 26, 2021.

2. Advanced GeoServices Corp., “Top of Leachate Collection Layer Grading Plan — East Section,”

dated August 26, 2021.

3. Advanced GeoServices Corp., “Top of Waste Grading Plan — West Section,” dated August 26,
2021

4, Advanced GeoServices Corp., “Top of Waste Grading Plan — East Section,” dated August 26,
2021.

5. Advanced GeoServices Corp, Calculation “Waste Density,” dated June 23, 2020.
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Attachement 5B - Cell Life Summary

6\/?\ ADV NCED Subject: Landfill Life

. '%Ll‘ eosServices Job No. 2018-3084 Made by: JCA 1T Date 7/1/20

LI

Checked by: VEF sheet 10f2

a Montrose Environmental Group company Ref

Revised by PGS 08-26-2021
1. Purpose

The purpose of these calculationsisto estimate the disposal life of each cell of the landfill. Thisdatais
to be used in the |eachate generation modeling.

2. Analysis Approach and Assumptions

The elevations of the center of the Top of Leachate Collection Layer and Top of Waste were
estimated. Based on the difference in these elevations, the average thickness of the waste
layer in each cell was calculated.

The waste will be placed in each cell in 8-t thick lifts. Therefore, the thickness of each cell was also
calculated in terms of the number of 8-ft lifts.

The area of certain elevations in each cell was measured with a digital planimeter. These areas were
then used in an end-area calculation to estimate the volume bounded by the top of the completed
landfill (final elevations), the bottom of the cell (base grades), and the vertical division between each
cell. Each cell volume was compared to its respective area, and an average height was calcul ated.

Using the planned waste acceptance rate of 1,602 tons/day, and a waste density of 0.598 ton/cy
(1,196 pcy), a cell life was calculated.

This data was used to estimate the total landfill life, and to establish modeling parameters for leachate
generation.

The attached table entitled “ Cell Life Estimates’ providesasummary of this data.

3. Calculations
Notes:
1. . Avg waste thickness = Avg Top of Waste contour minus top of |eachate collection layer

2. Parameters 0.573 ton/cy; 1,602 tong/day; 5.0 days/week; 52 weeks/year; 12 months/year.
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Subject: Waste Densit

A AD\f\N(,i:D J ) =
\_eoServices Job No. 2018-3084 | Madeby: JCA' Date 07-05-20

A Montrose Envnonmental Group company Ref. Checked by:VE|7\ St 1 of 2

Revised by PGS 08-26-2021
Objective:

The objective of this analysis is to establish the density of the construction, demolition, and debris
(CDD) waste for the landfill. Thisdatais used in various other design calculations.

Design Approach and Assumptions:

The CDD density was initially estimated from the historical values of other CDD (rubble) landfills in
the state based on the annua “Maryland Solid Waste Management and Diversion Report” (MSWDR)
for the available calendar years (CY) 2011 through 2016.

The MSWDR included data associated with 5 rubble landfills in the state. Three of these landfills
reported annual waste tonnage accepted for landfilling, and the volume used for landfilling. It is
presumed these volumes included soil materials used for weekly cover. A fourth landfill reported data
that seemed to be based on an assumed waste density. A fifth landfill reported accumulative data
rather than annual data. The datafrom these two latter landfills was not used in thisanalysis.

Based on the data considered, a CDD waste density was established for this design. It is recognized
this density does not include the weight of the soil used for weekly cover since only the weight of
waste accepted for landfilling was reported. Therefore, the density established from the MSWDMR
data will be used for life calculationsonly. A density that includes the weight of soil for weekly cover
is calculated for use in various calculations that consider the vertical weight or stress due to the CDD
waste.

Calculations:

As indicated, the CDD density was initially estimated from the proposed operational conditions, as
follows:

The “ Maryland Solid Waste Management and Diversion Report® (MSWMDR) for the available CY
2011 through CY 2016 for the Baker Rubble Landfill, the Days Cove Rubble Landfill, and the
Honeygo Run Reclamation Center was reviewed. From this data, the CDD density in these three
rubble landfills has ranged from 534 pcy to 1,547 pcy, with an average 1,187.7 pcy (44.0 pcf). This
density is used for life calculations for each cell.

A summary table and copies of the MSWMDR data are attached.

From the cell life calculations, it is estimated a 1 acre area will be filled with one 8-fit lift of waste in
4.8 days. Thiswould result in 1 acre of waste, 8-ft thick, would be placed in one operating week (5.0
days). It is estimated this 1-acre area and volume would total approximately 7,665 tons of waste.
Weekly cover would comprise 0.5-Ft of soil over the 1-acre area. Based on a “loose spread” density of 75
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0 Montrose Environmental Group company Réf. Checked by'VEFﬂ Sheet 2 of 2

Revised by PGS 08-26-2021
pcf, the weekly cover soil would be approximately 817 tons. Considering the CDD waste typically
has far more void space than that of municipal solid waste, it is assumed the weekly cover soil will
eventually ravel vertically downward into the underlying CDD waste. Therefore, the weekly cover soil

will not affect the volume and life analysis, but will result in an increased density of the landfilled
CDD waste. Thisincreased density isestimated to be 48.7 pcf.

A calculation of the increased waste density is attached.
Conclusions:
Based on the foregoing, the following conclusions are presented:
1. A CDD waste density of 44.0 pcf can be used for the calculations of the disposal life of each
2. ZeléDD waste density of 48.7 pcf can be used for various calculations where the vertical stress
or weight of the CDD waste is considered.

References:

1 Maryland Department of the Environment; “ Maryland Solid Waste Management and Diversion
Report™; 2012 (CY 2011) through 2017 (CY 2016).

2. Project airspace and life anaysis.
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Construction and Demolition Debris landfills (Table 17) reported a total available
capacity of 13,132,862 tons with 525,684 tons disposed in CY 2011. At the current disposal

rate, there would be approximately 25 years (13,132,862 tons = 525,684 tong) of available C&D
landfill capacity in Maryland.

Tabie 17- CaD Landfill Capacity

Permitied Femainlng | Remaining Year Landfilbed | Lanadfilled

Municipal Copacity | Landfiied to | Landfilfed to | Capacity | Capacity | Resch in 2011 in 2000 | UVsed in

Landfill Fucllity Name {CY) Dk |E!| Lhage Eml E‘I {Tons) | Cupaciey E"ﬁ {Tan| o
Bakcr Robble Landfll B20.000 s42760 317989 iy 21 AR T E ) sl amsz|  aaw
B e M=) aoomen|  temend|  lomes| vsspes| vismse]  oms|  rosasT| nomer| s
by ke vt yi2ade1 | aceenea|  sresaes|  7a2spem| 439600 soan|  arieir|  eeane|  narw
M 7,255, B00 E07. 7 EOT 7R3 GSERO001| EATI2M M5 oTESEl|  ZTeR0| BAIM
ey e 2:201,564 166,590 B3| aondmre| tomder| a0t 0 0| 000%
TOTALS 25300525  TOTTA0|  ASOMBR2| 15123365 13,132,852 see700| s25ged| 268

A Equel 1o Landiied in 2071 [CY) + Permilied Capachy (CT)

Industrial landfills (Table 18) reported a total available capacity of 6,399,571 tons. Ata
current disposal rate of 39,728 tons/year (1,614,460 tons not included in the tons/year disposal
rate calculation. See Industrial Waste Landfill section on Page B, for details), there would be
approximately 161 years (6,399,571 tons + 39,728 tons) of available industrial landfill capacity
in Maryland.

Wemainlng | Remakning Year Landfilled | Landfilled
Mumicipal Permitted | Lancfifled o | Landfilbed 13 | Capaciey Capacity Reach in 2001 In 2001 Used In
Lancfill Facilay Nane 'I:I!il‘h: g] DI-NF:YI Date (Toni) (O | Tamt) Capacity {CY] [Tona) a1~
W a and Co =
Tt Chaniodt i 455,000 102,503 | 106,852 wpaer| 40934 2087 23887 Mow| a8
Famaleo A s
G 380,000 m517 108,256 Wo4E3|  £12654 2050 0 o oo
T e ot raaans|  azesd | aeiaas|  sonsew| serraca|  aie| 1013209 | 16am2me| iaeem
TOTALS B1BBITE 2451881 402471 | ET08SIT| 63005 1,087,188 | 1554088 1270%

A" Equal to Landliad in 2011 (CY) =~ Permitied Capacily [CY)

Landclearing Debris landfills (Table 19) reported a lotal available capacity of 152,616
tons with 2312 tons disposed in CY 2011. At the current disposal rate, there would be
approximately 66 years (152,616 tons + 2,312 tons) of available landclearing debris landfill
capacity in Maryland.

Table 19 - Landciearing Debris Landfill Capacity

Remainlag | Remaknlig Year Lamdfilled | LandRlled
Munllpal Permbtted Landfliled to | Landfilled to | Capacly | Capaciy Meach im 2011 i 2011 Used fm
Lasnal [ill Facifity Namwe Caparity (CV) DaledCY) | Date (Tons) 1UY) {Tons) Chy (CY) {Tani) 11~
it eggsion M §A120 4184 5200  veme| @] a0 wao| s Zns

21
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Permibited Remaining | Remaining Yeur | Lamdfilled | Landfilled
Mudcipal Capecity | LandlBed 16 | Landfllled 0o | Capacity Capacity Reach w3012 in2002 Used im

Landfill Pacilliy Name {CY) Dt (CV} | Daio [Toss| (Y} [Tons) Cipacity | [CY) [Toms) 2013~
TR s 2080000 2asean|  11MsE 85200 esoe0| a7  2me0| w0
Harford Waste Dispazl
Contg (Expunsicn) 4aman|  zsre|  raees|  4Esesed|  2emae|  amA|  waasr|  saem| e
Midshare Regloral Solid "
Woata Pt agaeson| geegss| 20mae1| 02| tes| 20 0 o] oo

Midshare 11 Regonal Solid
Winde Facility ; 7.800.000 506,55 mesm| 7200461  sdmsw 26|  190.058] 0894 264%

Milleriville Land M &

e o e A 14185000 | 43Rt |  ardasme|  sasTERR| 5400021 21| 1sames| TS 105%
Mostgomery Coanty Site 34 % f ] 1] 1] fi A [1] ] 0
m’%ﬁ"“"" Swnitary aopon| aemen| 2aman BIZNE 15919 207| sems|  eDgat ZE%
Fewland Fark Munscipsl

Landfill 7200000 ZR40541|  15TIAGP| 4350456  Z3S108 2009 165455| 91506 239
Marihiern Muicipal Landfidl a.5M.187 1.138.261 565,641 1364506 1,862,453 il 25,700 12650 073%
Cusranine Road Lasd (il 1B320E | 10008537 | 152sstd0|  EDBO0RS| 610042 onge|  sosmes| 1s3am 161%

Feichi FordSibe B Muomcmsl
 Saniary Lavdti ra64| asmaca|  zoaeses|  aTesn7|  2bedim| aME| 46| mm| 06w

Sr Andrews Mumeipal 3 ,
P 1,500,000 a ] 1,500,000 20,000 203 0 )]
Sumerset Coanty Landith -

Fuizmeant Site 1,610,000 ThE840 412451 BO5SE7 B 208 41,586 3N 2.56%
Todaks 173,160,140 | 81,430,481 54558415| o7F748,650 54841574 -T,B‘HTH 1,510,570 147%

' BL Andrews LandSll ciosed in 2001 (Permil No. 2000-WWF-0138). The cument pemmil was tssuad for @ new tandiill thal was never conatrucled. 5L Man's
Counby uses parmit 2005-IWMF-0138 1o operate fe dosed 51 Andrews Landfll 25 5 ransler slation.

"' Marigomery County SHe 2 Landfif's porsinschion b on hold untl the County pesds landfll space in tha future.

A Equal b Landflied in 2012 (CY) = Penmitied Capacity (GY)

Construction and Demolition Debris landfills (Table 17) reported a total available
capacity of 12,751,863 tons with 511,755 tons disposed in CY 2012. At the current disposal
rate, there would be approximately 25 years (12,751,863 tons + 511,755 tons) of available C&D
landfill capacity in Maryland.

Table 17- G0 Landfill Capacity
Permitied Remaining | Remaining Year Lapdfilled | Landfilied
Munlcipal Capacity Landfilled 1o | Landflled to | Capacicy Capacliy Heach In 2002 im 201 2 Used in

Landfill Faclily Name {CY) Date (CV) | Dute (Tans] v (Toss] | Capasity | (CV) (Tom) | 20124
S — 820,000 580472 31402 mopes| wases|  sam|  wmoa|  1ss0a|  dam
oy o R L = 3200000  1eMods|  GMosgz|  viamss| aonsT| sl | Eeed| B3
Lutorn] DXPARMON
caasicys: Joum Heslnatio W21 | dtdeEl|  om0207|  AATAESS| amastz|  2ms0|  Rosono|  tidgem| 173
Rischic Land Reclamation | ;
B i Phass L 11 12,555,800 B35 529 6,346 629 308971 | B34E6620 2040 M| 21342 206
e it et 2,201 664 165,590 fams|  neevd| 10047 208 [ 0| oo
S ——
TOTALS 30600925 13108962 10804076 17,431,963 | 12,75 883 BAT,T20| SI,755| 2w

& Equal to Landfiied in 2012 (CY) + Pesmiltisd Capacay (CY)

Industrial landfills (Table 18) reported a total available capacity of 5,757,976 tons. Ata
current disposal rate of 392,982 tons, there would be approximately 15 vears (5,757,976 tons +
392,942 tons) of available industrial landfill capacity in Maryland.

21
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Perealited Remainieg | Remainiag Year Lamdiilied | Landllied
Municipal Capatlty | Lamdflad b | Landfilled 1 | Cupacity | Capacity | Bewh | in28i3 | In201) | Dsedis
Landfill Facllity Name iCY) Dae (CY) | Date (Tom) | (€Y) (Tons) | Capacity | (e¥) (Toew) | 3013

Cimrren) County Solid Waske
Disporal & Hecycling ey | 1ovsa0R BILBAT BE7,026 R - T LT ) Y 3.40%
Facilicy
Bl W Dt 2080000 | 2E547ES| 1006578 115205 | wages| 20 BES 757 0.03%
bsaiiir st s 4870330 506,761 eaa0e|  demsie| 18 wa|  dondoo|  evase A9t
Midshare Hegiomal Salsd
it ag240cd | agadsEs|  Z034E 240,290 125248 15 b 0 0.00%
Midshare 11 Regiona! Solid .
S 7500000 B43,380 asan | 7amesin | adesn|  moss]  seamds|  vorel 240%
MllessviTle Landiil) & B

L MAs000|  SO2ass|  AOMEIS1| DA2906E|  SATAMm sodz|  waze|  esos 1.00%
Moutgemery County Site 9% 0 0 ] 0 0 N, B 0 D
e i azoo0n|  assioe| zasenne|  7msoe|  wmme|  som|  erms|  mems| 22w
Newland Parkc Municipal
Landiill poonaoe| amzszs|  remss|  aimaTE|  omEam sse]|  vrsom 85,084 2.45%
Northein Municipal Landill 150187 | 106757 geaTss|  23WA11|  196R306 soss|  omsns| ey A
Quarassies: Road Landiill 1830632 | 13303 | 15580482 4906379 | G845700 2% MR 342 1.56%
Feeschs Foed/Site B Municipal
bt il pamam|  aoeades| zamear|  amign|  1asEm ss|  avpsr|  ma0e 0.56%
%t Andrews Menicipal
e 1,500,000 0 gl 1500000 750,000 B0 b 0] 0
Sameset County Land /5l -
s o 1,610,000 141,163 43525 863837 T Wl mmo| 2 L3
Totals 179,200,140 | 84576420 | 56781973 | B46237T20| 53438,308 TASBZID | 1605424  13%

Y 51, Andeews Municinal Landfll dosed i1 2001 [Permit Ho. 2000-WWF-0138), The curent parml was ssusd for a new landfill fal was never constnuetad,

5L Many's County uses permi 201 0-WhF-0133 fo opernta the closed 5L Andrews Municipal Landfll a5 8 bansfer station.
" Monigomery County Site 2 Langfils construction is on hald unl the couniy neads landfil spaca in the fulure,
b Equal to LandBBed in 2013 (CY) + Parmitied Capadly [CY)

Construction and Demolition Debris landfills (Table 17} reported a total available
capacity of 12,202,688 tons with 510,354 tons disposed in CY 2013. At the current disposal
rate, there would be approximately 24 years (12,202,688 tons = 510,354 tons) of available C&D
landfill capacity in Maryland.

Tahie 17 - CaD Landfill Capacity

* Eoual to Landfilled in 2013 {CY} - Permitiad Capacily (CY)

Permicted Remalning | Hemainkag | Year | Lamdfilled | Lunalfilled
Capacity Lamdfilled ts | LamdliBed to | Capaciiy Capacily Heach In 20813 In201% | Weedin
Landfil Faciity Name €) | oaeicy) | asiTo | (0) (Tom) | Capacity | (CV) | (Vo) | 3013+

Enker Ruhble Lardfitl E.000 00,850 346,581 219050 BE. '8 ey 0578 15488 A7
Days Cowe Rubblc Landfil - | 3900000 208450 120610 1107440 essde0| 20mm| 2oests| 2| esm
::{::;_ln Ram Reclomution 723,451 4,730,058 J0mIA TA0403 | 46307 A48 T oS 1AE
Rirchie Land Reclamation &
Parmesshlp Phase | & 1 12E55800 |  B6ISSE| 6615589 B0 | Gd00t|  men|  297e0r|  wier| 21w
Lactngion Coumy Rebble | 2201604| 1868 gs|  zosem| rowesr|  2ost 0 o| oo
TOTALS 30592825 11797857| 11315793 | 16,795,068 ﬂ.mm_m 674,002( 510.354| 220%
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Permilled Remaining | Hemaining Year | Landflfled | Damcdfilied

Mamicipal Cogaacily | Landflivd 15 | Landfilled to |~ Capacty | Capacity | Reach. | 2004 | in200d4 | Usedin
| Lowdim Fackiip e | {CV) L DalciCY) L Tale [Tansh {_(CV) [lowi) 1 Capacilp |__ICY) o) | 20147
e MTezeo0| 40eTaos| 16Msw| weseost| 7osesea|  aie|  sesmee|  meo| oo
Gareil Councy Solid Waste
Diispomsal & Becyeling 2568470 1124191 BEoATH 1444250 TRk i 40,209 g 1.88%
Faciligy
Fartond Wste Dispocl 2,080,000 2086.000 1,006,578 12000 10,000 i 0 0 [.00%
Harfond Witie Disposal
s E iom) 4,470,130 540 751 52845 438570 1,591,605 2067 141,000 BTE 200%
Midshore Regronal Solid
Wasts Facil 3,504,504 1584505 2032 A8t 240,290 128,45 2010 /] i (.00
Midsnore T Regiom Solid
Waste Facility 7,800,000 865,252 458453 6834748 4701,54 2055 171,864 10191 e
Millerivi le Landli0 &
B !! Paciity 14,155,000 511834 302541 SETEN 5400688 2043 146,121 6, TR0 1.0%%
Mosipomery Couniy Sio 1% a ] 1] 0 0 WA '] ] 0
E:?"inm Sanitury 397 M 3550 625 250058 412006 50 364 20 14033 B3 105%
Miewland Park Menicipal
Landfill 7200000 |  asmae|  iemara|  deiEie| 2060 aos|  18zam Ky 2.50%
Marihern Musiciqual Landiil) 3,504 187 1,165,304 E00 506 2304 706 115238 2085 H.Aate 15,008 0.91%
uarantine Rosd Landfil 18320622 | 134X81M| 1552867 485,70 5,506,555 2008 B AN 333,640 190%
Reichs FordiSie B Mumicipal F
oty by eet | yameda| 2| 220s0|  Ms0es|  EaetS) | aum)  wam| e
St Andrews Munecipal ;
Lardfn® 1,500,000 0 o 1,500,000 Ta0,000 20 /] 0 1]
Sumenes Cownsy Landfill -
Pdrrimsnns ki 1,610,000 THEE3 45EAST BT 087 35073 FLir] 41,750 G 15%%
Tolak 180,313,173 | BAG49,108 | SreiT6B4 | 93,654,065 52.15,,533- 2603530 | 1855532 144%

Y BL Andrews Mumicipal LandBl dosad in 2001 (Permil No. 2000-WIF-0138), The curren| pamit wes tued e & new landhill 1hal was news consinucted.
&1 Mary's County usea pemnit 20 10-WAF-0 136 1o operale the closed St Andrews Munidipal Lendl as a ransler stalicn,
M Maonigamery Cotnty Site 2 Landill's consiruchion &5 an hold undil the ounty needs landfill space in tha future.

& Equal b Landfiled in 2014 [CY) = Permitied Capacity (CY)

Construction and Demolition Debris landfills (Table 17) reported a total available
capacity of 11,743,963 tons with 495,757 tons disposed in CY 2014, At the current disposal
rate, there would be approximately 24 vears (11,743,963 tons + 495,757 tons) of available C&D
landfill capacity in Maryland.

A Equal b Landfilad in 2014 (CY) + Permilied Capacity (CY)

Tahile 17 - CaD Landfill Capacity
Permifted Remabiing | Remalning Year Landfifled | Lasdfilied :
Capacity Landfilled 1o | Landfifled io Capacily Capacily Reach In 2014 In 2014 1ised in
Landiill Facility Name (CY) Date (CY) | Date (Tom] | (C¥) (Toss) | Capaeiiy | (C¥) | CTomsy | 38144

Saker Rabble Lasdfll 820,000 B31.002 36IME 185,258 71985 2020 aoose|  eame|  asew
Diays Cove Bobble Landfill -
il Erbansiin 1,162,000 2130968 1,378,389 61,051 TEL601 a0 ME40a|  113na 4500
reipdatarouie) wmaet|  sswez|  atm | 7omesssm| emsees| 2ea|  1de2|  vessa| 160w
Richie Land Reclamation
. AR 12655800 | BEwasa| eEmses| seweoe| emmmoz|  wme2|  aemast|  2eum|  1amw
e g L 2201 664 165,590 saauMs|  2oMgre| ovaesr| 2w o o| ooo%
TOTALS 502925  asadas | MTTasE| 15198508 11.?um—- 620,854 | 485757| 2.03%
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Peraaitied Remaining | Remaining Year | Landfilled | Landfilled
Humicipal Capacily | Landfilled b | Londilled to | Capacity | Copacity | Resch | w2015 | in2015 | Usedin

Laandfill Eacllity Name i) Dule (CY) | Dabe [Toss| iy} (Toes) | Capaelty | (CY) [T ECILE
Gamen Coenty Sotid Wase
w & Recycling 2566470 1,17, 087 BERO3E | 1382383 To0aT 2041 51,856 2513 202%

1.4

) Ham D aee0000| 2esires| voessm|  visaes|  wasss| o o a| a0
Lt agmmn|  msws|  aidgss| 4ammgss| temeass|  oma|  aomem|  evses|  waew
| Conler (Exparima)
Mideharz Regional Solid
Wanc Facili 1024 524 J 584,855 203245 0,268 126,265 20 ] ] Q.00%
Midshars T1 Regionsl Solid 4
aie Bl 1,800,004 1,072,254 570587 5,7 743 4,109,608 &2 20755 113 26
Milleraville Eandfll & =
P Nesovery Facility 14,156,000 5,260,458 3156275 BB5.542 53035 M3 FLES i 1.5
Moatgomeny County Site 2+* a 1] 0 ] 0 iR f 2 o
P e SAa g 101 ] B T 205,013 215035 mzz]|  domoxs| 754 26T
Hewland Parc Muricipsl
Lardfill 7ooo000| a3smaen|  1gwoess|  3smedal 1955148 85|  1ee0ma)  wosRsg 27
Honthern Municipal LandFill 1504 187 1212909 B06AM | 2081.198] 1045508 ity 13597 5,14 2.30%
Gaaranting Road Landfil 1830622 |  1ETEARG | 16230750 ded088 | SA04560 i . ) I e 141%
Reichs FordSitz B Municipal
S“h:y s o TARAN|  3D52386| 29070M| a3sald|  1EMOE B0d5 2541 18254 0.355%
A Andrews Menicipal
Landf® 1500000 ] ] 1,500,000 50,000 2034 i ] ]
Somerser, Cousty Land Gl -
i 16100000 £27,885 481,360 TBZI15 23T 2 e 22504 L7%
Totals 187,113,173 | B8 3B4604 | 58430465 | 103,T2R.569 | 60458777 - 2745897 | 1891223 1.39%

' 51 Ancrews Mumicipal LandBll elosed in 2001 (Penmit No. 2000-WMF-0138). The curment parmit was issued for 3 new landSl that was naver consirucled.
St Mary's County uses permill 20 15-WWMF-0138 to operale the clased S1. Andrews Muniipal Land®ll as a transter station,

" Monigomery County Site 2 Landfll's constiuction is an hald unt! the county needs landfll spaca in the fulure.

A Equalio Landfilled in 2015 (CY) + Permitied Capachy {CY)

Construction and Demolition Debris landfills (Table 17) reported a total available
capacity of 16,054.391 tons with 561,026 tons disposed in CY 2015. At the current disposal
rate, there would be approximately 29 vears (16,054,391 tons + 561,026 tons) of available C&D
landfill capacity in Maryland.

Table 17—-Ca&D Landfill Capacity

A Equal to Landfillied in 2015 {CY) < Permilied Capacity (CY)

Permitied Hemalning | Remalning Vear Laradfllled | Landfifled
Capacdey | Landfiledto | Landflledia | Capacly | Capaciy | Beach | W201% | In2015 | Usedin
Lanar ¥achity Nome | () | Dwiec¥) | Daseitomsy | (%) | (Tond | Capaciy | €) | o | 005*
ik B A E20.000 EG1732 173300 158,258 55,667 W@ I070|  EmE| AT
e e M| ateoo| 2smam| iseem|  were| swam|  ans|  wmsal| mees| e
‘:“"“‘F" R ReeTmiation ii7maet | érma0e|  axria|  ess0gst|  dsserds aMa|  Mapaz| eam| 21w
[k 1 Rermtion 126S6800|  TAMTG|  70A%IM|  S4B008| AA05|  2000| 3ATE| MSmE|  2aw
Toluos & Ascaciate 5,762,060 a 0 SMma080| 7.H2578 2035 B 7] 0%
DY Gy Rabtie 2201, 564 166 450 gams|  zowom| oimaar| e B o ooow
TOTALS 36,358,085 15364783 | 12335544 | 20890202 | 15,054,351 952855 | 561026| 2.85%
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Fermitied Remaining | Romalning | Year | Landfled | Lamifilied
Mankcipal Capoclty | Landfilled to | LandMicd b | Capoclty | Capacly | Meach | 1018 | in2006 | Uscdin
Lamdfill Facility ¥ame 1Y) Dot (CY) | Date (Toni) 1Y) (Toms) | Capacity | (CY) {Tans) 006 *
5L Andrews Municipal
e 1,500,000 0 B 1500000 750,000 2004 0 o o
Somerel Coomy Lasdfll= | ygs0000|  €maw|  sonta|  jaeses|  zensw| M| eade|  mwd| 260
Totals 193,507,242 ©EBBEGST | 60,159,069 | 104,836,565 M‘i?&‘f- 2837754 | A7inaea| 13

County uses pemnll 2015-WWF-0133 to operate the clazed St Andrews Muniipal Landfill 25 2 iangfer station.
B Monigomany County Ske 2 Lancilfs cansiricion Is an hald uniil the county neads landfl space in the Eilire,
*  Equal in Landfillad in 2016 (CY) + Pesmnitied Capacily (CY)

SL Andrews Municipal Landfll doses in 2001, The current penmit (2016 WMF-0138) was issued for & new landfill that was naver corsirucied. St Man's

Construction and Demolition Debris landfills (Table C2) reported a total available capacity
of 13,795,362 tons with 718,514 tons disposed in CY 2016. At the current disposal rate, there
would be approximately 19 vears (13,795,362 tons + 718,514 tons) of available C&D landfill
capacity in Maryland.

A Equal i Landflled in 2096 (L) + Pesrnitied Capacily [CY)

Table C2 - C&D Landfill Capacity
Permitied Remainiig | Bemining | Year | Landifbed | Londnned
Capacky | Landfliedto | Lamifilled |6 | Capacity | Cupaciy | Resch | w2016 | mané | Usedim
Luenalfill Fucility Name (CY Thake (CY) | Doate (o) 1CY) (Tom} | Capscity Y (Moms) 3016~

Hakier Rublbile Landfil B20.000 B5,702 = hlli 7] 124, T Irea 2020 Jas60 AP 40
Diayrs Civve Rubhle Landfill -
Laterai Expansien 3,192,000 2,878,108 1,748,088 MagsE|  4wEn ane|  3miEsm|  1EESEE|  1ou0E%
em Ll Wra4e|  susgar|  amam|  eoasm| 3eMEm amz| atsave| amgT|  aem
:""“"“ s "“;i":’;“l'i’“ wzpsseon]|  7emsgis|  7amae|  sosazes| zomsn soos |  soerm| sessn|  Anmw
Bkion & koo 5,762,060 353 3853 |  Emsasor| s7sesey 2042 3553 ] BT
e i ot 2,001,684 165500 BAME|  Z0MOT|  OTTAEY 2061 0 0| oom
TOTALS 36354985 | 18569040 | 13,054,058 | 19765945 | 13785362 - 1,183954| TES14| 3%

Industrial landfills (Table C3) reported a total available capacity of 8,693,496 tons. Ata
current disposal rate of 203,689 tons, there would be approximately 43 years (8,693,496 tons +
203,689 tons) of available industrial landfill capacity in Maryland.

C-2

Tahle €3 - Industrial Landfill Capacity
Remaining | Remabuing | Year | Landfifled | Lundflled
Permitied Lamdfilled to | Lamdiiled bo Capacity Capacity Beach n 206 In 2006 Uaed i
Landfill Fucility Name | Capaseliy (V) | Data (CV} | Date (Tous) {CY) (Tan) | Copacity | (CV) (Tons) | 2016 *
W.R Orace aiid Do, —
Davieon Chenies] Tiiition 455 000 181580 214486 Rk T FBOS14 2= ER36 20,788 3B
Easilales Aluminpm ay :
Colrgumy 380,000 152 365 154,142 2ETHIE 300008 A7 2305 17,161 5bi%
Euiree Cement Corporation 3000 i [ 2FA000 213000 WA 0 o oo
Hawkins Poin: Plam 1238044 L8 JESTE 0317 1501 297 192 0| 001%
Fort Armiisesd Rood - Lot £,300,000 53 27 553,160 5Re0TA1 | 5336840 53 150455 165485 230
15
TOTALS 10,676,044 | 3161819 4653524 | 7514125 s,mm- 190,588 200,685 1.79%
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6.0 SITE ENVIRONMENTAL CONDITIONS
6.1 Wetlands

Wetland areas shown on Drawing 2 were provided by McCarthy & Associates. The
following summary regarding the status of the Wetlands Permit for the site is provided by
Mr. Milton L. McCarthy.

"The wetland areas at Chesapeake Terrace are shown on (Drawing 2) of the Chesapeake
Terrace Rubble Landfill Site Plan. The wetland boundaries have been most recently
verified in the field by a representative of the Baltimore District of the Corps of Engineers on
May 1, 2008. The Corps issued a permit for Chesapeake Terrace in 1991 CENAB-OP-RW
(Chesapeake Terrace) 91-1204-3. The Corps of Engineers reissued the non-tidal wetlands
permit on May 23, 2008 (see Appendix A). Maryland Department of the Environment
Water Management Administration, Non-tidal Wetland and Waterway Division reissued the
water quality certification for Chesapeake Terrace on December 13, 2007. This
authorization is valid until December 31, 2010."

This authorization was extended by the United States Army Corps of Engineers until
December 31, 2023 in a letter dated January 3, 2019. The previous submissions and
correspondence with the USACE to obtain and extend the Wetlands Permit was included in
Appendix M of the Phase Il Permit Application and is not repeated here for brevity.

6.2 100-Year Flood Plain

6.2.1 Historical Flood Plain Analysis

Mr. J.A. Chisholm, P.E. performed a detailed evaluation of the 100-year flood plain
evaluation. His evaluation is described in a letter to the Applicant dated October 14, 2003
(see Appendix B of the Phase Il Permit Application). His evaluation is summarized below:

Mr. Chisholm noted that the site is adjacent to the Little Patuxent River approximately
30,000 feet (approximately 5.7 miles) upstream from the confluence of the Little Patuxent
River with the Patuxent River. The.100-year flood plain limit shown upon the exhibits
submitted to the MDE with the March 1990 Phase |l Report was derived from the FEMA
(Federal Emergency Management Agency) Anne Arundel County FIRM Panels 24 and 25
dated May 2, 1983. These panels showed the Little Patuxent River adjacent to the
Chesapeake Terrace site. The footprint of the landfill is located above elevation 80,
approximately 5 feet above the influence of the 100-year floodplain. As a result there is no
encroachment into the floodplain that reduces hydraulic capacity or storage volume of the
floodplain.

It was concluded that the proposed elevations for Chesapeake Terrace Rubble Landfill
operations are located above the influence of any 100-year FEMA flood plain limits
within the adjacent Little Patuxent River.

6.2.2 Updated FEMA Maps
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In 2012, FEMA updated the National Flood Insurance Program, Flood Insurance Rate
Maps (FIRM) for Anne Arundel County, as a result of increase in frequency and severity
of recent storm events. Map number 24003C0136E shows the extent of the site and the
flood boundaries near the site. Attachment 3B includes excerpts of this map, amended
to include the site boundary for the Chesapeake Terrace Rubble Landfill.

AGC Montrose reviewed this map to discern whether it merits adjustment to the
historical analysis performed by Mr. Chisholm, which also served as the basis for other
permitting in Maryland. Zone AE, where base flood elevations were determined, is
located along Patuxent Road and Little Patuxent River beyond it. The flood elevation in
the vicinity of the site is designated between 72 and 73 ft msl, downgradient of location
of FEMA cross-section Section | shown on the map.

The 2012 FEMA flood plain was inserted into Drawing 2. In reviewing the flood plain line
presented on FEMA Map number 24003C0136E, it did not align with the actual
topography of the site, where base flood elevations were determined on the FEMA FIRM
map. Inconsistencies between FEMA maps and detailed site topographic information
are commonly encountered because the FEMA maps do not have access to detailed site
topographic information when they are prepared. To make the flood plain boundary be
consistent with the actual site topography, we adjusted the floodplain line representing
the water surface for the 100-year flood event calculated in the FEMA mapping to follow
the contours from the detailed site topography. The flood plain taken directly from the
2012 FEMA Map is shown as the red-line on Drawing 2, while the flood plain line
adjusted to match the detailed site topography is shown in the blue line. The 2012
FEMA floodplain boundary, as adjusted for site specific topography, was repeated on
many of the other plan drawings included with the Phase Il Permit Application.

While the base flood elevations determined in the 2012 FEMA FIRM Map are higher
than those identified in Mr. Chisholm’s study, it does not affect the conclusion of his
study, that the landfill is being developed at elevations above 80 ft msl in the existing
conditions. In the vicinity of Patuxent Road, the proposed elevations of the landfill
perimeter access road range from 80 ft msl (in the eastern limits) to 100 ft msl (near the
Amtrak rail lines). Drawings 10 and 11 provide the proposed landfill perimeter road
elevations, relative to the flood plain and cell floor subgrade grading.

6.3 Screening

Mr. J. A. Chisholm, P.E. prepared the natural screening/buffer provisions for the landfill.
The screening/buffer concept is as follows:

"The existing site perimeter is generally heavily wooded. A 100 feet buffer (min.) is
proposed by retaining existing woodlands. There are several areas of severe
erosion that encroach upon the proposed buffers. These areas are located along
the southern boundary. It is proposed to fill these areas and replant with minimum
6 feet to 8 feet white pines, 15 feet on center, with rows 15 feet apart to re-establish
a minimum 100 feet vegetated buffer. The existing understory within the 100-foot
buffer will be enhanced with supplemental plantings if necessary."
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6.4 Residential Well Monitoring

The purpose of residential well monitoring is to determine whether operations at the landfill
will have an unreasonable impact on off-site residential wells through lowering of the
perched water table. The Landfill will provide mitigation measures at its expense if
unreasonable impacts are determined. The residential well monitoring plan is provided in
Section 16.0 Attachment 16C, "Residential Well Water Level Monitoring Program."
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Excerpt from 2021 FEMA FIRM Flood Plain Map
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7.0 SEQUENCE, SCHEDULE AND CONTRACT DOCUMENTS FOR LANDFILL
CONSTRUCTION

7.1 Overview
7.1.1 Landfill Site Entrances

Three site entrances (i.e., East, North, and South entrances) are shown on the Drawings.
Construction of only one site entrance (comprised of access road, scale house, truck
scales, maintenance building, wheel wash, and cleanout) is required for rubble landfill
operation. Site Entrance Description is provided in Section 3.4.

As indicated in Section 3.6, the East Entrance is required by the Anne Arundel County
Special Exception Permit. Consistent with the redundancies included in landfill design,
there will be an “emergency exit” road, one lane wide at the location of the Optional North
Entrance, to allow exit by all at the landfill, if the entrance is blocked by some unusual
circumstance (e.g., fallen tree, downed power line, etc.).

If the Optional North Entrance is constructed instead of the East Entrance, another location
for this “emergency exit” will be selected in consultation with appropriate governmental
agencies.

7.1.2 Landfill Cell Construction

The site for the proposed facility is comprised of areas previously mined for sand and
gravel. Primary landfill areas are referenced as East Section (Cells 11-16) and West
Section (Cells 1-4, 5A-5F, and 6-10) on Drawings. Each cell is lined and sloped in
accordance with Code of Maryland (COMAR) Regulations, as necessary to create a sump
for collection of leachate (e.g., surface water percolation through rubble waste placed in the
cell).

Two leachate storage facilities will be constructed to provide temporary storage of leachate
from the landfill cells. In each leachate storage facility, two 500,000-gallon tanks will be
installed within an area surrounded by a secondary containment wall. There are fifteen
cells/subcells (each with submersible pumps in a leachate collection sump) in the West
Section and six cells (each with submersible pumps in a leachate collection sump) in the
East Section.

Leachate force main #3 conveys leachate from Cells 2-4 in the West Section and all cells in
the East Section will be pumped to force main trunk lines connected to Leachate Storage
Facility No. 1. Leachate force mains #1 and #2 convey leachate from Cells 1, 5A-5F, and
6-10 in the West Section are connected to Leachate Storage Facility No. 2.

Five basins are designated for construction as part of this project (Basin Nos 1 through 4
and WQ, Basin). Three (3) basins (Nos. 1 through 3) will serve as Sediment Control and
Stormwater Management Structures for runoff from the proposed waste disposal areas
during construction; prior to waste placement within a cell or subcell; and after placement of
the Final Cover layer. (Stormwater falling within or running into a cell during active filling
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operation is regulated as leachate and cannot be discharged to the basins, or any other
stormwater management feature.) Basin No. 1 manages runoff from the West Section;
Basin No. 2 manages runoff from a small segment of the East Section, and upgradient off-
site drainage areas and upgradient on-site drainage areas outside the proposed perimeter
access road and proposed limits of disturbance. Basin No. 3 manages runoff from the
majority of the East Section construction. After the landfill is closed, these three basins will
be converted for long-term stormwater management.

Basin No. 4 manages runoff from the proposed East Entrance and upgradient off-site
drainage areas and upgradient on-site drainage areas outside the proposed perimeter
access road and proposed limits of disturbance. Basin No. 4 will provide Sediment Control
and Stormwater Management during construction of the East Entrance and adjacent
support area. After completion of East Entrance construction and stabilization, Basin No. 4
will remain to provide stormwater management control. The WQ, Basin receives runoff
from approximately 800 feet of the East access road. The WQ, Basin will provide Sediment
Control and Stormwater Management during construction of the entrance road and
operating life of the landfill.

Silt fence, check dams, erosion control mat, temporary vegetation, and other proven
temporary and permanent erosion control measures ensure that sediment from disturbed
areas outside basin drainage areas is contained on-site. A range of measures available to
the site operations personnel are outlined in the Maryland Standards and Specifications for
Soil Erosion and Sediment Control (2011, or latest edition)

Prior to beginning landfill construction in any given area, sediment basins and perimeter
controls required for that area shall be installed as shown on plans and indicated in Section
7.2, "Sequence of Construction for Landfill Cells." As specified in the sequence, each basin
shall be completely constructed (e.g., topsoil shall be cleared and stripped, cut-off trench
shall be installed, spillway, excavation, and embankment construction shall be performed)
before other construction activities within the associated contributing drainage area can
begin. Prior to beginning basin construction, all required construction materials for the
basin must be on-site. Stormwater, precipitation and groundwater entering the basins
during construction will be dewatered per details on plans.

Composite view of all landfill cells at cell bottom of subgrade elevations is provided on
Drawings 6 and 7. Grades on cell subgrade plans indicate that each cell will be graded to
its own sump, in which a submersible pump will be installed in a sideslope riser pipe, as
shown on Drawing 19. The embankment that runs perpendicular to the sump, coupled with
completely constructed grades in the cell, assures positive drainage to the sump and
sediment containment within a cell under construction. Storm water impounded in a cell
under construction shall be pumped to an area where positive drainage to a sediment basin
(e.g., perimeter channel) is provided.

Rubble waste may not be placed in any cell until the corresponding leachate storage facility
and force main to the cell have been completely constructed and tested. Vehicular access
to the storage tank for loading and transport of leachate must be provided and maintained.
Upon completion of construction of the liner system in the cell, cell construction material
testing (including leachate pump and leachate force main), and connection of the force
main system to the storage tank, the construction Quality Assurance Consultant (QAC) will
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provide a report documenting the construction of the liner and leachate management
systems to MDE for approval. Upon approval by MDE, landfilling activities in that cell may
commence.

At all times during the waste placement operation in a cell, waste shall be placed in a
manner that ensures collection of leachate in the cell sump area. Routine and final cover
shall be placed in accordance with MDE Refuse Disposal Permit stipulations.

To summarize and clarify events that occur chronologically (on a cell-by-cell construction
basis), Section 7.2, "Sequence of Construction for Landfill Cells", stipulates conditions
under which the landfill will be constructed, from beginning to end of construction. See
Drawings 64 through 81 for Intermediate Construction Stage Plans, which illustrate
sequence of events to construct the landfill from beginning to end of construction.

Unless otherwise approved by MDE and Anne Arundel Soil Conservation District, Landfill
Cell Sequence of Construction will be per Intermediate Stage Construction Drawings,
referenced under Section 7.2.2. Cells will be constructed individually or in groups, per the
chronological requirements under Section 7.2.5, "Landfill Construction Chronology".
Variance from Cell Sequence of Construction is referenced under Section 7.3. Time
frames for construction during the life of the landfill operation are given under Section 7.5,
"Estimated Cell Construction and Waste Placement Schedule".

Rubble fill operation may proceed in any given completed cell at any time throughout the
life of the facility, provided that: sediment controls for the disturbed area are in place and
maintained; leachate is properly collected and disposed, and all other conditions of the
MDE Refuse Disposal Permit are met.

7.2 Sequence of Construction for Landfill Cells

Unless "Variance from Sequence of Construction for Landfill Cells" is obtained, per Section
7.3, the landfill will be constructed in accordance with criteria provided hereunder. "Surface
Runoff/Sediment Control" shall be provided per Section 7.2.1. Section 7.2.2, "Description
of Intermediate Construction Stage Plans" and Section 7.2.3, "Assumptions for
Development of Landfil Sequence of Construction" describe site conditions and
assumptions under which the Landfill Sequence of Construction was determined. Section
7.24, 'Intermediate Construction Stage Plan Depiction" indicates construction
requirements consistent with depiction on each Intermediate Construction Stage Plan.
Section 7.2.5, "Landfill Construction Chronology", lists the Sequence of Construction
specified on Drawings.

7.2.1 Surface Runoff/Sediment Control

As referenced under the Sequence of Construction Overview above, all cells will be
constructed in a manner that will create a sump, and lined with material specified on
Drawings. Clean surface runoff from adjacent undisturbed areas will be diverted around
the cell construction area, to the extent practicable. During construction, clean surface
runoff impounded in cell sumps will be pumped to a constructed permanent perimeter
channel or temporary channel, as required to ensure that water from cells under
construction will drain through Basin No. 1, 2 or 3.
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Construction of access roads and perimeter ditches adjacent to cell areas is referenced
under the Sequence of Construction on each Intermediate Stage Construction drawing. In
cell construction areas where the perimeter ditch is to be created by fill, the 10-foot
minimum top width perimeter berm at the top of the landfill embankment sideslope shall be
part of the construction.

As practicable, to reduce sediment-laden surface runoff to sediment basins throughout the
life of the construction operation, the landfill operator shall attempt to minimize un-
vegetated disturbed areas that drain directly to a Sediment Basin (via existing drainage
swales, constructed perimeter ditches, or temporary measures). Permanent or temporary
vegetative stabilization, as applicable, shall be applied on disturbed areas, per MDE Refuse
Disposal Permit stipulation, before other construction proceeds.

7.2.2 Description of Intermediate Construction Stage Plans

Intermediate Construction Stage Plans (Drawings 64 through 81) depict construction of the
landfill from beginning of construction throughout construction of all landfill cells.

The following site conditions were considered in determining Sequence of Construction for
Landfill Cells, illustrated on Intermediate Construction Stage Plans.

1. The East Section is constructed first as there is an excess of excavated
material that can be used for road and Basin construction. Excess material
can be used for intermediate cover, routine cover, or construction of
perimeter roads and berms in the west section, as excess material becomes
available and is appropriate for the proposed use, based on the nature of
the material.

2. While the proposed grading plans provide a net cut situation in both the
East and West Sections during cell construction and landfill operation,
additional material may be needed for closure cap construction. The
owner/operator may choose to consistently import material from off-site
throughout the landfill operation to take advantage of readily available
material in the area. This material may be staged on-site until used.

3. The primary means of sediment control for construction of the site is by
perimeter channel drainage to sediment basins. Natural and constructed
drainage swales from the former sand and gravel mining areas convey
surface runoff through the site in a predominantly northern direction. Once
sediment controls are in-place, as cell construction proceeds, clean surface
runoff drainage will be diverted around construction areas, to the existing
swales. Until precluded by cell construction, existing swales will convey
clean surface runoff to perimeter channels and sediment basins, as shown
on Intermediate Construction Stage Plans.

4, In order to reduce leachate generation over the life of the operations and
after closure construction, it is expected that the operator will advanced
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construction of the closure cap when areas typically between 5 and 10
acres have achieved maximum filling grades. These areas may span more
than one cell and may close portions of multiple cells, based on maximum
filling grades, not cell boundaries.

7.2.3 Assumptions for Development of Landfill Sequence of Construction

Based on the above site conditions, the following assumptions were used to develop the
Landfill Sequence of Construction, depicted on Intermediate Construction Stage Plans on
Permit Drawings.

1.

Landfill Cells 2 through 4 and 11 through 16, whereby leachate is pumped
to Leachate Storage Facility No. 1, will be constructed prior to Cells 1, 5A-
5F, and 6-10. This allows construction of the Leachate Storage Facility No.
1 for the management of leachate for the first approximate 5 years of
operation. Depending upon the waste volume received, this timeline could
be longer or shorter. Construction of Leachate Storage Facility No. 2 should
commence no later than the beginning of landfilling activities in Cells 3 and
4,

With respect to landfill operation, construction of Cells 11-16 are the first to
be constructed and operated in light of their proximity to the East Entrance
and Scalehouse. Further, construction of Landfill Cells 2 through 4 and
Cells 11 through 16, prior to construction of the remaining cells, is also the
most desirable sequence of construction for the landfill, due to close
proximity of these cell construction to sediment basins.

Three site entrances to the landfill are depicted on Drawing 3. MDE
requires only one entrance. South entrance is considered the least
desirable of the three site entrances, because it is remote from landfill cells
that should be constructed and filled with rubble waste initially.

North and East Entrances, in close proximity to cells that should be
constructed initially, are the most desirable Site Entrance Options. Shortest
distance from an existing County Road to the landfill perimeter access road
is via the North Entrance. Assumption used to develop the Sequence of
Construction indicated on Intermediate Construction Stage Plans (Drawings
64 through 81) is that rubble waste haul to the site will be via Conway Road
to the East Entrance. Site access via the East Entrance is a conservative
assumption, in that construction of a long access road across off-site
property is required.

Variance from the Sequence of Construction on Permit Drawings must be
approved by AASCD and MDE, per Section 7.3. Contract Documents for
Intermediate Stage Construction must be prepared and approved by MDE,
per Section 7.6.
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7.2.4 Intermediate Construction Stage Plan Depiction

Sequence of Construction for each Intermediate Construction Stage is provided on
Drawings 64 through 81. The following list identifies construction requirements,
methodology associated with depiction of features on Intermediate Construction Stage
Plans, As-Built Survey and Quality Assurance requirements.

1.

Perimeter Access Roads: Perimeter Access Roads initially used for
construction equipment access shall have a surface sufficient for such use.
Permanent perimeter road surface for waste haulers shall be per the
Section on Drawing 8. Temporary access roads used for waste haulers in
cell areas and on rubble waste shall have an all weather surface suitable for
such use.

Perimeter Channels: Perimeter channels shall include lining per the
tabulation on Drawing 42. Temporary berms, riprap channels and ditches
adjacent to temporary roads shall be sufficient to convey surface runoff
around cell construction and waste placement areas as shown.

Sediment Basins: Initial construction stage includes construction of
sediment basins and perimeter channels construction necessary to provide
surface runoff to basins, consistent with basin design criteria. Following this
construction, stockpiles shall be placed within the limit of disturbance and
drainage area to a sediment basin, throughout the life of landfill construction
and operation.

Proposed Contours: For clarity, proposed contours required to implement
construction of each Intermediate Construction Stage are referenced as
"Proposed Contours" on Intermediate Construction Stage Plan Legends.
Temporary access roads and channels for cell construction will be graded
per Intermediate Construction Stage Plans and Details, per conditions
specified under Section 7.2, "Sequence of Construction for Landfill Cells",
Section 7.3, "Variance From Sequence of Construction for Landfill Cells"
and Section 7.6, "Preparation of Contract Documents for Intermediate Stage
Construction".

Constructed contours adjacent to temporary roads and ditches represent
grading requirements for constructing cells and access on existing ground
prior to landfill construction. Per Item 6 below, stockpiles and borrow areas
may exist in some locations shown as existing ground on Intermediate
Construction Stage Plans.

Stockpile Borrow Areas: all areas within the boundary of the landfill may be
used for stockpile and borrow sources for landfill operation throughout the
life of the facility. Stockpiles and borrow sources may be within areas
adjacent to temporary access roads and ditches for cell construction (see
Item 5 above) at time of construction. Sufficient space for cell access and
surface runoff diversion around cell construction and waste placement shall
be provided throughout the life of the facility.
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Inter-Cell Access: Inter-cell access for cell construction or waste placement
shall be via temporary access roads or over covered rubble waste in active
cells, as shown on Drawing 15.

As-Built Survey: Throughout the life of landfill construction and operation,
field run and aerial topographic as-built survey for each construction phase
shall be performed in accordance with Contract Documents, to be prepared
per Section 7.6, "Preparation of Contract Documents for Intermediate Stage
Construction”.

Quality Assurance: All cell construction material (including subbase and
leachate collection system) shall be installed and tested in accordance with
Contract Documents. Prior to beginning waste placement in any cell,
approval from MDE Inspector shall be obtained.

7.2.5 Landfill Construction Chronology

Prior to beginning any waste placement and at least 12 months before the commencement
of waste disposal operations, permanent groundwater monitoring wells within the
respective area (West Section and East Section) shall be installed, as described in the
"Groundwater Monitoring Plan" in the Phase Ill Report, Section 16.

Per criteria and assumptions under Sections 7.2.1, 7.2.2, 7.2.3, and 7.2.4 above, landfill
construction chronology depicted on Intermediate Stage Construction Drawings 64 through
81 is as follows:

1.

East Section Initial Construction (Basin Nos. 2, 3 and 4; Perimeter Channels
1, 6, 7, 9A and 10 and associated culverts; East Section perimeter road;
and Leachate Storage Facility No. 1);

Cell 11, associated perimeter berm, and portions of Leachate Force Mains
#4 and #5;

Cell Separation Berm for Cells 12 through 16;

Cell 16, associated perimeter berm and remainder of Leachate Force Main
#5;

Cells 12 through 15, respectively, and the remainder of the East Section
perimeter berm, perimeter road, perimeter channels, and remainder of
Leachate Force Main # 4;

West Section Initial Construction (Basin No. 1; Leachate Force Main #3,
perimeter road, northern portions of perimeter channels 2, 3, 4, and 5, and
associated culverts);

Cells 2, 3 and 4, respectively;

7-7



/\ ADV/AINCED
fﬁv ) / ‘Lj eoservices

-

8. Cells 1 5E and 5F (including Leachate Storage Facility No. 2 and Leachate
Force Mains #1 and #2);

9. Cells 10 and 5D; and,
10. Cells 9 & 5C, 8, 5A & 5B, 6, and 7, respectively.
7.3 Variance from Sequence of Construction for Landfill Cells

As referenced under Section 7.2.3, Sequence of Construction is based on site access via
the East Entrance. If the North Entrance is constructed in lieu of the East Entrance, the
Sequence of Construction will be identical, except that the perimeter access road between
the North and East Entrances and portions of Perimeter Channels No. 8 and 9 will not be
constructed, until necessary for construction of Cells 12 through 15. If the North Entrance
is constructed in lieu of the East Entrance, and Sequence of Construction for Landfill Cells
is in accordance with Drawings, Variance from the Sequence of Construction herein is not
required. If the South Entrance is the only site access that is ultimately constructed, the
Sequence of Construction will be revised and must be approved by Anne Arundel Soil
Conservation district (AASCD) and MDE.

7.4 Sequence of Rubble Waste Placement Operation
Sequence of rubble waste placement is as follows:

1. For each Intermediate Stage of Construction, prepare the cell subbase in
accordance with Contract Documents (see Section 7.6) and requirements of
the Refuse Disposal Permit.

2. Construct the rubble landfill per Intermediate Construction Stage Drawings
64 through 81. Place waste in individual cells in East and West Sections as
shown. As rubble waste placement progresses, provide routine and
intermediate cover per Refuse Disposal Permit requirements.

3. When rubble waste is elevated above the Landfill Perimeter Berm, provide
cover and vegetation in a manner that promotes surface runoff from soil
cover over the rubble, across the perimeter berm to a perimeter channels.

4. Continue the rubble waste placement operation untii maximum waste
grades are achieved. Estimated life expectancy of the rubble waste
placement operation is 12 years. Final grades shown on Drawings 32 and
33 represent the top of the 24-inch thick Final Cover layer. Top of waste
grades are presented on Drawings 30 and 31. Top of Closure Cap grades
are presented on Drawings 36 and 37. Final Cover Layer and Closure Cap
shall be installed per MDE regulations. Final Closure Cap side slopes shall
be no steeper than 4H:1V, with slope benches and articulated concrete mat
(aka cable-concrete mat) downchutes installed per Drawings and Details.
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5. When Closure Cap has been constructed and vegetated per the Drawings,
sediment basins shall be converted to permanent stormwater management
structures.

7.5 Estimated Cell Construction and Waste Placement Schedule

At least 12 months prior to waste placement within a particular landfill section (West
Section or East Section), the permanent groundwater monitoring wells required for that
Section shall be installed, as described in the "Groundwater Monitoring Plan" in the Phase
Il Report, Section 16.

In accordance with all conditions specified, the landfill shall be constructed. Intermediate
Construction Stage Plans (Drawings 64 through 81) depict construction of the landfill from
beginning of construction throughout construction of all landfill cells. Sequence of
Construction is provided on each Intermediate Construction Stage Plan. Estimated time
frame for cell construction and waste placement is provided hereunder.

Prior to beginning any other on-site construction, Intermediate Construction Initial Stage,
per plans on Drawing 64, shall proceed. Under initial construction, East Entrance,
Sediment Basins 2 and 3, Basin 4, East Section Perimeter Access Road, Drainage
Channels and Leachate Storage Facility No. 1 will be constructed. Areas outside the limit
of disturbance for initial construction may be used to stockpile excavated material from the
construction operation, as approved by the AASCD Sediment Control Inspector. Excluding
access roads and Assumed East Entrance Infrastructure, all disturbed areas shall be
stabilized with vegetation.

Based on the anticipated volume and density of rubble waste to be placed in the facility on
a daily basis, during weekly operation, the estimated life expectancy of the landfill waste
placement operation is 12 years.

7.5.1 Construction Requirements

The following construction requirements and assumptions were used to generate the
"Sequence of Cell Construction and Waste Placement", under Section 7.5.2.

1. Duration of the landfill waste placement operation is 12 years. Initial
construction of roads, Basins, and Leachate Storage Facility No. 1 require
extensive time for cell construction that is excluded from the waste
placement time frame.

2. Final closure of the facility (i.e., the construction activities associated with
installation of Final Cover layer and Closure Cap on the final waste
placement areas (Cells 6 and 7)) is not considered to be part of the 12 year
operating life..

3. Construction of cell infrastructure (i.e., access roads, perimeter channels,

drainage culverts, and leachate force mains) will occur as required to
support ongoing landfill cell construction. Cell infrastructure construction
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should be scheduled and completed as necessary to allow waste placement
in any given cell, immediately following cell construction completion.

7.5.2 Sequence of Cell Construction and Waste Placement

Prior to beginning work for any Intermediate Stage of Construction (as shown on Drawings
64 through 81 and specified herein), Anne Arundel County Planning and Code
Enforcement (PACE) Inspections and Permits (410-222-7780) shall be notified. All
proposed stockpile areas (including temporary sediment control measures) shall be per
AASCD Sediment Control Inspector's approval.

Based on individual cell air space (prorated per total landfill cell acreage) and Intermediate
Construction Stage Plans on Drawings 64 through 81, the "Sequence of Cell Construction
and Waste Placement" is as follows.

1.

Complete Intermediate Construction Initial Stage (East Section), including
East Entrance with all sediment control measures, Sediment Basin Nos. 2
and 3, Pond 4, and Leachate Storage Facility No. 1, with appurtenant road,
channels, etc. See Drawings 64 for Intermediate Construction Initial Stage
Sequence of Construction. Estimated Time Frame for Item 1 Completion
is 2 years (not part of 12-year waste placement estimate).

Construction of all sediment basins shall comply with the following.

o All materials for basin construction shall be on-site prior to
commencement of work.

o Prior to commencement of work, areas for clearing, stripping and
stockpiling topsoil or any imported borrow, and any on-site borrow areas
(including temporary sediment control measures, such as silt fence, etc.)
shall be per approval of the AASCD Sediment Control Inspector.

o Sediment basins will be constructed per approval by MDE and AASCD,
as shown on Drawings. Construction of the cut-off trench, principal and
emergency spillways, and all other aspects of dam construction, shall be
inspected by a Professional Geotechnical Engineer or his authorized
representative.

o During the life of cell construction and waste placement, sediment
basins will be constructed and dewatered per details on Drawing 62.
Following application of permanent vegetative stabilization in
contributing drainage areas, dewatering measures will be removed and
basins will be converted to permanent stormwater management ponds,
as specified on Drawings 53 and 54.

Construct East Section (approximately 30.6 acres air space) per Section
7.2.5. Complete placement of waste and Final Cover layer (i.e., 2 feet
above rubble waste, which is 2 feet below closure cap). Closure Cap
construction will typically be completed in 5 to 10 acre segments.

Construct West Section Cells 1 through 10 (approximately 83.8 acres air
space) per Section 7.2.5. Construct Sediment Basin No. 1 prior to
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construction of West Area perimeter access road and Cells 2, 3 and 4.
Construct. Construct Leachate Storage Facility No. 2 prior to Cells 1 and 5E
and 5F construction (see Drawing 73). Complete placement of waste and
Final Cover in West Section. Closure Cap construction will typically be
completed in 5 to 10 acre segments. Completion of remaining portions of
Final Cover and Closure Cap after the end of waste placement is not
considered part of 12-year waste placement estimate.

Phase construction of the closure cap is expected to occur in the East and
West Sections as landfilling achieves maximum grades. Further, COMAR
regulations require closure cap construction to be complete within 36
months of the placement of the final waste within the landfill.

Complete landfill Closure Cap as required and approved by MDE. With
approval of AASCD Inspector, convert Basin Nos. 1, 2 and 3 to permanent
stormwater management ponds, as specified on Drawings 53 and 54.

7.6 Preparation of Contract Documents for Intermediate Stage Construction

Prior to beginning construction for each Intermediate Construction Stage, Construction
Drawings and Construction Specifications (i.e., Contract Documents) sealed by a
Professional Engineer, registered in Maryland, shall be prepared and submitted to MDE for
approval. Construction of the site's three sediment basins, temporary sediment traps, and
other sediment control measures shall be as approved by MDE and AASCD, per Drawings.

Minimum requirements regarding content of Contract Documents are as follows:

1.

All Construction Drawing plan views shall be prepared at minimum 1-inch =
50-foot scale.

Coordinate geometry shall be Anne Arundel County grid, per coordinates
shown on the Drawings.

Site entrance road(s) and infrastructure (i.e., scale house, truck scales,
maintenance building, wheel wash and cleanout) shall conform to the plans
shown on Drawings 4, 5, 89 and 90, as appropriate. Minimum tractor-trailer
turning radius shall be 55 feet. Minor adjustment to the layouts may be
made as necessary, and additional dimensions shall be added as required
to ensure proper construction, in conformance with tractor-trailer movement
on truck scales and wheel wash, and operational equipment movement
within and adjacent to the maintenance building.

Base line for construction of leachate storage facilities shall be centerline of
all access roads that surround the areas, as shown on the Drawings. Each
leachate storage facility includes a secondary containment berm, designed
to provide 500,000 gallons containment capacity for leachate storage tank
leaks, with 1-foot freeboard from liquid level to top of berm (see Drawings
28 and 29). Minor adjustment to leachate storage facility horizontal and
vertical alignment (i.e., adjustments to accommodate tanker truck
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movement and installation of storage tanks, secondary containment
structures, etc. shall be made as necessary. Leachate storage facilities
shall not be smaller than facilities depicted on the Drawings. There is ample
room to increase the area of each facility in the immediate vicinity of those
facilities.

Base line of construction for the landfill cells shall be the perimeter access
road centerline, as shown on the Drawings. Precise curvilinear and vertical
alignment for the road shall be computed based on proposed alignment and
elevations shown. Any discrepancy between the road shown on landfill
plans, and Sediment Basin Plans on Sheets 47 through 50, shall be
governed by the landfill plans.

Perimeter access road centerline shall be used to develop road centerline
profiles on construction drawings. Profiles shall be prepared at minimum 1-
inch = 50-foot horizontal and 1-inch = 5-foot vertical scale. Minor
adjustments to road horizontal and vertical alignment may be made as
necessary. Perimeter access road shall be constructed per the base line for
construction, centerline profiles, and the cross sections on the Drawings.

Horizontal location of landfill cell separation berms and leachate
pumphouses shall be per depiction on the Drawings.

Landfill sideslopes and cell grades at top of prepared subgrade elevation
shall be per depiction on the Drawings. Leachate collection system liner
material and dimensional criteria shall be per Drawing Details for the
Alternate Liner System.

Construction of landfill perimeter channels and drainage culverts, perimeter
berm, leachate pumphouses, sideslope riser pipes, and leachate sumps
shall be per dimensional criteria, as shown on Drawing Details. Baseline of
construction (i.e., the perimeter access road centerline) shall be the
reference for all dimensions shown.

Construction of leachate force main shall be per the Drawing Plans and
Details. Construction Drawings shall include profiles of the force main, at
minimum |-inch = 50-foot horizontal and 1-inch = 5-foot vertical scale.

Storm drain pipe headwalls shall be per "Anne Arundel County Standard
Details for Construction". To accommodate headwall construction,
perimeter channels will be widened as necessary. Details for construction
of pumphouses, maintenance building, and other appurtenances (i.e., truck
scales, scale house, storage tank ring walls, etc.) shall be provided on
Construction Drawings.

Construction Specifications (including but not limited to Construction
Specifications in Section 14.0) that specify materials and installation
requirements (including quality assurance/quality control for leachate
collection system installation and testing) for each construction item
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associated with construction of landfill cells and all appurtenances shall
accompany Construction Drawings for each Intermediate Stage of
Construction. All items associated with landfill operation (i.e., pumps,
valves, electrical wiring, monitoring devices, etc.) shall be included in
Construction Specifications.

General Specifications (including but not limited to the following) shall be
provided.

o 01050 Field Engineering/Surveying

o 01200 Project Meetings

o 01300 Submittals

o 01400 Quality Assurance

o 01410 Laboratory Testing Services

o 01500 Construction Facilities

o 01530 Job Site Security

o 01540 Dust Control

o 01560 Site Access & Traffic Plan

o 01564 Project Record Documents

o 01666 Cleaning and Testing of Piping
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8.0 SOILS DESCRIPTION
8.1 Existing Soil Types

Description and evaluation of subsurface information is presented in the site's Phase Il
Permit Application, prepared by AGC Montrose in July 2020, through the incorporation of
new site-specific data and re-interpretation of a previous version of the document entitled
"Phase 2 Addendum for Chesapeake Terrace Rubble Landfill," dated December 5, 2003,
prepared by Mark Schultz Associates.

8.2 Geomorphology

The Coastal Plain deposits are unconsolidated to semi-consolidated sedimentary deposits.
The Coastal Plain extends east to the Atlantic Ocean and west to the Piedmont
Physiographic Province. Coastal Plain deposits are comprised of materials eroded and
transported from upstream sources and typically deposited by water below sea level and
along rivers. The size and gradation of the sediments comprising coastal plain deposits
can range from clays to coarse gravel to boulders, depending on the energy associated
with the depositional environment. The uniformity of the deposits can range from vertically
and laterally significant homogeneous deposits to highly variable localized heterogeneous
deposits.

The separation between the Coastal Plain and the Piedmont Physiographic Provinces (“Fall
Line”) is mapped as being within Howard County approximately 10 miles northwest of the
site. Coastal plain deposits in the west central portion of Anne Arundel County thicken from
northwest to southeast beginning at nearly zero feet thick at the border with Howard County
to approximately 1,800 feet thick in the vicinity of Annapolis.

8.3 Regional Geology and Hydrogeology

The Geologic Map of Anne Arundel County (Glaser, 1976) identifies the vicinity of the site
as being predominantly Lower Cretaceous sediments of the Potomac Group, with non-
conforming contacts of Quaternary Terrace and Alluvial deposits. Based on MGS
Investigation 46, at the site crystalline bedrock is >800 feet below ground surface (bgs). In
this region the Potomac Group soils are reported to be over-consolidated as a result of the
weight of a substantial thickness of overlying soils that have since been eroded away. As a
result of that over-consolidation, Potomac Group soils are generally denser/stiffer-harder
than the quaternary deposits.

Based on results of the subsurface investigations, site reconnaissance and a review of
geologic information, no Holocene faults have been identified on or within 200 feet of the
proposed landfill.

8.3.1 Potomac Group

Within Anne Arundel County the Potomac Group is described as being very complex.
Because formations of the group were deposited under fluvial and lacustrine conditions
sand, silt, and clay layers are commonly limited in lateral extent. Consequently, a boring
log taken at a given point may very well not be applicable to sediments at the same
stratigraphic level a few hundred feet in either direction (MGS, 1969).  Despite that
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potential for variability, as a hydrogeologic resource the Potomac Group is commonly
discussed in terms of three distinct formations. These are the Patuxent Formation, Arundel
Formation and Patapsco Formation, as described below:

The Patuxent Formation represents the bottom (oldest) of the Potomac Group and
has a non-conforming contact with the saprolitic surface of the underlying crystalline
bedrock. Lithologically the Patuxent is comprised of white or light gray to orange-
brown, moderately sorted sands and subrounded quartz gravels; silts and clays
subordinate, predominantly pale gray. The Patuxent Formation yields relatively
large quantities of water (MGS Administrative Report 09-02-04 (A. Staley, et. al.,
2009)). Based on figures contained in Administrative Report 09-02-04, the upper
surface of the Patuxent Aquifer in the vicinity of the proposed Chesapeake Terrace
Landfill is on the order of elevation -450 ft amsl.

The Arundel Formation (referred to as the Arundel Clay Formation in some
publications) directly overlies the Patuxent aquifer, and functions as a hydraulic
separating layer between the Patuxent and Patapsco Aquifers. MGS Administrative
Report 09-02-04 (A. Staley, et. al., 2009) estimates the top of the Arundel
Formation in the vicinity of the project site to be on the order of elevation -300 ft
amsl|, with a typical thickness on the order of 200 feet. The Arundel Formation
outcrops approximately 5 miles northeast of the project site.

The Patapsco Formation is the uppermost member of the Potomac Group, and is
typically discussed in terms of the Lower Patapsco Aquifer and the Upper Patapsco
Aquifer separated by a confining layer. Descriptions of each follow:

o The Lower Patapsco Aquifer, overlies the Arundel Formation. The Lower
Patapsco Aquifer is one of the primary sources of water in the Glen Burnie and
Severndale areas. MGS Report of Investigation No. 46 maps (F. Mack and G.
Achmad, 1986) the outcrop of the top of the Lower Patapsco Aquifer at
approximately 2 miles northeast of the site. The same document shows the top
of the Lower Patapsco Aquifer in the vicinity of the site on the order of elevation
-50 ft. amsl.

o A low permeability layer separates the Lower Patapsco Aquifer from the Upper
Patapsco Aquifer. Where this layer is described as a “clay” (or predominantly
clay) in the boring logs we have designated this layer as the Middle Confining
Unit (MCU). Beginning where intervals below the MCU are described as
including intervals that are predominantly “silt” or “sand” we designated all
deeper deposits (even if they transitioned back to clay or predominantly clay)
Based on a top of the Upper Patapsco Aquifer (see below) at elevation -50 ft.
amsl, as a general expectation the top of the MCU should be on the order of
elevation +30 ft. amsl.

o The Upper Patapsco Aquifer (UPA) represents the uppermost permeable water
bearing zone within the Potomac Group. The UPA is comprised of laterally and
vertically significant deposits of permeable materials (primarily sand) that
collectively serve as a source of potable water in the County. The Upper
Patapsco Aquifer is described as one of the best water bearing formations in
Anne Arundel County, but it is much more limited in areal extent than the Lower
Patapsco and Patuxent Aquifers (MGS Report of Investigation No. 46). The
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MGS Report of Investigation No. 46 shows the outcrop for the Upper Patapsco
Aquifer on and immediately northwest of the project site. With the unit gone
approximately %2 mile west of the site. Administrative Report 09-02-04 (A.
Staley, et. al., 2009) shows the surface of the Upper Patapsco Aquifer on the
order of elevation +120 ft. amsl. The Upper Patapsco Aquifer can be under
confined conditions where an Upper Confining Layer (UCL) is still present and
separating it from the overlying Magothy Formation. Based on information
presented in Administrative Report 09-02-04 (A. Staley, et. al., 2009), the top of
the confining layer in the vicinity of the site is encountered at or around elevation
+150 ft. msl.

8.3.2 Magothy Formation

The Magothy Formation (aka Magothy Aquifer) overlies the Potomac Group, it is reported
to be hydraulically connected in varying degrees from place to place with the underlying
Patapsco aquifer. It consists of 40 to 60 ft. of loose, white, cross-bedded, "sugary", lignitic
sands and dark gray, laminated silty clays; white to orange-brown, iron-stained,
subrounded quartzose gravels (MGS Report of Investigation No. 46). The same report
shows the outcrop of the Magothy Aquifer immediately southeast of the project site. The
Geologic Map of Anne Arundel County (J. Glaser, 1976) shows the Magothy Formation
being present in the south east area of the site, which coincides with the highest
topographic surface.

8.3.3 Quarternary Deposits

Investigation activities identified quaternary terrace and alluvial deposits throughout Area
A. Quaternary deposits were not present within Area B. This is consistent with the
Geologic Map of Anne Arundel County (Glaser, 1976), that identifies these geologically
more recent deposits along the Patuxent and Little Patuxent Rivers. The distinction
between terrace deposits and alluvial deposits is made based on elevation/topography,
with the older Quaternary-Pleistocene terrace deposits encountered at higher elevations
and the Quaternary-Holocene alluvial deposits encountered in and near the lower flood
plain areas.

Where encountered, the terrace deposits sit directly on the sand deposits associated
with the UPA, except along the hydrogeologic boundary between Hydrogeologic Areas A
and B (See Section 8.3.4 below), where the terrace deposits lay directly on the MCU. In
most locations, the primary matrix material associated with the terrace deposits was
described as sand, silt or a varying combination of both, and the deposits commonly
exhibit interlayering with clay or gravel ranging from a couple of inches to about a foot.
Thicknesses of the terrace deposits ranged from 4 feet (B-7) to 30 feet (B-14).

8.3.4 Hydrogeologic Areas
Based on the foregoing, the site was divided into two hydrogeologic areas based on
formation and soils types. The sections below provide a description of each.

Hydrogeologic Map and Cross-Sections from the Phase Il Permit Application are included
in Attachment 8A for reference.
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8.3.4.1 Hydrogeologic Area A

Hydrogeologic Area A is located in the northern and eastern part of the site (Cells 2, 3, and
11 through 16, per Drawing 2). This area can be seen on Cross-Section D-D’ from the
Phase Il Report, replicated in Attachment 8A. As can be seen in Cross-Section D-D’, the
soils types change appreciably from west to east, where the clay layer associated with the
Middle Confining Unit (MCU) thins and practically disappears. The sandy soils, with
interbedded silty soils, of the Upper Patapsco Aquifer and the Quarternary Deposits of sand
and silt comprise the soils expected to be disturbed as part of the cell construction. There
sand and silty soils extends to depths of at least 50 feet below the rubble landfill cell floor.

These materials are suitable and may be appropriate for re-use on-site as structural fill and
leachate collection layer soils. Soils types should be sorted as excavated from the
construction areas and classified to confirm re-use is allowed on-site.

8.3.4.2 Hydrogeologic Area B

Located in the southwestern part of the site (Cells 1,and 4 through 10, per Drawing 2), this
area is underlain by a thick clay bed that extends to depths of at least 100 feet below the
rubble landfill cell floor. This areas can be viewed one Hyrdogeologic Sections A-A’ and B-
B’ from the Phase Il Permit Application (replicated in Attachment 8A). As can be seen in
both sections, the area has the following:

¢ A small area of Magothy sands in the southern western and of the site underlain by
the remnants of an exposed clay area, within the limits of previous mining activities.

e The surficial clay and Magothy sands disappear after the lower third of the site, as
you move further north along the sections.

o The middle third of the site has sands exposed at the surface.

As can be seen by the proposed bottom of the landfill line (blue) shown on these Cross-
Sections, the current landfill grading does not penetrate the maximum predicted
Unconfined Water Bearing Zone, so the maijority of the soils to be excavated on-site are
sands with silt.

Limited clayey soils will be available as part of the excavation of the floor for Cells 6, 7 and
8. These are among the final cells to be constructed and filled.

8.4 Soil and Aggregate Construction Materials

On-site and off-site sources of soils and aggregate will be required for rubble landfill
construction and operation. These materials are characterized as follows:

8.4.1 Fill

Fill for landfill construction consists of soil materials for elevating site grades, constructing
perimeter berms, perimeter roads, sediment/stormwater basins, or backfilling excavations.
Most of the on-site soils may be used as fill. Unsuitable soils for use as fill are soils
containing deleterious materials, highly organic materials, and/or frozen materials. The Fill
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material maximum dry density shall be determined by Standard Proctor (ASTM D 698)
analyses.

8.4.2 Prepared Cell Subbase Soil

The prepared subbase is the 24-inch thick layer of low permeability (<1 x 10°° cm/sec)
soil underlying the geosynthetic liner components. Material proposed for use as
subbase soil shall meet the requirements of Specification Section 02225.

Subbase construction will require excavation and removal of soils to the bottom of the
proposed subbase. The bottom of the subbase surface shall be constructed to a minimum
slope of 3.0% to accommodate for potential future differential settlement. The exposed
subgrade shall be proof rolled and backfilled as required by the Specifications and CQA
Plan.

With the cell floor grades remaining above the unconfined (perched) groundwater, the
amount of on-site soils available for the COMAR required 1 x 10°° cm/sec subbase soil layer
is expected to be limited and may require amending with clay soils generated on-site and/or
imported clayey materials.

8.4.3 Leachate Collection Layer

Leachate Collection Layer is required to be a higher permeability soils under the COMAR-
required liner system. A wide range of soils may be suitable for this layer, including a
‘clean” sand to a “dirty” sand, as long as the requirements listed in the Technical
Specifications for this material are met. Soils removed during excavation of the disposal
cells are expected to meet these requirements, although some material separation (such as
screening) may be necessary to remove finer soil particles. If necessary, off-site sources
can be identified and brought to the site.

The leachate collection headers and laterals in the leachate collection layer will be located
in an envelope of stone wrapped with a nonwoven geotextile for layer separation from the
leachate collection layer, to prevent clogging with smaller particle-size soils, and to provide
additional cushion between the stone and the geosynthetic products to prevent puncture.
This stone will have to be obtained from off-site.

8.4.4 Select Waste

Pursuant to COMAR Sec. 26.04.07.18. the Select Waste placed over the Leachate
Collection Layer will be a minimum of 4 feet of waste containing no long pipes, boards, or
other materials that could damage the liner or leachate collection system. The Select
Waste shall be placed as two - 2 foot thick lifts (4 feet total thickness) over the geotextile
visual barrier/separation layer covering the 2 feet thick leachate collection system layer.
The purpose of the protective layer is to minimize the risk of damage to the liner and the
leachate collection systems. There are requirements for the material used for this layer in
the project Technical Specifications.
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8.4.5 Periodic Cover Material

COMAR Sec. 26.04.07.18(F) defines periodic cover material as a uniform compacted layer
of clean earth at least 6 inches in depth, or an approved cover material of a thickness
specified by the Approving Authority. The cited regulation requires that periodic cover
material be placed over all exposed rubble waste by the end of the third day's operation, or
more frequently as may be determined by the Approving Authority. An approved cover
material may not:

(1) Contain free liquids, putrescibles, or toxic materials. Moisture present in the
cover material solely as a result of precipitation is not free liquid.

(2) Create a dust or odor problem.
(3) Attract or harbor vectors.
(4) Impede compaction with standard landfill equipment.

Section 12 of this Phase Il Permit Application provides additional information regarding soil
material, placed in 6-inch thickness over rubble waste on a regular basis during landfill
operations.

8.4.6 Intermediate Cover Soil

Pursuant to COMAR Sec. 26.04.07.18(G) intermediate cover soil is a uniform compacted
layer of clean earth not less than 1 foot in depth placed over each lift not later than 1 month
following completion of that lift. Procedures for placement of Intermediate cover soil are
provided in Section 12 of this Phase Ill Permit Application.

8.4.7 Final Cover Layer

Pursuant to COMAR Sec. 26.04.07.19(E)(5), the Cover layer will be a 2 feet (min)
uniform compacted layer of earthen material placed over the final lift of the filled landfill,
not greater than 90 days following completion of fill activities. The Final Cover layer
surface will be in direct contact with the geosynthetic components of the Closure Cap.
Final Cover Specifications are provided in Section 02229. The Final Cover surface shall
be uniform and smooth, without sticks, stones or other objects that could damage to
Closure Cap geosynthetics. The finished Final Cover surface shall be approved by the
liner installer and QAC.

8.4.8 Closure Cap

The proposed Closure Cap includes a vegetative layer, protective cover soil layer and
barrier layer. The barrier component is a synthetic geomembrane and geocomposite
drainage layer. The Closure Cap is detailed on Drawing 34. The soil components of the
Closure Cap shall be as follows:

8.4.8.1 Closure Cap Protective Cover
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The Closure Cap protective cover soil layer shall be Structural Soil Fill (Specification
Section 02223) with a maximum particale size of 2 inches, placed in a single 18-inch
thickness over the Closure Cap geosynthetic components. Most on-site soils excavated
during construction of the disposal cells are expected to meet these requirements.

8.4.8.2 Vegetative Support Layer

The 6-inch thick layer of material to be placed atop the protective cover to support growth of
vegetation for permanent erosion control of the closure cap is the Vegetative Support
Layer. The vegetative support layer shall meet the requirements of Specification 02235.

8.5 Soil Volume

AutoCAD computer software was utilized to determine soil excavation and fill quantities
required to construct the landfill to bottom of cell subbase grade and complete grading
outside the landfill footprint shown on Drawings 6 and 7. Existing soil to be removed and fill
material required to achieve this construction is the following:

West Section Cell Area (within inside top of perimeter berm)= 83.8 acres
West Section Cell Area Excavation = 1,585,000 cy

West Section Cell Area Fill = 392,000 cy

West Section Perimeter Area (outside West Section Cell Area)= 27Acres
West Section Perimeter Area Excavation = 207,000 cy

West Section Perimeter Area Fill = 115,000 cy

East Section Cell Area (within inside top of perimeter berm)= 30.6 acres
East Section Cell Area Excavation = 829,000 cubic yards

East Section Cell Area Fill = 9,000 cy

East Section Perimeter Area (outside East Section Cell Area)= 36 Acres
East Section Perimeter Area Excavation = 306,000 cy

East Section Perimeter Area Fill = 257,000 cy

Amount of Excavation = 1,585,000 + 207,000 + 829,000 + 306,000
= 2,927,000 cubic yards

Amount of Fill = 392,000 + 115,000 + 9,000 + 257,000
= 773,000 cubic yards

Net Excavation/Fill Amount = 2,154,000 cubic yards of excess excavation
Drawings 36 and 37 show Landfill Cross-Sections with the existing grades, proposed top
and bottom of subgrade, and top of final cover grading superimposed.
Based on the information presented on these landfill cross-sections, the majority of the
West Section excavation is in Hydrogeologic Area B (Cells 5A through 9), where existing

ground elevation is rising in a southerly direction and highest anticipated groundwater
elevation is relatively low. Fill proposed in the West Section (at the north end of Cells 1, 2,
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and 3) is attributed to a higher groundwater elevation at the transition along the
Hydrogeologic Areas A and B interface.

Excavation volume for East Section landfill cells in Hydrogeologic Area A (with surface area
approximately one-third of the West Section's surface area) is equivalent to approximately
35% of West Section excavation.

8.6 Total Disturbance

Disturbed area to construct the facility, including all appurtenances (i.e., perimeter access
road, leachate conveyance and storage systems, sediment basins, etc.) is 60.5 in the East
Section (which includes Sediment Basin Nos. 1 and 2, and Leachate Storage Area No. 1)
and 132.7 acres in the West Section, which includes the remainder of the facility.
Excavation and fill will be required to construct landfill appurtenances, as indicated on
Sediment Control Plans (Drawings 55 through 62).

8.7 Available Soils
Initial stage construction for site infrastructure is comprised of the following components:

Stormwater management facilities;
Site entrance road and scales;
Maintenance and office building;
Perimeter access road;

Perimeter ditches; and

Leachate collection facilities.

Following construction of site infrastructure facilities, landfill cells will be constructed as
specified on Drawing 63, "Sequence and General Notes for Construction" and Intermediate
Construction Stage Drawings 64 through 81.

Throughout the life of landfill construction and operation, it is anticipated that the on-site
quantity of topsoil salvaged from clearing operations will be sufficient to promote vegetative
stabilization on rubble waste soil cover and other graded areas, as necessary.

The on-site quantity of soil, from excavations for cell construction and appurtenances, is
anticipated to be sufficient to meet COMAR requirements for rubble waste soil cover.
Rubble waste soil cover includes:

2-feet of prepared subbase

2-feet of leachate collection layer materials
2-feet of Final Cover; and

18-inch depth closure cap protective cover
6-inch depth vegetative support layer

From Section 5.1, total design capacity of the landfill is approximately 9.3
million cubic yards (MCY). It is estimated that approximately 10% of the design capacity
(i.e., 0.93 million cubic yards) will be comprised of rubble waste soil cover.
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Surface area of the landfill cells is approximately 114.4 acres. The estimated volume of soil
required for the landfill's soil layers is then calculated as follows (answers are rounded to
nearest thousand c.y.):

Volume of Prepared Subbase
Layer

(114.4 acres) (43,560 cubic feet/acre) (2 feet)
9,966,528 cubic feet (1 c.y./27 cubic feet)
369,000 c.y.

(114.4 acres) (43,560 cubic feet/acre) (2 feet)
9,966,528 cubic feet (1 c.y./27 cubic feet)
369,000 c.y.

Volume of Leachate Collection
Layer

(114.4 acres) (43,560 cubic feet/acre) (2 foot)
9,966,528 cubic feet (1 c.y./27 cubic feet)
369,000 c.y.

Volume of Final Cover

Volume of Cap Protective Cover = (114.4 acres)(43,560 cubic feet/acre)(1.5 feet)
7,474,896 cubic feet (1 c.y./27 cubic feet)
277,000 c.y.

Volume of Vegetative Support
Layer

(114.4 acres)(43,560 cubic feet/acre)(0.5 feet)
2,491,632 cubic feet (1 c.y./27 cubic feet)
92,000 c.y.

Total Volume of Daily/periodic cover + Final Cover + Leachate Collection

Layer + material needed + Protective Layer +

Intermediate Cover + Protective Cover + Vegetative

Support Layer

= 930,000 + 369,000 + 369,000+ 369,000 + 277,000 +
92,000

= 2,406,000 c.y.

This volume exceeds the amount of material available from the excavations required to
achieve cell and perimeter grading by approximately 250,000 c.y.

Other options for the periodic cover may include obtaining approval of alternate cover which
may include temporary tarps, lightly impacted soils, coal combustion residuals (i.e.,
primarily coal ash), among others.

The Operations Plan under Section 12.7.7 specifies that each working face will have an
approximate area of 1 acre and up to 3 active working faces. Stockpiles maintained to
contain sufficient volume of periodic cover for continual placement on active cell working
faces over a 7 day time frame will be provided. Whereas 6-inch depth periodic cover will be
placed over the entire area of a 1-acre working face every three days, the quantity of
periodic cover sufficient for 7 days placement over 3 working faces is calculated as follows:
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Week Supply of Periodic Cover = (7 days/3 days) (43,560 square feet/acre) (0.5 feet)
(3 acres) = 152,460 cubic feet

Volume of soil contained in a 20 feet high stockpile, having 2:1 side slopes and covering a
100 feet by 150 feet surface area, is calculated as follows:

Stockpile Volume [(100 feet) (150 feet) + (60 feet) (110 feet)] (1/2) (20 feet)
216,000 cubic feet

Per the description of cell working faces and calculation for a single stockpile area capable
of maintaining continual periodic cover provision during the life of landfill construction and
operation, depiction of 100 feet by 150 feet surface area rubble waste soil cover stockpiles
for landfill cells (excluding Cells 6 and 7) is shown on Drawings 64 through 81.

Because the rubble waste soil cover stockpile for Cells 6 and 7 will likely be relocated along
the east side of the adjacent temporary access road during the waste placement operation
in the cells, a rubble waste soil cover stockpile is not shown on those Drawings.

Dependent upon the stage of the waste placement operation, rubble waste soil cover
stockpiles for periodic cover may also be used for provision of intermediate cover. Location
of stockpiles shown on the Drawings is based on the following criteria:

. Proximity to active cell;
. Proximity to temporary access roads; and
. Proximity to surface runoff diversionary measures.

The landfill operator is not restricted to rubble waste soil cover stockpile locations shown on
the Drawings.
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ATTACHMENT 8A

Plan and Hydrogeologic Cross-Sections from
the Phase Il Permit Application
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COMPLETED APRIL/MAY 2013

O ADDITIONAL BORINGS LOCATIONS REQUESTED BY MDE (B—106 AND B—107)
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REFERENCES

LICENSED PROFESSIONAL ENGINEER
MD # 35645

VERONICA E. FOSTER

REVISION:
EDITORIAL REVISIONS/NEW LANDFILL BOTTOM (PGS /VEF)

DATE:
6,/5,/2020

4/30/2020 REVISED TO ADDRESS MDE COMMENTS (PGS/VEF)

INCLUDING TOPOGRAPHICAL INFORMATION, IS FROM DIGITAL FILE (2 OF 68) SITE PLAN.DWG,
INC., DATED APRIL 12, 2010.

1.) BASEMAP SHOWN,
ENTITLED "SITE PLAN,” PREPARED BY CENTURY ENGINEERING,

2.) MONITORING WELL LOCATIONS DIGITIZED FROM HARD COPY OF DRAWING ENTITLED "PERMANENT GROUNDWATER
MONITORING WELL PLAN,” PREPARED BY CENTURY ENGINEERING, INC., DATED MAY 2008.

3.) ADDITIONAL HISTORICAL BORING LOCATIONS FROM HARD COPY OF DRAWING ENTITLED "PLATE 2, CHESAPEAKE
RUBBLE LANDFILL HYDROGEOLOGIC BASE MAP,” DATED NOVEMBER 2003, CREATED BY MARK SCHULTZ ASSOCIATES,
ANNAPOLIS, MARYLAND.

NOTES

1.) THE FUTURE RUBBLE LANDFILL DEVELOPMENT FEATURES ARE INCLUDED TO SHOW LOCATION OF THE BORINGS AND
MONITORING WELLS RELATIVE TO THE PROPOSED DEVELOPMENT. THE ACTUAL LIMITS OF FUTURE DEVELOPMENT MAY BE
ADJUSTED AS PART OF THE DETAILED ENGINEERING DESIGN TO BE INCLUDED IN THE PHASE Il PERMIT APPLICATION,
WHICH IS CURRENTLY UNDERGOING REVISION.

2.) GEOLOGIC CROSS SECTIONS ARE PRESENTED ON FIGURES 5 THROUGH 11.

3.) HYDROLOGIC AREAS AND THEIR MAPPING IS BASED ON FORMATIONS MAPPED IN FIELD BOREHOLES, SURFACE
OBSERVATION, HISTORICAL AERIAL PHOTOGRAPHS, AND REGIONAL GEOLOGIC MAPS.

4.) THE 100—YEAR FLOODPLAIN LIMITS ARE BASED ON 2012 FEMA STUDY.

5.)THE CONRAIL TRACKS ARE ALSO SHARED WITH AMTRAK FOR HIGH—SPEED COMMUTER TRAINS BETWEEN BOSTON,
MASSACHUSETTS, AND WASHINGTON, D.C.

6.) THE PROPERTY WAS PREVIOUSLY USED FOR SAND AND GRAVEL MINING ACTIVITIES. PORTIONS OF THE SITE
CURRENTLY HAVE NO VEGETATION AND ARE BARREN.

7.) THE SITE IS NOT SECURE FROM TRESPASSERS. SEVERAL MONITORING WELLS HAVE BEEN DAMAGED BY VANDALS.

8.) ON—SITE MONITORING WELLS MW-3, 11, 12, AND 13, AND OFF-SITE WELLS MW-2, 7, AND 8 ARE NO LONGER
SUITABLE/ACCESSIBLE FOR DEPTH TO WATER MEASUREMENTS AND SAMPLING

9.) THE PROPOSED LANDFILL PERIMETER ROAD BERM GRADES ARE PROPOSED A MINIMUM OF 5 FEET ABOVE THE FEMA
BASE FLOOD ELEVATIONS.
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9.0 GEOTECHNICAL CONSIDERATIONS

As with any landfill design, there are significant geotechnical engineering considerations
to assure that the overall landfill is stable, including the various components — from the
placement of waste to the liner and cap systems materials to the ability of the subgrade
to support the new mass of material being placed atop it. This Section provides a brief
summary of the geotechnical considerations evaluated during the course of the design of
the Chesapeake Terrace Rubble Landfill.

9.1 Liner System
9.1.1 COMAR-Required Liner System

COMAR Section 26.04.07.16 (C)(3) requires the design of the liner system to include the
following components, from top to bottom:

e Protective Layer: A protective layer of select waste to protect the integrity of the
underlying layers;

o Two feet of “gravel or other highly permeable material” to provide for free
passage of leachate and to protect the liner; and,

¢ A ‘liner constructed with a minimum thickness of 1-foot of clay or other natural
material having an in-place permeability of less than or equal to 1x107 cm/sec or
one or more unreinforced synthetic membranes with a combined minimum
thickness of 50 mil or a single reinforced synthetic membrane with a 30 mil
thickness which has a permeability of 1 x 10-'° cm/sec.

o Prepared subbase with a minimum thickness of 2 feet and having a permeability
less than or equal to 1.0 x 10”° cm/sec.

Other requirements of this section include:

¢ A minimum slope of two percent (2%);

e Adequate foundation and prepared subgrade to support the liner and the
landfilling activities; and,

e Maintain a minimum 3-foot separation between bedrock or the maximum
expected groundwater elevation, whichever is higher, and the bottom of the liner
system (subbase).

9.1.2 Proposed Liner System

The July 2020 version of the Phase Ill Application proposed the use of a Geosynthetic
Clay Line (GCL) as part of an “Alternative Liner System”. Pursuant to comments
provided by the MDE on that version of the design, we have eliminated the proposed
GCL and have modified the design to the COMAR specified 24-inch thick subbase with
permeability less than or equal to 1.0 x 10" cm/sec.

We are still specifying the use of a geomembrane barrier layer (versus the 12-inch thick
clay). Use of the gemembrane is specifically allowed under the regulations (COMAR
Section 26.04.07.16 (C)(3)).

We are also still proposing that the leachate collection layer include a geocomposite

drainage layer (GDL) and a 24-inch thick “highly permeable material’. The GDL, though

not specifically required in the COMAR regulation, supports satisfying the requirement to
9-1
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have a leachate collection systems to maintain head of no more than one foot (30 cm)
atop the barrier layer of the liner. The GDL will work in conjunction with the two feet of
natural materials, proposed to be locally mined sand, for leachate collection. Leachate
collection and conveyance piping will be contained in the leachate collection layer, and
will include perforated piping, in a stone envelope, wrapped in a nonwoven geotextile.
Evaluation of the system for leachate collection and removal capabilities is addressed in
Section 10 of this Report.

Based on the above, the proposed liner system for the Chesapeake Terrace Rubble
Landfill includes the following, from top to bottom:

o Four feet of Select Waste (Waste material containing no long pipes, boards, or

other materials that could damage the liner or leachate collection layer);

¢ 10 ounce per square yard (0z./s.y.) nonwoven geotextile for layer separation and
visual indicator if breached;

o Two feet of leachate collection layer, comprised of locally mined sandy soils;
A geocomposite drainage layer (GDL), consisting of a tri-planar drainage net with
a minimum 8 oz./s.y. nonwoven geotextile heat-bonded to both sides;

o 60-mil high density polyethylene geomembrane with a permeability less than or
equal to 1 x 10'° cm/sec; and,

e Prepared subbase with a minimum thickness of 2 feet and having a permeability
less than or equal to 1.0 x 10° cm/sec.

The landfill subgrade is in an excavated condition in most instances, with few locations
requiring fill for constructing the cell floor subgrade. The perimeter berm for the landfill
will be constructed of existing, excavated soils, and is supported by the perimeter
drainage channels and perimeter access road. Minimum and maximum proposed
grades of the landfill cell floors is two percent (2%) (post settlement) and thirty-three
percent (33%), respectively. The subgrade will be prepared by proof-rolling after
removal of any deleterious materials and observation of proof-rolling to confirm no
pumping or rolling of the subgrade.

Information supporting the selection of the critical liner system components are as
follows:

9.1.2.1 Leachate Collection Layer

The COMAR 26.04.07.16(C)-required leachate collection layer shall be covered with a
minimum of 2 feet of sized gravel or other highly permeable material to provide for the
free passage of leachate to the liner and to serve as a protective layer for the liner and
leachate collection systems. The same regulations specify that the leachate collection
must be constructed of materials that are a) chemically resistant to the waste managed
in the landfill and the leachate expected to be generated; b) Of sufficient strength and
thickness to prevent collapse or failure from loadings applied by overlying wastes, waste
cover materials, and equipment used for landfilling operations; c¢) Designed and
operated to function without clogging; d) Designed and operated to ensure that the depth
of leachate over the liner does not exceed 30 centimeters (1 foot); and e) Designed to
operate solely by the force of gravity in all areas where the system will directly underlie
solid waste. The Site has significant amounts of sand that with little or no processing (i.e.
screening) can meet the identified material requirements.
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The leachate collection piping (headers and laterals) will be bedded in a stone envelope,
with a nonwoven geotextile to “wrap” the stone and protect the underlying geosynthetic.
The geotextile wrap also provides layer separation from the surrounding leachate
collection materials.

9.1.2.2 Geocomposite Drainage Layer

Due to significant advances in GDLs, the permeability of the products is higher than can
be achieved with a gravel or sand layer. The geocomposite drainage layer (GDL) works
in conjunction with the leachate collection layer to quickly convey leachate from the cell
floor to the leachate collection sump. A benefit of this quick action is the reduction of the
maximum head that can buildup atop the barrier layer, which regulations limit to no more
than 12 inches (30 cm).

9.1.2.3 Geomembrane

While COMAR allows the replacement of the 12-inch layer of clay with a 50 mil
unreinforced geosynthetic, the Applicant recognizes that, at this time, a 60-mil thickness
HDPE product is more readily available year-round, as it is more commonly specified
and is continuously being manufactured. The 60-mil HDPE geomembrane is also
commonly used for municipal solid waste (MSW) landfills, which have more stringent
requirements than the rubble landfills. This product has been in use for municipal waste
landfills for more than 30 years and has a long-established history of use as the barrier
liner for the MSW landfills.

The permeability of the 60 mil HDPE geomembrane is 1 x 107"° cm/sec — three orders of
magnitude LOWER than the value specified in COMAR for this barrier layer. Further,
the product is consistent over time and the installation is relatively straight-forward.

The construction of lower permeability natural soil barrier can prove problematic for
consistency of material and source; may require importing a large volume of material,
and can be problematic constructing on steeper slopes. These considerations make the
geomembrane a superior product for this application.

9.1.2.4 Subbase

The subbase is the prepared surface upon which the liner system will be constructed, and
the component that is intimate contact with the geomembrane that is intended to function
as a secondary liner against vertical migration of liquids from the cell in the event the
geomembrane layer (the primary liner) is compromised. The subbase will be at least 24-
inches thick and have a permeability equal to or less than 1.0 x 10° cm/sec. This bottom of
the subbase will be the excavated grades shown on Drawings 6 and 7., The bottom of the
subbase will be the grades show on Drawings 10 and 11. The subgrade surface for the
Subbase will be prepared by removal of any deleterious materials and proof-rolled to
demonstrate a firm and unyielding subgrade. Details for subgrade preparation and
Subbase construction are include in the Technical Specifications in Section 14 and the
CQA Plan in Section 13.
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9.1.3 Engineering Analysis

In order to select the material associated with this liner system, a series of engineering
analyses were conducted, including the following:

Liner anchor trench;

Liner system veneer stability under various conditions;
Puncture protection of the geomembrane liner;
Subgrade bearing capacity; and,

Settlement.

The following sections describe the evaluation of the liner system.

9.1.3.1 Liner Anchor Trench

The purpose of a liner system anchor trench is to hold the liner system geosynthetic
components in-place during liner system construction and landfilling activities. The
current approach recommended by Koerner, et al, is that the holding capacity of the
anchor trench not exceed the maximum allowable yield stress of the geomembrane, as it
is preferable for the geosynthetics to “pullout” of the anchor trench before the
geosynthetic components yield and/or tear. Based on the analysis included in
Attachment 9B, the anchor trench shall meet the following criteria:

e A minimum runout length of four feet (from the crest of the cell slope to the
trench); and,
¢ A minimum trench depth of 2 feet.

9.1.3.2 Liner Puncture Protection

While the leachate collection layer (LCL) is proposed to include sandy soils, the LCL
works in conjunction with the geocomposite drainage net during periods of higher
leachate generation. Additionally, as indicated above, leachate conveyance piping will
also be located in the LCL in a stone envelope wrapped in a nonwoven geotextile. The
cell sump is the lowest point in each cell to which the leachate is directed. From this
sump, leachate is pumped from the cell to a force main. In the cell sump, the sandy
soils of the leachate collection layer are replaced with the same stone enveloping the
leachate conveyance piping.

While geomembrane puncture is not anticipated to be an issue with the sandy soils
comprising the LCL, the stone envelope around the leachate conveyance piping and in
the cell sump are evaluated for puncture since the particle size is much larger. Koerner,
et al, developed methods to evaluate the amount of protection required between the
stone and the geomembrane to prevent puncture from occurring. The analysis
considers the maximum stone diameter, the proposed maximum load, and the thickness
of the nonwoven geotextile cushion, between the stone and geomembrane. The
analysis is provided in Attachment 9C.

9.1.3.3 Liner Stability

The liner system must remain stable during construction and landfilling operations. The
floor of the cell, with a relatively flat slope of 3% (min.), does not raise concern or merit
evaluation. The liner system on the steeper (33%) slopes are the point of concern.
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The method prescribed by Koerner evaluates the geosynthetics and the soils layers
based on the interface friction angles of adjacent materials, and the wedge of soil
comprising the leachate collection layer. While the interface friction angles used in the
analyses are based on published data from manufacturers or Koerner, our analysis
considered actual laboratory testing of the interface friction angles of materials selected
for this project, based on another landfill project. This real laboratory testing data shows
that the values included in our analysis are conservative.

The analysis was also evaluated for a variety of conditions including the following:

Liner system in-place prior to landfilling occurring;

e Liner system placed on cohesive soils versus granular soil;
Placement of the liner system leachate collection layer, with the bulldozer
pushing the soils;

o Up the slope; and,
o Down the slope.
e Liner system with leachate buildup in the leachate collection layer;
o 10% buildup;
o 50% buildup; and,
o 100% buildup.
e Seismic condition.

Some of these conditions did not satisfy minimum factors of safety. In particular, the
placement of the LCL soils must occur by pushing the soils up the slope, not downslope.
Thus, the specifications prohibit pushing the soils down the slope.

Also, a head build-up of more than 10% compromises the liner system on the steep
slope. For this reason the geocomposite drainage layer has been included in the liner
system. The evaluation of the geocomposite to perform as the LCL is described in
Section 10.

Stability between the textured HDPE geomembrane and the Subbase soil layer is
determined by the type of soil used for the subbase. A soil with lower soil HDPE-T
interface friction angle (i.e. cohesive soils) will require placement of the leachate
collection layer and the Select Waste layer as waste placement progresses to limit the
difference in elevation between the waste surface and the highest point of the leachate
collection layer to 12 feet. If a Subbase soil with and interface friction angle equal to or
greater 24 degrees is utilized (and meets the permeability requirements), then the entire
leachate collection layer and Select Waste can be constructed on any interior ell side
slope.

The liner stability analysis is included in Attachment 9D.

9.1.3.4 Subgrade Bearing Capacity

Any discussion of bearing capacity invariably starts with a discussion of the work by
Terzaghi and Peck. Terzaghi’'s bearing capacity formulae form the basis for nearly every
treatise on foundation design and analysis. The initial application of Terzaghi's bearing
capacity work was to the design of shallow foundations (strip or continuous, square,
circular, etc.). It has become acceptable to apply Terzaghi’'s work to the bearing
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capacity of the subsoils beneath a landfill as one of the considerations needed in
evaluating its stability.

The approach used in this analysis is that used by Szypcio and Dolzyk (2006). Szypcio
and Dolzyk calculated bearing capacity of layered subsoils based on Terzaghi’s formula,
and treated the layered subsoil as a homogenous layer with average parameters. For
this analysis, the average parameters are weighted averages based on soil layer
thicknesses and the depth below the landfill that would be expected to influence bearing
capacity. The applied bearing pressures due to the landfill were taken from the
settlement analysis for this project (see Section 9.3 for discussion). To be conservative,
this analysis considers the minimum factor of safety for bearing capacity to be three (3).

The locations evaluated were specifically selected as they represent the locations with
the highest proposed loading due to the landfilling activities, to consider worst case
scenarios. Under the scenarios evaluated, the actual factor of safety exceeded the
minimum factor of safety of three. The detailed analysis is included in Attachment 9E.

9.1.3.5 Settlement

As a result of the proposed landfilling activities, the existing soils will be loaded with as
much as 102 feet of rubble waste (includes select waste), plus the liner system subbase
(2 feet), the leachate collection system (2 feet), and closure cap system (4 feet). The
resulting loads could induce settlement of the landfill floor due to consolidation of the
underlying soils. Settlement on the whole is not problematic if the entire area has the
same new load added and the same subsurface conditions.

Differential settlement occurs when you have different loads imposed on foundations
soils with differing geotechnical properties. For example, having a portion of a cell
loaded with 150 feet of waste undergoing a settlement of 1.5 feet while another portion
of the sell, near the sump, loaded with 20-feet of waste may only settle 0.3 feet. With a
higher settlement at the upgradient end of a cell and the lower settlement at the
downgradient end of a cell, the minimum slope of the cell may no longer meet the
required two percent (2%) minimum after these differing settlement conditions are
factored in. By estimating potential differential settlement of the cells floor prior to
construction, the floor grades can be adjusted to provide a steeper initial construction, so
that after differential settlement, a minimum floor slope of two percent is maintained.

Obviously, with the complex subsurface conditions described in great detail in the Phase
Il Report (Advanced GeoServices, June 2020) combined with the varying waste depth
across the floor of the landfill, differential settlement analyses were performed for several
proposed cells. The detailed calculations are provided in Attachment 9F. The
conclusion of the analyses is that a minimum constructed slope of three percent (3%)
will satisfy the minimum two percent (2%) slope after differential settlement.

9.1.3.6 Cell Grades Relative to High Water Table

COMAR 26.04.07.16 (C) (6) requires a “minimum vertical buffer distance between the
bedrock elevation or the maximum expected groundwater elevation, whichever is higher,
and the bottom of the liner system.” Please refer to Section 4 of the Phase Il Permit
Application for further discussion of this item. As shown on Figure 4-1 in that Section,
the minimum distances as measured at the bottom of the subbase layer beneath the
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sump and the top of the highest observed/highest predicted groundwater levels is equal
to or greater than 3 feet.

9.2 Cap and Closure System

COMAR 26.04.07.21 requires the closure cap for rubble landfills to match the
requirements for municipal landfills, by providing the following, from top to bottom:

e Earthen cover with a minimum thickness of 2 feet;

e Drainage layer with a minimum thickness of 6-inches and an in-place
permeability of 1 x 10 cm/sec; and,

e A low permeability cap comprised of a synthetic material with a minimum
thickness of 20 mils and a permeability less than or equal to 1 x 10'° cm/sec or a
12-inch layer of soils with an in-place permeability of 1x10° cm/sec.

A 12-inch thick layer of intermediate cover is required in locations with no activity for
more than 30 days, as part of normal operations. Prior to closure cap installation, a
uniform final cover of 2 ft should be in place. The uniform final cover may be inclusive of
the 12-inch thick layer of intermediate cover. The closure cap construction is expected
to occur as areas of 6 or more acres have achieved maximum filling grades, to
allow the operation to realize economies of scale with construction efforts. Thus, it is
reasonable that all areas ready to receive the closure cap will have this layer of
intermediate cover in-place by the time the closure cap construction commences.

Further, the closure cap must be constructed with a minimum slope of four percent (4%).
Vegetative stabilization must be in-place within 30 days of the final earthen cover soils
being installed.

Based on the foregoing, the closure cap for the Chesapeake Terrace Rubble Landfill will
have the following components, from top to bottom:

e 6-inch thick layer of vegetative support layer (topsoil or other material capable of
supporting vegetation);

e 18-inches of protective cover soils, with a permeability not exceeding 1x10°
cm/sec;

e A geocomposite drainage layer, with a ftriplanar drainage net and 8 oz./s.y.
nonwoven geotextile heat-bonded to both sides; and,

e 40-mil textured on both sides, linear low density polyethylene (LLDPE)
geomembrane with a permeability less than or equal to 1 x 107" cm/sec.

While the regulations specify a 6-inch thick drainage layer, such a thin layer of soll
cannot be safely placed atop a geomembrane without risking puncture or damage from
the construction equipment placing the soils. Further, a geocomposite drainage layer
can provide a much higher permeability, on the order of two or three orders of magnitude
higher compared to a permeability of 0.001 cm/sec for naturally occurring sandy soils.
The cover soil can then be deployed in one 18-inch thick layer atop the geocomposite
drainage layer, using low-ground pressure equipment, and maintaining a minimum of 12
inches of soil between the tracks of the equipment and the geosynthetic components.

To support the selection of the closure system and the properties of the materials, a
series of analyses were conducted as follows:

¢ Veneer Stability;
9-7
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e |solated Settlement; and,
¢ Drainage Layer permeability

The sections below provide a summary of each of these analyses.

9.2.1 Closure Cap Veneer Stability

The closure cap system must remain stable during construction and the closure/post-
closure period. The crown of the landfill, with slopes of at least 4%, does not raise
concern or merit evaluation. The closure cap system on the steeper (25%) slopes are
the point of concern.

The method prescribed by Koerner evaluates the geosynthetics and the soils layers for
the liner system stability, described in Section 9.1.3, is the same method used to
evaluate the closure cap veneer stability. While the interface friction angles used in the
analyses are based on published data from manufacturers or Koerner, our analysis
considered actual laboratory testing of the interface friction angles of materials selected
for this project, based on another landfill project. This real laboratory testing data shows
that the values includes in our analysis are conservative (i.e., lower than real conditions).

Similar to the liner system stability analysis, the analysis was also evaluated for a variety
of conditions including the following:

o Closure cap system in-place after construction;
¢ Placement of the cover soil, with the bulldozer pushing the soils;
o Up the slope; and,
o Down the slope.
¢ Closure system with leachate buildup in the leachate collection layer;
o 10% buildup;
o 50% buildup; and,
o 100% buildup.
e Seismic Condition.

Some of these conditions did not satisfy minimum factors of safety. In particular, the
placement of the soils must occur by pushing the soils upslope, not downslope. Thus,
the specifications prohibit pushing the soils down the slope.

Also, a head building of more than 10% compromises the closure cap system on the
steep slope. For this reason the geocomposite drainage layer has been included in the
closure cap system in lieu of a 6-inch thick layer of higher permeability soils and the
cover soils have a permeability requirement. The evaluation of the geocomposite to
perform as the closure cap drainage layer is described in Section 9.2.3.

The closure cap stability analysis is included in Attachment 9H.

9.2.2 Isolated Settlement

The closure cap system will experience some settlement due to waste consolidation.
Due to the nature of the waste, some decomposition is expected to occur. With most
materials not undergoing decomposition, it is possible that there may be isolated
locations of settlement, where a low-spot or small depression may develop.
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The concern for having isolated settlement areas is two-fold: (1) the potential for water
to pond and saturate that area of the cap, and (2) maintaining the integrity of the
geomembrane component of the cap. If this occurs on the steep slopes, this will be a
non-issue relative to reducing the potential for ponding. The more critical locations are
on the flatter slopes.

The isolated, or localized, settlement analysis indicates that the geomembrane in the
closure system can withstand differing isolated settlement, depending on the geometry.
The analysis includes a table that the operator can use to evaluate a variety of field
measurements to discern whether a more robust repair is required or whether some
regrading of the area is an acceptable solution.

The isolated settlement analysis is provided in Attachment 9l.

9.2.3 Closure Cap Drainage Layer

As indicated previously, the placement of a 6-inch thick cap drainage layer immediately
atop the geomembrane component of the closure cap system is a constructability issue
on flatter slopes, and even more challenging on steeper slopes. This is challenging
because the tracks of a bulldozer typically have a 5-inch relief, and the blade of the
bulldozer used to push the soil up the slope could readily puncture or nick the
geomembrane without being observed or noticed.

To avoid this risk altogether, a geocomposite drainage layer is proposed for use as the
closure cap drainage layer. A triplanar drainage net with an 8 oz./s.y. nonwoven
geotextile heat bonded to both sides is proposed. To evaluate the adequacy of this
product, methods outlined by Richardson, et al, were used. The methods rely heavily on
Darcy’s equation relative to transmission of water through the geocomposite drainage
layer and the permeability of the overlying soil layer, assuming that the layer can convey
all water passing through the overlying cover soil layer minimizing head buildup atop the
geomembrane.

This condition was evaluated for the steep slopes between the stormwater terraces,
where this drainage layer will be daylighted, and for the shallow slopes where longer
drainage lengths could cause head buildup. For conservatism, the analysis considers
the flow from the shallow crown area remains in the geocomposite drainage net on the
steep slope above the upper-most terrace.

The analysis, included in Attachment 9J, shows that a readily-available triplanar
geocomposite drainage net product will perform adequately for both minimum and
maximum slope conditions, as long as the cover soils have a permeability less than or
equal to 1x10° cm/sec.

9.3 Global Stability

A slope stability analysis was performed to evaluate the factor of safety under static
seismic conditions. Circular and non-circular slip surfaces were evaluated using the
software Slope/W module of the GeoStudio by GEO-SLOPE International, Ltd.,
(copyright 2004-2017). The Spencer and Bishop methods were utilized.
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Cells 10, 5D, 13 and 16 were the focus of the computer analysis. Cells 5D and 16 were
included since they align with Cells 10 and 13, respectively, along the cell long axis.
Subsoil profiles were taken from the settlement and bearing analyses. Additional
information was added to represent subsoil conditions in Cells 5D and 16.

From USGS information, the maximum horizontal acceleration for the site area is
0.065g. USEPA seismic design guidance suggests the use of 50% of this value for
design based on work by Hynes and Franklin (1984). A value of 0.0325 was used as the
coefficient of horizontal acceleration, Kh.

Circular Slip Surfaces: Factors of safety of at least 1.6 were calculated for the pseudo-
static condition by both the Bishop and Spencer Methods. It is noted that in all cases,
the minimum factor of safety was associated with a very shallow veneer slip surface
within the cap system. Other potential slip surfaces evaluated extended into the waste,
and others also extended through the waste and into the underlying subsoils. These slip
surfaces all had higher factors of safety.

When the horizontal seismic coefficient, Kh, of 0.0325 was added, the minimum factor of
safety was reduced to 1.4. Again, this was associated with a very shallow veneer slip
within the cap system.

Detailed information is included in Attachment 9J.

Non-Circular Slip Surfaces: A minimum factor of safety of 1.7 was calculated by the
Bishop Method. This was associated with a shallow veneer slip surface. Slip surfaces
that extended into the waste or deeper were associated with factors of safety of at least
2.6. Other potential slip surfaces evaluated extended into the waste, and others also
extended through the waste and into the underlying subsoils. These slip surfaces all
had higher factors of safety.

When the horizontal seismic coefficient, Kh, of 0.0325 was added, the minimum factor of
safety was reduced to 1.4. Again, this was associated with a very shallow veneer slip
within the cap system.

Detailed information is included in Attachment 9J.

Sliding Wedge Analysis: A sliding wedge analysis was performed for Cells 10, 5D, 13,
and 11. Cell 16 was not included since it was believed the overall geometry of Cell 16
would render acceptable results compared to the other cells analyzed. Cell 11,
however, is the only cell to have the potential slip surface (GCL to underlying subsoil)
located on all three general areas of the cell — the sideslope at the sump, the floor, and
the sideslope on the upgradient end of the cell.

For this analysis, each cell has three “blocks”. The mass on the floor of the cell is called
the “central block”. Upgradient, the mass is called the “active block. The sliding surface
of this block is defined by either the presence of the specific interface of concern, or a
projected active wedge slip based on earth pressure theory.

Down gradient of the central block, the mass on the sideslope is called the “passive
block”. It is defined as a sliding wedge because the specific interface of concern is
present.

9-10
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The horizontal seismic force is added by multiplying the horizontal factor by the weight of
each block, and using that as an additional force in the horizontal direction. This force is
presumed to act towards the downslope direction.

Based on this analysis, the following tables summarize the factors of safety calculated.

Factors of Safety
Sliding Wedge Slip Surface, Static
Cell Static Factor of Dynamic Factor of
Safety Safety
1. Cell 13 13.8 6.3
2. Cell 11 3.9 1.6
3. Cell 5D 4.8 3.3
4. Cell 10 12.3 6.0

Detailed information is included in Attachment 9J.

G:\Projects\2018\20183854 - Chesapeake Terrace LF\Work Documents\Phase |l Application\Working Documents\Section 9_Geotechnical\Text Section
9_WIP_06212020.doc

9-11



\_eosServices

ATTACHMENT 9A

NOT USED




@y \ ADVY\NCED

eoservices

ATTACHMENT 9B

Liner Anchor Trench




Subject: Liner Anchorage
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Objective:

Design the liner anchorage to hold the geosynthetics against applied loads.

Design Approach and Assumptions:

 H The anchorage system includes a flat runout length at the top of the slope with a short drop into a
trench. The trench is backfilled with compacted soil.

2. The layer of drainage sand terminates at the top of the landfill sideslopes, and does not extend into
the anchorage system.

3. The holding capacity of the anchorage system is developed by the combination of the vertical load
of the cover soils placed on top of the runout length, and the lateral load from the anchor trench
backfill.

4, Interface friction values vary based on the materials as layered. For design purposes, the lowest
interface friction value between layers is used. (References 2 and 5)

5 An imaginary frictionless pulley is positioned at the crest of the anchor trench, allowing the
frictional forces to be summed along the plane of the geosynthetic layers. (Reference 1)

6. It is preferred to design the anchorage system such that the geosynthetic layers pull out before the
geomembrane yields. Consequently, a factor of safety against yield of 1.5 is used.

Calculation:

From the attached calculation sheet, the proposed anchorage configuration that includes a 4-ft runout
length, and 2-ft deep anchor trench, would have a capacity of approximately 861 Ib. (presuming a unit 1-ft
width of lavered geosynthetics). Applyving a factor of safety of 1.5 to the textured HDPE geomembrane
(HDPE-T) vield stress of 1,512 Ib. (Reference 3), a maximum allowable capacity of the anchorage system
would be 1,008 1b.

Conclusion:

Since the anchorage system capacity is less than the maximum allowable capacity, the anchorage
system should pullout before the HDPE-T yields.

References:

1.

L

Qian, X., Koerner, R.M., Gray, D.H., (2002). "Geotechnical Aspects of Landfill Design and
Construction™; Prentice Hall; Upper Saddle River, NJ; 1st Ed., Sect. 4.7.2.

Koerner, G., and Narejo,D.; Geosynthetic Research Institute; GRI Report #30- "Direct Shear
Database of Geosynthetic-to-Geosynthetic and Geosynthetic-1o-Soil Interfaces™; 2005,
Manufacturer's data, various.

Site specific data, estimated.

Calculation to estimate interface friction between GDN w/GT-NW to Cohesive Soil.
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Description

Design of the Geomembrane Anchor Trench

Cover Soil —\

®
Liner/Leachate ' L des
Collection System ] 3
"t (@)
7 7|l 2at
Soil Subgrade 7 i
,T//
Imaginary Frictionless Pulley
General Data
Siope horizontal, H=_30__]
Slope Vertical, V = 1
Slope Angle, B= 184  deg
Cover Soil and Prepared Subgrade
Depth of cover soif, des= 2.0 ft
Density of cover safl, Yes={ 1150 | pcf
Length of anchor runouf. L ‘—'I 4.0 ft
Cover soil pressure on GM-T, 8= 2300 psf
Anchor Tremnch
Depth of anchor trench, dat=]__20__] n
Average depth of anchor trench, davg = (dab2) = 1.0 fl
Densily of anchor rench backfill seil, 7 al = 115.0 pef
Anchor trench backfil soll internal friction angle, #at=| 280 | deg
Anctar trench backfil soil coef of earth pressure at rest, Ho-al = 0.53
Average vertical pressure in ancher french, Ov-avg
Tv-avg = (yesides) + (yatfdavg) = 3450 psf
Geosynthetics
Gaocomposie MNon-VWowan
Drainage Wet, Geotoxtis, GT-NW
GON, w/GT-NW XXX XA XXX S
boih sides Khishisd

G-

{Reference 1)

Geosminete |, TITTTITITICIIIIITIT GCL Removed from Design

*""— Pl'&ﬂlredﬂ'-l'bﬂ'lﬂl'7

look at geomembrane to subbase
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Non-woven Geolextile, GT-NW = | 10 oalsf
Textured Geomembrane, GM-T ={| HDPE-T 80 ﬂ mil
Textured Geomembrane Yield Strass, Ty =1 512 TR

Geotextile (NW-NP-GT).

Geosynthetic Clay Liner, GCL =|| Bentonite wi2 layers of Non-Woven Needle Punched

Estimated Interface Friction Angles (References 2 and 5)

r—— S —
GT-NW fo GON wiGT-NW, 4= o7 deg
GON wGT-NW o GM-T, 7= 26 deg Sges = 16
. P—
GCL Removed from Design ~ ---------- GMTIoece-Sg=] -23- | deg (l -339 || deg

AM-T to Granular Subbase Gei-to prepared-Granutar-subgrade, 5§= -27- deg 31
VI-T to Granular Subbase Gt to-prepared-Cofesive-subgrade, ﬁg: -24-5 deg16(saturated)

Anchor Trench Capacity and Factors of Safety (Reference 1)

Geomembrane anchor trench capacity, T

T=_(qe)(L)(tan Sses) + 2(Ko-at)(Ov-avg)(dat)( tan ues)
cos B — (sin B)( tan %ges)

7= 861552 mm
Minimunm Factor of Safety Against Ty, MFS =15 |
Allowable stress in the geomembrane, Tall=( Ty MFS) = 1,008

wi  Results still OK

Singe T < Tall, the anchor trench should pull out befare bhe HOPE-T yields.

Refsrences:

T N 1st Ed., Sect 47.2

and Gaosynthetic-to-Soll inferfaces”; 2005,

Manufaclurer's data, vamous.
Site specific dafa, estimated.
Calculation fo estimale interface friction between GDN w/GT-NW fo Cohesive Sail

o S o

Qian, X., Koerner, R.M., Gray, D.H., (2002). "Geotechnical Aspects of Landfill Design and Construction”™ Prantice Hall: Upper Saddie River,

Koemner. G., and Narefo,D.; Geasynthalic Research Instilute; GRI Report #30- "Direct Shear Database of Geogynthelic-fo-Geosynihetic
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Appendix Table 1. Summary of interface shear strengths.

rerface 1* \l/ Interface 2% Peak Stren Residual Strength
Fig. 5 Ca | Points | R’ Fig. 5 Ca | Points | R’
| No. | (deg) | (kPa) No. | (deg) | (kPa)
DPE-S Granular Soil la 21 0 162 0.93 1b 17 0 128 0.92
DPE-S Cohesive Soil
Saturated | lc 11 7 79 0.94 1d 11 0 59 0.95

Unsaturated | 1c 22 0 44 0.93 1d 18 0 32 0.93
DPE-S NW-NP GT le 11 0 149 0.93 1f 9 0 82 0.96
DPE-S Geonet lg 11 0 196 0.90 1h 9 0 118 0.93
DPE-$ Geocomposite 1i 15 0 36 0.97 j 12 0 30 0.93
DPE-T Granular Soil 2a 34 0 251 0.98 2b 31> 0 239 0.96
DPE-T Cohesive Soil

Saturated | Ze 18 10 167 0.93 2d 16 * 0 150 0.90

Unsaturated | 2¢ 19 23 62 0.91 2d 22 0 35 0.93
DPE-T NW-NP GT Ze 25 8 254 0.96 2f 17 0 217 0.95
DPE-T Geonet 2 13 0 31 0.99 2h 10 0 27 0.99
DPE-T 7 Geocomposite 2i 264 O 168 0.95 2 15 1] 164 0.94
LDPE-S Granular Soil 3a 27 0 6 1.00 3b 24 0 9 1.00
LDPE-S Cohesive Soil 3¢ 11 12.4 12 0.94 3d 12 37 9 0.93
LDPE-S NW-NP GT 3e 10 0 23 0.63 3f 9 0 23 0.49
LDPE-S Geonet 3g 11 0 9 0.99 3h 10 0 9 1.00
LDPE-T 3 Granular Soil 4a 264 7.7 12 0.95 4b 25 52 12 0.95
LDPE-T Cohesive Soil ¢ 21 5.8 12 1.00 44 13 7.0 g 0.98
LDPE-T “Z- NW-NP GT 4e 26| 81 9 1.00 4f 17 9.5 g 0.96 |
LDPE-T Geonet 4g 15 3.6 6 0.97 4h 11 0 6 0.98
VC-S Granular Soil 5a 26 0.4 6 0.99 5b 19 0 6 0.99
VC-S Cohesive Soil Sc 22 0.9 11 0.88 5d 15 0 9 0.95
VC-S NW-NP GT Se 20 0 80 0.91 st 16 0 83 0.74
VC-S NW-HB GT 5g 18 0 3 1.00 Sh 12 0.1 3 1.00
VC-5 Woven GT si 17 0 6 0.54 5 7 0 6 0.93
VC-§ Geonet sk 18 0.1 3 1.00 51 16 0.6 3 1.00
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PROBUCT DATA SHEET

GSE HD Textured Geomembrane

GSE HD Textured iz a co-axtruded textured high density polvethylens (HDPE) [* ]

aeosmembrane available on ane or both sides. It is manufactured from the highest

quality resin specifically farmulatad for flexible gesrmembranes. This product s used in AT THE CORE:
applications that require increased frictional resistance, excellent chemical resistance and An HDPE geomembrane

used in applications
that require increasad
frictional resistances,
excellant chemical
resistance and

endurance properties.

enduranca properties.

hﬂlﬂ mﬂﬂﬂihﬁ These product spocifications moet GRI GMI3
Thickmess, mil ASTH D 5904 avery roll 30 40 E'D Bo 00
I,.l;wuq.'t |r'|.|:|ruid.|,|ntrqulng Fri 36 54 72 S0
Density, giom? | AT DSOS 200,000k | Q840 | D340 0940 0940
Tersde Propertes (each direction ASTM DG, Type IV | 200000 1b
‘Strength at Break, b/in-width Durnball, 2 ipm 45 50 S0 130 150
Strength at ¥iald, ln/in-width 63 ad o I 710
Elongaticn at Breal, % &L 200n hls] o0 0 100 gl o]
Elangation ot vield, % &L, L3in 12 12 2 12 | 12
Tear Resistance, b | ASTM DDA | 45000 1b [ | 2a Az 56 :m
| Puncture Resistance, i EETHDINE 45000 Ib | 45 1] 20 130 | 150
Carbon Black Content, % (Ronge) AETHDWMW 2000010 E.D—Ejﬂ | Z.EI--?.D ZD-S.D 2.0_-_.*»'] 20-30
CarDon Diack Dispsarsion ASTH D 5586 45,000 K | Mata™ Mota™ Mote™ Mote™ Mate™
dsparity Hedght, mil ASTH O ME6 smoind rall 6 18 | i ] B8
Nokched Constant Tersile Load™, hr ASTH D 5357, 200,000 | 500 500 500 500 500
Appandix
Criciative Induction Tima, mins ASTM D ZEEE, 200000 b | =100 00 100 =104 >100
2000C, O, atm
Rodl Langih™, ft Double-Sidod Textured B3 00 520 400 330
Singhe-Sided Texured 1000 T80 540 410 330
Rl Width™, it | 225 b 1] 225 | 225 2‘2..5
Focdl dirisp, 27 Double-5aded Tewtuned WBETS 15,750 R 000 A5
Slngha-Sidod Taxbured L A2TIS 175850 1250 9,235 | 7435
HUOTER

= Uiisparsion only appies to naar sgherical sgglomerates. 9 of 10 viaws shall be Category 1or 2 o more [hian 1 vew From Colegory 3:

s S CTL for GSE HD Texturnd m conducted on repressntative srmooth membrane ssmolbes.

= Rl langths and widthe hawr a tolerance of 1t%

= GS5E HO Tewturad 5 availobde in rolls weighing appromimaely & 000 1h:

« 411 G5E geomembranes hove dmendional stability of #22% when tested decording to ASTH D 1204 and LTH of <-77°C when tested according to A5TM D 746
= "Modifigd

¥ (126 b/, Y 2Wey) = 1512 Iy

GSEica leading manifacturar snd markater of gecsynthetic lining products and services. Wa've

bulit a reputation of reflabifity through our dedication to providing consistancy of product, prlcn

and protection to our global customers,

Our commitmant to innovation, our focus on guality and our industry axpertise aliow

us the flaxibility te collabarate with aur clients ta develap a eustam, purpose-fit solution. EMVIEONMEMTAL®

| For more Infarmatién on thizs produet apd otiiers, pleass visit us al
[ l““'““ 'l“ l“' GEEwarld.ecom, call BO0, 435 008 &r contact -.lmlrr]a:al sales altice.

£3 Y |

This information & peavided for referance purposes ordy ond 15 0o inlondad Be s warrarcy o guasranies, G5E assumes no lability i conrectsin wih the wuse ol the Information
Specifications subisct o changs wiholt natice, GEE and gthor Erademarks in thes dosument are registered trademarks of GSE linewg Technologny: LLC &tk Linilad Slated and Cartam

foddign countries. REVI0ODEC 04
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Objective:

The objective of this analysis is to determine the factor of safety against the puncture of the geomembrane
liner by large diameter stones used in the leachate collection system. Puncture protection is provided by
one or more layers of nonwoven, needle-punched geotextile.

Design Approach:

This analysis is based on Dr. Robert Koerner’s work as published in References 1 and 2, and as slightly
modified by Reference 7. The general design steps for this analysis are as follows:

1.

Determine the point of greatest waste depth. At this point, estimate the maximum expected
vertical pressure (MEP) due to the various layers and thicknesses of leachate collection system,
waste, and cap system.

Based on the maximum diameter of the coarse aggregate bedding for the leachate collection
piping, estimate the protrusion height of the stone against the geomembrane liner.

Based on various design parameters, select modification factors and reduction factors to be used
in calculating the maximum allowable pressure on the geotextile.

In August 2013, the author of this analysis corresponded with Dr. Robert Koerner, and inquired
about the change to the maximum allowable pressure design equation as compared between
Reference 1 (1996), and his 6™ edition of “Designing with Geosyntheties” (2012), which is
identical on this subject to that in Reference 2, (2008). Note the following figures:

: M 1 .
all = [ 450 [ — 250
HZ MFs x MFoq x MF4 RFchd % RFer

Reference 1 (H has units "mm").

. M ! :
Pall = [ 50 + 0.00045[ —

H2 MFs x MFoq x MFg RFchd * RFer

Reference 2 (H has units "m").

Dr. Koerner indicated the “50 +" was added to the Reference 2 equation to allow the use of the
puncture resistance provided by a 60-mil HDPE geomembrane. It is concluded that removing the
“50 +” term from the Reference 2 equation would be conservative. Therefore, this analysis
subsequently uses the following equation from Reference 2, as modified:
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; M 1 1
all = | 0.00045| —
HZ MFs x MFoq x MFga RFehd * RFer

Reference 2 (H has units "m"), as modified.

4, Calculate a factor of safety defined as FS = (P*u / MEP), and compare this to a minimum FS of
1.5.

5. Repeat this analysis for the greatest waste thickness over a leachate collection pipe.

Calculation:

For the greatest waste depth over the geomembrane liner, a FS against puncture for the given conditions
described was calculated to be 3.0, For the greatest waste depth over a leachate collection sump, a FS
against puncture for the given conditions described was calculated to be 3.4, Detailed calculations are
attached.

Conclusion:

Based on the foregoing, the proposed design provides a FS of at least 3.0 against puncture of the
geomembrane liner against the large diameter aggregate to be used in the leachate collection system.

References:

1,

g

=

Wilson-Fahmy, Ragui, and Koerner, Robert M., et al, "4 Design Methodology for the Puncture
Protection Design of Geomembranes", GRI Report #13; Geosynthetics Research Institute,
Drexel University; September 26, 1994

Koerner, Robert M., "Modification to the "GRI Method" for the RFCR Factor Used in the
Design of Geotextiles for Puncture Profection of Geomembranes", GR1 White Paper #14;
Geosynthetic Institute; Nov 24, 2008.

General project design.

Leachate Collection Pipe Detail (not used for sump calculation).

Maryland Department of Transportation, State Highway Administration, "Standard
Specifications for Construction and Materials", July 2018, Table 901 A.

Leachate Sump Detail (not used for floor calculation).

Personal correspondence with Dr. Robert Koerner.
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Liner Puncture Protection

Description
Determine the minimum weigh! of a non-woven geolexiile neaded for punciure profection for the geomembrans fner
basad on the greates! lhickness of waste acrass the ffoor of the landfil,

Include 24" Subbase at 125 pcf = 250 psf

General Data
Cap Layer Dansity = 115 pef
Waste Layer Thickness = =raz0_ | ruse 120.0 max=5,844 psf
Waste Density = 8.7 | pcf
Select Waste | . nase Gotietion Layer Thickness = 30 |
Leachate Collection Layer Density = | 115} pef
Leachate Collection Sfone Thickness = 210 it
Leachate Collection Stone Densily = 125 pecf 348 kPa
Maximum Expected Pressure, MEP 7,204 8088 psf = 385 kPa
Stone Designation = 7
Maximum Stone Diameater, MSD = ) in = 0.0381 m
Estimated Protrusion, H=0.5x MSD__0.0181__ m

L}
i
B
=]
&
=

Geolextie Weight, M =

Modification and Reduction Faciors [Reference 2)
Shape; MFs =
Packing Densily, MFpd =
Soil Arching, MFa =
ChamicalBiclogical Degradation, RFchd =
Creap, Rfcr=
Product of Modification and Reduction Faclors, PMRF =

Design Equations (References 1 and 2)

, M 1 1
Pall = | 0.00045( —
HZ MFg x Mde % MF5 RFchd % RFer

Reference 2 [H has units "m"}, as modified.

Design Allawable Prassurg, Pall = 11758 kPa

Glabal Factor of Safey, FS 303.4
(Pialll{MEP) =

Minimum Global Factor of Safely, F5 = 3.0 {Reference 1)

6/2021

Referances:
1 Wilson-Fahmy, Ragui, and Koerner, Robert M., st al, "A Design Methodology for the Punclure Protection Design of
Geomembranas™ GRI Report #13; Geosynihetics Research Instifute, Drexel University; Sepl 26, 1994,
2 Koemer, Roberl M, "Modification to the "GR! Method" for the RF cq Factor Usad in the Design of Geotexties for
Punclure Protection of Geomeambranas”, GRI While Paper #14; Geosynthelic institufe; Nov 24, 2008,
General project design,
Leachate Collection Pipe Delail,
Maryland Department of Transportation, State Highway Administration, "Standard Specifications for Construction and
Matarials’, July 2018, Table 901 A,
Leachale Sump Detall (nof used for loor calculation).
Persanal correspondance with Dr. Robert Koermer,

=~ n oA Lo
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Liner Puncture Protection
Description
Datarmine e minimum waigh! of & non-woven geolextie needed for punciure prolection for the gecmeombrane iner
based on the despest sump in the landfill
General Data
Cap Layer Thickness = [ 3.0 n4 0 ft=460 psf
Cap Layer Dansily = i
Waste Layer Thickness = || 1220 !’l use 120.0 max =5,844 psf
Waste Dansily = 48.7 pet
Select Waste teachate-Golestion Lajer Thickness = 4.0 fl
Leachate Collection Layar Density = 115 pcf
Leachate Colfecifon Stone Thickness = 3.0 ||
Leachate Callection Stone Density = 125 pef 342kPa
Maximum Expacted Pressure, MEP =7 130712 psl = rr= kPa
Sfona Designation =
Maximum Stone Diamater, MSD = 1.50 in = 00381 m
Estimated Protrusion, H=0.5x M50 0.0181 __m
Geolexile Weight, M = = 340 ozlsy
Modification and Reduction Factors (Reference 2}
Shape; MFs = 1.00
Packing Density, MFpd = .83
Soif Arching, MFa = 0.75
Chemical/Bialagical Degradation, RFchd = 1.50
Creep, RFer= || 1.30
Product of Modification and Reduchion Factors, FIMAF = 1.21
Design Equations (References 1 and 2)
1 1
all = | 0.00045( — M
H H2 MFs x MFpg = MF 5 RFehd * RFer
Reference 2 (H has units "m"), as modified.
Design Allowable Pressure, Pall = 1,475.8 kPa
Global Factor of Safey, FS —-343 .4
(FallMEFR) =
Minimum Glabal Factor of Safely, FS = 3.0 {Refarenca 1}

Relferancas:
Wilzon-Fahmy, Ragui, and Koamey, Robert M., et al, "A Design Mathodelogy for the Punclure Protection Design of
Geomambranes” GRI Repart #13; Geosynthelics Research Institule, Drexel Universily, Sept 26, 1854,

Koemer, Robant M., "Modification to the "R Method" for the RF qn Faclor Usaed in the Design of Geolextites for
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Table 1. Modification factors and reduction factors for geotextile protection material design
using Equation 2, i.e., the “GRI-Method™.

(a) Modification factors (all < 1.0)

MF; P MFpp MFE A
Angular W Isolated 1.0 Hydrostatic 1.0
Subrounded 0.5 Dense, 38 mm 0.83 Geostatic, shallow  0.75
Rounded .25 Dense, 25 mm 0.67 Geostatic, mod. 0.50
Dense, 12 mm 0.50 Geostatic, deep 0.25

(b) Reduction factors (all > 1.0)

RFcg

Wﬁ){ima Protrusion W
RF(:BH I:g " 38 25 12

Mild leachate 1.1 Geomembrane alon /R N/R
Moderate leachate 1.3 V/ 270 N/R =>1.5
1.5

Harsh leachate 550 1.3
1.1

N/R
1.3
>1100 =1.2 =1.1

Abbreviation: N/R = Not recommended

The design situation can be approached by using a given mass per unit area geotextile to
determine the unknown FS-value, or from using a given FS-value to determine the unknown
mass per unit area geotextile. Koerner (2005) gives numeric examples, and Valero and Austin
(1999) present design charts for the many variables contained in the design equation. It might be
noted that this method is the only design method that allows for direct selection of a geotextile
protection material t;viﬂmut the need for large scale trail-and-error experimental testing.

In Equation 2 the two terms “RFppp” and “RFcp”™ are intended to extend the short term
test results into a simulated long term performance behavior. Since HDPE is quite resistant to
chemical and biological degradation, the term RFcpp is comparatively small. The term RFeg,
however, is not small and in many cases a “not recommended” decision is suggested. Due to its

importance in the overall design, a series of long term creep tests using this same methodology,
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Table 3. Revised values for “RF¢y" to be used in Equation 2 for geotextile protection materials
design.

“REcp"-Values :
Mass per unit area Y. Protrusion Height (mm)
(g/m’) 38V 25 12
Geomembrane alone N/R N/R N/R
270 N/R N/R N/R
550 N/R N/R >1.5
1100 N/R 1.5 1.3
=>1100 1.3 1.2 1.1

Abbreviation: N/R = Not recommended

Lastly, the entry of “>1.5” for a 12 mm cone height associated with a 550 g/m”* geotextile is felt
to be appropriate considering the following items.

s The geotextiles used at present are made from polypropylene fibers versus the tested
geotextiles which were made from polyester fibers. Since the specific gravity of PP is
0.91 and that of PET is between 1.22 and 1.38, one has from 25% to 34% more filaments
in an equivalent mass per unit area geotextile using polypropylene fibers. This provides
for considerably greater protection capability.

e The area of yield for the six ~ 12 mm cone heights was extremely small and the
thicknesses of the remaining geomembrane was such that considerable deformation could
still be sustained before break is even close to occurring.

e The “>1.5" recommendation is precisely for additional conservatism and safety and if a
designer wishes to be more conservative than the new recommended table suggests

he/she is free to do so.

2
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AGGREGATE 784

901 Aggregate
901.01

This Section includes the material details, quality requirements, and test methods applicable to
aggregates. Grading requirements are outlined in Tables 901 A and 901 C; physical properties in
901 B and 901 D. Force drying may be used in the preparation of samples for grading tests
conducted in the field.

TABLE 901 A
AGGREGATE GRADING REQUIREMENTS - T 27
MATERIALS SIEVE SIZE
2-12 |1-|1 |3 |1/| ININ|ININ|N|IN|N|N|No
™ |u(” |42 8|0 |o. |o. |0 |00 |0 |0
2!! 1!!
4 |8 |1 |1 |3 |4 |5 (1|20
0|6 |0 |0 |0 (0|0
0
63 |5 |[37(2 |19(12|9. |4. |2. |2.|1. |6 |4 |3 |1 |75
m|0 [S5|5|m| 5|5 |7 |3 |01 |0|2]0]|5|p
m m m/ m{m/ m| m|5 [6 m|8§8 [0 [|5]|0 |0 |m
m m m m m m m m m p |1} j.l. 1
m [ m m | m|m|m|m
CRUSHER RUN — |1 |90 | —]|60 | —|—1|3 |—|—|—]|—|—|—]|—]| 0=
AGGREGATE CR 0 |- - (- 15
-6 (fi(g) 0|10 ] (i1
1] 1]
BANK RUN | —|—19 | —|[60]|—|—]|—1|3 |—|—|2 | —]|—]|5-
GRAVEL — Q- - 5- - 25
SUBBASE | 10 9 5
0 0 i) 5
{
GRADED — 1 (93 |— |70 |—|50|3 |—|—|—]|1 |—|—|—]| O
AGGREGATE — 0 |- - = |5 2- 8
BASE DESIGN 0 |10 92 705 2
RANGE (a) 0 5 5
TOLERANCE(b) |[— (- | |—|&* |— | | |—|—|—|£ |—|—|—|%3
Y215 B 2 |8 5 (c)
BANK RUN 0| —|—|8 | —|60|—=|=—=]=—|3 |—|—|2 |=—|—]3-
GRAVEL —BASE |0 5- - 5s 0- 20
| 10 T 5
0 5 0
]

2018 Standard Specifications for Construction and Materials
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(a) To establish target values for design.

(b) Production tolerance.
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Ref. Checked by: VEF Sheet 1 of 3

Revised by PGS 09/01/2021
Objective:  Note: Calcs. rerun by PGS 09/01/2021 to eliminate GCL

The objective of this analysis is to evaluate the veneer stability of the liner and leachate collection
system on the 3H: 1V (33%) interior sideslopes under drained conditions for static and dynamic
loading. Undrained conditions were not evaluated as the design provides for open, free-drainage at the
toe of bottom sideslopes along the perimeter of the landfill.

Design Approach and Assumptions:

1. Undrained conditions were not evaluated here as the design provides for open, free-drainage at
the toe of interior sideslopes along the perimeter of the landfill.

2. The proposed liner and leachate collection system consists of the following components:

4 ft Select Waste;

Separation Geotextile (10 0z/sy NW-NP-GT);

2 ft Leachate Collection Sand (SM);

Geocomposite Drainage Layer (GDL) with NW-NP-GT both sides;

Textured (on both sides) High Density Polyethylene (HDPE-T) Geomembrane; and
Prepared Earthen Subgrade.

3. It was assumed that the soils and leachate collection sand have uniform properties: unit weight
of 115 pcf, and internal friction angle of 28 degrees.

4. The following interface friction angle (d) values were considered based on Reference 5:

Protective Layer to NW-NW-GT: 27 deg;

NW-NP-GT to SM soil: 27 deg;

SM soil to GDN w/NW-NP-GT: 27 deg;

GDN w/NW-NP-GT to HDPE-T: 26 deg;

HDPE-T to GCL: 23 deg; and,

HDPE-T to prepared Earthen Subgrade: 18 deg. Assumed cohesive soil Subbase saturated.
HDPE-T to prepared Earthen Subgrade: 24 deg. Assumed granular soil Subbase.

For design, a O value of 18 deg was used. Interface friction testing must be performed for the
actual subbase soil proposed to be utilized on the interior cell side slopes.

Additionally, soil cohesion ( ¢ ) was ignored to be conservative. Interface adhesion (ca) was
considered since the soil cover loading is great enough to expect interface contact between
geosynthetic layers to be good. Reference 5 indicates a ca value of 10 kPa (209 psf) could be
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associated with the HDPE-T to GCL interface. This analysis used a c. value of 1 kPa (20.9

psf).

The target factors of safety (FS) against veneer instability are 1.5 for static and construction
loading, and 1.0 for seismic loading. The target FS of 1.5 was adopted based on the assumption
the site is for non-hazard waste and high in importance ranking.

From the USGS seismic map, the seismic coefficient (Cs, peak ground acceleration) at the site
is approximately 0.065g. Reference 6 advocates the use of 0.5(Cs) for design.

Low ground pressure equipment is typically used for landfill construction over geosynthetics.
This analysis assumes the CAT D6N LGP dozer, or similar, to be used in the construction.

Interface friction angles were taken from GRI Report #30 (Reference 5).
The analyses were performed following Koerner and Soong 2005 (Reference 1). Only drained

conditions were considered as the leachate collection system is designed with key points of
The undrained conditions of

collection piping and GDL to prevent undrained conditions.

horizontal seepage build up and parallel slope seepage buildup were not considered.

Calculations:

The summary of the calculated FS values is shown the following table:

Target 8-ft Slope | 12-ft Slope | 68-ft Slope | 68-ft Slope
Factor of | (Cohesive) | (Cohesive) | (Cohesive) | (Granular)
Scenario Safety, Calculated | Calculated | Calculated | Calculated
FSmin Factor of Factor of Factor of Factor of
Safety, FS | Safety, FS | Safety, FS Safety, FS
Case 1. Static, Drained 1.5 3.6 2.0 1.1 1.5
Case 2. Dynamic, Drained,
CAT DO6N LGP Pushing 1.5 2.1 1.7 1.1 1.5
Upslope
Case 3. Dynamic, Drained,
CAT DO6N LGP Pushing 1.5 1.7 14 1.1 14
Downslope
Cgse 6 Dyngmw, Drained, 10 15 1.5 0.7 1.0
Seismic Loading

Color legend: green = acceptable; red = not acceptable.
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CONCLUSIONS:
Based on the foregoing, the following conclusions are presented:

1.

The analysis indicates acceptable FS values at the proposed interior slope of the landfill with
heights equal to or less than 12 feet ft. (1.5 lifts) for cohesive or granular soils. For all
conditions except pushing waste down slope.

Slopes will be unstable for a cohesive soil Subbase at any height greater than 12 feet. This
means that placement of the 2 ft. thick leachate collection layer and 4 ft. thick layer of select
waste on the side slopes must be performed as waste placement progresses. Never allowing the
difference in elevation between the top of the placed leachate collection and Select Waste
layers, and the height of waste to be greater than 12 feet.

If permeability and interface friction testing between the textured HDPE and Subbase soil can
produce a value of 24 degrees or greater while still meeting the permeability requirements, then
the leachate collection layer and Select Waste layers on the side slopes in any of the proposed
cells can be can be completed without the need for sequencing the construction with filling.

FS values under seismic loading were acceptable for each of the conditions evaluated except the
68 feet high slope constructed with cohesive subbase materials.

To successfully accomplish the construction and operation of the landfill with respect to the
stability of the liner and leachate collection system, the materials used should meet or exceed
the parameters used in this analysis.

References:

. Koerner, RM., and Soong, T.Y.; “Analysis and Design of Veneer Cover Soils”; Geosynthetics

International, 2005, Vol. 12, No.1, p28-49.

Soong, T.Y, and Koerner, R.M.; “Cover Soil Slope Stability Involving Geosynthetic Interfaces”,
GRI Report #18, 1996.

Koerner, R.M., and Daniel, D.; “Final Covers for Solid Waste Landfills and Abandoned Dumps”,
1997.

Soong, T.Y, and Koerner, R.M.; “The Design of Drainage Systems over Geosynthetically Lined
Slopes”’, GRI Report #19, 1997.
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Description

Perform a finite (veneer) slope length analysis of the liner and leachate collection system. To estima
construct all side slopes layers (leachate collection and Select Waste) in any height cell without nee

Slope Information

te minimum inteface friction required to
d for filling in sections.

Slope, f = 18.4  deg 2p= 36.87 deg
Maximum Slope Length, L =
Height of Slope, H =
Materials
Cover Soil = USCS Silty Sand, SM |
Cover soil thickness, h = 6 ft
Moist unit weight, Y moist 115 pcf
Saturated unit weight, Y sat 130 pcf
Internal friction angle, ¢ = 28 deg
Soil cohesion, ¢ = 209 psf
Water unit weight, yw = 62.4 pcf
Textured Geomembrane = |[60-mil HDPE-T ||
Subbase = |[Subbase ||
Interface Friction Angles
Protective Cover Soil to NW-NP-GT, 04 = 27 deg
NW-NP-GT to Leachate Collection Layer, 65 = 27 deg deg
Leachate Collection Layer to GDN, 06 = 27 deg
GDN to HDPE-T, 7= 26 deg
HDPE-T to Subbase Soil, 08 = 24 deg Calc performed for 38 = 24, C=0.0 psf
All interface adhesion, ¢, = 1 kPa = 20.9 psf
Case 1: Static, Drained
sin f = 0.32 W, = 135972 Ib/ft
tan = 0.33 Wp= 6,900 Ibft
cos ff = 0.95 N, = 128,995 Ib/ft
sin2f = 0.10 C,= 4,09 IbAt
sin2ff = 0.60 C= 0 Ib/ft
tan ¢ = 0.53 a= 12,899 Ib/ft
tan O = 0.45 b= -21,905 b/t
c= 3271 b/t

Minimum Factor of Safety, FSmin =
Factor of Safety, FS =

1.53
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Case 2: Dynamic, Drained, Equipment Pushing Upslope

sin ’5 = 0.32 Wy = 135972 Ib/ft q= 685 Ib/ft
tan ﬂ = 0.33 Wp = 6,900 Ib/ft We = 6,565  Ib/ft
cos ’5 = 0.95 N, = 128,995 Ib/ft Ne = 6,228  Ib/ft
sin Zﬂ = 0.10 C, = 4,096 Ib/ft
sin 2 ﬁ = 0.60 Cc= 0 Ib/ft
tan ¢ = 0.53 a= 42,761 b/t
tan O = 0.45 b= -72,249 Ib/ft
c= 10,812  Ib/it
Weight of Equipment, W, .|| 39,112
Length of Equipment Track, w = 10.2
Width of Equipment Track, b = 2.8 Minimum Factor of Safety, FSmin =
Width-to-Thickness Ratio, b/h = 0.5 Factor of Safety, FS = 1.52

Influence Factor, | =

Case 3: Dynamic, Drained, Equipment Pushing Downslope

sin f= 032 Wa= 135972 Ib/it g= 685 Ib/it
tan f = 033 Wp= 6900 b/t We= 6565 Ib/it
cos B= 095 Na= 128995 Ib/ft Ne= 6228 Ibft
sin?ff = 010 C.= 409 b/t Fe= 985  Ib/it
sin2f3 = 060 c= 0 Ib/it Ib/t
tan ¢= 053 a= 43695 Ib/fit
tan O = 045 b= 72414 Ibft

c= 10,812  Ib/ft
Dozer-to-Gravity Acceleration Ratio, a/g =

Acceleration of Dozer, a4 =

Anticipated speed Minimum Factor of Safety, FSmin =

Factor of Safety, FS =

Time to speed

Case 4: Static, Undrained, Horizontal Seepage Build-up to 1-ft Depth

sin f= 032 Wa= 140,859 Ib/ft Uv= 3,370 b/t
tan § =  0.33 Wp= 7800 Ib/t Uh= 1,123 b/t
cos f= 095 Na= 136414 Ib/ft Un=  -2429 b/t
sin?2f8 = 010 Co= 4,09 b/t
sin2f3 = 060 C= 0 Ib/ft
tan ¢= 053 a= 42,370 Ib/t
tan 6 = 045 b= -71,170 I/t
c= 10901 Ib/t
Height from Toe to Water, Hw = 1.0 ft
Saturated Soil Unit Weight, ¥ sar = 130 pcf Minimum Factor of Safety, FSmin =

Horizontal Submergence Ratio, HSR = Hw/H = Factor of Safety, FS = 1.51
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Case 6: Dyr ic, Drained, Seismic Loading
sin '5 = 0.32 W, = 135264 Ib/ft
tan ﬂ = 0.33 Wp= 6,900 Ibft
cos '5 = 0.95 N, = 128,323 Ib/ft
sin Zﬂ = 0.10 C. 4,096  Ib/ft
sin 2 ﬁ = 0.60 Cc= 0 Ib/ft
tan ¢ = 0.53 a= 46,624 b/t 482
tan O = 0.45 b= -58,776 Ib/ft -459
Seismic coefficient, Cs = c= 9,767 Ib/ft 135
(0.5Cs= 00325  >>>Use (Reference 6)
Minimum Factor of Safety, FSmin =
Factor of Safety, FS = 1.06
References:
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U.S.E.P.A.; "RCRA Substitute D (258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities”; EPA/600/R-95/051, April, 1995.
Map of Peak Acceleration (%g) with 2% Probability of Exceedance in 50 Years, USGS Map, Oct. 2002.




Case 3: Drained, Equipment Pushing Downslope

Equipment backfilling down slope
(method is not recommended)

Equipment moving down slope
{load plus acceleration or deceleration)

- Wa, We, Na, Ca, C, and FS same as Case 1

-We, g, and Ne same as Case 2

Time 16 Reach the Anticipated Spead (sscond)

Anticipeted Speed (kenfhir}

a=[(W,+W,)sinf+F,]-cosf ¢ :[[N’.+ Nj}ata_n§+ C,]-sin g -tan g#]

b=~{[(N, +N)tand+C J-cos F+[(W, +W_) sinf+F,] sinf tan g+ (C + W, ~tan¢‘_i}i
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Case 4: Horizontal Seepage Build-up

{a) Active wedge

(b} Passive wedge T
Ny
. — \ — 2.
m:fm‘k,m I L e L
si2g ) sinf sin 24
; h? .y U, = B U, = [Lmlt'cmﬁ_ﬂ]
= — gy S ———— v =Fyh-cosf- -
&r. 2tng [ 2 ¥ B sin 25
N,=W,:-cosf+U, sin f-U, - Ca, C, and FS same Case 1
a= W, .sin B-cos B-U,-cos’B+ U, ¢e=(N_ -tand + CyJ)sin f-tang

b=-W, . sm*f-tan¢g+U, -cos f-sh f-tang—( N -tan &+ Cq)-cos g—[(W, -U,) tan ¢]

- Koerner and Soong equations for a, b, and ¢ are modified to include Ca.




Case 5: Parallel Seepage Build-up

{a) Actlve wedge

(b} Passive wedge N

s (=R ) [ 208 f-h+)] 5 ) o cospon)

* sin 2 ' sin 28
. (B —hY+h2y,, - Ca, G, and FS same as Case 1
P -
sin 2,5 -a, b, ¢, Uv, and Na same as Case 4
. 7 b, -cosf-(2H cos f-1) U = ¥ -.H_:
A sin2p ' 2
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Case 6: Drained, Seismic Affect

-Wa, Wp, Na, Ca, C, and FS same as
Case 1

la=(C,-W,+N,-sin f)-cos f+C, -W,-cos 8| |c=(N,-tan&+C,)-cosf-sin f-tan ¢

b=—(C.-W,~N,-sin f)-sin f-tang~(N,-tan & ~ C_)-cos*f ~ (C =W -tan @) - cos 58]
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Case 6: Drained, Seismic Affect {cont,)

- e it
Two-percent probability of exceedance in 50 years map of peak ground acceleration
https:/earthquake usgs.gov/hazards/hazmaps/

Approximate Site Location

Two-percent probability of exceedance in 50 years map of peak ground acceleration
https://earthquake.usgs.gov/hazards/hazmaps/




WO 1B MMM fainjedall 1onpoid Jojoes) sdA]-yoed) Noag |
aoualaiey

69 128°C 85E'Z Z54'2 596 £l ¥8Z'l 9€9 Jsd palejnojes
z8'r PO'6L 1891 b6l 0L'9 S6'Y 168 vy isd "eanssaid punoig
L69 lze2 9152 Zhiz £r6 AW 0421 266 ysd jooq woy
gy €961 8001 L9¥l §5'9 PE'v z8'e LLE i=d 'saunssaud punoig
795 808 oSy g'ge 1'es 9'€g FLe (74 M ¥o0q Woly
zzL'e LZe's 695'0 595's BZ0'6 618 815y SHO' Ll BBUE J9EIUOD pUNoID
ras 0'Ls LSy gee g'gg 0v9 g'Le L8z M pele|nojes
SLL'S Pre'L 9l5'e PrS's 000'6 91Z'6 Zeg'y SH0'Y Al BRI JIBIUCD PUNQIS)
Bg 0 0z Bl o€ oE gl L'g ! q "yor1]
20°€E v vz zz o¢ a6 7z 6z ul wawdinb3 Jo YIpIM
z'oL 8'ZL an S'0L 0L L0l 98 1’9 Yy M I
1221 £51 €L 9z} 5Z1 8zl g0l 608 ul awdinb3 jo yibueT
q
. : ; _ . . _ _ A
ZLL'6E 00Z'¥rL | 029201 058'z28 00g'09 009'St 00¥'0F L9 aj SEURIABS 16 RIBEAR
I sauag FETE ]
wd9TNIT |  Hoia H6a Hea ao1yzq | 4918ea H9a ot wn japopy

(Lo0Z 4890300 ‘g€ UonIp3) jooqpuey asueuiiopad Jejjidisiey

el juswdinb3- sishjeuy adojg (18ausp) ejuld poafgng

GL-320-0L

Lol

ereq
:abed

43A
Yar

‘payaayd
Ag

¥SeE-8L0z N'd

awumtwm\.x wmﬁmﬁg :oefold

AUt duwo

dnoJg

|EIUIWUOIIAUY P501IUDWN ©

S22IAI9S09

A3ONVAQY

9




PeFeleNce 5

P l/2.

- ﬂ*. -
00'T 3 90 91 I 001 £ 10 81 Y5 ELTETS) S-0OAd
£6'0 9 0 L fc #5710 9 0 L1 g LD USAOM S-OAd
001 £ 10 1 us 00'1 [3 0 8l S 1O FH-MN S-0Ad
¥L°0 £8 0 91 35 160 68 0 0z ag 10 dN-MN S-OAd
$6°0 3 0 Sl g 8870 1T 60 T 2g [10§ 3A1SaY0D S-OAd
660 9 0 61 qs 6670 9 70 9z BC [105 IE[NUEID SOAd
860 9 0 11 Uy 1670 9 9E <1 e FENTETS) 24071
960 6 <6 L1 b 00°1 6 18 |91 e 19 dN-MN 7. 1-HddT1
360 6 0L £l Py 001 4 gC Iz o 1105 9AIS9U0D 124071
60 Tl 7% §T qy $6°0 I LL | #*9t B [I0S IB[NUEID ¢ LEdaI1
00T 6 0 ol i 6670 6 0 11 13 1@00aD S-Hda 11
G0 £T 0 ) JE £9°0 £C { 01 a9 L2 dN-MMN SHJOTT
€60 6 LE Tl PE 760 Tl vl i1 oF [I05 SAISIU0D) S3daT1
00T 6 i b q€ 00°1 g 0 iT BE [10§ JETIBID) SH3da11
60 791 0 Sl |4 <60 891 [E T 1z NISOAWO00E) Z  1-HAdaH
660 i7 0 0t Uz 660 13 0 £l g 120020 L-3daH
<60 LT 0 L1 37 960 75T 8 5T T 10 dN-MN L-3daH
€60 CE i (A Pz 160 79 €T 61 37 | pevedmgesnr)
060 oSt 0 91 PT €60 £91 oL 81 97 | pawemieg
[0S 9AIS340D) I-HdaH
960 65T 0 1€ az 860 (54 0 e BT [105 Te[NUEID IH4daH
E6'0 0g ] Zl [§1 LE6D 9t 0 £l 10 2)1s0dos0en) S-Hd0H
€60 211 0 [3 0L 060 961 0 11 El 120020 S-Hd0H
960 78 0 & i1 €60 671 0 i 21 1D dN-MN S-4daH
€60 zE 0 81 Pl €60 b 0 Tz 31 | pevearaesun)
S60 65 0 i1 PI ¥6'0 6L L 11 3] | peeamaes
[10S SAISIYDD S-HdOH
760 8T1 0 L1 qr 60 791 0 1z €] [108 TE[nuEin S-adaH
ey} | (Sop) ON (g | @op) "ON
A | sued | B g 11 A | swuog | ®D g Gt
EUADG [ENPISSy Ead +T 20Rp0] \7 +] 398HAIU]

"SIpSuLns Jeays 29ulIUl Jo Arewumg ‘| 2[qe] xipusddy




.r.h&_ -

L b2 (1D dNeMN)
760 01 2 1T q¢l 930 ¥1 v Pk BEL [F0S JBUEIn [§'4 7] susodwosoen
LE0 (73 0 91 gzl L60 75 0 £T BZ1 1O dN-MN ECETSY
760 EST 0 A PI1 9670 961 Il 81 a1 1-39daH (LD I8-M) TOD
06°0 LST 0 €1 qr1 <60 081 2 ET Bl LadTH | X (1D dN-MAN) TOD
(JeuayuT)
1670 (43! zl g9 q01 €80 o0% 8¢ 91 B VIN PAVIOIUITY 1O
980 91 0 61 16 $6°0 b 0 67 25 [10S 2AISSUOD) LD usAom
£8°0 ST 0 01 Ps 1.0 i 60 67 35 [10S 2AIS3Y0D) 19 gH-MN
6L70 8T 0 Iz a6 9570 6L 3 0€ 25 [10S 2AISTOD 15 dN-MN
260 8T 0 6T 18 6670 12 0 73 ag [10g JBMmuEiny 1D UaAoM
160 9 0 91 [ 66°0 [ 0 87 g JI0§ JE[TirEID) 10 gH-MN
960 LT1 0 3 q3 LE'D 06T 0 £E B3 [10§ JBuBID 1D dN-MN
08'0 6 0 91 1L L8'0 6 0 8T i fEEGETy) T-AdSD
001 £ 0 11 Vi 60 g9 0 11 I, 1D uasom T-HdSD
00T £ i] 01 qL 001 £ 0 Iz 8L 1D gH-MN g-2dS0
360 9 0 01 3L L60 7 0 ¥I aL 10 dN-MN -34SO
66°0 g 0 81 PL 120 9 L 1€ 2L [10§ 9ATS340D) H-AdSD
001 £ 0 91 qL 00'1 £ 0 9¢g B[ [10S IBnreIn) H-4ds0
001 ) Ly Tz lo 00°1 g I'T LZ 9 apsodmooosn J-0Ad
660 i 0 61 T 00’1 11 0 5T | 59 191020 A-OAd
9.0 9 0 i 19 8L0 9 0 3 ag 1D UaAom 4-0Ad
0670 ) 0 it il L60 8 0 0F ag 1D gH-MN 4-0Ad
S6'0 o7 0 £z qo S6'0 9z 0 LT E 19 dN-MN 4-0Ad

(e | (3p) | ‘on (eqy) | (o°p) ON

A | suog | D g B1gq A | swog | e) g B
TISUSHS [enpisay UI3UsNS Neaq +T 0RpIay] +1 90BRISI]

(penupuos) *1 ajqe, xipusddy

5




Case 1: Drained

Ll apualibrium foecess in a Minite length slope analysts for 8 ewfomndy thick cower soil

a=(W,~N,-cosf)-cos B c=(N,tand+C,)+sin’ f-tan ¢

-

—{(W, - N, -cosf)sin f-tang + (N, -tan & + ', ) sin F-cos F+sin F:(C+ W, -tan ¢)]

~b++b? ~da-c

2o

F§ =




Case 2: Drained, Equipment Pushing Upslope

Equipment moving up slope
(load with no assumed acceleration)

Facor &2 G
£

M
The variscion snd infaosco of “w™
i wrall Iy comparision 13 "b"

=
L

o i 1 3 4
Widh of Theck, b _
Thisknes of Cover Soil, b

Equipment backfilling up slope
(the recommended method)

-Wa, Wp, Na, Ca, C, and FS same as Case 1

-_W

1= @ wb
W,=q -w-I
N =W, .cosf

a=[(¥, +W.)-sin f]-cos B

e=[(N,+N,)-tand+C ] -sin f-tan¢

b=—{[(N,+N, ) tand +C_]-cos f+[(W, +W_)-sin f]-sin f#-tang + (C+ W, -tan ¢)}
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These calculations were prepared for the maximum fill levels proposed in the July 2020

design submission. They are still acceptable for the reduced top of cap elevations

1. Purpose : :
because the load will be equal to or less than the previous calculated values.

The purpose of this analysis is to estimate the bearing capacity of the soils beneath the landfill, and
estimate the factor of safety when compared to the anticipated landfill loads.

2. Analysis Approach

Any discussion of bearing capacity invariably starts with a discussion of the work by Terzaghi and Peck.
Terzaghi’s bearing capacity formulae form the basis for nearly every treatise on foundation design and
analysis. The initial application of Terzaghi’s bearing capacity work was to the design of shallow
foundations (strip or continuous, square, circular, etc.). It has become acceptable to apply Terzaghi’s
work to the bearing capacity of the subsoils beneath a landfill.

The approach used in this analysis is that used by Szypcio and Dolzyk (2006). Szypcio and Dolzyk
calculated bearing capacity of layered subsoils based on Terzaghi’s formula, and treated the layered
subsoil as a homogenous layer with average parameters. For this analysis, the average parameters are
weighted averages based on soil layer thicknesses and the depth below the landfill that would be expected
to influenced bearing capacity. The applied bearing pressures due to the landfill were taken from the
settlement analysis for this project. To be conservative, this analysis considers the minimum factor of
safety for bearing capacity to be 3.

3. Bearing Capacity Points of Interest

Locations of approximate greatest waste thickness were chosen for the settlement analysis. Therefore,
these locations were chosen for bearing capacity analysis. For Cell 13, this location is in close proximity
to the upgradient end of the main leachate collection pipe in the cell. This location is designated as “Cell
13, Point 3" in the settlement analysis. In Cell 10, the location of greatest waste thickness is located
along the main leachate collection pipe, between the sump and the upgradient end of the pipe. This
location is designated as “Cell 10, Point 47 in the settlement analysis. These points were chosen for
bearing capacity analysis.

The following table summarizes general data for these locations.

Bottom of

Cell and Point TU[;E?f La;_:dﬁil Landfill Veasto ?cpth "
. %) Elev. (ff) (1)

Cell 10, Point 4 270 118 143 ~

Cell 13, Point 3 202 94 99 7

Mote (a): Cap and Cover thickness = 3 fi; Liner and Leachate Collection thickness = 6 fi,

At these locations, the soil profiles developed for the settlement analysis were used.
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4. Correlation of Soil Properties

a. Soil Unit Weight
The soil unit weight was correlated with the N-value from the Standard Penetration Tests (SPT)

performed in the various borings at the site, as described in the settlement analysis. This correlation
was defined as:

Non-Cohesive Soils: ¥ = 0.001(N*) — 0.0695(N%) + 2.0802(N) + 89.265
Cohesive Soils: = 0.0027(N*) — 0.1536(N?) + 3.8139(N) + 90.869

b. Cohesion

Cohesion for cohesive soils was estimated using the correlation presented by Kumar 2016 (after
Karol 1960), as follows:

78 IMAE Lett (2016) 1:77-84
Table 1 Ranges of SPT <2
3 eluo ith sobialon b SPT N value =30 15-30 8-15 4-8 24
cohesive soils Cohesion, kPa 192 96-192 4896 24-43 12-24 12
Soil conditions Hard Very stiff Siff Firm Soft Very soft

Data from Karol (1960)

This data was used in an Excel spreadsheet to develop the following equation:

c=134.41(N)—26.51
Where:

¢ = cohesion, psf; and,
N = resistance N-value from the SPT

A cohesion value was not caleulated for non-cohesive soils.
¢. Angle of Internal Friction

The angle of internal friction (phi angle), was estimated using the correlation presented by Kumar
2016 (after Terzaghi and Peck 1967), as follows:
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INAE Lett (2016) 1:77-84 79
Table 3 Ranges of SFT
N value with angle of friction SPT N value =50 30-50 10-30 4-10 04

Angle of friction, degree =41 36-41 30-36 28-30 <23

Soil conditions Very good Good Fair Poor Very poor

Data from Terzhagi and Peck (1967)

This data was used in an Excel spreadsheet to develop the following equation:

¢ = 0.2827(N) + 27.106
Where:

¢ = angle of internal, Friction, deg; and,
N = resistance N-value from the SPT

An angle of internal friction value was not calculated non-cohesive soils.

5. Bearing Capacity

As indicated previously, this analysis follows Szypcio and Dolzyk (2006) in that bearing capacity of the
layered subsoils is calculated based on Terzaghi’s formula. The layered subsoil beneath the bottom of
the landfill is treated as a homogenous layer with average unit weight, cohesion, and phi angle
parameters. Furthermore, since groundwater is located relatively close to the bottom of the landfill, the
unit weight was adjusted for the presence of groundwater.

a. Terzaghi’s Formula

Terzaghi’s formula for bearing capacity of a square footing was chosen since the shape of the landfill
cells is approximately square and rectangular. The formula is given as:

Qu= 1.3¢Ne + [[Nq + G4TBN}'
Where:

qu = ultimate bearing capacity of the soil below the foundation (landfill);

¢ = cohesion:

Ne , Ny, Ny = bearing capacity factors for cohesion, overburden pressure, and unit weight;
q = overburden pressure;

¥ = soil unit weight; and,

B = foundation (landfill cell) width.
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The bearing capacity factors Nc, Ng, and Ny are taken from the following nomograph (Das 1990,
after Terzaghi 1967):

3.3  Temoghi's Boaring Capocity Theory 126
1000
Z
b
100
i
¥ -
= —
4 _,..-—'/
W
= - ...-l"""i il
|
§ T il ..--"'r'ﬁET
< 10 e
= e
§ [N =5T——
¥ A {/
-1
§ te=on~1 /,"'
1 74
> —
a
e
£l
@ =0 N, =0
al
0 10 20 80 40 45
Angle of friction of soll, & (deg)

Figure 3.4 Terzaghl's boaring capacity factars for general shear falkie—Eq. (3.3)

b. Multi-Layered Subsoils

For this analysis, the multi-layered subsoils within the soil thickness H were converted to a single,
homogeneous soil layer having average parameters. The average parameters were weighted based
on the thickness of the various soil layers. The parameters v, ¢, and ¢ were averaged as follows:

X=(tx) +t2x2 + ... + tixi))/H
Where:
% = weighted average parameter;
t1, t2, ... ti = individual soil layer thicknesses;
X1, X2, ... Xi = individual soil layer parameter; and,
H = summation of the individual soil layer thicknesses = (11 +t2 +...+ ti).
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As a result of this weighted averaging, the soil beneath each landfill cell considered is modeled with
single values for thickness (H), unit weight ( y ), cohesion ( € ), and phi angle ( § ).

¢. Soil Thickness, H

In calculating the weighted average soil parameters, the total soil thickness under consideration must
be established. The soils in the region are generally unconsolidated sediments that increase in
thickness to more than 8,000 feet at the Atlantic Coastline.

Since this analysis treats the landfill cell as a “foundation”, albeit flexible, the Boussinesq and
Westergaard analyses of contours of equal vertical stress beneath a foundation on a semi-infinite,
homogeneous substrata are chosen to provide guidance on the determination of the variable H. These
analyses are presented by Sowers (1979), and consist of portions of the uniform foundation pressure
at lateral and vertical locations relative to the center of the foundation, normalized as a function of
the foundation width, B. The Boussinesq analysis considers an isotropic elastic solid. The
Westergaard analysis considers thinly stratified material.

In theory, the depth an increase in vertical pressure influences is mathematically infinite. However,
for purposes of this analysis, a depth where the increase in vertical pressure reduces to 10% of the
applied pressure at the ground surface (0.1qgo) was considered a limit. The Boussinesq analysis
suggests a depth of 2.1B, and the Westergaard analysis suggests a depth of 1.7B. A value of 2B was
chosen for this analysis.

The widths of landfill Cells 10 and 13 are approximately 480 feet, and 500 feet, respectively. Depths
equal to 2B would be 960 feet and 1,000 feet. The soil borings performed at the site extend vertically
to, at most, about 200 feet below the ground surface. Therefore, the soil documented at the bottom
of the boring(s) that were chosen to correspond with the bearing capacity points of interest was
assumed to extend to the depth 2B.

The overburden pressure, q, is defined as:

Qo = y¥Dr
Where:

Dy = embedment depth of the foundation (landfill cell); the depth below the surrounding ground
elevation of the landfill bottom was used here.

d. Unit Weight Correction for Groundwater Presence

Vesic (1973), and others, prescribe correcting the soil unit weight for the presence of groundwater
water at a depth zy, when zy < B. This indeed applies to this analysis. Therefore, effective unit
weights were used when calculating the weighted average unit weight. The effective unit weight, y°,
is given by:
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¥ =Y Tw

Where:
y = unit weight of soil; and,
fw = unit weight of water = 62.4 pcf.

6. Actual Bearing Pressures

Actual bearing pressures, que, (pressures at the bottom of the landfill) were taken from the settlement
analysis. These values were calculated using the Osterberg (1957) nomograph for Influence Values for
Embankment Loading (Das 1990, and many others). The following table summarizes the actual bearing
pressures due to the landfill at the bearing capacity points of interest:

Cell and Point Applied Bearing
Pressure, qac (psf)
Cell 10, Pt 4 8,003

7. Factor of Safety
The mimimum factor of safety, FSmin, is defined as:
FSmin = qu/qail
Where:
qu = ultimate bearing capacity, and,
qan = maximum allowable bearing pressure.

Similarly, the actual factor of safety, FSac is defined as:

FSact = l]uJH Quoet
Where:

Qact = actual bearing pressure.
For this analysis:

FSaq - FSaiin and, FSmin=13



O APYRISER ces

a Montrose Environmental Group company Ref.

Subject: Bearing Capacity
JobNo. 2018-3854 | Madeby: JCA (| pate: 07/15/20

I Checked by: UEF{)%’ Sheet 7 of 8
Reviewed by PGS 09/01/2021

8. General Analysis Steps

Based on the foregoing, the general analysis steps used are as follows:

me s TP

e T

Select the bearing point(s) of interest, and the associated soil profile(s):

Based on the cell dimensions, determine B;

Based on B, determine H;

Based on the design elevations, calculate Df;

Based on the N-value of each soil layer in the soil profile, estimate values for vy, ¢, and ¢;
Based on the depth to groundwater in the soil profile, and the design elevations of the bottom of
the landfill cell, calculate z.:

Correct values if zy < B;

Calculate weighted averages based on soil depth for y, c, and §;

Based on ¢, estimate Ne, Nq, and Ny;

Calculate qu;

From the settlement analysis, determine quer; and,

Determine FSuq. and confirm FSac = FSmin.

9. Summary of Caleulations

Based on the foregoing, the following table summarizes the bearing capacity-related calculations:

Cell, Pt Cell 10 Pt 4 Cell13Pt3
B (ft) 480 500 ¢
Dy (ft) 36 2T
H (ft) 960 1,000 ~

v (pef) 82.6 144.7
¢ (psfh) 7.674 12,335

-q}_{dcg) 0.6 6.4

qu (psf) 73,134 38,981

qact (psf) £.003 5,828
FSau 8.1 74
FSumin 3 3

10. Evaluation and Conclusions

Based on the summary table in Section 9, all of the calculated FSau values are greater than FSmin.
Therefore, it is concluded that the subsoils beneath the landfill will provide adequate support for bearing.
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BORING NUMBER: B-30

DATE INSTALLED: 4-25-91
PROJECT: CHESAPEAKE RUBBLE FILL

SAMPLE METHOD: SPLIT SPOON

LOGGED BY: MARK SCHULTZ

Blove per l/@

6 inches

Sample Depth (recovery

No.

1

10

11

1z

(£t) in incheg
0-2 2=3-4-

(10)
* Ug
5 = 17 15~33~25-g2
<27 (15)
Nu} 5] | | gg?
10-12 9-24~32~
(24)
15-17 11~1?-23~%
{(22) @
20-22 10-1_3-22-!
(24) . -
25-27 9—15—33@
{24)
30-32 15-:1?-19@
(24)
Navy=SE g;?
35-37 10-14-18

(20) G@

40-42 30-45-70

' (18) s
(@
a5-47 50-60-
(18)
50-532 14-35-
(18)
55=57 3—20-!2;;2

(20)

Rods wet at 10 feet.

DRILLING METHOD: HOLLOW STEM AUGER AND MUD

Graphic
Log.

5 E{ ;

50-

I

55

il

60

Perceence7

T%gkfﬂ*

S €L, ligt

DRILLER: HARDIN-HUBER, INC

Description

SAND, med, little fn, tr clay, yellow-brown,
moist

SAND, as above

| SANWD, med, little fn and little clay, yellow-

brown, wets

ChAY, tr silt, red, moist

CLAY, tr silt, gray-purple, moist

CLAY, tr silt, red-gray, moist

CLAY, tr silt, gray w/red; moist

CLRAY, tr silt, red w/gray mottles, slightly

moist

CLAY (no silt), gray w/red mottles, slightly
moist

CLAY, brown-red, slightly moist

CLAY, brown, slightlr moist

CLAY, brown w/red,,slight to tr moist
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BORING NUMBER: B-12
HMONITOR WELLS: MW-4
DATE INSTALLED: 7-22-89

PROJECT: CHESAPEAKE RUBBLE

FILL

SAMPLE METHOD: SPLIT SPOO
LOGGED BY: GREG ADAMSON @
Blows per
6 inches
Sample  Depth {recovery Graphic
No. (£t) in inches) Log
|
1 0~ 2 3-3-4-6 ==
(16) ——
2 2.5-4.5 3-7-9-11 i
(21) L
s — (® 5
3 5 - 17 9-19-19-3 Ry
(17 e
4 1595 e-18-21-26( [
o) i
) 10f. =
5 10-12 = ?H13-—13—~1ﬁ. R
(19) e
6  12.5-14.5 6-10-11-13(2) ¥4
(21) ;-“: *‘
7 15-17 3-3-5- 3. et
(20) 0k
8 17.5-19.5 3-5-11-2 o3
(18) B
sl 20(=%
9 20-22 & 3-5-16-2 @ A
(17 v Jed
10 22.5-24.5 30-33-37-1
(17) it
25 250t
11 25-27 5-20-41-5148%~ L ?
(24)
12 27.5-29.5  20-24-30-3 =
(20) 30|y
13 30-32 22-28-36-40 R
(20) @ B
14 32.5-34.5 27-33—43-5 52
(24) (8D w7
5 [35
15 35-37 33-51/6" Jorit
(12) 120 2
16 37.5-39.5  15-51/6" O,
(12)
4o k333

DRILLING METHOD:

PeFrefrepce 7 L}/S’f

TP ofF alounh & 970

HOLLOW STEM AUGER and MUD

DRILLER: HARDIN-HUBEER, INC

Description
CLAY, little 2ilt and sand, red-br-yellow

16" SAND, fn & vE, tr silt & clay, rd-br-yellow
5" SILT and CLAY, little sand, yellow-red

SAND, med, some fn, tr silt and clay, red-
brown-1t tan
8" SAND, as above
12" SAND, fn to v, some silt, tr eclay, 1t tan-
red-brown
SAND, med, some fn, tr silt, 1t tan-red-brown

SAND, fn and vf, little med, tr silt and clay,
1t tan-red-brown

SAND, as above, gray and red-brown, with 2"
clay layer

5" SAND, as above

13" CLAY, some silt, tr sand, gray

SAND, med, some fn, some =2ilt and clay
stringers,gray-red-brown-yellow

8" GRAVEL, some sand, tr silt, red-brown
BQ_SHHD,'In tovi, tr silt & clay, red-br-gray

6" SAND, as above

6" CLAY, 1t1 zilt, thin sand lenses, gray
8" SAND, med-fn, gray-rd-br, saturated

10" CLAY, 1tl sand and silt, gray-rd-br

10™ SAND, med, 1tl £n, tr =ilt & clay, gray
SAND, as above, saturated

SAND, as above

SAND, as above

SAND, as above



BORING NUMBER:

Blows per
6 inches
Sample Depth (recovery Graphic
No. (£t) in inches) Log
40—
17 4p-42 4-14-51/5 @ S
e (8) i
18 Thsiis  assue CA =
(8) =
s (6 P
19 45-47 14-45-48 (9 i
(18) ——
20 47.5-49.5 35-¢7-51H
(16) 50
21 50-52 33-5174" X
(0)
22  52.5-54.5  29-51/6" @ =
(12)
LN
23 55-57  43-51/5" @
{11) s
24 57.5-50.5  34-51/5" (00) S
(0) &
25 60-62 36-51/5"
(11) , =
26 62.5-64.5 41-33-42- =
(21) (f%%i:) ==
~ 65 =
21 es-61  as-sust (O B
{0) A —
28 51.5-69.5' 3?—45#41—51 ===
(15) .IEE!; ==
29 70-120L€  13-29-33-4f ==
(21) @ m_'j_
30 72.5-74.5 1u;av-35--~ ==
(0 =D
) 15 B
31 15-11 19-29-38-5175" =
(21) ;ﬁ?{D S
32 77.5-79.5 21-28-51 —
f0 ===

Groundwater on the drill rods at 34 feet.

B-12 continued

(17)

PercveNcE T

Description
SAND, as above

CLAY, 1little silt and sand, with thin sand
lenses, mottled red-gray

11" SAND, med and coarse, tr silt &-clay, gray
7" CLAY, tr silt and sand, dense, gray

CLAY, as above
No recovery - drilled like elay

CLAY, as above, mottled gray-red-br-purple

CLAY, as above

No recovery, drilled like clay

CLAY, as above

6" CLAY, as above
15" CLAY and SILT, little sand, gray

No recovery
CLAY, some silt, tr sand, red-br-gray
10" CLAY, as above
5" CLAY & SILT, tr sand, mottled red-br-gray

6" SAND, vf, some silt, tr clay, gray
No recovery

7" SILT & wf SAND, tr clay, mott rd-br-gray
14" SILT & CLAY, little vf sand, red-br-gray

SILT and CLAY, as above
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Figure 3.4 Terzaghi's bearing capacity factors for general shear failure—Eq. (3.3)
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Note: The revised design included lowering the maximum top of\landfill elevations by
from approximatly 272 ft to 226 ft, and reducing the top of cap side slopes from 3:1 to
4:1. As aresult, these calculations over estimate the differential settlement and are

considered more conservative.
Therefore these calculations are not being revised and the construction design slopes

for %he bottom of the Iandflll should still bel constru?ted with 3% slopes
The purpose of this analvsis 1s estimate the settlement of the constructed landfill due to

consolidation of the underlving soils. T-::ta] and differential settlements are considered.

1. Purpose

2. Analysis Approach

Settlement 1s commonly considered in design where structural foundation loads are expected to cause
relative immediate and long-term consolidation of underlying compressible soils. Elastic (immediate)
settlement occurs due to the rearrangement of soil particles due to the applied load, and is considered a
relatively “immediate” response to an applied load. Consolidation settlement occurs over a longer
period of time, and is due to the progressive relieving of pore water pressure and the reduction of void
space. Elastic theory is applied to both cohesive and non-cohesive soils. Consolidation theory is
applied only to cohesive soils.

In general, this analysis uses site-specific data and published empirical formulas to extrapolate soil
characteristics across the site. Empirical formulas were modified slightly to more closely approximate
site-specific soil characteristics. Two landfill cells were chosen for analysis - Cells 10 and 13. These
cells have the greatest waste depth in each of the two waste disposal areas.

3. Laboratory Consolidation Tests

Three, one-dimensional consolidation tests were performed on relatively undisturbed samples of on-
site clay soils. One sample was obtained from an area near boring MW-28 where the targeted clay soil
was exposed at the ground surface due to past mining excavation. Two samples were obtained from
clay soil layers in borings PMW-13 and PMW-23.

a. Discussion of Laboratory Consolidation Tests

 §F Boring MW-28: This sample was cut from the clay soil exposed at the ground surface
near MW-28. A bulk block sample was cut at a depth of approximately 2 to 4 feet below
the ground surface. Due to the past surface mining activities in the area of MW-28, it is
believed the clay layer sampled just at the ground surface was once at a similar depth below
the ground surface as that occurring in Boring PMW-23. The soil exhibited the following
characteristics:

a. Void ratio = (0.499;
: Unit weight = 136.8 pef: and,
C. Standard Penetration Test (SPT) N-value (presumed from Boring MW-28) = 30.

From the e-log p curve developed from the test data, and using Cassagrande’s graphical



&)

ADV CED subject: Differential Settlement Analysis

©OSerViCes | JobNo. 2018-3854 | Madeby: JCA A7) | pate 07/16/20

d Montrose Environmental Group o Bmpany R_er‘ Chﬂk!dh}’vEWﬂ" SII-I!E'[ EDfI?

Reviewed by PGS 09/01/2021

method (Holtz and Kovacs), the approximate likely effective pre-consolidation stress, o,
was estimated to be 10.8 ksf.  Additionally, the Compression Index (Cc) and
Recompression Index (Cr), were estimated to be 0,039, and 0.028, respectively.

Based on a correlation of unit weight and N-value for cohesive soils (Terzaghi and Peck,
University of Massachusetts, Sowers, others), an estimated unit weight of 139.9 pef is
suggested. This compares closely to the laboratory-measured unit weight of 136.8 pef. See
section 4.a for a discussion of relationship between N-value and soil unit weight.

Boring PMW-13: This sample was obtained in a clay layer at a depth of approximately
105" to 107" below the ground surface, and exhibited the following characteristics:

a. Void ratio = (0.795: and.
b. Unit weight = 125.1 pef.

From the e-log p curve developed from the test data, and using Cassagrande’s graphical
method (Holtz and Kovacs), the approximate likely effective pre-consolidation stress was
determined to be 9.5 ksf. Additionally, the Compression Index (Cc) and Recompression
Index (Cg), were estimated to be 0.204, and (.032, respectively.

Some inconsistencies were noted when comparing the field data, the laboratory data, and
the suggested values from the N-value correlation, as follows:

a. SPT N-values of 58 and 46 were observed in Boring PMW-13 just above and
below the sample depth. Based on a published correlation of unit weight and N-
value for cohesive soils, estimated unit weights well in excess of 140+ pcf are
suggested. This does not compare well with the laboratory-measured unit
weight of 125.1 pef.

b. Based on the N-value correlation and the laboratory unit weight of 125 pcf, an
N-value of approximately 18 is suggested. This does not compare well with the
N-values observed just above and below the sample of 58 and 46, respectively.

¢. Based on the N-value correlation, the qualitative description of the consistency
of cohesive soils having N-values of 46 and greater is “hard”. A qualitative
description of “very stiff” corresponds to an N-value of 18. However, the
qualitative description of the sample consistency from the laboratory test is “soft
(thumb will penetrate)”.

Although field data and laboratory data are not expected to exactly match various empirical
correlations, the magnitude of these inconsistencies suggest the sample tested was not
representative of the targeted soil. Therefore, the PMW-13 test results were set aside, and
not used in this analysis.
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. Boring PMW-23: This sample was obtained in a clay layer at a depth of approximately
128" to 130" below the ground surface, and exhibited the following characteristics:

a. Void ratio = (0.574;
b. Unit weight = 134.5 pef: and,
C. SPT N-Value = 27.

From the e-log p curve developed from the test data, and using Cassagrande’s graphical
method (Holtz and Kovacs), the approximate likely effective pre-consolidation pressure,
tp’, was determined to be 11.0 ksf. This is consistent with the value estimated for the
sample tested from the ground surface near MW-28. Additionally, the Compression Index
(Cc) and Recompression Index (Cr). were estimated to be 0.211, and 0.073, respectively.

Based on a correlation of unit weight and N-value for cohesive soils, an estimated unit
weight of 135.0 pef is suggested. This compares very closely with the laboratory-measured
unit weight of 134.5 pef.

b. Overconsolidation Ratio

The Overconsolidation Ratio, OCR, is defined as the ratio of the estimated pre-consolidation
stress to the estimated existing effective vertical stress, op’/ave” (Holtz and Kovacs). Soils that
have OCR=1 are considered “normally consolidated” — that is, the existing vertical effective
stress 1s the greatest stress the soil has ever experienced. Soils that have OCR >1 are
considered “overconsolidated™ — that is, the existing vertical effective stress is less than the
greatest stress the soil has ever experienced.

Using the boring data, and the N-value correlation, the MW-28 soil profile suggests the existing
vertical effective stress, owe’, at that sample location is 274 psf. The overconsolidation ratio,
OCR, is calculated to be (10,800/274) = 39.4. Similarly, using the boring data, and the N-value
correlation, the soil PMW-23 soil profile suggests the existing vertical effective stress, ow’, at
that sample location is 14,910 psf. The overconsolidation ratio, OCR, is calculated to be
(11,000/14,910) = 0.7.

“... 1t is not impossible to find a soil that has an OCR < 1, in which case the soil would be
underconsolidated.  Underconsolidation can oceur, for example, in soils that have only
recently been deposited, either geologically or by man. Under these conditions, the clay layer
has not yet come to equilibrium under the weight of the overburden load "

Holtz and Kovacs, page 294

Recent geologic deposition and resulting underconsolidation is implied by the description of the
soils in the Atlantic Coastal Plain Province by the Maryland Geological Survey, as follows:



/.\/|\ ADV

CED.

eoservices

4 Montrose Environmaental Group company

subject: Differential Settlement Analysis

Jobh Ne. 2018-3854

Made by: JCA CE’

Date (07/16/20

Ref.

Sheet 4 of 17

Checked by: VEI’]]@X

Reviewed b{r—%GS 09/01/2021

“The Atlantic Coastal Plain Province is wunderlain by a wedge of unconsolidated sedimenis including
gravel, sand, silt, and clay, which overlaps the rocks of the eastern Piedmont along an irregular line of
contact known as the Fall Zome. Eastward, this wedge of sediments thickens to more than 8,000 feet at

the Atlantic coast line.”  (see http://www I )

Additionally, it is common knowledge that the property has been mined for sand and gravel in
the past. Therefore. much earthwork has occurred which could very well have resulted in some
soils experiencing an underconsolidated condition.

4. Correlation of Soil Properties

Various correlations of soil properties are used to extrapolate known site-specific data to soils across
the site. The following sections describe the various correlations, and, if applicable, how they were
modified for this analysis.

a, Standard Penetration Test Resistance and Unit Weight

The correlation between the Standard Penetration Test Resistance (N) and soil consistency was
first given by Terzaghi and Peck (1948). Many geotechnical engineering texts have referenced
this correlation, and have expanded on it by adding unit weight and other parameters. In
general, each consistency category has a range of suggested N-values and a range of suggested
unit weights. Some of the range of suggested unit weights “overlap” between consistency
categories. Therefore, for this analysis, the correlation provided by the University of
Massachusetts at Lowell (Ref. 6) was modified slightly so that each consistency category has a
unique range of suggested soil unit weights. This correlation was modified to be defined as
follows:

Deseription [ N-Value | Unit Weight (pcf)
Non-Cohesive Soils — Relative Density
Very Loose 0—4 00 - 95
Loose 5-10 96 — 105
Firm 11-20 106 - 110
Medium Dense 21-30 111-115
Dense 31 -50 116 — 140
Very Dense 50+ 140+
Cohesive Soils — Consistency
Very Soft 0-2 90— 100
Soft 3—4 101 - 105
Firm 5-8 106 -110
suff 9—-135 111-125
Very Stiff 16 —30 126 — 140
Hard 30+ 140+
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This correlation was used to develop the following equations to calculate soil unit weight based
on N-value:

Non-Cohesive Soils: Y5 = 0.00I1N? — 0.0695N? + 2.0802N + 89.265
Cohesive Soils: V5= 0.0027N" — 0,1536N? + 3.8139N + 90.869

The specific gravity, Gs, of soil is given by G = ys/yw . where vy is the unit weight of water
(62.4 pcf). The soil unit weight, s, can then be defined as:

¥s = Gs(yw)

The laboratory consolidation test data indicate G, values of 2.65 and 2.80 were assumed for
non-cohesive and cohesive soils. respectively. These are indeed typical values.

The soil unit weight calculated using Gs is a *solid volume™ unit weight - that is, the unit weight
of soil with zero air voids. For non-cohesive soils, the solid volume unit weight is
(2.65)(62.4)=1654 pecf. Similarly, for cohesive soils, the solid volume unit weight is
(2.80)(62.4)=174.7 pef.

It is recognized these unit weights are not likely to exist for soil. However, there are many N-
values from the standard penetration tests that would result in values of unit weights even
greater than these if used in this 3" order polynomial correlation. Noting that the upper value
of unit weight from the N-value is designated as “1404+", the unit weights calculated in this
analysis from the N-value formulas were set to maximum values of 145.0 pef for all soils.

b. Unit Weight and Veid Ratio

Soils are presumed saturated for this analysis. The void ratio, e, is given by Das (1990):

e = (Gslyw)=7vs)/ (¥s —7w)

Considering the boring MW-28 data, a Gs value of 2.80, and a y. of 136.8, an e value of 0.510 is
calculated. The actual void ratio, e,, of this sample was 0.499. Similarly, using the boring PMW-
23 data, a Gs value of 2.80, and a y: of 134.5, an e value of (0.558 is calculated. The actual void
ratio, €, of this sample is 0.574. The e value of soils in this analysis is calculated from this
equation, based on soil unit weight.
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¢. Void Ratio and Coefficient of Compression

As indicated in Section 3.a, the soil samples used in the laboratory consolidation tests exhibited the

following characteristics:

. MW-28 (N=27, depth =

Void ratio = (0.499

2'-4’, OCR=39.4);

Compression Index, Ce = 0.039

2. PMW-23 (N=30, depth = 128°-130°, OCR=0.7)

Void ratio = 0.574

Compression Index, Cc =0.211

Several empirical formulas (Al-Khafaji, ef a/) were compared to this laboratory data to assess the
correlation between void ratio and compression index, as follows:

Eguation Applicability Reference
C = 0.40(e, — 0.25) All natural soils Azzouz el al, 1976
C.= 1.15(e, — 0.35) All clays Nishida 1956 (a)
C. = 0.54(c, — 0.35) All natural soils Nishida 1956 (b)
C. = 0.75(e, — 0.50) Soils of very low plasticity Sowers 1970
Ce = 0.156¢,+ 0.0107 All clays Bowles 1989
Void | Co Cc Ce Cc Cc Ce
Sample Ratio Lab Azzouz | Nishida | Nishida | Sowers Bowles
1976 (a) 1956 | (b) 1956 1970 1989
| MW-28 0.499 0.039 0.100 0.171 | 0.080 -0.001 (.588
| PMW-23 | 0.574 0.211 0130 | 0258 | 0.121 0056 | 0.674

This comparison indicates the Nishida (b) 1956 formula gives the closest calculated value based on
void ratio for the overconsolidated sample (MW-28). Similarly, the Nishida (a) 1956 formula gives
the closest calculated value based on void ratio for the underconsolidated sample (PMW-23). The
only mathematical difference in the two Nishida equations is the multiplier of 1.15 or 0.54. This
analysis used an average multiplier of 0.875, so that the void ratio to compression index is given as:

Ce = 0.875(e — 0.35)

Note that as void ratio decreases, Cc also decreases. It is mathematically possible the calculated Ce
value could be equal to or less than zero. In this instance, the soil layer will be interpreted as being

incompressible.
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d. Coefficient of Compression and Coefficient of Recompression

As indicated in Section 3.a, the soil samples used in the laboratory consolidation tests exhibited the
following characteristics:

1. MW-28 (N=27, depth=2"-4", OCR = 39.4)
Compression Index, Cc = 0.039
Recompression Index, Cr = 0.028

2. PMW-23 (N=30, depth = 128°-130°, OCR = 0.7)
Compression Index, Ce = 0.211
Recompression Index, Cgr = 0.073

The recompression index, Cr, is compared to the compression index, Ce, to assess the correlation
between them. For the overconsolidated sample (MW-28), the ratio of Cc to Cr is given as
(0.039/0.028) = 1.39. Similarly, for the underconsolidated sample (PMW-23), the ratio of Cc to Cr
is given as (0.211/0.073) = 2.89. For this analysis, an average value of 2.14 was used so that the Cc
to Cr ratio is written as:

Ce/2.14=Cp=047Cc

It is noted that when Cc is equal to or less than zero Cr is also equal to or less than zero. In this
instance, the soil layer will be interpreted as being incompressible.

¢. Summary of Soil Property Correlations

Based on the foregoing, the formulas used to estimate soil characteristics for this settlement
analysis are as follows:

Non-Cohesive Soils: s = 0.001N® — 0.0695N? + 2.0802N + 89.265
Gs=2.65  Yemax = 145 pef

Cohesive Soils: ¥s=0.0027N* — 0.1536N? + 3.8139N + 90.869
GS = 2.3{] ?gmgx 145 pCf
Cc=0.875(e0 — 0.35)
Cr = 0.47Cc

5. Settlement Locations and Points of Interest
a. Locations - Cells

The landfill comprises 20 disposal cells. Cells 10 and 13 were chosen for the settlement analysis.
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These cells have the greatest waste thickness in each of the west and east landfill areas,

respectively.

b. Points of Interest

The settlement points of interest are located at three to four places in each cell:

1. Top of ground at the landfill edge;

2. Toe of interior slope at the leachate collection sump:

3.

Highest point along the main leachate collection line in the cell; and,

4. An additional location if the point of greatest waste thickness is not located over Point 3.

Total and differential settlement are calculated and evaluated for the impact they may have on the
constructed facility. As an example, the following schematic shows the general location of these points

of interest.
\_\: o iy it
W g E-:S.-!.fe r Y
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—
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¢. Soil Profiles

For each settlement point of interest, an existing boring was chosen to represent the underlying soil

profile.
proximity to each other.

In some cases, settlement points of interest shared the same soil profile due to the
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The following is a list of the borings chosen for each settlement point of interest:

Cell / Point Boring Cell / Point Boring
10/1 B-105 13/1 B-13
10/2 B-105 13/2 B-13
10/3 B-104/MW-18 13/3 B-12
10/4 B-30

Each boring generally had many soil layers identified from the field activities. For the purpose of
this analysis, the soil layers in each boring were grouped to reduce the number of layers needed for
analysis. For each layer group, a general description was chosen, and the N-values were averaged.
This allowed the grouped layers to be modeled with a total layer thickness, average N-value, and
average unit weight.

d. Effective Pre-consolidation Stress

Since the soils are generally and broadly considered to be underconsolidated, and recent mining
activities have likely changed the vertical stresses across most of the site, this analysis assumes the
existing conditions are “normally consolidated”. This sets the estimated existing effective vertical
stresses as the effective pre-consolidation stresses.

6. Load Application
The loads applied are structural fill and the construction demolition and debris (CDD) waste.
a. Structural Fill

In some areas, structural fill is needed to achieve the desired final grades. For the purposes of this
analysis, this was incorporated as an additional soil layer in the soil profile with an N-value of 40,
and a unit weight of 145 pcf. The effect of the applied load, however, is taken into account in the
settlement calculations.

b. CDD Waste

The landfilling of the CDD waste is modeled as an embankment fill. The effect on the underlying
soil profile was modeled using the Osterberg 1957 (Das) nomograph for Influence Values for
Embankment Loading. The following figures depict the Osterberg nomograph and the
embankment loading diagram.
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In the nomograph, the /" value is a function of B)/z and B2z, and the increase in vertical stress is
given by p. = g.l" Das (1990) provides equations for using the Osterberg nomograph that allow
the efficient use of a spreadsheet for repetitive calculations, as follows:

[t
r 3

where ¢ = yH
¥ = unit weight of the embankment soil
H = height of the embankment

&, (radians) = tan (E ! : & ’) (—-) (3.98)
% = tan~"! (%) (3.99)

Since the original Osterberg nomograph is a semi-log relationship, Das’ equations require B; and
Bz to be greater than zero. Therefore, for instances where these values are indeed equal to zero, a
value of 0.01 was used.

¢. Landfill Components

Landfill Component Value
Cap and Cover 5Soil Thickness (it) 3
Unit Weight, y (pef) 115
CDD Waste Unit Waste Thickness (1) varies
CDD Waste Unit Weight, y (pcf) 48.7
Protective Cover Layer Thickness (ft) 4
Unit Weight, y (pcf) 115
Leachate Collection Laver Thickness (ft) 2
Unit Weight, y (pcf) 115

7. Settlement Caleulations

As indicated in Section 2, elastic (immediate) settlement occurs due to the rearrangement of soil
particles due to the applied load. and is considered a relatively “immediate” response to an applied
load, Consolidation settlement occurs over a longer period of time, and is due to the progressive
relieving of pore water pressure and the reduction of void space. The analysis approach is to use elastic
theory for both non-cohesive soils and cohesive soils, and consolidation theory for cohesive soils.
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a. Elastic Settlement

Elastic settlement is calculated by (Bowles):

S = Ho(Aoy)/Es
Where:
S = settlement (ft);
Ho = initial height or thickness of soil layer (ft);
Aoy = Change in vertical stress (ksf); and,
Es = Young’s modulus of elasticity (ksf).

)
Reviewed by PGS 09/01/2021

From Das (1990) after Schmertmann (1970), E; for sand is defined as:

Es = 8N (tsf) or E, = 16N (ksf)

Where:
N = standard penetration resistance N-value;
tsf = tons per ft*;
ksf = kips per fi*; and,
kips = units of 1,000 Ibs.
Das (1990) additionally defines Es for clays as:

Normally consolidated: Es=250¢ to 500¢
Overconsolidated: Es = 750¢ to 1,000¢

Where:

¢ = undrained cohesion of clayey soil (psf).

Used here:
Average =375¢
Average = 875¢

The undrained cohesion, c, is calculated as half of the unconfined compression, qu (Terzaghi and
Peck, 1967). Terzaghi also provides a relationship between N and qy, as follows:
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Art, 45 Program for Subsoil Exploration 347
Table 45.2
H&Iﬂinﬂofﬂaﬁmfemyﬂfﬂhy,NmnbarofﬁlmNmSmprﬂgSpom
and Unconfined Compressive Strength
¢ in tons/ ft?
Con-~ Very ?@

sistency  Soft Soft Medium Stiff Btiff Hard

N <2 2-4 4-8 8-16 15-30 >30

o <0.95 0.25-0.50 0.50-1.00 1.00-2.00 2.00-4.00 >4.00

This data was used to develop an equation to calculate gy based on N for clayey soils, as follows:
qu = 2(0.0053N + 0.0458N + 0.2031)  (ksf)

b. Consolidation Settlement

Consider the following:

atp” = effective pre-consolidation stress;
ave = effective existing or initial vertical stress; and,
ttyi = effective final vertical effective siress.

Consolidation settlement is calculated by (Holtz and Kovacs):

S =Cr'Hu(log(op'/ovw’) + Co'Hollog(ow' /op')

Where:

5 = settlement;

Cr’ = corrected coefficient of recompression = Cr/(1-+eo);

H, = initial height or thickness of the soil layer;

ap = effective vertical preconsolidation stress:

Oy = effective initial or interim vertical stress, as appropriate;

C¢' = corrected coefficient of compression = Co/(1+e,); and.

oy = effective final vertical stress.

Note:
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I. In cases of only recompression where oy’ < op’, oy is substituted for oy in the Cr term, and
the Cc term = 0; and,

2. In cases where excavation is proposed prior to landfill construction, the o;," value is determined
prior to the excavation, and the oy’ value is determined after the excavation.

¢. General Analysis Steps

The general analysis steps are:

1
2.
% 1

10.

11.

k2.
13.
14.
15.

Determine which cells and points of interest are to be analyzed;

At each point of interest, determine the boring that is used for the soil profile;
Generalize the soil profile at each point of interest to minimize the number of soil layers
needed for analysis;

As discussed in the settlement analysis, to establish the soil depth to which this analysis
considers, extend the generalized soil profile to a depth equal to twice the width of the
cell;

Average the N-values for the soil layers, and determine the unit weigh of each soil layer:
Determine the initial effective vertical stress and the effective preconsolidation stress at
the center of each soil layer, taking into account the groundwater elevation;

Establish an interim soil profile, if needed, to account for the addition of structural fill,
or the excavation of soils to the desired grades for landfilling, and determine interim
effective vertical stresses;

Determine the applied loads for the soil profile and the landfill cross-section at each
point of interest;

Determine the final effective vertical stress for each soil layer afier the landfill loads are
applied;

Using the elastic settlement formula, calculate the estimated settlement for each soil
layer:

Using the consolidation settlement formula(s), calculate the estimated settlement for
each cohesive soil layer:;

Sum the estimated settlement values for each soil layer at each point of interest;
Calculate the differential settlement between points of interest;

Evaluate the effect of the differential settlement between points of interest; and,
Determine if changes in the design are needed to account for the estimated differential
settlements.



M ADV CED subject:  Differential Settlement Analysis
. | eosServices | JobnNo. 2018-3854 | Madeby: JCA | Date 07/16/20
a Montrose Environmental Groupg company Ref. Checked by VEﬁ]i‘}l Sheet ]5ﬂfl?

d. Calculation Results

Reviewed by PGS 09/01/2021

The attachments provide a detail presentation of the calculations described. A summary follows:

Cell 10 Settlement Cell 13 Settlement
Point Calculated Point Calculated
1  Settlement (in) om Settlement (in)
1 1.72 1 0.78
2 232 2 1.14
4 20.13 3 14.29
3 13.18

8. Evaluation and Conclusions

Distances and elevations were scaled and estimated from the design drawings. Inherent to that is some
effect of rounding. This is noted for the initial slope values calculated for both cells between Points |
and 2. Although these slopes were designed to be 33% (3H to 1V), the slope calculated here is slightly
different. This has no impact on the evaluation since the difference between initial slope and final

slope is the focus.

a. Cell 10 Evaluation

Variable Pointl | » L <« | Point2 | > L « | Point4 | >» L « | Point 3
Calculated S (in) 72 2.32 20.13 15.18
Differential S (in) 0.60 17.81 6.98

Distance (ft) 104 510 260

Initial Elevation (ft) 137 104 118 126
Initial Slope Length (ft) 109.11 510.19 260.12

Initial Slope (%) 31.73 2.75 3.08

Final Elevation (ft) 136.86 103.81 116.32 124.90
Final Slope length (fi) 109.13 510.15 260.14

Final Slope (%) 31.78 2.45 3.30

Estimated Strain (%) 0.014 -0.008 0.007

Final Slope(s): Final slope values (%) between Points 2 and 4, and between Points 4 and 3 are
displayed in red font. These are locations of the leachate collection header pipe where a minimum
2% slope is required. In both cases, a minimum 2% slope is maintained.
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Estimated Strain: Estimated strain values (%) between Points 1 and 2, and between Points 4 and 3
are displayed in red font. These are locations where the geomembrane liner could experience an
increase in length. Information from a geomembrane manufacturer (Ref. 9) indicates the 60-mil
textured HDPE geomembrane experiences 12% elongation (strain) at yield. The estimated strains

calculated here are less than that for material vield.

b. Cell 13 Evaluation

Variable Point 1 >0 P4 Point 2 > S P4 Point 3
Calculated S (in) 0.78 1.14 14.29
Differential 5 (in) 0.36 13.15

Distance (ft) 21 440

Initial Elevation (ft) 87 80 94
Initial Slope Length (ft) 22.14 440.22

Initial Slope (%) 33.33 3.16

Final Elevation (ft) 86.94 79.91 92.81
Final Slope length (ft) 22.15 440.19

Final Slope (%) 33.48 2.93

Est. Strain (%) 0.043 -0.008

-

Final Slope: Final slope values (%) between Points 2 and 3 are displayed in red font. This is the
location of the leachate collection header pipe where a minimum 2% slope is required. A
minimum 2% slope is maintained.

Estimated Strain: Estimated strain values (%) between Points 1 and 2 are displayed in red font.
This location is where the geomembrane liner could experience an increase in length. Information
from a geomembrane manufacturer (Ref. 9) indicates the 60-mil textured HDPE geomembrane
experiences 12% elongation (strain) at vield. The estimated strain calculated here is less than that
for material yield.

¢. Conclusions
Based on the foregoing, the following conclusions are offered:

I The settlement experienced by the landfill will affect the slope of the floor of the
landfill. The main leachate collection headers should maintain the minimum required
2% slope.

2. The geomembrane will experience some strain induced by an increase in length due to
the differential settlement between points. However, the strain should be less than that
required for the material to yield.
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Fig. 8.6 The Casagrande (1936b) construction for determining the pre-
consolidation stress. Alse shown are the minimum possible, the most
probable, and the maximum possible preconsolidation stresses.

Casagrande procedure is as follows:

1. Choose by eye the point of minimum radius (or maximum eurva-
ture) on the consolidation curve (point A in Fig. 8.6).

2. Draw a horizontal line from point 4.

3. Draw a line tangent to the curve at point 4.

4. Bisect the angle madé by steps 2 and 3.

5. Extend the straight line portion of the virgin compression curve up
to where it meets the bisector line obtained in step 4, The point of
intersection of these two lines is the preconsolidation stress (point
B of Fig. 8.6).
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CONSOLIDATION

Project Chesapeake Rubble Landfill Date: Apr-03
Job#: 02231
Lab #: 030081
Sample Location: On Site
Sample Dascription: Marcon & Gray Clay

Specific Gravily: 2.8 Unit Wit. Wet: 136.8 pof

Moisture Content:. 17.3% Unit Wt. Dry: 116.6 pcf
Sample Dia; 2.500" Initial Void Ratio: 0.499

Initial Sample Len: 1.000"

Preconsolidation Pressure; 5.4 tsf
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HARDIN-KIGHT ASSOCIATES, INC. Phone: 410 553-0802
7524 WB&A Road, Sulte 100 Fax: 410 553-0808
Glen Burnie, Maryland 21061 Emial: HKAI@Erols.com
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UNCONFINED COMPRESSION OF COHESIVE SOIL

Project: Chesapeake Rubble Fill Date: 4M7/2003
Job #: 02231
Lab #: 030081
Sample Location: On Site
Sample Description: Maroon & Gray Clay
Method: ASTM D2166
Length: 5.140" Initial Wet Wi: 1138.47g  Iniial Wet Unit Wt 132.4pcf
Diameter: 2.848" Final Wet Wt: 1136.48g Final Wet Unit WL:  132.2pcf
Area:  6.37T1in"2 Dry Wt 1083.469 Dry UnitWt: 115.1pcf
Volume: 32.750in"3 Initial Moisture: 15.0% L/D: 18
Load Rate: 045" min
Stress-Strain Curve
Maximun Stress: 10584psf -
Percent Strain: 2.4%
12000
11000

=\

Stress in psf
‘--"‘-'—u

5000
4000 -
3000
2000
1000

o

0% 5% 10% 15%
Strain

HARDIN-KIGHT ASSOCIATES, INC.
7524 WBS&A Road, Suite 100
Glen Burnie, Maryland 21061

Phone: 410 553-0802
Fax: 410 553-0808
Email: HKAl@Erols.com
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was secured concerning the geology of the site, a list of the index
properties of all the spoon samples that were taken, and a record
of the results of the standard penetration tests. On the basis of this
report it can be decided whether or not supplementary investigations
are required concerning the relative density and permeability of the
sand strata and the shearing resistance and compressibility of the
clay strata.

Relative Density of Sand Strata

The relative density of sand strata has a decisive influence on the
angle of internal friction of the sand (Article 17), on the ultimate
bearing capacity (Article 33), and on the settlement of footings resting
on the sand. If a submerged-sand is very loose, & sudden shock may

Table 45.1

Relative Densily of Sands according
to Results of E!andard Penetration
Test

No. of Blows N Relative Density

04 Very loose
4-10 Loose
10-30 Medium
30-50 Denge
Ower 50 Very dense

transform it temporarily into a sand suspension with the properties
of a thick wvisgous liquid (Article 17). In & dense state the same
sand is insensitive to shock and is perfectly suitable as a base for
even very heavy struetures. For this reason the relative density of
a gsand iz far more important than any of its other properties, except
possibly its permesahility.

While the exploratory borings are being made, some information
regarding the relative density of the sand strata encountered in the
 drill holes can be obtained by performing the standard penetration
test (page 804) whenever a spoon sample iz taken. Considering the
- butstanding importance of the relative density, the standard penetra-
hun test should be considered an essential part of the boring operation.
f-;‘_a_bIa 45.1 gives an approximate relation between the number of blows
and the relative density.

The relation, Table 45.1, should be used with caution, and only
if the panetmtmn tests are carried out conscientiously, If the =and
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Tuble 45.2
Relation of Consistency of Clay, Number of Blows N on Sampling Spoon,
and Unconfined Compressive Strength

gu in tons/ ft*

Con- Very Very
gistenoy  Boft Soft Medium S Btiff Hard

N <3 2-4 48 8-15 15-30 =30
Qu <0.25 0.25-0.50 0.50-1,00 1.00-2,00 2.00-4.00 >4.00

routine tests on the spoon samples, listed in Table 9.1, are also obliga-
tory because their results are required for comparing the clay with
others previously encountered on similar jobs. The values of gu ob-
tained by means of compression tests are likely to be somewhat too
low because spoon samples are appreciably disturbed. The supplemen-
tary investigations required on important jobs depend on the character
of the soil profile.
1 the soil profile is simple and regular, it is commonly possible
to evaluate the average shearing resistance of the clay strata on the
basis of the results of laboratory tests. The samples are secured by
means of tube sample borings (Article 44) which furnish continuous
cores. To obtain fairly reliable average values, the spacing between 2
the sample borings should not exceed 100 ft. If it is known in advance
that the soil profile is fairly regular and that tube sample borings
will be required, continuous samples are taken in all those sections
of the exploratory holes that are loeated within elay strata. In the
sections located between elay strata spoon samplés are extracted, and
standard penetration tests are made.
The samples are delivered to the laboratory in sealed tubes com-
monly 30 or 36-in. long. Preferably, all the clay samples from one :
‘hole should be tested in the sequence in which they followed each
_other in the drill hole in 8 downward direction. Each sample is ejected
from its tube by means of a close-fitting plunger in such & manner
*;" f-h_e sample continues to move with respect to the tube in the
ne direction as it entered; if excessive gide friction causes too much
Iifrhanue during ejection, the tube is cut into 6-in. sections, the
8ol itself is out by means of a wire saw, and each section is ejected.
For routine testing each sample is cut into sections with lengths
to about three times the diameter; that is, 2-in. tube samples
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24  Summary for Linkt-Weight Relationships 1

( E’?j‘uq:'bﬂh 2"?)
Table 2.1 Various Forms of | a,'.'.'. (C":t', +f’.)b/“""

Relationships for y, v, and 7,4,

Unit-weight relationship  Eq. no. | C I,.-.,Lg_")
o Gt Sem, S 5(!-&&) = (és-r:.)ﬂ'u
I+2
*'%f‘ @z §+8e = Gs¥w+ b
5
y=Grl—nXl +m)  (228) . o
= Ye- efw _Gr.tﬁu ¥
o iy an e (fBup Gu-Y
5 .G“ -
w0 es (G
V=G - (2.22)
= G;G Yo (229 ( 6" 6’&!5
1+ ?'
N u,f’ e 30
Yo = Y = 1Y, (231)
P = Vi _(1 :_‘}’w {2'32}
Saturated wiit wefght
Yo = {G; :}" cwh .
=[G+l 220)
P = (il:T';.)G.r. (2.33)
Far = (éXi-l-Tl: e (2.34)
P =Yatuy, (2.35)
rm-y.+(l :'}, @36

The proods of same of tese
relationships ace left to the students.
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AA GEOTECH LOG NO PID CHESAFEAKE 5FILGPJ GOLDER NJ-PA D5-24-DB.GOT WZTM3

PROJECT: Chesapesks Tesrace SFI
PROJECT NUMBER: 083-1431-003
CRILLED: D'EWF‘TH 100,017

RECORD OF BOREHOLE

DRILL METHOD: Mud Fl:ata:r- din.
DRILL RIG: Simco 2800
DATE STARTED: 5/2r13

B-105

DATLIM:

SHEET1 of 2
INCLINATEON: -80

COORDS: N 500,580.1 E-1.388800.5 DEPTHW.L: HNA

G5 ELEVATION: 11571

AZIMUTH DATE COMPLETED: TOC ELEVATION: WA
LOCATION: Cdantan, MD WEATHER: Partly Cloudy TEMPERATURE: 50 F
SOIL PROFILE SAMPLES
Eg EE - ELEV.C| B BLOWS E
=] ﬁ DESCRIPTION g E % § por 6 in ] - COMMENTS
g §" [oeem g
o
- 115
1 @)
s ;Eug'um i subsounded A £ L4
o 1o medium, well-grided, h - AT 51 | DO 1333 &
5 rasce plastic finas, Pace Nine gronel; light brown, *s*a*al 1902 20
5= y_noneohesive; molst loose. =
L 110
{ - Sa_
+ (1.4
B0- 100 a4 = ” ,.-g
xr SAND; fing, pocdy subrounded; soma - Y 2% | oo I T -.}'ﬂ- .
(I tic: fireas, brbcn coafse & ubangular gravel, | 1087 4
10 ammmmummm A
—_!_11;5 lll oist, boose.
5 nJ
! Ba.so B s
- SAND; medium, wellgraded, subrounded, | sw [, 83 | DO | 344-m 12
B mmmmw " ety 20
15 m 5 of light grey clay, lorses: of clayey 2y 1007
100 1l sand; light grey to light beown; trace organica;
| mancobagive; moil; compact,
} )
18.0- 200 y e
[ | EpSmmnsammses, (o 7 | o oo] wesa [ T4
PO N e i J Z
-8
i 230-250 y E‘-‘
i SILTY CLAY; madium plasticiy; motiled dar o // 55 | po | vwasasas | s [ DA . w-{p
and red, caohasha; 20
25 -l-;r':rPL:mm o 7 % "7 S I
r” el
1 M
28.0-30.0 7,
5 CLAY, high plasticity, prey mottled dark ned and CH % | DO | wwaEn | B |59
i rmaroan, shiry, thirly lammated; trace biack 887 4
30 = I, maberial; poasibly organics: cohesive; w=PL; stiff. & M 4_2‘
-85 ﬂ‘ﬁ:
{ (25
E 330350 V !
H CLAY; high plasticity, grey motiled dark red and cH g7 | po | vomasas [T | AL
margan, shiry: thinky lam : trace black Y s =
25— L ‘al: poasibly arganics: cohesive: w-PL; siifl,
=80
1 (2D
38,0 - 40.0 ke
o %I&wm'f;m-q;nmp:mmuh;ﬁm oL f/ s | po| wasamar | —}E—
- mtiled .wwulﬂ'ﬁ i :
40 M mm; cohashe;, w-PL; sl ! f 2y 11
=
- =
. -
1 430- 440 i"i I‘= gg
L = ML =
d CLAYEY BILT. low to madium plaslicity; seema 4 T | eg | pa | wos-mas | @ |2
20
it 1m-mmdmm ight grey, cull; cH A W
=70 -M.u ﬁ.l:l
CLAY. modium to high plasticity; brown
A g pueple motled mmmmlw 1 |
¢ Laminalad; cohesive; atif , { {?q:j g{l%
480 - 50.0
1 | EEkromesnie [a [ o000 | rees [ :
- sard, gard; -
50— - ey, siightiy shiny; cobsb: w-PL il J 5 e ,{-p C/ﬁ NJV'\
] L eandiniing i rnd page

LOG SCALE: 1in=851M
DRILLING COMPANY: Earth Matters Inc,
DRILLER: D. Tayhor

GA INSPECTOR: KMC
CHECKED BY: VEF
DATE: 8/8M13




AA GEOTECH LOG NG PID CHESAPEAKE GFLGP) GOLDER NJFA 05-24-06.G0T BE2T/13

PROJECT: ﬂm&lﬂa Temaca 5F|
PROJECT NUI : DEB3-1431-003

DRILLED

AZIMUTH: N&
LOCATION: Cdenton, MO

RECORD OF BOREHOLE

DEPTH: 100.0 ft

DRILL METHOD: Mud Rotary- 3 in.
DRILL RIG: Simco 2500
DATE BTARTED: 5’2-'13

B-105

IMCLINA
COORDE: N:500,589.1 E-1,386,809.5 DEFTHW.L: NA
G5 ELEVATION: 1157 R
TOC ELEVATION: NA
TEMPERATURE: 50 F

DATLM:

BHEET2
TION: <50

af 2

DEPTH
]

1
g

SAMPLES

DESCRIFTION

DEPTH
et

HUMBER

BLOWS
per Gin

REC/ATT

53.0 - 55.0

SILTY CLAY; madium plasticity; seams of fing
sand; medeksh brown motSed ligh! grey, slightly
v, shiifty: coheshie: w-PL: g,

8511

T A7 A

(&)

g;\.ﬂ'

58.0.-80.0

EILTY CLAY, medium to high plasticity; irace fine
pand; ey maittled reddish beawn, lightly

r_shiny; cohasive; w-PL; firm,

55.7

812

810 33 -2

(€3

63.0 -850
SLTY CLAY; mhmmm1mm
he W=

813

21330042

!(_"Q

68.0-70.0
LAY high plasticity; purplish grey motiled darc
red, shimy; cobeshe; wePL: veny g8,

1834 3T -30

@

40,7

3
]

515

172131 =34

TB.O - 500
SILTY CLAY; low o madium placticity; trece fina
sand, poackets Mﬂuuﬁﬂ' grey modilad
dirk red, slighsly shirny;

I|| otk w=PL: tﬁ'l'n '\nﬂltﬂﬂ_

83.0-83.4
Smefmﬁmmghplmrrmd
“l fine sand; mottled light grey and dark

cohanive; w-PL2 800 o wery #il.

=

Si6

3 4050

1.8

=

l

rarplasiic fings,
moitied ight grey: cohesiag w-PL: firm o siiff,

B8.0 - 800
CLAYEY SILT and SAND; low io madium

; =35% fne sand, pockats of fine sand,
E:ulm rad clay; Bght grey mattle dars: rad
e botovam, wlighaty shiny, cohaive wePL: st

e

$4d

MH

51T

2 -7 -T2 -N

518

1520 38 35

BE

53.0- 550

CLAYEY SILT. low to medium plasticity; some
fire sardd, pockeds of fine sand, seams of clay
and fing sand; light groy mottled dark red and
beowan, slighthy shiny, cohasive; wePL; stil.

0.7

519

08 ST

zp|

f

= 1000
ELTfu.A‘e"mamun‘mm plnstcity; lanses of
fire clayoy sard; purpish brcen, slighSy shimy,
N, cohesive) w<PL; siif.

N

15.7

85T 0T

|

Boring completed m 100.0 7

Drilisd wia sampling, (84,4451

LOG SCALE: 1in=651t
DRILLING COMPANY: Earth Matters Inc,

DRILLER:

D. Taylor

GA INSPECTOR: KMC
CHECKED BY: VEF
DATE: &/8M13
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Settlement Analysis

Cell 10 Point 1
Boring Profile: B-105
Estimated
Existing Profile >>>> Assume soil is normally consolidated. initial Initial initial Effective
Effective Verticol Effective Vertical Effective Vertical Pre-consolidation
Estimated Effective Stress (0 ') Stress (@ ') Stress Stress ()
Soil Linit Weight Sail ot Center of at Center of ot Bottom af at Center of
Soil Sall Top Bottom Thickness Averoge Linit Weight Water Uit Weight Soil Layer Soil Layer Soil Layer Soil Layer
Layer Deseription Elev {ft) Elev {ft) {ft) SPR(N ) {pef] fecf] (kef] fesf] flesf) (psf] {psf]
1 Sand w/zome fines, gravel 161 146 15 B 101.5 o 1015 761 0761 1823 761
2 Sitty Clay vo Clay w/trace sand 146 116 E[1] 42 1450 o 1450 3,698 3698 5873 3,698
3 Clay wsome silt, w/trace sand 116 a7 ig 42 145.0 1] 1450 7,250 7.250 8,528 7,350
4 Clay wilsome sift, w/trace sand 97 -822 919 66 145.0 614 216 45,582 46582 £4.537 46,582
Total: 983
Intermediate Profile >»>> With excavation, soil is now over-consolidoted. Intermediate intermediate Intermediate
Effective Vertical Effective Vertical Effective Vertical
Estimated Effective Stress (0 ) Stress (0 ) Stress
Sail Unft Welght Soil at Center of at Center af at Bottom of
Soil Sall Top Bottom Thickness Average Limit Welght Water Unit Weight Soil Layer Soil Layer Soll Layer
Layer Description Elev (ft] Elev (ft) (ftl SPRIN,) fecf] {pcf] (kef) {psfl {ksf) fpsf)
2 Sitty Clay to Clay witrace sand 138 116 12 42 145.0 o 145.0 1,585 1.5595 3,190
3 Clay wi/some silt, w/ftrace sand 116 a7 19 42 145.0 0 145.0 4,568 4.568 5,545
a4 Clay wysome siit, w/ftrace sand 97 -822 919 &6 145.0 6.4 826 43,900 43.900 B1,854
Waste Load U1 Bl= 7495 B2= 520 Po = 6,678 pif
Increase in
Effective Vertical
Stress (A, )
Influence ot Center of
Soil Soifl Top Bottom Thickness I ¥ oy e Factor Soll Layer
Layer Description Efev {ft] Etev (ft) ft ft ft {radians) {radions) I fpsf]
2 Silty Clay to Clay w/trace sand 138 116 22 i1 2k 0.005 1.557 0.500 3,340
3 Clay wifsome silt, w/trace sand 116 a7 19 315 41 0.016 1531 0.500 3,340
4 Chay w/some silt, w/trace sand a7 -822 18 500.5 9650 0158 1.009 0.481 3,211

Cell 10, ot | | P9 V;



Waste Load U2 B1= 001 B2= 635 Po= 5,676 psf
Increase in
Effective Vertical
Stress (Ao, )
influence at Center of
Soil Soll Top Bottom Thickness z ¥ o 1 [+ 3 Foctor Soil Leyer
Layer Daseription Elev (ft] Elev (ft) It il fr {radians) [rerdions) [ {psfl
2 Silty Clay to Clay w/trace sand 138 116 22 11 22 1.554 0.001 0.495 3,306
3 Clay wisome silt, w/ftrace sand 116 57 14 L5 41 1.525 0.000 (.486 3,243
4 Clay wilsome slit, witrace sand a7 -§22 L] 8005 960 0.947 Q000 fam 2013
Waste Lood L1 Bi= 1285 82= 30 Fa= 2,005 psf
Increase in
Effective Vertical
Stress (Ao, )
Influence at Center of
Soll Soil Top Bottom Thickness z ¥ 3 o s Factor Soil Layer
Layer Deseription Elev [ft] Elev (ft] ft Jt It (radions) {radions) I [psf]
2 Silty Clay to Clay w/trace sand 138 ii6 22 11 22 0000 1.562 0500 1003
3 Clay w/some siit, w/trace sand 1186 97 19 315 41 0,001 1546 0500 1003
4 Clay w/some silt, witrace sand ar -322 919 500.5 S60 0.008 1.199 0490 942
Waste Lood L2 B1= 0.01 Bz= 105 Po= 1,761 2005
Increase in
Effective Vertical
Stress (Aa ')
Influence at Center of
Seill Sall Top Bottorn Thickness z ¥ oy Qs Factor Soil Layer
Layer Description Efev (ft) Elev (ft) ft ft ft {radians) {rardions) I {psf)
2 Silty Clay to Clay w/trace sand 138 116 12 11 22 1.466 0.001 0467 822
3 Clay wisome i, witrace sand 116 97 19 315 41 1.273 0.000 Oua07 T18
4 Clay wisomea siit, witrace sand 97 822 919 500.5 960 0.207 0,000 0066 116
Increase in
lood Totals Effective Vertical
Stress [ A, ')
Waste Waste Waste Waste at Center of
Sail Soil Load U1 Lood U2 Lood L1 Lood L2 Soil Layer
Layer Deseription [sf) (osf) fosf] (psf] [psfl
Z Sitty Clay 1o Clay w/trace sand 3,340 {3,306 1003 (822} 214
3 Clay w/some silt, w/trace sand 3,340 {3,243} 1003 {718) g2
4 Clay wifsome silt, w/itrace sand 3,211 [2,013) 982 [11E) 2,064

cell 10 Yoint |, pa72



Final Profile intermediate Increase in Increase in Final
Effective Vertical Effective Vertical Effective Vertical Effective Vertical
Stress [T ") Stress (A7, ) Stress (A0, ') Stress (0, ')
Estimated Uit Welght Effective at Center of at Center of at Center of ot Center of
Soil Soll Top Bottomn Thickness Average Linit Welght Water Unit Weight Soil Layer Soil Layer Soil Layer Soil Layer
Layer Description Elev (ft) Elev (ft) ift) SPR(N,) (pefl (pef) {ocf) {psy] {psfl (ksf] {esf]
2 Silty Clay to Clay w/trace sand 138 116 22 42 145.0 1] 145.0 1,595 214 0214 1,809
3 Clay wisome silt, witrace sand 116 a7 19 42 145.0 1] 145.0 4,568 352 382 4,945
4 Clay wfsome silt, w/trace sand a7 -822 915 3 145.0 B2.4 BLE 43,900 2,064 2.064 45,964
Efastic Settlement Increase in
Estimated Effective Vertical
Uncanfined Meodulus of Stress Qg ') Colculated Colculated
Compression Elosticity at Center of Elastic Elastic
Sail Soll Thickness Average Strength Es Soil Layer Settlemernt Settlement
Layer Description {ft) SPRI(N ) qu (ksf] {ksf) (ksf] ift) fin}
2 Sty Clay to Clay witrace sand 22 42 229518 10,041 0.214 0.000 0.01
3 Clay w/some silt, witrace sand 19 42 212.9518 10,041 0,382 0.001 0.01
4 Clay w/same silt, w/ftrace samd q19 BB 52.6254 23,024 2.064 0.082 0.53
Recompression Settlement - Cohesive Soils Initial Final
Effective Vertical Effective Vertical
Corrected Effective Stress (@) Stress (@ ) Calculated Colculated
Initial Recompression Recompression Pre-consolidation at Center of at Center of Recompression Recomnpression
Soil Soll Thickness Specific Unit Weight Void ratie Index index Stress [ 0,') Soil Layer Soil Layer Settlement Settlernent
Layer Description {ft) Gravity {pcfl Eq C, Ce (psf) ipsf) (3] ift) fin}
2 Silty Clay to Clay w/trace sand 22 2ED 145.0 0,260 0.004 0,003 3,658 1,595 1,808 0.00 0.0
3 Clay wisome silt, w/trace sand 19 280 145.0 0,360 0.004 0.003 7,250 4,568 4,949 .00 0.02
4 Clay wysome silt, w/ftrace sand 919 2.80 145.0 £.360 0,004 0,003 46,582 43,500 45,964 0.05 0.65
Compression Settlement - Cohesive Soils Initial Final
Effective Vertical Effective Vertical
Corrected Effective Stress (0 ') Stress (0 ') Coleuwlated Caleulated
Effective Initial Campression Compression Pre-consolidation at Center of at Center af Compression Compression
Sail Soil Thickness Specific Unit Weight Vold ratio Index Index Stress (T, ') Soil Loyer Soil Layer Settlement Settlement
Layer Description {ft) Gravity fcf) €, Ce Co fpsf) (psf] {psf) ift) {in)
2 Silty Clay to Clay wy/trace sand 12 280 145.0 0.3e0 0,009 0,006 3,698 1,595 1,809 0.00 0.00
3 Clay wysome siit, wftrace sand 19 2,80 145.0 0.360 0009 0.006 7.250 4,568 4,949 0.00 000
4 Clay wilsome sy, witrace sand 919 2.80 1850 0.380 0.009 0006 46,582 43,900 45,964 0.0 0.00
Summoary Colculated Colculated Calculated Tatal
Elastic Recompression Compression Colewlated
Soll Soil Top Bottomn Thickness Settlement Settlement Settlernent Settlement
Layer Deseription Elev (ft) Elev (ft) () (in) fin) fin) _ fin)
2 Silty Clay to Clay wtrace sand 146 116 12 0.01 .04 0.00 0.05
3 Clay w/some silt, witrace sand 116 57 15 0,01 0.0z 0.00 0.03
q Clay w/some silt, witrace sand a7 8§22 a19 0.99 .85 C.o0 1.64
Total 1.72

Cell 10, Pt ] f’?%/ﬁ
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RECORD OF BOREHOLE

PROJECT: kit Terrace SF DRILL METHOD: Mud Rotan=-3in.
PROJECT NUMBER: 063-1431-003 EE%ELRE" Siren FHO0

DRILLED DEPTH: 100,01
AZIMUTH, NiA
LOCATION: Odanton, MD

B-105
DATUM:

SHEETH of 2
IMCLINATION: -390

COORDE: N: 500,580 E:1,38G,800.5 DEFTHW.L.: MA

G5 ELEVATION: 115.7 ft
TOC ELEVATION: NA
TEMPERATURE: 50F

DEPTH
i
ELEVATION
i

SAMPLES

DESCRIPTION

UsCs
GRAPHIC
LoG

NUMBER

| mos

par Gin ]

REC/ATT

)
po | zaea . Jﬂ-

105.7

(4] 2423

53

- L&
00 | 3 7 =

ﬁfmi '=g

i Ad
DO | Masaa | o (i

Do 1T -3 43 45

- GLAY, high plasBcity; grey moled dask red and
mamon, shimy: thindy laminated; irece black
an - h,_maierial: poasibly organice; cobaahwe w=PL: sBff. |

Do LB s ] -}

ﬂLyﬁ

a7
507

DO | e--u-as

(75
N

157

{n] 115202

« (%)
—y

430-440

45— cohesiva, silfl.

i CLAYEY EILT. low to misdiism by; oo
L firse a8rd, ace of fine geovel: gk gy, dull

AT B

cH B

i)

D0 | t2-18-18-1

g ?ﬁl}“
Sk

7o 44.0- 450
CLAY; madium [o high

plasticity; brown and
- puirple mottied yaliowiah beown, shimy; thinky

| Inminsted; cohestve; stf.
g 48.0 - 50.0

af fing
50— n_iirey, shighthy shémy, cohesie; w=PL; stff,

B SILTY CLAY; medium ta high plasticity; trace fine
I sand, pockets Wmmt

310

DO | 17283840

i
»
)

|

=B85
Log continiedon net pags

AA GEOTECH LOG MO PID CHESAPEAKE SFLGPJ GOLDER NJ-PA BE-24-05.G0T 8027113

LOG SCALE: 1in=6.51t
DRILLING COMPANY: Earth Matters Inc.
DRILLER: D. Tayior

GA INSPECTOR: KMC
CHECKED BY: VEF
DATE: 8813




AA GEOTECH LOG NO PID CHESAPEAKE SF.GPJ GOLDER NJ-PA 05-24-06.60T 827741

RECORD OF BOREHOLE

Terrace SFI DRILL METHOD: Mod Ratiry- 3 i,

PROJECT: Chesa
PROJECT NUMBER: DB3-1431-003
DRILLED DEPTH: 100.0ft

AZIMUTH: Nia, DATE CO
LOCATION: Qdenton, MD

DRILL RIG: Simco 2800
DATE STARTED; &/2n

MPLETED:
WEATHER: Partly Cloudy

B-105

DATUM:

SHEET 2 of 2
I

CLIMATION: -00
COORDS: M:500,580.1 E:1,386,809.5 DEPTH W.L: NA
GE ELEVATION: 11571t
TOC ELEVATION: NA
TEMPERATURE: 50 F

SO PROFLE

SAMPLES

RAPHIC
LOG
E

NUMBER

TYPE

BLOWS
par G in

REC / ATT

COMMENTS

53.0-55.0

4 SLTY CLAY; medium plasticity; seams of fina
= sand; reddish brown mattlad Bght grey, slightfy
55— y_shiryr, coheshn; w-PL; sliff,

N

B0

=1

H 37 AT SOIE

20

58,0 - 60.0

- Su.ﬂél'.ﬂ.l.‘;‘.' madium B kigh plasticity, race fine
| sand; grey motSad reddish brown, Eghtly

60— h_shiny: cobeshe; w=PL; fim,

N
&‘\

_B&T

512

18-85 30

ot |

}
AL
20

63,0 - 65.0
o SILTY CLAY, kow o madium plaasiclty; light grey
. mofled reddish beown, sightly shiny; cohesive;
65— M, w=PL; aliff.

3
K\

513

2 X8 4T

i
73
20

BR - 700
- CLAY: high plasticity; purplinh grey mattied dark
mad, shirmy; coheshe; w<PL; wany sif,

CH

N

S

BB -2 3T 00

T3,0-75.0

LT CLAY, high plasticity; some norplastic fines,

E pockets of fine sand, grey and purple mattied
75— durk red, shiny; thiniy lminated; coheshe; w—PL;
1lmrrumqrnul.

N

407

311

1T =21 31 34

s

[

B %mﬁi‘rm mditem plasticity; finm
. A o medivm  WRh

L sand, pockets of ne sand; lght grey mettiad
80 dark red, slightly shirry; thinly laminated:

|- cohagive; w=PL: SHE to vesfy S1iff,

7
_

316

436400

sk

T g%ﬁ‘;'ggv high
- , mesdiven fo s . trace of
Ilmglmd:mm mwd:?r-ﬂ;
coheaive;

5.7

1.8

2|2

2
v

58

CLAY, madium io high plasticiy, soma

1~ &3.8 - 54.8
manplaste ines, trace of fine sand; dark rod

s17

o R g Bl

518

15238 -39

18

clayy
100 — n_cohesie; wcPL siifl.

N\

15.7

1922 -JT A2

J=18 Bouing completnd a1 100.0 A

Driiad win sampling. (34.4-95')

LOG SCALE: 1in=8.51
DRILLING COMPANY; Earth Matters Inc.
DRILLER: D. Taylor

GA INSPECTOR: KMC
CHECKED BY: VEF
DATE: B/8/13

o
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10 Paint 2
Boring Profile: B-105
Estimated
Existing Profile >>>> Assume soil is normally consolidated. Initial inittal Initial Effective
Effective Vertical Effective Verticol Effective Vertical Pre-consalidation
Estimated Effective Stress [0 ") Stress [0, ) Stress Stress {0, )
Soif Uit Weight Soil ot Center af at Center of at Bottom of at Center of
Soil Soil Top Bottom Thickness Average Unit Weighe Water Linit Weight Soll Layer Soil Leryer Soil Layer Soll Layer
kayer Deseription Elev (ft) Elev (ft) {ft! SPRN ) {pefl e {kef] {psf] {kesf] (psf) fpsf]
1 Sand w/some fines, gravel 153 138 15 ] 1015 ] 1018 761 0.761 1,523 761
2 Silty Clay to Clay wjtrace sand 138 108 30 42 145.0 0 1450 3,658 3.698 5,873 3,698
3 Clay wifsome silt, w/ftraca sand 108 a7 11 42 145.0 ] 145.0 6670 6670 7,463 6,670
4 Clay w/some silt, wy'trace sand a7 -855 956 66 145.0 G624 82.6 45,550 46.950 86,433 45,950
Total Depth = 1012
Iintermediate Profile >>>> With excavation, soil Is now over-consolidated. Intermediate Intermediate intermediate
Effective Vertical Effective Vertical Effective Vertical
Estimated Effective Stress {0 ') Stress (0 ) Stress
Sall Linit Weight Soil ot Center of at Center af ot Bottom of
Soll Sail Top Bottom Thickness Average Linit Weight Water Unit Weight Soif Layer Soil Layer Soil Layer
Layer Deseription Elev [ft) Elev (ft) fift) SPR (N, ] lpef) fpef) {kef) psf] fksf) {sfi
3 Clay wisame silt, w/trace sand 101 a7 4 42 145.0 i 1450 290 0.290 SE0
4 Clay wisome silt, w/trace sand a7 -859 956 b6 1450 6.4 ELb 40,063 40,063 79,546
Waste Load Ul Bl= 795 B2 520 Po= 6,676 psf
Increase in
Effective Vertical
Stress (87,°)
Inffuence at Center of
Sail Soil Top Bottom Thickness z ¥ oy oz Factor Soil Layer
Layer Description Elev {ft) Elev (ft) ft ft ft fradians) {rodians) I {psfl
] Clay w/some silt, w/trace sand 101 97 4 2 4 0,001 1.568 0,500 3,340
& Clay wisome sily, w/trace sand a7 =859 956 432 9860 0.194 1.026 0.433 3,222
Waste Load U2 Bi= 0.01 a2 695 Po= 5751 p=f

Cell 1o, Point 2, p2 Yy



lnerease in

Effective Vertical
Stress (AT, ')
Influence at Center of
Sail Soll Top Battomn Thickness 2 ¥ ay o ) Factor Soil Layer
Layer Description Elev {ft) Elew ﬂ&} ft fr ft {radians) {radicns) i {psf]
3 Clay wefsome silt, w/trace sand 101 a7 4 20 4.0 1.563 0,005 0.499 2,872
4 Clay wsome silt, w/trace sand a7 -859 1) 4820 960.0 0.964 0.000 0.307 1,766
Waste Load U3 Bi= .01 B2= 105 Po= 1124 psf
Increase in
Effective Vertical
Stress (A0, ')
Influemce at Center af
Soil Soil Tap Bottom Thickness I ¥ (s o Factor Soil Layer
Layer Description Elev (ft) Elev (ft) i3 ft 1] (rodians) {rodians) [ {osf)
3 Clay wysome sile, w/trace sand 101 97 4 20 4.0 1.547 0.005 0454 556
4 Clay w//some siit, w/firace sand 97 =359 956 482.0 260.0 214 0,000 0068 e
Waste Load L1 Bl= 1285 B2= 30 Po= 2,005 psf
Increase in
Effective Vertical
Stress (47, ')
Influence at Center of
Epil Soil Top Bottom Thickness z ¥ oy as Factor Soll Layer
Layer Deseription Elev (ft) Elev {ft] Jt ft ft {radians) {rodians) i (psf)
3 Clay w/some siit, w)ftrace sand 101 97 4 2z 4 0,000 1.569 0.500 1003
4 Clay w/some silt, w)trace sand ar -859 956 482 el 0.008 1.212 0491 ag4
Waste Lood L2 Bl= 0.01 B2= 108 Po= 2,005 psf
Increase in
Effective Vertical
Stress (8, )
Influence at Center af
Soil Sail Top Bottom Thickmess z ¥ o 4 (=5 Factor Sail Layer
Layer Deseription Efev [ft) Elev (ft) fe fi {radians) {rodions) I {psfl
3 Clay w/some silt, w/trace sand 108 97 11 5.5 11 1517 0.002 0.484 970
97 -359 a56 489 987 0212 0.000 0087 135

4 Clay wifsome silt, w/trace sand

Gell 10, ot 2, gy %



Load Totals increase in
Effective
Pressure (g')
at Center of
Soil Lall Llood U1 Lood L2 Load U3 Load [1 Load L2 Sall Layer
Layer Description {psf] {psf] fmsf] {psf! fpsf] fesf)
3 Clay w/some silt, w/trace sand 3,340 (2,872) 556 1003 (970} 1,067
4 Clay wisome shie, wiftrace sand 3,222 {1, 768) 77 934 (135} 2,382
Final Profile Initial Increase in Increase in Final
Effective Vertical Effective Vertical Effective Vertical Effective Vertical
Stress [0 . ") Stress (4o, ') Stress (b, ) Stress { 04}
Estimoted Unit Weight Effective at Center of at Center af of Center af at Center of
Soil Soll Top Bottom Thickness LUinit Weight Water Unit Weight Soil Layer Soll Layer Soll Layer Soil Layer
Layer Description Elev {ft) Elev (ft) i) {pdf _lpf] {pef] {psf] {esf) fksf) {sf]
3 Clay wifsame siit, wy/trace sand 108 87 11 145.0 [1] 145.0 250 1,067 1.057 1,347
4 Clay wisome siit, w/itrace sand 97 858 a6 145.0 E2.4 B2.6 &0,063 2,382 2382 42,445
Elastic Settlement Increase in
Estimated Effective Vertical
Uneonfined Medulus of Stress [ A ) Calcelated Caleuloted
Compression Elasticity at Center of Elastic Elastic
Soil Soll Thickness Averoge Strength Es Soil Layer Settlement Settlement
Layer Deseription (ft) SPR(N .} gt {ksf] (ksf] (st} ft) {inf
3 Clay wysome silt, wtrace sand il a2 215518 10,041 1.057 0.001 0.01
4 Clay w/fsome silt, witrace sand 956 &6 52.6254 23,024 2382 0.093 115
Recompression Settlement - Cohesive Soils Initial Final
Effective Vertical Effective Vertical
Corrected Effective Stress (@ ) Stress (o) Caleulated Calculated
Estimated Initial Compression Recompression Pre-consolidation at Center of at Center of Recompression Recompression
Soil Soil Thickmess Specific LUinit Weight Void Ratio Index Index Stress (o, ) Soil Layer Soil Layer Settlement Settlement
Layer Description () Gravity fpef) Ea c. C. {osf] (psfl (esfl ft) fin)
3 Clay w/some silt, wytrace sand 11 2.80 145.0 0.360 0,004 0.003 5,670 290 1347 002 0.26
4 Clay w/some siit, w/trace sand 956 2.80 145.0 0.360 0.004 0.003 45,950 40,063 42445 0.07 0.85

Gell 10 font 2,792y



Compression Settlement - Cohesive Soils initiel Final
Effective Vertical Effective Vertical
Corrected Effective Stress (o ') Stress (04 Colculated Caleulated
Estimated Initial Compression Compression Pre-consofidation at Center of at Center of Compression Compression
Soll Sail Thickness Specific Unit Weight Void Retio Index Index Stress{a,’) Soil Layer Soil Layer Settlement Settlement
Loyer Deseription ift) Gravity fief) e, C. Ce {psf) (psf) lpsf] (ft) (in)
H Clay wisome silt, w/ftrace sand 11 280 145.0 0,360 0,009 0.006 6,670 290 1347 0.00 0.00
4 Clay wisome silt, w/trace sand 356 280 145.0 0.360 0.009 0.008 45,950 40,063 42,445 0.00 000
Summary Colculated Caleuloted Calculoted Total
Elastic Recompression Compression Colculated
Soil Soil Top Bottom Thickness Settlement Settlement Settlement Settlement
Layer Description Elew {ft) Elev (ft) fft) firr) fin) fim) fin}
3 Clay wysome silt, w/trace sand 108 a7 1 0.01 026 0.00 027
4 Clay w/some sift, w/trace sand a7 -B59 956 1.19 D.85 0.00 o4
Total 232

Cell 10, Bt Z,p9 Y
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Ab GEOTECH LOG MO PID CHESAFEAKE SFLGPJ GOLDER MJ-PA DS-24-06.G0T M@713

RECORD OF BOREHOLE

DRILL METHOD: Mud Rotary- 3 in.
ORILL RIG: Simoco 2800
DATE STARTED: 4722113
DATE COMPLETED: 4722113
WEATHER: Parily Sunmy

PROJECT: ke Terrace SFI
PROJECT WU 063-1431-003
DRILLED DEFTH: 100.0 #t
AZIMUTH: NIA

LOCATION: Odanton, MD

B-104

BHEET1 of 2
IMCLINATION: -80

GDQHD&HBM 105.0 E: 1,386,503.8 DEPTHW.L.: NA

G5 ELEVATION:

Tﬂ{:E]._E‘u"ATDH NA
TEMPERATURE: 55 F

§e

S0 PROFILE

SAMPLES

ELEVATION
i

WsCs

ELEY, w | suows

par Bin
OEFTH
o

REC I ATT

L 0.0-20
- Smhhmﬂhﬂ

_I_ subroundad; lens

ﬁlbrmmwwwm

""%‘m yallawish

LBl GrapHc
= LOG

1579
10749

Bk

30-50
slbratnded, aome

-+ SAMD: medium o coarse, poarly grsded,
nonplestic fnes; mddish
i lrowm; noncoheshe; molsl to wel; very densa,

:-b[::-
P

827 3730
104.9

o

8.0-100
L

10

nancohas b

gravel, yallcwish brown Lo dark grey, coheshe o
malsk denga, JI

. CLAYEY SAND; madium to coarse, poory
graded; some medium lo coarse subfoundad

853 2 AR -1

]

130 - 150
CLAY: bigh plasticity:
=hiry: thinty isminatad; cohas

’?‘mwl.m ’

N

1224 -2

ar

8.0 - 20,0
CLAY; high plasticity: light grey

moifed maroon,
shimy; thinty laminated; cobeshae; woPL: sif

CH

N

10122528

E9.9

sand: light gray modtied dark red,
Hﬂmm:mlmwﬂ:

“Q
N

1326 26 53
BB

87 LB ]

CH

N\

G122 =21
749

\

LFE--FS L

43,0 - 45,0
- SITY CLAY; low to medium plasticity,
P s

trace fine

o
N

510 12 4265 35 85

&

45,0« 50.0
sand;

ried, slightty shiry. cohash:
, wePL stiff

4= SILTY CLAY, how ba msdiem plasticity, irace fine
brawrish

g |

=M 303580

85

Log contimied an nedt pags

Clay possily swalling in borebole.

Clay swallad 1o close borshols
mmﬁ Eﬂ:;t;l'[-is-hh
sampling Erough augess from 0-15 f1 bgs.

LOG SCALE: 1in=6.51
DRILLING COMPANY: Earth Matters Inc.
DRILLER: D. Taylor

GA INSPECTOR: KMC
CHECKED BY: VEF
DATE: 8/8M3

B




AA GEOTECH LOG NO PIO CHESAPEAKE SFLGPJ GOLDER MNJ-PA 05-24-06.G0T S/27T/13

RECORD OF BOREHOLE

PROJECT: Chasa Terrace SF1 DRILL METHOD: Mud Rotary- 3 in. DATUM:
PROJECT NUMBER: D63-1431-003 DRILL RiG: Simco 2800

DRILLED DEFTH: 100.0.1
AZIMUTH: NiA
LOCATION: Odenlon, MD

DATE STARTED: 4f22/13
DATE COMPLETED: 422113
WEATHER: Parily Sunny

B-104

SHEET2 of 2
IMATION: -80

NCL
COORDS: N: 501, 112‘615{! E: 1,386,503.6 DEPTHW.L.: NA

TEMPERATURE: 55 F

EPTH
i

ELEVATION
L

SO0L PROFILE SAMPLES
ELEV. E
4 BLOWS -
FR— i 33 % E por Bin | M | = COMMENTS
3 = |oerPm| 3 2
O m
ﬁ{nﬂuﬂmmn il light 7
v grey, m CH 512 | DO | X-30-38-40 =]
prary, ahiny, cahesbm, w<PL, very stff, A s4a '%%_
58.0 - 80,0 :,-'7
S!—Wm‘fm-d-‘uﬂpmﬂdianpuch::ud;;: oL / 513 | O | te-30-a5-42 &5 .;..JD:.
rad; goma yallow-brown a e, Z4 98
wi=PL; stiff. 58.8-59 i soft clay, JI
B3.0- 650 v
CLAY, madum to hgh plastcty; tome eH // s14| Do | waosom | s |21
s, yallenmdi Erteia/n saind: el e rioked e s
rery, shiny; thinky lasminalad; coheshes; w~PLL [
vary §
84.0-70.0 #
Sl.wwvlz'asﬂnnnmﬁwu,rmh [~} ﬁ// 515 1 DO | 2eamarae -] %
||Imummm s 4 I Z B
very s JI
73.0-75.0 b
%‘mmmsmn;hummm oL V/ 516 | DO | tararsn | 4 -H-‘-
grey, poarty graded 4
aand: prey and mddiah brown; cohagha; w-PL M8 -
| oot ) }
é; Cé 4’ Sa
78,0800 s
uwmvmmu:wmﬁﬂgw oL // 517 | 0O | waassew | a1 | R '?‘b
Mdhwmmﬁ H;iw 74 28 -
ey, cohesive; w=PL; Brm f 1 b
g
Novg = 11
83.0-850 |
CLAYEY SLTY SAND; fina. poorty groded, T SR AL 518 | DO | M armasey | 50 .é-.g.
subrounded; lenses of grey clay, lensas of fine brwwd ayp 4 Dirilled wio sampling. (4625
||I miesdium geey sand; noncohasive; moist 1o wes;
uﬂ;g?n v;v;w_'vl ﬂ_{_ﬂ_
SL il L3 1 LA N ] Ei9 | DD ELE R e A "
oo ST AT g el < B 28| oo, a3
§3.0-950 Rl [l Diilled wio sampling. (23 485
i g iyl oo U Bl 101 1) s20 /00| wr k|45
o .
bence B, black, so shiny maerak: possitly con.l 148
ILmu:mnﬂmmohthmmm
BE.0- 1000 - V 20 : E "'_?D
CLAY, madium ta plasticity, soma oH g 521 | DO | masasas | m
seams of fine dark groy sand 20 N -
3 dark geey, shiny, cohes hem; wePL: vy s, A 4238 a'ﬂ
Boring compleied af 100.0 &

LOG SCALE: 1in=651t
DRILLING COMPANY: Earth Matters Inc.
DRILLER: D. Taylar

GA INSPECTOR: KMC
CHECKED BY; VEF
DATE: &/aM3




MW-18
Chesapeake T:?m

Client Mational Waste Managers Drill Rig

Hollow Stem

Geologist Mark Schultz Ground Elevation

126 Feat

Date Drilled 4-8-03 Total Depth of Borehole

23 Feet

Borehole Diameter 8 Inches Depth to Water

11.24 Feet

—-

Description

Depth

Sample
Recovery (in)

Completion

Sand, med-crs, ir fines, yellow-bm-tan, moist to wet

;"L/'f'iw}:H

L LN L

=]

Clay, tr silt, maroon and gray mottled, plastic, moist to wet

Na-.q? |€

=
@ Blow Counts
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F - 1 : [h!E oy r_m"wﬁr T

Waste Liad U __
: L 970 }}QD} 2?0"'.’37"3:;"39’
5 p=5 (1)

127 = 676 Psf‘

; B
B,-¢as  B=agp’

Woale Lyad Uz @

790 y¢m= 270 -24p- 2= 27’

B=o p=E (60 = (3) 1) 27 f4p7)
= leto P:?‘q
N 7%
.
By=I0
Worte Leed Uz
‘2-&‘0@) i = #@'? 240~ [30-2 = jo7’

B]-"-*a p= Srm=(301<)+ (107 (487 )

= €556 ps{”
T 2 |
L 4.
T B3 s
'a?{':} =
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CHK. BY DATE




Engineering for the Environmnent, Planning for People.
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Cell 10 Point 3
Boring Profile: B-104, MW-18
Estimated
Existing Prafile >>>> Assume soil is normally consolidated. Initial Initial Initial Effective
Effective Vertical Effective Vertical Effective Vertical Pre-consolidation
Estimuted Effective Stress (0, ') Stress (0, ) Stress stress (0,')
Soil Uinit Weighe Soil at Center af at Center of ot Bottem of at Center of
Soil Saif Top Battom Thickness Average Lindt Welghe Water Unit Welght Soil Layer Sofl Layer Soil Layer Soll Layer
Layer Deseription Elev (ft) Elev (ft) ift) SPRIN,) {pef] fpef) fkf) fesf] fksf) {psf} {psf]
1 Sand witrace fines 136 112 24 11 1172.7 [i] 117.7 1,413 1413 2,826 1,413
2 Sand w/trace fines 112 110 2 11 117.7 62.4 553 2,881 2.881 2,936 2,881
3 Sand w/trace fines 110 100 10 EL] 1315 62.4 £3.1 3,282 3.282 3,627 3,282
4 Clayto Clayey Silt 100 35 65 49 145.0 524 826 6312 6312 8,936 6312
E Silty Clayey Sand to Sty Sand 15 5 30 74 1450 B1.4 26 10,235 10.235 11,474 10,235
& Clay 5 -B34 839 0 145.0 62.4 826 45,125 45,125 BO, 775 46,125
Total Depth = 970
Interimediate Profile >>>> With excavation, soil is now over-consolidated. Intermediate Intermediate Intermediate
Effective Verticol Effective Vertical Effective Vertical
Stress (o) Stress [0 ") Stress
Estimated Linit Weight Effective at Center of at Center of at Bottom of
Sail Sail Top Baottom Thickness Averoge Uit Weight Water Unit Welght Soil Layer Soil Layer Soil Layer
Layer Description Elev (ft) Elev {ft) EJ' SPRIN,) (pef) {pcfl (pef] {psfl (ksfi fipsfl
1 Sand w/trace fines 126 112 14 11 117.7 0 1177 g24 0.824 1,648
2 Sand w/trace fines 113 110 z 11 7 62.4 553 1,704 1.704 1,759
3 Sand w/trace fines 110 100 10 34 318 624 65.1 2104 2104 2,450
4 Clay to Clayey Sikt 100 35 £S5 48 145.0 B4 826 5,134 5134 7.819
5 Sitty Clayey Sand o Slity Sand 35 5 30 T4 1450 624 B2.6 9,058 9058 10,297
1 Clay 5 -B34 239 10 145.0 62.4 #2.6 44,947 44,947 79,5938
Waste Load U1 400 £95 250 Po = 6,676 psf
Increase in
Effective Vertical
Stress (Ao, ')
Influence ot Center of
Soll Sail Top Baottom Thickness z ¥ a4 e 5 Facter Soil Layer
Layer Description Elev ) Elev (ft) it ft ft {rodians) [radians) ¥ {psf)
i Sand wiftrace fines 126 112 14 T 14 0.003 1.562 0.500 3,340
2 Sand w/ftrace fines 112 110 2 15 16 0007 1.552 0.500 3,340
3 Sand wftrace fines 110 100 10 2l 26 0.010 1.544 0.500 3,340
4 Clay to Clayey Silt 10 35 65 585 91 0.029 1.497 0.500 3338
5 Silty Clayey Sand to Slity Sand 35 5 30 106 121 0.052 14338 0.500 3,338
6 Clay 5 -834 839 S40.5 980 0.207 0.974 0477 3,184
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Waste Load U2 B1= 0.01 82= 150 Po= 1,660 psf
Increase in
Effective Verticol
Stross (B0, )
Influence at Center of
Soil Soll Top Bottom Thickness z ¥ oy Qa; Factor Soll Leyer
Layer Description Elev {ft] Elev [ft] Jt ft ft {radians) {redians| I {psf)
1 Sand wytrace fines 126 112 14 T 14 0.003 1.562 0.500 830
2 Sand w/trace fines 112 110 2 15 16 0.007 1557 0.500 830
3 Sand w/trace fines 110 100 10 el | 6 0.010 1.544 0.500 230
4 Clay to Clayay Silt 100 L] 65 58.5 51 0.029 1.497 0.500 830
5 Silty Clayey Sand to Silty Sand 35 5 30 106 121 0.052 1438 0.500 830
B Clay 5 -834 838 5405 960 0.207 f.ard 0477 782
Waste Load U3 B1= oo B2 = 370 Po = 5,556 psf
Increase in
Effective Vertical
Stress (g, )
Influence ot Center of
Soil Soil Tog Bottem Thickness z ¥ ay oy Facter Soll Layer
Layer Description Elev [ft] Elev [ft) ft ft fr fradians) {radians) I fpsf]
1 Sand w/trace fines 126 112 14 7 14 0.003 1.562 0.500 2,779
rd Sand witrace fines 112 110 2 15 16 0.007 1552 0,500 2,775
3 Sand w/trace fines 110 100 10 1 26 Q.00 1.544 0.500 2,779
4 Clay ta Clayey Silt 100 35 B5 58.5 51 o.0R9 1.297 0500 2,719
a Silty Clayey Sand to Silty Sand 35 5 30 106 121 0052 1438 0.500 2,178
[ Clay 5 -834 8319 540.5 QR0 0.207 0.974 0.477 2,650
Waste Load L1 Bl= 105 B2= BAO Po = i,128 psf
Increase in
Effective Vertical
Stress (a0, )
Influence ot Center of
Sail Soll Top Bottom Thickness P ¥ s 3 L Factor Soll Layer
Layer Description Elew {ft] Elev (ft) ft ft ft {radigns) {radians) [ fesfl
1 Sand wytrace fines 126 112 14 T 14 0,000 1.565 0.500 564
2 Sand w/trace fines 112 110 2 15 16 0.000 1.559 0500 564
3 Sand w/trace fines 110 100 10 21 26 0000 1.554 0500 564
4 Clay to Clayey Sily 100 35 65 58.5 1 | 0,001 1525 0.500 564
5 Silty Clavey Sand to Silty Sand 35 5 0 106 121 0.002 1.488 0.500 S
B Clay S -a34 839 5405 960 0.008 1173 0438 550
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Waste Load L2 Bl= 340 B2 30 Po = 1,128 psf
Increase in
Effective Vertical
Streds (A0 )
Influence at Center af
Sail Soill Top Battom Thickness z ¥ o4 az Factor Soil Laryer
Layer Description Elev {ft) Elev (ft) ft ft ft {radians) {radians) r {psf)
1 Sand w/trace fines 126 112 14 T 14 0.000 1.565 0.500 564
2 Sand w/itrace fines 112 110 1 15 16 0.000 1559 0.500 S
3 Sand w/trace fines 110 100 10 1 6 £.000 1554 0.500 564
4 Clay to Clayey SHt 100 is 65 585 91 0.001 1.515 0.500 564
5 Siity Clayey Sand to Silty Sand 35 5 30 106 1 0.002 1.488 0.500 564
B Clay 5 -834 839 540.5 a&0 0.008 1173 0.488 550
Load Totals Tatal
Increase in
Effective Vertical
Stress (Ao, ')
Woste Waste Waste Waste Waste ot Center of
Sl Soil Load U1 Load U2 Load U3 Load L1 Lowd L2 Soil Loyer
Layer Description {ps) {esf? lesf) (psf) fosf) fesfl
1 Sand w/trace fines 3,340 (830} 2,779 564 564 6417
2 Sand witrace fines 3,340 (B30) 2,779 564 564 6,417
E Sand w/trace fines 3,340 (&30} 2.074 564 564 5417
4 Clay to Clavey Silt 3,339 [E30) 7 564 564 ALY
5 Siity Clayey Sand to Silty Sand 3,338 (830} 2,778 564 Z64 6,414
6 Clay 3,184 (792} 2,650 550 550 6,142
Final Profile Intermediate Increase in Inerease in Fnal
Effective Vertical Effective Vertical Effective Vertical Effective Vertical
Stress(@ ) Stress {4, ) Stress (a7, ) Stress(a@ ")
Estimated Unit Weight Effective at Center of at Center of at Center of at Center af
Soil Sail Top Bottom Thickness Average Linit Welght Water Unit Weight Soil Layer Soil Layer Soil Layer Soll Layer
Layer Deseription Elev {ft) Elev (ft) w SPR{N,) {pcf) [gd] {pef] LF#? (esf] {ksf] {psf)
1 Sand witrace fines 126 112 14 11 117.7 0.0 117.7 B24 6,417 6417 7,241
2 Sand w/trace finas 112 110 2 11 117.7 62.4 553 1,704 6,417 6417 8,121
3 Sand w/trace fines 110 100 10 34 1315 62.4 69,1 2,104 6,417 6417 8,522
4 Clay to Clayey Sil 100 35 65 49 145.0 624 816 5.134 ALY 6.417 11,551
-] Silyy Clayey Sand to Silty Sand 5 L1 30 74 145.0 6l4 826 9,058 6414 64414 15,472
[ Clay 5 -B34 839 J0 145.0 624 826 44,947 6,142 6.142 51,089
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Elastic Settlement increase fn

Estimated Effective Vertical
Uncanfined Maodulus of Stress { Q") Calculated Calculated
Compression Elasticity at Center af Elastic Elastic
Sail Soil Thickness Average Strength Es Soil Layer Settlement Settlement
Layer Description if) SPRIN,) qu fisf) (ksf) fhsf) i) fin}
1 Sand w/ftrace fines 14 11 176.00 6417 051 B.13
2 Sand w/trace finas 2 11 176.00 6417 oo7 D88
3 Sand w/trace fines 10 34 544.00 6417 012 1.42
4 Clay to Clayey Silt 65 19 30,3453 13,276.03 6417 oo 038
5 Sifty Clayey Sand to Sitty Sand 30 74 118400 B.414 016 1.95
& Clay LEL ] 0 58.7532 25,706.71 B.142 020 241
Recompression Settlement - Cohesive Soils Imterim Final
Effective Verticol Effective Vertical
Corrected Effective Stress [0 ,,") Stress (0 ') Caleulated Caleuloted
Estimated Initial Recompression Recornpression Pre-consolidation ot Center af at Center af Recompression Recompression
Soil Soif Thickmess Specific Linft Welght Vaoid rotio Index Index Stress{0,7) Soil Layer Soil Layer Settiement Settlement
Layer Description (i) Gravity {pefl €, C, Cr {psfl {psf] fpsf) ift) {in)
1 Sand witrace fines 14 2.65 117.7
2 Sand witrace fines 4 2865 1177
3 Sand wtrace fines i .65 1315
4 Clay 1o Olaryey Skt &5 280 145.0 0.360 0.009 0.00 0.00
5 Silty Clayey Sand ta Silty Sand 30 265 145.0
6 Clay 839 2.80 1450 03E0 0.009 0.00 0.00
Compression Settlement - Cohesive Soils initial Final
Effective Vertical Effective Vertical
Corrected Effective Stress (@, ') j‘m!‘gh’? Calculoted Calculated
Estimated Initial Compression Compression Pre-gonsolidation at Center of at Center of Compression Compression
Soil Soil Thickness Specific Unit Weight Void ratio Imdex Index Stress (o, ) Soil Layer Soll Layer Settlement Settlernent
Layer Description it} Gravity {pcf] €, €, € {psf) ipsf) {psf] ift {in)
1 Sard wtrace fines 14 265 1177
2 Sand wtrace fines 2 265 1177
5 Sand w/trace fines 10 2.65 131.5
4 Clay to Clayay Silt 65 2.80 145.0 0360 0.009 0.00 0.00
5 Silty Clayey Sand to Silty Sand 30 265 145.0
B Clay §38 Z.80 145.0 0.360 (.009 0.00 0.00
Summary Caleulated Calculated Coleuloted Tatal
Elastic Recompression Compression Calculated
Soil el Top Bottom Thickness Settlernent Settlement Settlement Settlerment
Layer Description Elev (ft] Elev {ft) ift) fin) {in] fin} fin)
1 Sand w/trace fines 14 1.65 117.7 613 0.00 0.00 513
2 Sand w/trace fines 2 .65 117.7 0,88 0.00 0.00 088 -
3 Sand w/ftrace fines 10 2.65 131.5 1.42 0.00 0.00 142
4 Clay to Clayey Sit 65 2.80 145.0 038 000 0.00 0.38
5 Silty Clayey Sand to Silty Sand a0 2.65 145.0 1.95 0.00 0.00 1.95
6 Clay 539 2.80 1450 241 Q.00 0.00 241
Totals 13.15 0.00 0.00 13.15
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BORING NUMBER: B-30

DATE INSTALLED: 4-25-91
PROJECT: CHESAPEAKE RUBBLE FILL
SAMPLE METHOD: SPLIT SPOON DRILLING METHOD: HOLLOW STEM AUGER AND MUD

LOGGED BY: MARE SCHULTE DRILLER: HARDIN-HUBER, INC
Blows per b@
6 inches
Sample Depth (recovery Graphic
No. (£t) in inchesg Log Description
1 0-2 2-3-4- 1 . SAND, med, little fn, tr clay, yellow-brown,
(10) |r moist
| P -
2 5=-7 15-23-25~- SAND, as above
3 10-12 9-24-32- SAND, med, little fn and little clay, yellow-
(24) s brown, wets
4 15-17 11-17-23- CLAY, tr silt, red, moist
{22)
42 10
5 20-22 10-18-22-26 —=| CLAY, tr silt, gray-purple, moist
(24) =
@ 25 |=—
[ 25-27 9-15-22 ——| CLAY, tr silt, red-gray, moist
(24)
@ =
7 30-32 15-17-19 —— CLAY, tr silt, gray w/red, moist
(24)
Mﬂuj': 21 @? 35—
8 35-37 10-14-18- CLAY, tr silt, red w/gray mottles, slightly
fao) - — moist
e 0=
9 40-42 30-45- ——| CLAY (no silt), gray w/red mottles, slightly
(18) = == moist
[i.) 45 —=
i0 45-47 50-60- ——] CLAY, brown-red, slightly moist
(1) -
=
11 50-52 14-35-45-51/5 CLAY, brown, slightly moist
(18) —
5S 55 |—
12 55-57 8-20~-36-45 FE—=] CLAY, brown w/red,.slight to tr moist
(20} —
&0

a. Rods wet at 10 feet.
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10 Point 4
Boring Profile: B-30
Estimated
Existing Profile »>>> Assume soil is normally consolidated. Initial Initial initial Effective
Effective Vertical Effective Vertical Effective Vertical Pre-consolidotion
Estimated Effective Stress {0, ") Stress (@ .. ) Stress Stress [ 7,
Sail Unit Weight Soil at Center of at Center of at Battom of at Center of
Soil Soil Top Bottom Thickness Average Unit Weight Water Unit Weight Sail Layer Soil Layer Soil Layer Soil Layer
Layer Description Efev (ft) Elev ft) fft) SPR(N ) tocf) (pcf) ficcf] {esf) (kesf] fosfl {osf)
1 sand w/trace fines 116 110 6 37 1217 i 1.7 365 0.365 730 265
2 Sand w/trace fines 110 101 9 az 1217 624 593 997 0.997 1,264 997
;| Clay witrace silt to Clay 101 -244 945 o8 1450 62.4 ElB 40,293 40,293 78321 40,253
Total Depth = 960
Intermediate Profile >>>> With a thin layer of fill, soll is still normally consolidated. Assume fill will be a sandy material, and will be compacted to initial Increase in Increase in Intermediate
density (i.e., blow count) similar as that of the soil below. Fill adds (2 ft){121.7 pcf) = 243 psf to vertical stress in underlying soil layers Effective Vertical Effective Verticol Effective Vertical Effective Vertical
Stress [T, Stress (oo, ) Stress (o, ') Stress (O ')
Estimated Linit Weight Effective at Center of at Center of at Center of ot Center of
Soil Sall Top Bottom Thickness Average Unit Weight Water Unit Welght Soil Layer Sofl Layer Soif Layer Soil Layer
Layer Description Elev {ft) Elev (ft) [iis) SPR{N, ] focf] {pef] foef] fpsf] (psfl {ksf} {psf
1 Sand witrace fines 116 110 6 ar b i o i} 121.7 365 243 (L.243 GO&
b Land w,trace fines 114 101 g a7 1217 BL4 59.3 997 243 0243 1,240
3 Clay w/trace siit 1o Clay 101 844 945 53 145.0 62.4 82.6 40,293 243 0.243 40,536
Elastic Settlement Increase in
Due to Fill Estimated Effective Vertical
Uneanfinad Medulus of Stress (Ao, ') Colculated Colculoted
Compression Efasticity ot Center of Elastic Elastic
Sofl Soil Thickness Average Strength Es Soif Layer Settlement Settlement
Layer Description fe) SPR(N,) gu (ksf] fksf) {ksf] ift) fin)
i Sand w,/trace fines 6 7 592 0,243 0.0025 0.030
2 Sand w/trace fines 9 37 592 0.243 0.0037 0.044
3 Clay w/trace silt to Clay 845 3] 414 7,758 0.243 00296 0.355
Recompression Settlement - Cohesive Soils Initlal Final
Due to Fill Effective Vertical Effective Vertical
Carrected Effective Stress (T ) Stress (0 ') Calculoted Colculoted
Estimated Initial Recompression Recompression Fre-consolidation ot Center of at Center af Recompression Recampression
Sail Sail Thickness Specific Linit Weight Void ratio Index Index Stress [ ,") Soil Layer Soil Layer Settlement Settlement
Layer Deseription {ft) Grovity foef) e, c, Cre fosf) fosf) {psf) (ft) (in)
3 Clay wiftrace silt to Clay S5 2.80 145.0 0360
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Compression Settlement - Cohesive Soils Initial Intermediate

Due to Fill Effective Vertical Effective Vertical
Corrected Effective Stress {@ ") Stress {0 ') Caleulfated Caleulated
Estimated Initial Compression Compression Pre-consolidation at Center of at Center af Compression Compression
Soll Soil Thickness Specific Linit Weight Void ratio index Index Stress [ 7,7) Soil Layer Soil Layer Settlement Settlement
Layer Description ift) Gravity (pcf] 2, . € fpsf) {psf) (psf] (ft) fin)
3 Clay wtrace silt to Clay 945 2.80 145.0 0.360 0.009 0.006 40,293 40,293 40,536 0.016 0.19
Waste Load U1 Bi= 100 B2= 520 Po= 7,017 psf
Increase in
Effective Vertical
Stress (Ao, )
Influence at Center af
Soil Soil Top Bottom Thickness z ¥y oy oz Foctor Soil Layer
Layer Description Elev (ft) Elev {ft) ft f it fradians) {rerdians) I {psf)
F Sand w/trace fines 118 116 2 1 F 0.000 1.570 0.500 3,310
1 Sand w/ftrace fines 116 110 [ 5 a 0.002 1.565 0.500 3,510
2 Sand w/trace fines 110 101 L 125 15 0.006 1.555 0.500 3510
3 Clay witrace sift to Clay 10 -844 %45 487.5 a54 0.195 1021 0.482 3,383
Waste Load U2 81= 0.01 B2= 645 e 6,676 psf
Inereasein
Effective Vertical
Stress (0o, )
Influence at Center of
Soil Soil Top Bottom Thickness s ¥ oy o, Ferctor Soil Layer
Lerper Description Elew {ft) Efewv (ft) ft Jt fi {radions)  {radians] [ {psf)
F Sand w/ftrace fines 118 116 2 1 2 0.000 1570 0.500 3,340
1 Sand w/trace fines 116 110 -] 5 8 0,002 1.565 0.500 3,340
2 Sand w)trace fines 110 101 q 125 15 0.006 1.555 0.500 3,340
3 Clay w/ftrace silt to Clay 101 -Bda 945 4875 954 0.195 1.021 0.482 3,219
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Waste Lood L1 B1= 590 B2= 30 Po= a2 psf

Increase in
Effective Vertical
Stress (aa,')
Influence af Center of
Sail Sail Top Bottom Thickness z ¥ oy o s Factor Soil Layer
Layer Description Elev {ft) Elev (ft) ft ft ft {radians) {radians) r imsf]
F Sand w/trace fines 118 116 2 3 2 0.000 1.570 0.500 491
1 Sand w/ftrace fines 116 110 5 5 8 0,000 1.567 0.500 491
2 Sand w/trace fines 110 101 9 125 15 0.000 1.561 0.500 491
3 Clay wiftrace silt to Clay 101 <B4 245 4875 454 0.008 1.208 0,491 482
Waste Load L2 Bl= ] B2 = 105 Pa= 1323 psf
Inerease in
Effective Vertical
Stress {Acr')
Influence ot Center of
Saif soll Top Bottom Thickriess ) ¥ oy o Factor Soil Layer
Layer Description Elev (ft) Elev {ft) ft St ft {rodians) {rodians) [ {psf)
F Sand w/trace fines 118 116 2 1 2 0000 1.570 0,500 862
1 Sand witrace fines 116 110 6 5 g 0000 1.567 0500 6562
2 Sand w/trace fines 110 101 9 12.5 1% 0.000 1.561 0500 B2
3 Clay w/ftrace silt to Clay 101 -B44 945 4875 954 0.008 1308 04491 649
Load Totals Total
Increase in
Effective Vertical
Stress (a0, )
Waste Waoste Waste Waste at Center of
Sl Soil Lood U1 Lood U2 Lood L1 Load L2 Soil Layer
Loyer Description (psf) [E]) s} fesf] {psf]
F Sand w/trace fines 3,510 3340 491 ) §,003
b Sand wtrace fines 3,510 3,340 491 Gh2 £,003
2 Sand w/trace fines 3,510 3,340 4491 &6l 5003
£ Clay wiftrace silt to Clay 3383 3719 482 649 7.733
- Traltiexl Increase in Increase in Final
Final Profile ==>> Inc he fill layer; reflects vertical stress due to fill layer on soil layers below.
fi Jidesthe i 7 refle il iy belo Effective Vertieal Effective Vertical Effective Verticol Effective Vertical
Stress (& ') Stress (A0, ') Stress (80, ) Stress (@ ')
Estimated Uit Weight Effective at Center of at Center af at Center of at Center of
Seill Soll Top Bottom Thickness Average Linit Welght Water Unit Weight Solf Layer Soil Layer Soll Loyer Soll Layer
Layer Description Elev _f(-' Elev [ft] ift) SPRIN, ) {pefl {pef] {pef] {psf) ipsf] {ksf} {ipsf]
F Sand w/trace fines (Fill) 118 116 F 37 121.7 4] 121.7 122 8,003 8,003 8,135
I sand witrace fines 116 110 B 37 121.7 0 121.7 365 8,003 8.003 8,368
2 Sand w/trace fines 1i0 101 9 37 121.7 62.4 59.3 997 8,003 2002 9,001
3 Clay wiftrace silt to Oay 10 -gad 945 58 145.0 62.4 816 40,293 7,733 7.733 48,026
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Elastic Settlement Inerease in
Due to Waste Estimated Effective Vertical
Unconfined Maodulus of Stress (AT, ") Caleulated Colewlated
Compression Elasticity at Center of Elastic Elestic
Soil Soil Thickness Average Strength Es Soil Layer Settfement Settlement
Layer Description {it) SPRN ) qu (ksf] {ksf) {ksf] {ftl fin}
F Sand w/trace fines (Fill} 2 37 592 £.003 0.03 0.3z
1 Sand witrace fines 6 a7 5972 £.003 0.08 0,97
2 Sand w/trace fined g 37 592 2.003 0.12 1.46
3 Clay wftrace silt to Clay 945 58 41.4 7.758 7.733 D.94 11.30
Recampression Settlement - Cohesive Solls Initial Final
Due to Waste Effective Vertical Effective Vertical
Corrected Effective Stress (&, 1) Stress (0 4 ) Coleulated Calculated
Estimated Initial Recompression Recompression Pre-consolidation at Center of at Center af Recompression Recompression
Soil Soil Thickness Specific Unit Weight Void ratio Index Index Stress {0, ) Sofl Loyer Soil Layer Settlement Settlement
Layer Description fft) Gravity (pef] 2, c, Lo ipsf] fosf} (osf] (ft) (in)
3 Clay wytrace sit 1o Clay 945 2.80 1450 40,293 40,293 0,00 0,00
Compression Settlement - Cohesive Soils Initiol Final
Due to Waste Effective Vertical Effective Vertical
Corrected Effective Stress [0, Stress (@ ) Caloulated Calculated
Estimated Initial Compression Compression Pre-consolidation at Center of ot Center of Campression Compression
Soil soil Thickress specific Unit Weight Void ratic Index Index Stress{ 7, ) Soil Layer Soil Layer Settfement Settlement
Layer Description [ft) Gravity [[3]] £y C, Ce. {psf] fosf} fesf] fft) fin]
3 Clay witrace silt vo Clay 945 .80 1450 0,360 0.009 0.006 40,293 40,293 48,006 0.45 5.46
| Due to Fill Due to Waoste
Summary Calculated Calculoted Calculated Colculated Calculated Calculated Total
Elastic Recompression Compression Elastic Recompression Compression Calculated
Sall Soil Top Bottom Thickness Sertlement Settlement Settlement Settlement Settlement Settlernent Lettlement
Layer Description Elev {ft) Elev [ft] ift) fin) fin} {in) {in} {in] {in} fin}
F Sand witrace fines (Fill) 118 116 Z 0,32 032
1 Sand w/trace fines 116 110 ] 0.03 0.97 1.00
2 Sand w/trace fines 110 101 g 0.04 1.46 1.50
3 Clay w/ftrace silt to Clay 101 244 a45 036 019 11.30 5.45 17.30
Totals 0.43 0.00 0.19 14.06 0.00 546 2013
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BORING NUMBER:

B-13

MONITOR WELLS: MW-3

DATE INSTALLED: 7-18-89
PROJECT: CHESAPEAEKE RUBBLE FILL

LOGGE

Sample
Ho.

1

10
11
12

13
14

15

SAMPLE METHOD: SPLIT SPOON
D BY: GREG ADAMSON
Blows per
6 inches
Depth (recovery
—(ft)  in inches)
0-2 2-2-2-2 @
(18) :
2.5-4.5 2-2-3-4 @
<! (24)
5 -7 — 2-12-17-2
(15)
7.5-9.5 15-11-11-15
{19) 10
10-12 /L0 g-ge12-1 20 ;
(12} E
12.5-14.5  17-34-51-51/5" [0
(16) @f{} =]
157 —— 56
15-17 12-12-14-22
{24)
17.5-19.5  7-12-17-17 —
, (19) =
o @ 20 iy
20-22  30-51/7" [
(9 D Loet
22.5-24.5 32-34-51/5 ies s
(18) 25 [
25-27 22-34-51/ L
(18)
27.5-29.5 17-35-51/
(18)
@ 30
30-32 9-13-51/
{18)
32.5-37.5 4:}-51:‘3'
{0) AR
35-37 13-25-5175" e
{18) .
37.5-39.5

16

DRILLING METHOD:

17-28- 4@ 5"
40

ToP of eleunb = 83.0

HOLLOW STEM AUGER

DRILLER: HARDIN-HUBER, INC

Description

SAND, med, some v fn, tr silt amd clay,
vellow

SILT and fn SAWND, tr clay, brown

2" SILT and fn SAND, as above
9" GRAVEL, little coarse sand, yellow

CLAY, little silt, with lenses of SILT, gray
6" CLAY, as above

6" SAND, med, some fn, yellow
SAND, as above with thin CLAY lenses, gray,

'V saturated

CLAY, little fn sand and silt, gray

CLAY, little vf sand and silt, gray

SAND, med, little fn, tr silt and clay, gray-
vellow, saturated

SAND, as above

SAND, as above, clay stringers in lower 11"

SAND, as above, with 3" CLAY layer

SAND, as above, some thin lenses of clay, gray

No recovery

SAND, vf to med, tr silt and clay, yellow-
gray, saturated and CLAY layers 2 and 4™ thick
SAND, med, some fine, tr silt, 1t tan, (24)
saturated, with a 2" CLAY layer



BORING NUMBER: B-13 continued

Blows per
6 inches
Sample Depth ({recovery Graphic

No. (ft) in inches} Log Description

40 ——
17 40-42 17-24-51/5)7 %] SAND, med and £n, little vf, tr silt and clay,
(18) ... few thin clay lenses, 1t tan-gray
18 42.5-44.5 10-30-511"5" -~:'4 SAND, med and fn, little vf, tr silt, few thin
{18) --_.’_' clay lenses, tan, saturated
45 r:'-'t.:l
19 45-47 12-30-51/6"g)) [ SAND, as above
{18) L7 1
20 47.5-49.5  45-51/2" (| (2*~] SAND, as above, no clay lenses
(12) He

~ 50f--

21 50-52 45-51{5 ;| SAND, as above
(12) S

22 52.5-54.5 51/4" @ 1| SAND, as above

T oty
£< 55 [
23 55-57 25-51/5" (| = CLAY, little silt, tr sand, mottled red-gray

i
|

(10)
24 57.5-59.5 51/5"
(&)
&) so

SILT and CLAY, some sand, gray

4

]
:i

25 60-62 28-46-51/2 =] SILT and vf SAND, little clay, gray

w () B
26 62.5-64.5 18-31-51/ - CLAY, some silt, tr sand, gray

(17) ==

65 =—

27 65-67 31-51/5" =oE 7" CLAY, as above

{11) =—] 2" SAND, vf, little silt, gray

——] 2" CLAY and SILT, tr sand, brown-gray

28 67.5-69.5 45-51/5 = CLAY and SILT, some sand, gray

(12) 70 =2

Groundwater encountered at 14 feet.
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Settlement Analysis

Cell 13 Point 1
Boring Profile: B-13
Estimated
Existing Profile >>>> Assume soil is normally consolidated. initial Initial initial Effective
Effective Vertical Effective Vertical Effective Vertical Pre-consolidotion
Estimated Effective Stress (0 ') Stress (O ) Stress Stress {7,7)
Soif Unit Weight Soll at Center of at Center of ot Bottem af at Center of
Soil Soil Top Bottom Thickness Average Unit Welght Werter Unit Weight Sall Layer Soil Layer Soll Layer Soff Layer
Layer Description Elev (ft) Elev {ft) ) SPR (N, (cf) foef] flef) (esf) fisf) (psf] (sf)
1 Sand w/silt & clay 1] a5 5 5 9.8 0 99.8 49 0.249 499 248
2 Silt w/sand, some gravel BS a1 4 29 138.1 L 1381 775 0.775 1,052 775
3 Clay wsilt lenses B1 ] 2 21 128.2 Li] 128,27 1,180 1.180 1,308 1,180
4 Sand wclay lenses ] 75 4 53 145.0 0 145.0 1,598 1.598 1,888 1,598
5 Clay wifsand & silt 75 71 4 28 136.5 o 1365 2,161 2,161 2,434 2,161
6 Clay wisand & sidt 71 70 1 28 136.5 G2.0 74.1 rEral 2471 2,508 2471
7 Sand within clay layers T0 35 as &1 145.0 B62.4 826 3,954 3.954 5399 3,954
8 Clay wiiinthe silt 8 trace sand 35 512 847 a7 145.0 624 826 44,510 44.510 83,621 44,510
Total: 1002
Intermediate Profile >>>> With Excavation, soil is now over-consolidaoted. intermediate Intermediate Intermadiate
Effective Vertical Effective Vertical Effective Vertical
Estimated Effective Stress (@ ') Stress (@ ) Stress
Soil Linie Welght Soil at Center of ot Center af ot Bottom af
Soil Sall Top Bottom Thickness Averoge Linit Waight Water Linit Weight Soll Layer Soil Layer Soil Layer
Layer Description Elev {ft} Elev (ft) i) SPR(N,) [pef) {pefl {kcf) fpsf) {ksf) (psf)
1 Sand w/silt & clay Ba BS 3 29 145.0 o 145.0 218 D.218 435
F] it w/sand, some gravel BS a1 4 29 1381 o 138.1 711 0.711 Qae
3 Clay w/silt lenses 81 79 2 21 1282 o 128.2 1,116 1.116 1,244
4 sand w/iclay lenses T4 75 4 53 145.0 o 145.0 1,534 1.534 1,824
5 Clay w/sand & silt 75 71 4 28 136.5 o 136.5 2,097 2.097 2,370
B Clay w/sand & silt 71 70 1 28 136.5 62.4 7.1 2,407 2.407 2.484
T Sand wthin clay layers 0 35 35 81 1450 62.4 826 3,890 3.890 5335
2 Clay wylittle sit & trace sand 35 -012 a47 a7 145.0 62.4 Blb 4 446 44,446 B3.557
Waste Load U1 Bl= 826 B2 = 285 Po= 5,897 psf
Inerease in
Effective Vertical
Stress {am, )
influence at Center of
Saif Soil Top Bottom Thickness I ¥ oy [+ ) Factor Soil Layer
Layer Description Elev {ft) Elev (ft) fi jis ft {radians) [radians] I {psf]
1 Sand wsilt & clay 8g 85 3 15 3 1561 0.007 0.459 2,945
2 Sikt wifsand, some gravel 85 g1 4 5 7 1.560 0.002 0.497 2,933
3 Clay wisilt lenses Bi T4 2 8 a 1555 0.001 0496 2,923
4 Sand w/fclay lenses 74 75 i 11 13 1.550 0.001 0.494 2913
5 Clay w/fsand £ silt 75 71 i 15 17 1.543 0.001 0452 2,899
b Clay wisand & st Ti Fi] 1 17.5 18 1.538 0001 0.450 2,890
7 Sand w/thin clay layers 70 a5 35 35.5 53 1.506 0.000 0.420 2,825
2 Clay w/lttle sit & trace sand 35 -312 a47 526.5 1000 0.EO8 0,000 0,257 1518

Cell 12, Bt/ p;%(



Waste Lood U2 Bi= 0.01 B2= 551 Po= 5,897 psf
Inerease in
Effective Vertical
Stress (8, )
influence at Center of
Sail Sail Top Bottom Thickness 4 ¥ &y [+ Factor Soil Layer
Leyer Description Elev (ft) Eiewv [ft} fi ft ft {radians) {radians] i fpsf]
1 Sand wifsilt & clay a8 BS ) 15 3 1561 0.007 0.499 2,945
2 Sil w/fsand, some gravel 85 81 4 5 7 1560 0.002 0.4497 2,933
3 Clay wisilt lenses a1 79 z 8 9 1.555 0.001 0.496 2,923
[ Sand witlay lenses 4 b 4 11 13 1.550 0,001 0.454 2,913
5 Clay w/fsand & sift 75 71 Ll 15 17 1.543 0,001 0,492 1,859
& Clay w/fsand & sitt 71 70 1 175 18 1.538 0.001 0.450 2,880
i Sand w,/thin clay layers 70 35 35 355 53 1.506 0.000 0480 2,829
B Clay wi/flitthe silt & trace sand £ L =913 47 526.5 1000 0.808 0.000 0257 1,518
Waste Load L1 Bi= 1011 B2= 100 Po= 739 psf
Increase in
Effective Vertical
Stress (A0, ")
Influence at Center of
Sail Soil Tap Bottom Thickmness z ¥ &y o, Foctor Soil Layer
Layer Description Elev {ft] Elew {ft} ft ft ft {radians) {rodians)} I {esf]
1 Sand w/silt & clay 38 &5 3 15 3 0.000 1.569 0.500 370
? Silt wifsand, same gravel 85 Bl i 5 7 0.000 1.566 0.500 370
3 Clay w/silt lenses 81 79 2 g 9 0.001 1.563 0.500 370
4 Sand w/clay lenses 79 75 4 11 i3 0,001 1.560 0.500 370
5 Clay w/sand & silt 75 71 4 15 17 0.001 1.556 0.500 370
1] Clay w/fsand & sitt Ti 70 1 175 18 0.002 1.553 0.500 370
7 Sand wythin clay layers 70 s 35 35.5 53 0.003 1.536 0.500 370
3 Clay wiflittle sit & trace sand a5 =812 947 526.5 1000 0.038 1091 0.480 355
Waste Load L2 B1= 0.01 B2= 21 Poe 739 psf
Increase in
Effective Vertical
Stress {4, )
Influence at Cemter of
Soil Soil Top Bottom Thickness z ¥ [+ L= 8 Factor Sall Layer
Layer Description Elev (ft] Elev {ft] ft it fr {radiaens) [rodians) r {psff
1 Sand w/silt & clay sa a5 3 15 3 1.493 0.007 0.478 153
2 Silt wisand, some gravel BE g1 4 5 7 1.335 0.002 0.426 315
3 Clay w/sily lenses Bl 749 2 B 9 1.206 0.001 0385 284
4 Sand w/clay lenses 79 75 4 11 13 1.088 0.001 0.347 256
5 Clay wsand & silt 75 71 4 15 17 0.950 0.001 0.303 24
G Clay w/sand & sift n b L 17.5 13 0876 0.001 0.275 206
T Sand w/thin clay layers o 35 35 355 53 0534 0.000 0.170 126
B Clay w/litthe silt & trace sand a5 -912 947 5265 1000 0040 0:000 0.013 L

Cell 2, Pt |, Pb%{



Inerease in

Load Totals Effective Vertical
Stress (Ao}
Waste Waste Waste Waste at Center af
ol Sail Leod U1 Lowd U2 Load L1 Load 12 Soil Layer
Leyer Description {psf} {psfl (psf) (esf] {psf
1 Sand wisilt & clay 2,945 {2,945) 37 (353) 17
2 Sikt wfsand, some gravel 2,923 {2,933) a0 |315) 55
3 Clay w/silt lanses 2,923 {2.923) 370 {234} a5
4 Sand wiclay lenses 2913 2,913) 370 [256) 113
5 Clay wyfsand & silt 2,899 {2,899) 370 (224) 146
& Chay wi/fsand & silt 2,800 (2,890) 370 (206) 163
7 Sand wthin clay layers 2,529 [2,824) £V (126} 244
E Clay w/little <itt & trace sand 1518 [1.518) 355 {5] 346
Final Profile Initial Increose in Inerease in Final
Effective Verticol Effective Vertical Effective Vertical Effective Vertical
Stress [ 0, ') Stress (80, ) Stress {4, ') Stress (O ")
Estimaoted Unit Weight Effective at Center of of Center of ot Center of at Center of
Sail Soll Top Baottom Thickness Average Linit Waight Water Linit Weight Soll Layer Soif Layer Soil Layer Soil Layer
Layer Description Elev {ft) Elev {ft) {ft) SPR(N,) (pcf) [[3]] focf) fosi] {psfl (ksf] {osf]
i Sand w/silt & clay a3 a5 3 29 145.0 0 145.0 218 17 0.017 234
Z Silt w/sand, some gravel BS a1 4 25 1381 L1 138.1 711 55 0.055 766
i Clay w/sikt lenzes B1 74 2 21 1282 (1] 128.2 1,116 85 0,085 1,201
4 Sand w/clay lenses 79 75 L 53 145.0 0 145.0 1,534 113 0.113 1,647
5 Clay wisand & silt 75 71 4 28 1365 0 1365 2,087 146 0,146 2,243
6 Clay w/lsand & sht 71 i} 1 28 1365 Ba.d 74.1 2 407 163 0.163 2,570
7 Sand w/thin clay layers T 35 35 Bl 145.0 624 8LE 3,450 244 0.244 4,134
8 Clay w)/littée silt & trace sand 35 =912 947 97 145.0 G624 8.6 44 446 346 0.39% 44,792
Elastic Settlement increase in
Estimoted Effective Vertical
Unconfined Modelus of Stress (87, ) Calculoted Caleulated
Compression Elasticity at Center of Elastie Elastic
Soll Soil Thickness Average Strength Es Soll Layer Settiement Settlernent
Layer Drescription iftl SPRIN.] qu {ksf) fksf] fksf) (ft) fim)
1 Sand w/silt & clay 3 29 464 0.017 0.000 0.00
2 Sikt wfsand, some gravel 4 29 12.0 2,246 0.055 0.000 0.00
3 Clay w/silt lenses 2 21 7.0 1313 0.08% 0,000 .00
4 Sand w/iclay lenses 4 53 8438 0.113 0.001 001
5 Clay wysand & siit 4 28 113 2,115 0136 0.000 0.00
& Clay w)/sand & alit i 28 113 3115 0.163 0.000 0.00
7 Sand w)thin clay layers 35 Bl 1,206 0.244 0.007 D.0B
2 Clay w/flittle silt B trace sand 947 87 109.0 20,443 0.246 0.016 0.19

Cell 12, Point |, /5 %



Recompression Settlement - Cohesive Soils initial Final
Effective Vertical Effective Vertical
Corrected Effective Stress (@ ") Stress (O ') Colewlated Calculated
Initial Recompression Recompression Presconsolidation at Center of at Center of Recompression Recampression
Soil Soil Thickness Specifie Uit Wiight Void ratio Index Index Stress {T,') Soil Layer Soil Layer Settlement Settlement
Layer Description ife) Gravity {pef) £, £, Cr fpsfl ipsf) {psf) {ft) fin)
1 Sand w/silt & clay 3 .65 145.0 0.246 -0.043
2 Silt w/sand, some gravel i 2.80 1381 0.483 0.055 0.037 75 711 T66 0.006 0.07
3 Clany wi/silt lenses 2 2.80 1282 0.706 0.1a47 0.086 1,180 1,116 1,201 0.004 0.05%
4 Sand w/clay lenses 4 2165 145.0 0.246 -0.043
5 Clay wsand & silt 4 2.80 1365 0.516 0.06% 0,045 2,161 3,097 2,243 0.002 0.03
& Clay wsand & silit 1 280 136.5 0516 0.068 0.045 2471 2.407 2.570 0,001 0.01
7 Sand wifthin clay layers 35 265 145.0 0.246 -0.043
8 Clay w/littke sily & trace sand Q47 2.B0 145.0 0.360 0.004 0.003 44,510 44,446 44,792 0.002 0.02
Compression Settlement - Cohesive Soils Initial Final
Effectivie Vertical Effective Vertical
Corrected Effective Stress (07, ') Stress (0 ') Calculated Caleulated
nitial Compressian Compression Pre-consolidation at Cemter of ot Center of Compression Compression
Sail Sonil Thickness Specific Unit Welght Void ratio Index Index Stress L Soll Leyer Sol Layer Sertlement Settlement
Layer Description i) Gravity {pcfl €, C. Co (psf) {psf (psf} (ft) {in)
1 Sand wysht & elay 3 265 1450 0.246 -0.091
F Silt wifsand, some gravel & .80 138.1 0.483 0.116 0.078 775 711 766
3 Clay wifsiit lenses 2 .80 128.2 0.706 0.312 0.183 1,180 1,116 1,201 0.003 0.03
4 Sand wclay fenses & 265 145.0 0.245 -0.091
5 Clay wifsand & silt L] 2.80 1365 0.516 0.145 0096 2,161 2,097 2,243 0.006 0.07
& Clay wisand & silt 1 180 1365 0516 0.145 0.098 2,471 2,407 2,570 0.002 0.02
7 Sand wythin clay layers as .65 145.0 0.246 0,091
8 Clay w/little sift & trace sand 947 2.80 1450 0.360 0,009 0006 44,510 44,445 44,792 0.016 0.20
Summary Calculated Caleulated Colculated Total
Elastic Recompression Compression Colculated
Soff Sl Top Bottam Thickness Settlement Settlemernt Settlement Settfement
Layer Description Efew (ft) Elev (ft) it} fin) fin) {in) fin)
1 Sand w)/silt & clay B8 85 3 0.00 0.00 0,00 0.00
2 5ilt wfsand, some gravel 85 81 4 0.00 007 0.00 0.07
3 Clay w/siit lenses £1 79 2 0.00 0.05 003 0.049
4 Sand w/clay lenses 73 75 4 0.01 0.00 0.00 0.01
5 Clay wisand & silt 75 7 4 0.00 003 0.07 0.11
[ Clay wi/sand & silt 71 70 1 0.00 0.01 0.02 0.03
7 Sand wthin clay layers 70 a5 35 0,08 0.00 0.00 0.08
8 Clay w/little shit & trace sand 35 -912 947 0.18 0.02 0.20 0.41
Totals 0.29 o1r 0.32
Total o0.78

(tf“ J;} %r*ﬁ“}'f ,f? q/tf



GENERAL SOIL PROFILE: CELL }5 , POINT 2"'
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BORING NUMBER:

B-13

MONITOR WELLS: MW-3

DATE INSTALLED:

7-18-89

FROJECT: CHESAPEARKE RUBBLE FILL

SAMPLE METHOD:

SPLIT SPOON

DEILLING METHOD:

LOGGED BY: GREG ADAMSON @

Blows pet
& inches
Sample  Depth (recovery Graphic
No. (£t) in inches) Log
1 0 -2 2-2-2-2
(18)
2 2.5-4.5 2-2-3-4
'o(24)
3 5 -7 = 2-12-17-2
(15)
4 7.5-9.5 ::5 11 11-1 ==
19 10 ==
5 10-12 "0 g-8-12-14(25)
(12)
6 12.5-14.5 17-34-51-51/5"
(16) @Eb
Fiq‘;-")' i
7 15-17 12-12-14-2
(24)
8 17.5-19.5  7-12-17-17
e @2& —
9 20-22  30-51/7" i
(9} ) e
10 22.5-24.5 32-34-51/5' s
(18) @za (Tt
11 25-27 22-34-51/ (Lol
(18) 5. b
12 27.5-29.5 17-35-51/ Fred
(18) L
13 30-32 9-13-51/ e
(18) \ P
14 32.5-37.5 40-51/3 @ -5
(0) iy 42
1@ ssfi
15 35-37 13-25-5175" e
(18) [
16 37.5-39.5 ;

17-28 -1@5“
40

oo

ToP oF eleunh & 83,0

HOLLOW STEM AUGER
DRILLER: HARDIN-HUBER, INC

Description

SAND, med, some v fn, tr silt and clay,
yellow

SILT and fn SAND, tr clay, brown

2" SILT and fn SAND, as above
9" GRAVEL, little coarse sand, yellow

CLAY, little silt, with lenses of SILT, gray
6" CLAY, as above

6" SAND, med, some fn, yellow

SAND, as above with thin CLAY lenses, gray,
saturated

CLAY, little fn sand and silt, gray

CLAY, little vf sand and silt, gray

EAND, med, little fn, tr silt and clay, gray-
yellow, saturated

SAND, as above

SAND, as above, clay stringers in lower 11"

SAND, as above, with 3" CLAY layer

SAND, as above, some thin lenses of clay, gray

Ne recovery

SAND, vi to med, tr silt and clay, yellow-
gray, saturated and CLAY layers 2 and 4" thick
SAND, med, some fine, tr silt, 1t tan, (24)
saturated, with a 2™ CLAY layer



BORING NUMBER: B-13 continued

Blows per
6 inches
Sample Depth (recovery Graphic
Ho., (£t) in inches) Log Description
40 ——
17 40-42 17-24-51/5{7 -1's] SAND, med and f£n, little v£, tr silt and clay,
(18) .. 5] few thim clay lenses, 1t tan—gray
18 43.5-44.5 10-3‘0-51."'5" ---4 SAND, med and fn, little vf, tr silt, few thin
(18) -__:'r clay lenses, tan, saturated
45 |40 5
19 45-47 12-30-51/6 (5| SAND, as above
{18) Vi
20 47.5-49.5 45-51/2" y "L~ SAND, as above, mo clay lenses
(12) b

= BO[-:
21 50-52 45-51;'5 (4| SAND, as above

(12) Wl o
22 52.5-54.5 51/4" @ +'yi| SAND, as above

/o (4) _f-
< 55 ==
23 5557 25-51/5" @ == CLAY, little silt, tr sand, mottled red-gray
(10) = -2
24 57.5-59.5 51/5" @ :-—:—-; SILT and CLAY, some sand, gray
{6) —
(@) sof=
25 60-62 28-46-51/ ==| SILT and vf SAND, little clay, gray
(14) B
26 62.5-64.5 18-31-51/ —— CLAY, some silt, tr sand, gray
(17) —
® £
27 65-67 31-51/5" =23 7" CLAY, as above
(11) - == 2" SAND, vE, 1little silt, gray
— 2" CLAY and SILT, tr sand, brown-gray
28 67.5-69.5 45-51/5 —— CLAY and SILT, some sand, gray
(12) T0 ===

Groundwater encountered at 14 feet.
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Cell 13 Point 2
Boring Profile: B-13

Estimeted
Existing Profile =>>> Assume soil is normally conselidated. initial Initinl inftial Effective
Effective Vertical Effective Vertieal Effective Vertical Pre-consolidation
Estimated Effective Stress [T ) Stress (& 1) Stress Stress (T,')
Sail Unit Weight Sall at Cemter af at Center aof ot Bottam of ot Center of
Sl Sail Top Battom Thickness Average Linit Weight Weter Linit Weight Soil Layer Soil Layer Sodl Layer Soll Layer
Layer Description Elev [ft) Elev (ft) ift) SPR (N, ] fpef] fpcfl {kef] {psf] iksf] {esf] (psf]
1 Sand wisilt & clay a1 36 5 5 99.3 0 99.8 240 0.249 499 249
2 Sift wisand, some gravel 86 B2 4 29 138.1 0 1381 775 0.775 1,052 775
3 Clay w/fsilt lenses B2 20 2 21 128.2 o 123.2 1,180 1120 1,308 1,180
4 Sand w/idlay lenses 80 76 4 53 145.0 Q 145.0 15598 1.598 13888 1,598
5 Clay w/isand & silt 76 71 5 8 136.5 [¥] 136.5 2,239 2.229 2,571 2,229
7 Sand w/thin clay layers 71 36 35 £l 145.0 62.4 B26 4,016 4016 L.462 4,016
8 Clay w/little silt & trace sand 16 920 956 97 1450 624 BLE 43,044 44.944 B4.427 44,944
Total Depth = 1011

Interimediate Profile >>>> With excavation, soil is now over-consolidated.

Intermediate lntermediate Intermediate
Effective Vertical Effective Vertical Effective Vertical
Estimated Effective Stress (0, ) Stress (0, ') Stress
Soff Unit Weight Sail at Center of at Center of ot Bottom af
Soil Sail Top Bottom Thickness Average Uinft Weight Water Unit Weight Soil Layer Sail Layer Soll Layer

Layer Deseription Elev (ft) Elev {ft) {ft] 5PR N, ) focf] foct] (kef) tesfl flesf) lsf)

4 Sand wclay lenses 80 76 4 53 145.0 1] 145.0 290 0.290 580

5 Clay w/sand & silt 76 71 5 28 136.5 4] 1365 921 D921 1,263

7 Sand w/thin clay layers 71 36 as 81 145.0 624 226 2,708 2.708 4,154

] Clay wy/little siit & trace sand 36 -820 asg a7 145.0 B2.4 82.6 43,636 43.636 Bi.118

Waste Load U1 Bi= 0.01 B2 = 21 Poa 637
Inerease in
Effective Vertical
Stress (A )
Influence at Center of
Soll Soll Tap Bottom Thickness I ¥ oy o Foctor Soil Layer

Loyer Description Elev (ft) Elev (ft) It it ft {rodions) {rodions) I {psf}

4 Sand wifckay benses 80 76 4 2 4 1471 0,005 0.470 300

5 Clay wfsand & silt 76 71 5 6.5 9 1.269 0.002 0.40% 258

7 Sand w/thin clay layers 71 6 35 265 A4 0.670 0.000 0.214 136

g Clay w/ilittle silt & trace sand 36 520 956 522 1000 0.040 0.000 0.013 -]

Cell 1%, forntZ ,py }/g



Waoste Lood U2 B1= B80S B2 = 285 Po= 5,897
Increase in
Effective Verticol
Stress [ A, ')
Influence ot Center af
Sall Sall Tap Bottom Thickness I ¥ oy (e Foctar Soil Layer
Layer Description Elev {fi) Elev fft] fr ft gt {rodians) {radians) I {esf)
4 Sand wiclay lenses &0 76 4 2 4 0.001 1.563 0.500 2950
5 Clay w/fsand & siht 76 71 5 65 9 0,002 1.563 0.500 950
7 Sand w/thin clay layers 71 36 35 6.5 44 0.009 1.538 0.500 2650
A Clay wiflittle sift & trace sand 36 420 956 §22 1000 0.129 0996 0474 2794
Waoste Load U3 Bl 001 Bz= 530 Po= 5,458
Increase in
Effective Vertical
Stress (AT, ")
Influence ot Center of
Soil Soil Tap Bottom Thickness I oy o3 Factor Soil Layer
Layer Bescription Elev ift] Elev [ft) It it {radians) [rodions) I {ipsf]
4 Sand w/elay lenses 80 76 4 2 4 1562 0,005 0.459 2724
5 Clay w/fsand & silt 76 71 5 6.5 ] 1.557 0.002 0.4%6 2709
7 Sand w,/thin clay layers 71 6 35 26.5 EE 1.520 0.000 0,484 2644
8 Clay wlittle sift & trace sand 16 -920 956 512 1000 0.793 0.000 0.253 1378
Waste Load L1 Bi= 0.01 B2= n Po= FEL]
Inerease in
Effective Vertical
Stress (A ")
Influence ot Center of
Soil Sl Top Battom Thickness z ¥ X 4 &, Factor Soll Layer
Layer Description Elev (ft] Elev (i) fi ft fi fradions) ({radians) I {psf)
4 Sand w/clay lenses B0 74 4 2 4 1.471 0.005 0.470 348
5 Clany w/fsand & sil 76 i 5 B.5 q 1.269 0.002 0.405 299
7 Sand w/thin clay layers 71 36 s 265 44 0.670 0.000 0.214 158
] Clay wilittle silt & trace sand 6 <920 956 522 1000 {.0an 0.000 0.013 ]

Cell 12, PointZ ,f‘a%f



Waste Load L2 Bl= 590 B2= 100 Po= 739
Increase in
Effective Vertical
Stress (D0, °)
Influence at Center af
Sail Sail Top Bottom Thickness z ¥ (e Y (e 8 Factar Soil Layer
Liryir Deseription Elev (ft) Elev (ft] Jis Jid Jr {radians) {radigns) r {psf]
4 Sand w/clay lenses 0 76 4 z 4 0.000 1569 0.500 370
5 Chany wifsand & silt 76 71 5 85 ) 0.001 1.564 0500 EF]
7 Sand w)thin clay layers 71 35 is 26.5 44 0.002 1544 0,500 370
g Clay wflittle sift & trace sand 36 520 956 522 1000 0.039 LOEG D480 355
Load Totals tncrease in
Effective
Pressure (p’)
at Center of
Soil Soll Lowd L2 Load U2 Load U3 Load L1 Load L2 Soil Layer
Layer Description (psf] ipsf) {osf] insf] {psf] {psf)
4 Sand w/clay lenses 300 2,950 {2,724) 348 370 1,243
5 Clay w/sand & silt 58 2,950 {2.709) 299 370 1,168
7 Sand w/thin clay layers 136 2,950 {2,644) 158 370 570
a Clay w/little silt & trace cand bl 2,794 {1.378) 9 355 1,787
Final Profile Initial Inerease in Increase in Final
Effective Vertical Effective Vertical Effective Vertical Effective Vertical
Stress (@ Stress [0, ) Stress (Ao, Stress | 0,4
Estimoted Unit Weight Effective at Center of ot Center of at Center of ot Center of
Soil Soll Top Bottom Thickness Unit Weight Water Linit Weight Soll Leyer Soil Loyer Soll Layer Soil Layer
Layer Description Elev {ft) Etev fft) ift) {pef] {pef) {ef] {msf] {esf] flsf} (sl
& Sand w/fclay lenses a0 76 4 145.0 o 145.0 290 1,243 1.243 1,533
5 Clay wifsand & silt 76 71 5 136.5 o 1365 921 1,168 1.168 2,084
7 Sand w/thin clay layers 7l 36 35 145.0 62.4 816 2,708 g0 0970 3,678
& Clay wi/licthe silt & trace tand 36 234 75 145.0 624 BLE 43,636 1,787 1.787 45,424

Cell 13, PointZ 0%



Elastic Settlement Increase in
Estimated Effective Vertical
Uncanfined Modulus af Stress (Ao, Calculated Colculated
Compression Elasticity ot Center of Elastic Elastic
Sell Soil Thickness Averoge Strength Es Lol Layer Settlement Settlement
Layer Description iift) SPRN,) qu {ksf) {ksf) iksf} {ft) {in}
4 Sand w/clay lenses 4 53 a8 1.243 0.006 0.a7
5 Clay wisand & silt 5 28 113 4,936 1.168 0.001 0.01
7 Sand w/thin clay layers 35 81 1,796 0.570 0.026 Q.31
8 Chay w/little siit & trace sand 15 a7 109.0 47,699 1.787 0.003 0.032
Recampression Settlement - Cohesive Soils initial Final
Effective Vertical Effective Vertical
Corrected Effective Stress (O ) Stress | oyt Colcwhated Colculated
Estimated Initial Compression Recompression Pre-consolidation ot Center of at Cemter of Recampression Recompression
Soi Sail Thickmess Specific Unit Weight Void Ratio Index index Stress (@, ) Soil Layer Soil Layer Settlernent Settlerment
Layer Description ifel Gravity lpef] Ea €y Cn {psfl {psf] {psf} {ft) (in}
4 Sand w/clay lenses 4 285 1450
5 Clay wy'sand & sil 5 2.80 136.5 0.516 00638 0.045 2,229 921 2,089 0.065 0.83
7 Sand w/fthin clay layers 35 265 145.0
8 Clay weflitthe <ite & trace sand 75 2,80 1450 0.360 0004 0.003 A 244 43,636 45,4824 0001 0.0z
Compression Settlement - Cohesive Sofls initier Final
Effective Vertical Effective Vertical
Corrected Effective Stress [ O ., ) Stress | 04 Caleulated Coleulated
Estimated initial Compression Compression Pre-consolidation at Center of at Cemter af Compression Compressian
Soif Soil Thickness Specific Uinit Weight Void Ratio Index lndex Stressfa ') Soil Layer Soil Layer Settlerment Settlement
Layer Description ift) Gravity {pel) e, €, (% {esf) {psfl {psf) {ft) {in)
4 Sand w/clay lenses 4 165 145.0
5 Clay wisand & sift 5 2.80 1365 0516 0.145 0.096 2,229 521 2,089 001 40,16
i Sand w/thin clay layers 35 265 145.0
8 Clay w/little silt & trace sand 75 2.B0 145.0 0360 0,009 0,006 44 G44 43,636 45424 0.00 0.03
Summoary Calculated Calculated Colculated Total
Elastic Recompression Compression Calculoted
Soil Soil Top Bottom Thickness Setthenent Setthement Settlement Settlement
Layer Deseription Elev {ft) Elev ift) ift) {in) fin} {in) {in)
4 Sand wclay lenses &0 76 4 0.1 0.07
5 Clay w/sand B silt 76 71 5 0.0 0.83 -0.16 0.62
7 sand wthin clay layers 71 36 s 03 031
B Clay w/flittle silt & trace sand 36 -39 75 0.o 002 .03 Q.08
Total 114

Cell
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GENERAL SOIL PROFILE: CELL_| 2 , POINT_"5_ (NOT TO SMLE)

General Existing Profile (':'Jt'rv’) General Final Profile fEfWJ
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h & 97,
BORING NUMBER: B-12 TOP of GRouN 970

MONITOR WELLS: MW-4

DATE INSTALLED: 7-22-89
FROJECT: CHESAPEAKE RUBBLE FILL

SAMPLE METHOD: HOLLOW STEM AUGER and MUD

SPLIT SPOO DRILLING METHOD:
LOGGED BY: GREG ADAMSON DRILLEER: HARDIN-HUBER, INC
Blows per
6 inches
Sample Depth (recovery Graphic
No. (£t) in inches) Log Description
1 0-2 :;:;l—i 1 =1 CLAY, little silt and sand, red-br-yellow
2 2.5-4.5  3-7-9-11fe 57| 16" SAND, fn & vf, tr silt & clay, rd-br-yellow
-~ (21) piad 5" SILT and CLAY, little sand, vellow-red
' ——  (p sk=
3 o] ?-1?-19-3@ 7.7;| SAND, med, some fn, tr silt and clay, red-
17 % brown-1lt tan
4 7.5-9.5 5—13—21-25@ fos| 8" SAND, as above
1 (20) *| 12" SAND, fn to vf, some silt, tr clay, 1t tan-
16 10 red-brown
5 10-12 —— 1—1:—13-15@ SAND, med, some fn, tr silt, 1t tan-red-brown
{19
6 12.5-14.5  6-10-11-13(2) SAND, fn and vf, little med, tr silt and clay,
(21) 1t tan-red-brown
15].
7 15-17 3-3]-'5-3 g = SAND, as above, gray and red-brown, with 2"
(20 clay layer
8 17.5-19.5 3-5-11-24 |k 5" SAND, as above
{18) - 13" CLAY, some =ilt, tr sand, gray
' 20
9 20-22 25— 3-5-16-24 21 SAND, med, some fn, some silt and clay
(17) stringers,gray-red-brown-yellow
10 22.5-24.5 3ﬂ~33*27—1 8" GRAVEL, some sand, tr silt, red-brownm
{17) 9" SAND, fn to vf, tr silt & clay, red-br-gray
25 5
11 25-27 5-20-41-51 6" SAND, as above
(24} 6" CLAY, 1t1 silt, thin sand lenses, gray
8" SAND, med-fn, gray-rd-br, saturated
12 27.5-29.5 20-24-30-3 .= 10" CLAY, 1tl sand and silt, gray-rd-br
(20) 30|30 10" SAND, med, 1ltl £n, tr silt & clay, gray
13 30-32 22-23-35-!& ‘L SAND, as above, saturated
(20)
14 32.5-34.5 27=-38-43-5 @ SAND, as above
{24) >
L
15 35-317 33-51/8" [79) SAND, as above
(12)
16 37.5-39.5 15-51/8" SAND, as above
{12)




BORING NUMBER: B-12 continued

Blows per

& inches
Sample Depth (recovery Graphic
No. (£t) in inches) M Description
17 40-42 - 51;5'@ i SAND, as above

18 lfiz.i*ﬂ.'.i iswsua* 54 opaY, little silt and sand, with thin sand

(8) ——| lenses, mottled red-gray
5 ==
19 45-47 14-45-48 @ é- 11" SAND, med and coarse, tr silt & clay, gray
(18) ——— 7" CLAY, tr silt and sand, dense, gray
(Ar) B
20 47.5-49.5 35-47- 51!4"9 CLAY, as above
{16) - 50
21 50-52 33- 514“!."'r | No recovery - drilled like clay
(0) @
22 52.5-54.5 29-51/6" CLAY, as above, mottled gray-red-br-purple

(12)

55

23 55-57 43-51/5" \|0D CLAY, as above

(0)

60
25 60-62 36-51/5" @

CLAY, as above

|
24 57.5-59.5 34-51/5" @ , Ho recovery, drilled like clay
l—_—__——g

(11)
26 62.5-64.5 41-33-42- e — 6" CLAY, as above
{21} ,___ 15" CLAY and SILT, little sand, gray
21 65-67 45-51/5" :—_ No recovery
(o) —
28 67.5-69. 5 31-15-11-5i —— CLAY, some silt, tr sand, red-br-gray
-TZ (15) =
29 T0-7T2— 19-29- 33-4 0E = 10" CLAY, as above
(21} T 5" CLAY & SILT, tr sand, mottled red-br-gray
Q e==d  g" SAND, vf, some silt, tr clay, gray
30 72.5-74.5 10-27-36 No recovery
(0} £
31 75=717 19-29-3&!5" =3 7" SILT & vf SAND, tr clay, mott rd-br-gray

(21) @ ——1 14" SILT & CLAY, little vf sand, red-br-gray

32 77.5-79.5 21-28-51 SILT and CLAY, as above

(17) g0 ==

Groundwater on the drill rods at 34 feet.
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Cell 13 Point 3
Boring Profile: B-12
Estimated
Existing Prafile >>>> Assume soll is normally consolidated. Initial Initial initial Effective
Effective Vertical Effective Vertical Effective Vertical Pre-consolidation
Estimated Effective Stress {00 ') Stress {0 . Stress Stress (T.)
Soil Uinit Weight Soil at Center of at Center of ot Bottom of at Center of
Saif Soil Tap Bottom Thickmess Averoge Linit Welght Water Linit Weight Soll Layer Soil Layer Soil Layer Solf Layer
tayer Descrigtion Elev (fi) Elew (ft) i) SPR (N o) (pef] (pef) [ef) (s fhsf] [esf) fosf)
1 Sand w/ftrace fines 136 112 24 11 117.7 o 117.7 1,413 1413 2,826 1,413
2 Sand w/trace fines 112 110 i 11 117.7 62.4 55.3 1.881 2881 2936 2,881
3 sand wjtrace fines 110 100 10 34 1315 62.4 63.1 3,282 3.282 3,627 3,282
4 Clay to Clayey Silt 100 1 65 449 145.0 62.4 826 6,312 6.312 8,996 6,312
5 Silty Clayey Sand to Sitty Sand as 5 N 74 145.0 62.4 816 10,235 10,235 11,474 10,235
6 Chy 5 -374 g7 70 1450 62.4 BLE ATTTT 47.777 84,079 7,777
Total Depth = 1010
Interimediate Profile >>>> With excavation, soil is now over-consolidated. Intermediate Intermediate Intermediate
Effective Vertical Effective Vertical Effective Vertleal
Stress (@ ) Stress (O, ') Stress
Estimated Unit Welght Effective at Center of at Cemter of at Bottom of
Soil Sail Tap Bottom Thickness Average Linit Weight Wrter Uinit Weight Solf Liyer Soil Layer Soll Layer
Layer Description Elev (ft) Elev (ft] (ft} SPR (N o) {pef) {pcf} {pcfl (psf] {iesf) {osf]
1 Sand wftrace fines 126 112 14 11 117.7 0 117.7 £24 0,824 1,648
2 Sand w/trace fines 112 110 2 11 117.7 624 55.3 1,704 1704 1,759
3 Sand w/trace fines 110 100 10 3a 1315 62.4 69.1 2,104 2.104 2,450
4 Clay to Clayey Silt 100 as 65 449 145.0 62.4 82.6 5,134 5,134 7.819
5 Sty Ciayey Sand to Sty Samd 35 5 30 74 145.0 624 516 9,058 9.058 10,297
& Clay -] -E74 £79 70 145.0 624 82.6 45,599 46,5509 82 902
Waste Load U1 B1= 0.01 B2= a61 Po= 5,799 psf
Increase in
Effective Verticel
Stress (Ao, )
Influerce at Center of
Soil Lol Top Bottom Thickness k3 ¥ iy s Factor Soll Layer
Leyer Description Elev [ft) Elev (ft] fi Jt {radians} {radians) I fpsf]
1 Sand wtrace fines 126 112 14 7 14 1.554 0.001 0.8595 2873
2 Sand w/trace fines 12 110 2 15 16 1538 0001 0.450 2341
3 Sand w)ftrace fines 110 100 10 21 26 1525 0.000 0.486 2817
4 Clay te Clayey Silt 100 35 &5 585 91 1.444 0.000 0460 2668
5 Silty Clayey Sand ta Sily Sand 3s 5 30 106 171 1.345 0-000 0.428 2484
6  Cly 5 374 f-r] 5605 1000 0.688 0.000 0.219 1271

Cell 12, Pt 2, ¢ Wy



Waste Load U2 Bi= 365 82= 285 Po= 3,803 pif
Increase In
Effective Vertical
Stress (87, ')
Influence ot Center of
Solf Sail Top Bottom Thickness e ¥ (4 39 (s Factor Soll Layer
Layer Description Elev (ft) Elev (ft) f ft ft (radians) (radians) I fesf)
1 Sand w/trace fines 126 112 14 7 14 0,008 1.552 0.500 1902
2 Sand witrace fines 112 110 2 15 16 0.018 1530 0.500 1902
3 Sand w/trace fines 110 104 i 21 26 0.025 1513 0.500 1902
4 Clay to Clayey Silt 100 35 65 58.5 a1 0.069 1.412 0.500 1901
5 ity Clayey Sand 1o Sitty Sand L 5 30 106 11 a1 1.288 0.498 1894
B Clay 5 -H74 Brg 560.5 1000 0.282 0577 0.389 1478
Woaste Load L1 Bl= 550 B2= 100 Po= 2,151 psf
lncrease in
Effective Vertical
Stress (A )
Influence at Center of
Sail Soil Top Bottom Thickness 3 ¥ o g (i Factor Soil Layer
Loyer Description Elev (ft) Efev {ft] It ft Fis {radians) (rodians] r [psf]
1 Sand wftrace fines 126 112 14 I 14 0.002 1.558 0,500 1076
2 Sand wftrace fines 112 110 2 15 i6 0,004 1.544 0,500 1076
3 Sand witrace fines 110 100 10 21 16 0.006 1533 0.500 1076
4 Clay to Clayey Silt 100 35 &5 S8.5 91 0.016 1465 0.500 1076
5 Silty Clayey Sand to Silty 5and 35 5 i 106 111 0.029 1.380 0,493 107a
& Clay & 74 879 EE0.5 1000 0.083 0.776 0419 S0
Lood Totals Total
Increase in
Effective Vertical
Stress (0er, )
Waste Waste Waste at Center af
Soll Soil Top Bottom Thickness Lood L1 Loerd L2 Lood L1 Soll Layer
Loyer Description Elev (ft) Elev (ft) ft fesf) {psf) __{esf) fesf)
1 Sand witrace fines 126 112 14 2,473 1,902 1076 5,851
2 Sand wytrace fines 112 110 2 2,841 1,902 1,078 5,819
3 Sand wtrace fines 110 100 0 2,817 1,902 1076 5,755
4 Clay to Clayey Silc 100 35 65 2,668 1,901 1,076 5,645
g Sty Clayey Sand to Silty Sand iL 5 30 2,484 1894 1,074 5,452
& Clay 5 874 &7 171 1,478 502 3,651

Cell 1%, PoirtZ, p?%{



Final Profile intermediate Increase in Increase in Firval
Effective Vertical Effective Vertical Effective Vertical Effective Vertical
Stress (0, ) Stress (40, ) Stress a0, ) Stress (@ ,, )
Estimated Unit Welght Effective ot Center of at Center of at Center of at Center of
Soll Solf Tap Bottom Thickness Average Unit Weight Water Unft Welght Soil Layer Soil Layer Soil Layer Soil Layer
Loyer Description Elev {ft) Elev {ft) (it} SPR(N,) ledf) {e<f) (pct) fosf) lpsf) fhsf) fosf]
1 Sand w/trace fines 126 112 14 11 177 0.0 117.7 B24 5,851 5,851 6.676
2 Sand w/trace fines 112 110 2 11 117.7 2.4 55.3 1,704 5819 5819 7.523
i Sand wirace fines 110 100 10 34 1315 62.4 &9.1 2104 5,795 5.795 7,800
[ Clay to Clayey Silt 160 a5 E5 49 145.0 62.4 g2.6 5,134 5,645 5645 10,779
g Silty Clayay Sand ta Silty Sand i 5 30 74 145.0 6248 416 9,058 5,453 5.452 14,5009
6 Clay 5 -874 &79 70 145.0 62.4 a2.6 46,599 3.651 3,651 50,251
Elastic Settlement Inerease in
Estimated Effective Vertical
Unconfined Modulus of Stress {A,) Calculated Caleulated
Compressian Elasticity at Center of Elgstic Elastic
Sail Sail Thickmess Average Strength Es Soll Layer Settlement Setthernent
Layer Description ift) SPRIN ) qu (ksf] (kesfi (kesf] ift) fin)
1 Sand wftrace fines 14 11 176 5.851 047 5.59
2 Sand wftrace fines 2 5| 176 519 007 i W
3 Sand w/trace fines 10 34 544 5.795 011 128
4 Clay to Clayey Silt 65 49 303 13,276 5.645 0.03 0.33
g Sty Clayey Sand to Siity Sand 30 74 1,184 5,452 0.14 1.66
[ Clay g7 70 L3:%:] 25,707 3.651 0.12 150
Recompression Settlement - Cohesive Soils Intermediate Final
Effective Vertical Effective Vertical
Corrected Effective Stress (& ") Stress (O ) Caleulated Colculated
Estimated Initial Recompression Recompression Pre-consolidation at Center of ot Center af Recompression Recompression
Soil Soll Thickness Specific Unit Weight Vaid ratia Index Index Stress (0, ) Soll Layer Soii Layer Settierment Settlement
Layer Description ift) Gravity fpef) Eq C, Ch fpsf] fpsfl fpsf] ift) firr)
4 Clay to Clapey SHt 65 Z.80 145.0 0. 360 0.004 0.003 6312 5134 10,779 0.017 021
6 Clay E78 180 145.0 0360 0.004 0.003 ar,7177 46,5949 50,251 0.028 0.34

Cell 13, pomT 2, f??/'éc



Compression Settlement - Cohesive Sails Intermediote Final
Effective Vertical Effective Vertical
Corrected Effective Stress (T, ) Stress (€ 4 ) Coleulated Coiculated
Estimated Initial Compression Compressian Fre-consolidation at Cemter of ot Center of Compression Compression
Soil Soil Thickness Specific Unit Weight Void ratio Index Index Stress {7, Soll Layer Soll Leyer Settlement Settlement
Layer Description {ft} Grovity {pef] g, Ce Co (osf] fosfi (psf) {fi} {in)
4 Clay to Clayey 5il 65 2.80 145.0 0.360 0.009 0.006 6,312 5,134 10,779 0.085 1.14
11 Clay a2719 2.80 145.0 0.360 0.009 0.006 47,77 46.559 50,251 0.122 1.46
Summary Calculated Caleulated Colculated Total
Elgstic Recompression Compression Caleulated
Soil Soil Top Bottom Thickness Settlement Settlement Settlement Settlemnent
Layer Description Elev (ft) Elev ft) {ft) {in) {in} fin} fin]
1 Sand w/trace fines 126 112 14 L.59 5.58
2 Sand w/trace fines 112 110 2 0.7a 0.
3 Sand w/trace fines 110 100 10 1.28 178
4 Clay to Clayey Silt 100 a5 B5 033 021 1.14 168
5 Sy Clayey Sand to Silty Sand s 5 30 1.66 1.66
[ Chay 5 B4 B79 150 0.34 146 3.20
Totols 11.14 0.55 2.60 14.29

Cell I3 PonT 2 Y7 'f/y
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PRODUCT DATA SHEET

GSE HD Textured Geomembrane

GSE HD Textured is a co-extruded textured high density polyethylene (HDPE) [ * ]

geomembrane available on one or both sides, It is manufactured from the highest

cuality resin specifically formulated for flexible geomembranes. This praduct is used in AT THE CORE:
applications that require Increased frictional resistance, axcellent chemical resistance and An HDPE gesmembrana
andurance properties. used in applications

that require increasad
frictional resistance,
excellant chemical
resistance and
endurance properties,

Product :ﬂﬂ‘ﬁﬂﬂlﬂ Thaae preduct specifications moat GRI GMIG
i e 9 ;
30 mil 40 mil B0 ] &0 mil 160 mi
Thickness, mil ASTM [ 5554 evary roll 0 40 BO B0 W00
Lewwest incividual reading | =7 6 B4 2 S0
| Density, afemt ASTM [ 1505 200,000 b . 940 Dadg o.840 G040 0940
Tensie Proparties (sach direction ASTH D B6G3, Type IV | 20,000 b
Strongth ak Break, b/ in-widih Durnball, 2 ks A5 B0 a0 120 150
Strength at ¥ield, Ib/in-width (B3 B4 126 168 210
Elangation at Broak, % GL 20in 100 WO e 100 0o 100
Elongation at ¥ield, % GLESm 12 =2 -ﬂ- 12 2 12
| Tear Resstanca, Ib ASTM D004 AS 000 b ] i A3 7] 70
Puncture Resistanes, lis ASTM O 4833 m}h 45 &0 80 20 150
Carban Black Contont, % (Ranga) ASTM DRE03/M4718 20,000 1b [ 28-30 20-30 20-z0 2030 20-30
Carbon Black Dispersian ASTM D 5506 45000 b hote® MNote™ Hote™ Mobe® | Babe™
Arzarity Helght, mil ASTM D 7456 second rofl | ¥ L] L] & 8
Malched Constant Tansile Losd™, he ASTM D 5397, 200,000 b 500 500 500 500 500
| Appandic | |
Crdiciative Induction Time, mins ASTM D 3895, 200,000 b 2100 >0 =100 100 HH
200°C: G, T atm
TYPICAL ROLL DIMENSIOMS
Roll Length™, ft Coubbe-Sichad Tewtured BIO oo 530 400 I3
Single-Sided Taxtured 100 a0 540 £10 330
Rall Width™, ft 225 s 225 5 225
Roll Ares, Dauble-Sided Taxtumad 18575 15750 F00 L.000 145
Single-Saded Testured 22735 17550 TS0 9275 1415
MOTES:

* WDisparsion only 8polies 1o neas ioherical apglomarates, 8 af 10 views shall be Categary | or 2. Ne mare tsen 1 view fram Category

= ENETL for GSE HD Toxtured is condicted on representalive srmooth membrane samples

= “Roll langths and widthe have 3 tolarance of ai,

= GSE HD Tevtured s wvallabde n ralls weighing sporoximately 4.000 b

* Alt GSE gromemiranas have dimensional stability of 12% when teated sccording to ASTM 01304 and LTB of ©-77°C whin tested sccarding to ASTH 0 746
» "Maodified.

GSE s 8 leading manufacturer and marketer of geosynthetic lining products and services. We've

built a reputation of reliability through our dedication to providing consistency af product, prica

and protection to our global eustamars,

Qur commitment to innavation, our focus an quallty and our industry expertize allew

us the flexibility to collaborate with our clients to develop a custer, purpose-fit sclution, ENVIRONMENTAL®

[ I.I.I'um Il": .!E’ I Far mare farmation an this product and others, pleaze visik us 2t

GSEwarld.com, call BO0.43E 3008 or contact your lacal saler office

This Infgemation i provided for raterence purposkds only snd is net mbencad 33 8 wananty ar guarantes, GSE atiumes ha lisbilty i connaction with tha uss of the infermation
Specificabions subject o change withowt natice G5E and olher trsdernarks in this documant anms registerad tradenaris of GSE lindng Teehnalogy, LLC in the United States and cartasin
foreign countres. REY IDDEC 2014
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1

These calcualtions were performed for a cap constructed at slope of 3 horizontal to 1
vertical (3:1). The revised design has liner component slopes of 4:1 or flatter. This means

protective, and can still be followed.

The objective of this analysis is to evaluate the veneer stability of the cap system under both drained
and undrained conditions, as well as with static and dynamic loading.

Design Approach and Assumptions:

ks

The steepest cap slope is 3H: 1V (33%). The longest slope length between berms is 95 fit. (30.0
ft high).

The proposed cap system consists of the following components from top to bottom:

0.5 ft Vegetative Soil;

1.5 ft Cover Soil;

Geocomposite Drainage Net;

Textured Geomembrane; and,

1.0 ft Intermediate Cover Soil atop Waste.

It was assumed that the 2-ft cover soils (vegetative and protective soil) have uniform properties:
unit weight of 120 pef, cohesion of 20 psf, and friction angle of 30 degrees. Higher friction
angle values have been documented on another recent project in the Mid-Atlantic Region.
However, the value chosen here was considered conservative.

The target factors of safety (FS) against veneer instability at the cover are 1.5 for static and
construction loading, and 1.0 for seismic loading. The target FS of 1.5 was adopted based on
the assumption the site is for non-hazard waste and high in importance ranking.

From USGS seismic map, the seismic coefficient (peak ground acceleration) at the site is
approximately 0.065g.

Low ground pressure equipment is typically used for landfill cap construction. This analysis
assumes CAT D6N LGP dozer was assumed to be used in the construction.

Interface friction angles were taken from GRI Report #30 (direct shear database).

The analyses were performed following Koemner and Soong 2005. As is common, soil cohesion
and interface adhesion were neglected to be conservative.

that the conclusions and recommendations derived from these calculations are still
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Calculations:

This analysis considered the following scenarios (the calculation spread sheets and equations used for

the calculation are attached):

Case 1. Static, Drained:

Case 2. Dynamic, Drained, CAT D6N LGP Pushing Upslope;
Case 3. Dynamic, Drained, CAT D6N LGP Pushing Downslope:
Case 5Sa. Static, Undrained, Slope Parallel Seepage Build-up to 50% Cap Thickness;

Case 5b. Static, Undrained, Slope Parallel Seepage Build-up to 100% Cap Thickness; and,
Case 6. Dynamic, Drained, Seismic Loading.

The method used here includes a “Case 4" which addresses the physical situation of horizontal seepage
build-up on the cap. For this project, a horizontal seepage build-up is not possible. The summary of
the calculated FS values is shown the following table:

Target Calculated Acceptable?

Scenario Factor of Factor of (Yes or No)
Safety, FSmin | Safety, FSmin

Case 1. Static, Drained 1.5 1.54 Yes
Case_ 2. Dynamic, Drained, CAT D6N LGP 15 152 Yes
Pushing Upslope
Case_ 3. Dynamic, Drained, CAT D6N LGP 15 137 No
Pushing Downslope
Case 5a. Static, Undrained, Slope Parallel 15 L13 No
Seepage Build-up to 50% Cap Thickness ) )
Case Sb. Static, Undrained, Slope Parallel 15 0.81 No
Seepage Build-up to 100% Cap Thickness ' '
Case 6. Dynamie, Drained, Seismic Loading 1.0 1.24 Yes

CONCLUSIONS:

Based on the foregoing, the following conclusions are presented:

1.

Case 3 has an unacceptable FS values where construction equipment is presumed to be pushing
downslope. Therefore, the operation should not allow construction equipment to push
downslope.

Cases 5a and 5b have unacceptable FS values where seepage is permitted to build up in the cap
layer.. Therefore, the design should accommodate the seepage through the cap to be completely
contained within the geocomposite drainage net.
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3. To successfully accomplish the construction and operation of the landfill with respect to cap

stability, the materials used should meet or exceed the parameters used in this analysis.

References:

Koerner, R.M., and Soong, T.Y.; “dAnalysis and Desien of Veneer Cover Soils"; Geosynthetics
International, 2005, Vol. 12, No.l, p28-49.

soong, T.Y, and Koerner, RM.; “Cover Soil Slope Stability Invalving Geosynthetic Interfaces”, GRI
Report #18, 1996.

Koerner, R.M., and Daniel. D.; “Final Covers for Solid Waste Landfills and Abandoned Dumps",
1997.

Soong, T.Y. and Koerner, R.M.; “The Design of Drainage Systems over Geosynthetically Lined
Slopes™; , GRI Report #19, 1997,

Koemner, G.R., Narejo, D.; “Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-
to-Soil Interfaces " GRI Report #30, 2005,

U.S.EP.A.; “RCRA Substitute D (258) Seismic Design Guidance for Municipal Solid Waste Landfill
Facilities "; EPA/600/R-95/051, April, 1995.

Map on Peak Acceleration (%g) with 2% Probability of Exceedance in 50 Years, USGS Map, Oct.
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Description
Farform a finlle siope (weneer) analysis of the cap sysiam.

Slope Information
Siape, ﬁnEHmn’: 184  dag 2= 3887 deg
Maximuam Siope Lenglh, L = 85 ft
pwororsogn 1+ [0 1
Materials
Cover Soff = [USCS Silly Sand to Clayey Sand, SM-SC |
Gover sofl thickness, = ] [
Moist Gnff weight, ¥most = 115 pef
Satrated unit weight, Vsar = 130 pef
Internal friction angle, @ = 23 deg
Soll cohesion, © = [} st
Water unil weight, Yw=|l 524 pef
Geocomposite drainage nel, GON = |GSE TenFlow 350 with NW-NP-GT both sides |
Textured Goomembrane = [[40-mil LLDPE-T |
Interface Friction Angles
Coversoilto GoN, F1=f 27 deg usg 9 =
GON to LLOPE-T, S2=} 26 | deg deg
LLOPE fo coversol, Ba=] 26 | deg
All Intertace adhesion, ¢, = 0 kPa = 0.0 psf
Case 1: Statie, Dralned
sin = 032 Wi= 20442 b
fan 1= 033 We= 787 i
CO5 ﬂ = 0.95 H.q = 12,303 (1
sniff = 010 Ci= 0 fam
2l = 0.80 = 0 bt
tan = 0.53 a= 1.938 MM
fan Sm 04D bE 3310 bt
c= 503 bt

Mimimum Faclor of Safely, FSmin =
Factor of Safely, FS= 1,54
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Case 2: Dynamic, Drained, Equipment Pushing Upsiope
sin fi = 032 Wy= 20442 i g= 885 MY
tan f= 033 Ws = 787 i We= 6585 i
mﬂn 085 MNym 19,593 M Ne= g.2xa A
gin?f = 010 Cy= 0 it
gsin2fl = 080 C= o it
tan o = 053 a= 6102 vt
fan &= 048 b= 13898 M
cE= 2im R
Wieight of Equipment, We.
Length of Equipment Track, w =
With of Equipment Track, b = Minimum Factor of Safety, FSmin =

Width-fo-Thickness Ratio, bih =

influence Factor, 1=f 054 |

Case 3: Dynamic, Drained, Equipment Pushing Downslope

Factor of Safely, FS = 1.52

&in ﬂ = 032 Wy = 20,442 =% q= a5 [leTis
tan Iﬂ = D33 Wsa= TET o Wa = 6565 v
s 1= 095 No= 16383 @& Ne= 6228 Mo
sn?f = 010 e, = 0 b Fe= @85 ibm
sh2f = 080 c= 0 Bbm b

tan = 053 g= 8,038 bW

tn S= 048 b= 13884 W

o= 2,101 [ g

Dozero-Gravity Acceleration Ratio, 8/ -

Acceleration of Dozer, 8, = 4827 ms
Antiipated speed =[_15__] mine Minimum Factor of Safty, FSmin=[__15_]

= 24 ket Factor of Safety, FS = 1.38
T
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Case Sa: Static, Undrained, Stope Paraliel Seepage Bulld-up to 50% of Cap Thickness
sh B= 032 Wa= 22451 M U= 74 M
tan 4 = 0.33 Wp = 792 b o a1 It
cos fI= 0.85 Ny= 15791 [ Lin= 5817 InM
sn?ff = 010 c.= o wbm
Ein 2,‘_‘3 = 060 GC= o (1%
tan @m= 0.53 a= 6,738 i
fan 8= 048 b= ETI7 M
€= 1285 A
Thickmass of Saturated Layar, hw = e it
Saluraled Soif Unit Weight, = 130 pcf Minimum Facior of Sefety, FSmin =

Paralle! Submergence Ratio, PSR = wh =

Case Sh: Static, Undrained, Slope Parallel Seepage Build-up to 100% of Cap Thickness

sin B =
tan f7 =
cos [T =
i =
sin2fl =
fan =
fan o=

Thickness of Saturated Layer, frw =
Saturated Soil Unit Weight, e =_

Paralisl Submergence Ratio, PSR = ram:=

0.32
D033
0.85
o.10
080
0.53
049

2.0
130

'&.ﬂ-

Wy =
W,:-
Ny =
Cy=
O=
&=
b=
=

Factorof Safety, FS= 112
23798 We= 374 Bt
BEyY eV = 125 fieTad
14,780 At Un= 10837
o b
0 b
7152 A
B958 b
066 i
Minimum Factar of Safety, FSmin =
Factor of Safety, FS= 0,81
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Case 6! Dynamie, Drained, Seismic Loading

sin f= 032 W= 20363 b

tan 1= 023 We= 767 it

cos I = 0.65 Ni= 190,318 b

s il = 010 Co= 0 om

sh2f = 060 C= 0 i

fan = 053 a= G447 At

tan & = 048 b= 5232 b

Seismic coefficiant, Cs = c= 1503 A

[05Cs=  0.0325

Mimimum Factor of Safely. Famin =

Factor of Safely, FS=  1.24

References:

1 Koegmer, R.M, and Spong, T.Y.; “Analysis and Design of Veneer Cover Sofis”: Geosynthelics intermational, 2005, Vol, 12, No.1,
p28-49.

2 Soong, TV, and Koemer, R.M.; “Cover Soll Slope Stability Involving Geosynthetic Interfaces”, GRI Report #18, 1996
3 Koemer, .M, and Daniel, D.; “Final Covers for Solid Waste Landfilis and Abandoned Dumps®, 1937,

F
Soong, T.Y, and Koermer, R.M; "The Design of Drainage Systems over Geosynthetically Lined Slopes”: | GRI Report #19, 1997,
5 Koemer, G.R., Nargfo, D.; "Direct Shear Dalabase of Geosynthetic-to-Geosynthetic and Geosynthetic-fo-Soil Inferfaces” GRI
Raport #30, 20035,

& US.EPA, "RCRA Substitute D {258) Seismic Design Guidance for Municipal Solid Waste Landfill Faciliies'; EPABOVR-
85051, April, 1995

7 Map on Paak Acceleration (%g) with 2% Probability of Exceedance in 50 Years, USGS Map, Oct. 2002,
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Case 1: Drained

Limif equikbrium forces in o finite length slope analvsts for a uniformily thick cover sail

a=(W,-N,-cosfi)-cosfi

c={N_4-tanc5'+Cu)-sin1ﬁ-lan¢

b=—(W,-N, -cos B)-sin f-tangd + (N, -tand+C, )-sin F-cos B +sin f-(C+W, -t:anm}j

Fy

_—btb®—da-c

2a
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Case 2: Drained, Equipment Pushing Upslope

N, = W, (cosf)

Equipment maving up slope
{load with no assumed accelération)

Pios:
The varistion and Inllacacs of “w"
s iy amadll in compariaion 1o "b"

Influence Fester ot Gosmws bizne Interface, |
£

® | 2 ) .
__WidholTwck b
a8 of Carves Sail, h

Equipment backfilling up slope
(the recommended method)

-Wa, Wr, Na, Ca, C, and FS same as Case 1

W,

=W

W,=q-w-I

N,=W,-cos

a=[W, +W,)-sin fl-cosB| [c=[(N,+N,)-tand+C,]-sin f-tan ¢

b=—{[(N,+N,)-tand +C,]-cos f+[(W, +W,)-sin B]-sin B-tang+(C + W, - tan ¢)}




Case 3: Drained, Equipment Pushing Downslope

Equipment backfilling down slope
(method is not recommended)

Equipment moving down slope
({load plus acceleration or deceleration)

=Wa, We, Na, Ca, C, and FS same as Case 1

- We, g, and Ne same as Case 2

Time 1o Reach the Anticipated Speed (seennd)

Ansicipsied Speed (ki)

a=|(W,+W,)sin f+F,]-cosf| |c=[(N,+N,) tand+C,]-sin f-tan¢

b=~{[(N,+N,)-tand +C J-cos F+[(W,+ W, )sinf+F,]-sinf tang + (C + W, - tan ¢)}

