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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 II 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 III 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 
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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: 
 

 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.  

 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 Earth material such as clays, sands, gravels, and silts;  
o Topsoil;  
o Tree Stumps;  
o Root Mats;  
o Brush and Limbs;  
o Logs;  
o Vegetation; and,  
o 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.  

o 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.  
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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. §7671g).  

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.  
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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 III 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: 
 

 Stop 

 Yield 

 Do Not Enter 

 Speed Limit (various) 

 No Shoulder 

 Wrong Way 

 Steep Grade 

 Authorized Vehicles Only 

 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: 
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County 2020 (projected) Population 

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/html/pop.html#county 

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

 

https://msa.maryland.gov/msa/mdmanual/01glance/html/pop.html#county
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3.0 PROJECT DESCRIPTION 

 
3.1 Regulatory Compliance 
 
Table 3.1 - Phase III Application Compliance with COMAR Regulations   

COMAR 
Regulation 
26.04.07.16 

Phase III 

Description Where 
addressed 

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

Drawings 
 

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

Section 
12.0 

3. a.  A description of the types of solid waste: 
      (i)  to be accepted. 
      (ii) NOT to be accepted. 
b.  Area and population to be served by the facility. 

Section 
2.0 

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

Section 
5.0 

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

Section 
12.0 

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

Section 
8.4 

7. Proposed means of controlling unauthorized access to the site. Section 
12.0 

8. Proposed operating procedures including: 
a. Hours and days of operation 
b. Number and types of equipment to be used 
c. 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 

Section 
12.0 

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

Drawings 

10. Natural or artificial screening to be used.  Section 
6.3 

11. Methods of controlling on-site drainage, drainage leaving the 
site, and drainage onto the site from adjoining areas. 

Section 
17.0 & 

Drawings 
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COMAR 
Regulation 
26.04.07.16 

Phase III 

Description Where 
addressed 

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

Section 
16.0 

13. Proposed methods for covering and stabilizing completed 
areas. 

Section 
18.0 

14. & 15. A system for monitoring the quality of the waters of the Sate 
around and beneath the site, including the location and types of 
monitoring stations, and the methods of construction of 
monitoring wells. 

Section 
16.0 

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

Section 
7.2 

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

Section 
15.0 

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

Section 
1.0 

19. An engineered design for a liner system and leachate collection 
system for the proposed rubble landfill based upon geotechnical 
information developed in Phase I and Phase II. 

Sections 
9.0 & 10.0 

and 
Drawings 

20. A proposed method, engineering specifications, and plans for 
the collection, management, treatment and disposal of leachate 
generated at the facility, including the calculations used to 
determine the estimated quantities of leachate to be generated, 
managed, stored, treated, and disposed. 

Section 
10.0 

 

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

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

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

3.4.1 Site Entrance Infrastructure and Queue Lanes

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

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

 

Department of the Environment (MDE). The main entrance is intended to be the East
Construction of only one site entrance is required by COMAR regulations and Maryland
Three entrances are shown for the site, as depicted on the Design Drawings.

3.4 Access/Site Entrances

generally not running onto the site from off-site sources.
generally slope downward to the Patuxent River.  This means that surface water is

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.
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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 

 Leachate Collection and Management 

 Cap/Closure System 

 Landfill Gas Collection and Control 

 Stormwater Management 
 
These systems are described briefly below and in greater detail throughout the Phase III 
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: 
 

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

 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; 

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

 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; 

 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;  
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 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, 

 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 III 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 II 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: 
 

 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. 

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

 Drainage Layer - Geocomposite Drainage Layer (GDL) or 6-inch thick drainage 
layer with a permeability equal to or greater than 1 x 10-3 cm/sec.  We are 
requesting MDE approve of the GDL in-lieu of the 6-inch thick drainage layer.  

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

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

 Prevent infiltration of precipitation into the waste, 

 Prevent contact with the waste, by people or animals, and 

 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: 
 

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

 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). 

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

 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 

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

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

 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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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 II 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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ATTACHMENT 4A 

 
Highest Observed/Predicted Groundwater Contour Map 

(from Phase II Permit Application) 
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5-1 

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 lbs/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 

 Closure Cap construction      3 years (or less) 
Total Construction Timeline =  17 years (or less) 
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COMAR-required Liner System Alternate Liner System 
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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.

Four feet of  Select Waste;

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

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

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;

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

Prepared  subbase  with  a  minimum  thickness
of  2  feet  and  having  a  permeability  less  than
or equal to 1.0 x 10-5  cm/sec.

Eliminated from  calculation

Total Thickness  –  8  feet

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

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

  18-inches of protective cover soils, with a permeability not exceeding 1x10-5  cm/sec;

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

  40-mil  textured  on  both  sides,  linear  low  density  polyethylene (LLDPE)  geomembrane with a
  permeability less than or equal to 1 x 10-10  cm/sec.

  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)   

Total Volume (cubic yards)  

Area (square feet)   

Area (acres)   

 

 

 

  

    

Waste Disposal Volume (tonnage)     

  

 

  

  

 
 

 
 

   
 

 
 

   
  

   
  

   
  

   
  

  

operation for 12 years)

days/week and 52 weeks per year

7,247,000 2,065,000

9.31M

3,649,585 1,335,004

83.8 30.6

Waste Disposal Volume (cubic yards)

(including  Intermediate  and  Final

cover)

9,312,000  c.y.

Assume  10% for  Int/Final  Cover 0.93  M c.y.

(8.38  M  c.y. x  1188  lb/c.y.)/2000

  ~  5.0  M  tons

Average  Daily  intake  (assuming  5.0 5.0  M/(12 x 5.0  x 52) =

  1,602  tons/day

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

Subject: Landfill Life

Date 7/1/20Job No. 2018-3084 Made by:

Checked by: Sheet 1 of 2
a M o n t r o s e E n v i r o n m e n t a l G r o u p c o m p a n y Ref.

1. Purpose

The purpose of these calculations is to estimate the disposal life of each cell of the landfill. This data is
to be used in the leachate generation modeling.

2. Analysis Approach and Assumptions

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 calculated.

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.

    

.

      

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”  provides  a  summary  of  this  data.

                   

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.

3 .  Calculations

Notes:

1.  .  Avg  waste  thickness  =  Avg Top of Waste contour minus top of leachate collection layer

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

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

JCA

VEF
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Subject: Waste Density

Job No. 2018-3084 Made by: JCA ( Date 07-05-20
A Montrose Envi ronmenta l Group company Ref. ^
Objective:

The objective of this analysis is to establish the density of the construction, demolition, and debris
(CDD) waste for the landfill. This data is 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 annual “ 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 data from these two latter landfills was not used in this analysis.

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 calculations only. 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.  This  would  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

Checked  by:  VEF  Sheet  1  of  2
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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. This increased density is estimated 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
cell.

2. A CDD 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 analysis.

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
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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 II 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 II 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 II 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 I 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 III 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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the Final Cover layer. (Stormwater falling within or running into a cell during active filling
during construction; prior to waste placement within a cell or subcell; and after placement of
Stormwater Management Structures for runoff from the proposed waste disposal areas
and WQv Basin). Three (3) basins (Nos. 1 through 3) will serve as Sediment Control and
Five basins are designated for construction as part of this project (Basin Nos 1 through 4

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

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

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

7.1.2 Landfill Cell Construction

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

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

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

7.1.1 Landfill Site Entrances

7.1 Overview

CONSTRUCTION
7.0 SEQUENCE, SCHEDULE AND CONTRACT DOCUMENTS FOR LANDFILL

operation.  Site Entrance Description is  provided in Section 3.4.
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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 WQv Basin receives runoff 
from approximately 800 feet of the East access road.  The WQv 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 Landfill Sequence of Construction" describe site conditions and 
assumptions under which the Landfill Sequence of Construction was determined.  Section 
7.2.4, "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. 

 
2. 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.  

 
3. 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.  

 
4. 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.  

 
2. 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.  

 
3. 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.  

 
4. 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".  

 
5. 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.  

 
6. 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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7. 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. 

 
8. 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".  

 
9. 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 III 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);  

 
2. Cell 11, associated perimeter berm, and portions of Leachate Force Mains 

#4 and #5;  
 
3. Cell Separation Berm for Cells 12 through 16;  
 
4. Cell 16, associated perimeter berm and remainder of Leachate Force Main 

#5;  
 
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;  

 
6. 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);  

 
7. Cells 2, 3 and 4, respectively;  
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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 until 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 
III 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). 
 

2. 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.  

 
3. 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.  

 
4. 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.   
 

5. 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.   

 
6. 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.  

 
2. Coordinate geometry shall be Anne Arundel County grid, per coordinates 

shown on the Drawings.  
 
3. 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.  

 
4. 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. 

 
5. 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.  

 
6. 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.  

 
7. Horizontal location of landfill cell separation berms and leachate 

pumphouses shall be per depiction on the Drawings.  
 
8. 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.  

 
9. 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.  

 
10. Construction of leachate force main shall be per the Drawing Plans and 

Details.  Construction Drawings shall include profiles of the force main, at 
minimum l-inch = 50-foot horizontal and 1-inch = 5-foot vertical scale.  

 
11. 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.  

 
12. 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.  

 
13. 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 II 
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 ½ 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 II 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 II 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 II 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. 

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

 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 majority 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 10-5 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 10-5 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 III 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 III 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  = (114.4 acres) (43,560 cubic feet/acre) (2 feet)  
 Layer   = 9,966,528 cubic feet (1 c.y./27 cubic feet)  

 = 369,000 c.y.  
 
 

Volume of Leachate Collection  = (114.4 acres) (43,560 cubic feet/acre) (2 feet)  
 Layer   = 9,966,528 cubic feet (1 c.y./27 cubic feet)  

 = 369,000 c.y.  
 

Volume of Final Cover  = (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 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  =    (114.4 acres)(43,560 cubic feet/acre)(0.5 feet)  

 Layer   = 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.   
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ATTACHMENT 8A 

 
Plan and Hydrogeologic Cross-Sections from 

the Phase II Permit Application 
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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: 
 

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

 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 1x10-7 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 10-10 cm/sec. 

 Prepared subbase with a minimum thickness of 2 feet and having a permeability 
less than or equal to 1.0 x 10-5 cm/sec. 

 
Other requirements of this section include:  
 

 A minimum slope of two percent (2%);  
 Adequate foundation and prepared subgrade to support the liner and the 

landfilling activities; and, 
 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 III 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 10-5 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 
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screening) can meet the identified material requirements.
solid waste. The Site has significant amounts of sand that with little or no processing (i.e.
operate solely by the force of gravity in all areas where the system will directly underlie
of leachate over the liner does not exceed 30 centimeters (1 foot); and e) Designed to
operated to function without clogging; d) Designed and operated to ensure that the depth
cover materials, and equipment used for landfilling operations; c) Designed and
thickness to prevent collapse or failure from loadings applied by overlying wastes, waste
in the landfill and the leachate expected to be generated; b) Of sufficient strength and
must be constructed of materials that are a) chemically resistant to the waste managed
leachate collection systems. The same regulations specify that the leachate collection
free passage of leachate to the liner and to serve as a protective layer for the liner and
minimum of 2 feet of sized gravel or other highly permeable material to provide for the
The COMAR 26.04.07.16(C)-required leachate collection layer shall be covered with a

9.1.2.1 Leachate Collection Layer

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

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

less than or equal to 1.0 x 10-5 cm/sec.
 Prepared subbase with a minimum thickness of 2 feet and having a permeability

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

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

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

 

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

Section 10 of this Report.
Evaluation of the system for leachate collection and removal capabilities is addressed in
will include perforated piping, in a stone envelope, wrapped in a nonwoven geotextile.
collection and conveyance piping will be contained in the leachate collection layer, and
natural materials, proposed to be locally mined sand, for leachate collection. Leachate
atop the barrier layer of the liner.  The GDL will work in conjunction with the two feet of
have a leachate collection systems to maintain head of no more than one foot (30 cm)

  Four feet of  Select Waste  (Waste material containing no long pipes, boards, or
other materials that could damage the liner or leachate collection layer);
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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 10-10 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 10-5 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: 
 

 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; 
 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. 

 Liner system with leachate buildup in the leachate collection layer; 
o 10% buildup; 
o 50% buildup; and, 
o 100% buildup. 

 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 
II 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 II 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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 Veneer Stability;

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

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

geomembrane with a permeability less than or equal to 1 x 10-10 cm/sec.
 40-mil textured on both sides, linear low density polyethylene (LLDPE)

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

cm/sec;
 18-inches of protective cover soils, with a permeability not exceeding 1x10-5

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

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

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

intermediate cover in-place by the time the closure cap construction commences.
reasonable that all areas ready to receive the closure cap will have this layer of
allow the operation to realize economies of scale with construction efforts.  Thus, it is
to  occur  as  areas  of  6 or  more acres  have  achieved  maximum  filling  grades, to

  
A 12-inch thick layer of intermediate cover is required in locations with no activity for

12-inch layer of soils with an in-place permeability of 1x10-5 cm/sec.
thickness of 20 mils and a permeability less than or equal to 1 x 10-10 cm/sec or a

 A low permeability cap comprised of a synthetic material with a minimum
permeability of 1 x 10-3 cm/sec; and,

 Drainage layer with a minimum thickness of 6-inches and an in-place
 Earthen cover with a minimum thickness of 2 feet;

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

9.2 Cap and Closure System

to or greater than 3 feet.
sump and the top of the highest observed/highest predicted groundwater levels is equal

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
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 Isolated 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: 
 

 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. 

 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 9I. 
 
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 1x10-5 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.   
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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 
Safety 

Dynamic Factor of 
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. 
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ATTACHMENT 9C 

 
Liner Puncture Protection 
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ATTACHMENT 9D 

 
Liner System Stability 

 
  



 

Subject: Liner System - Finite (Veneer) Slope Analysis 

Job No. 2018-3854 Made by:  JCA Date  07/15/20 

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 oz/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 () 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  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 ( c ) 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 ca value of 1 kPa (20.9 
psf).  

 
5. 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.  

 
6. 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. 
 
7. 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. 
 
8. Interface friction angles were taken from GRI Report #30 (Reference 5).  
 
9. 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 
collection piping and GDL to prevent undrained conditions.  The undrained conditions of 
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:  
 

Scenario 

Target 
Factor of 
Safety, 
FSmin 

8-ft Slope  
(Cohesive) 
Calculated 
Factor of 
Safety, FS 

12-ft Slope 
(Cohesive) 
Calculated 
Factor of 
Safety, FS 

68-ft Slope 
(Cohesive) 
Calculated 
Factor of 
Safety, FS 

68-ft Slope  
(Granular) 
Calculated 
Factor of 
Safety, FS 

Case 1. Static, Drained 1.5 3.6 2.0 1.1 1.5 
Case 2. Dynamic, Drained, 
CAT D6N LGP Pushing 
Upslope 

1.5 2.1 
 

1.7 1.1 1.5 

Case 3. Dynamic, Drained, 
CAT D6N LGP Pushing 
Downslope 

1.5 1.7 
 

1.4 1.1 1.4 

Case 6. Dynamic, Drained, 
Seismic Loading 

1.0 1.5 
1.5 

0.7 1.0 

    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.  
 

2. 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.   
 

3. 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.  

 
 

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

5. 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. 
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Subject: Liner System - Finite (Veneer) 68-ft Slope Analysis

Description

Slope Information

Slope,  b  =  3  H to 1V = 18.4   deg 2 b = 36.87   deg

Maximum Slope Length, L = 215   ft

Height of Slope, H = 68   ft

Materials

Cover Soil = USCS Silty Sand, SM

Cover soil thickness, h = 6   ft

Moist unit weight,  g moist = 115   pcf

Saturated unit weight,  g sat = 130   pcf

Internal friction angle, f  = 28   deg

Soil cohesion, c = 209   psf

Water unit weight, g w =  62.4   pcf

Textured Geomembrane = 

Subbase =  

Interface Friction Angles

Protective Cover Soil to NW-NP-GT,  ᵟ 4 = 27   deg Use  ᵟ  =
NW-NP-GT to Leachate Collection Layer,  ᵟ 5 = 27   deg 24   deg

Leachate Collection Layer to GDN,  ᵟ 6 = 27   deg

GDN to HDPE-T,  ᵟ 7 = 26   deg

HDPE-T to Subbase Soil,  ᵟ 8 = 24   deg Calc performed for ᵟ8 = 24, C=0.0 psf

All interface adhesion, c a  = 1   kPa = 20.9   psf

Case 1: Static, Drained 

sin b  = 0.32 W A  = 135,972 lb/ft

tan b = 0.33 W P  = 6,900 lb/ft

cos b  = 0.95 N A  = 128,995 lb/ft

sin 2 b  = 0.10 C a  = 4,096 lb/ft

sin 2 b  = 0.60 C = 0 lb/ft

tan  f  = 0.53 a = 12,899 lb/ft

tan  d = 0.45 b = -21,905 lb/ft

c = 3,271 lb/ft

Minimum Factor of Safety, FSmin = 1.5

Factor of Safety, FS = 1.53

Perform a finite (veneer) slope length analysis of the liner and leachate collection system. To estimate minimum inteface friction required to 
construct all side slopes layers (leachate collection and Select Waste) in any height cell without need for filling in sections.

60-mil HDPE-T

Subbase 
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Case 2: Dynamic, Drained, Equipment Pushing Upslope 

sin b  = 0.32 W A  = 135,972 lb/ft q = 685 lb/ft

tan b = 0.33 W P  = 6,900 lb/ft We = 6,565 lb/ft

cos b  = 0.95 N A  = 128,995 lb/ft Ne = 6,228 lb/ft

sin 
2 b  = 0.10 C a  = 4,096 lb/ft

sin 2 b  = 0.60 C = 0 lb/ft

tan  f  = 0.53 a = 42,761 lb/ft

tan  d = 0.45 b = -72,249 lb/ft

c = 10,812 lb/ft

Weight of Equipment, W b = 39,112

Length of Equipment Track, w = 10.2

Width of Equipment Track, b = 2.8 Minimum Factor of Safety, FSmin = 1.5

Width-to-Thickness Ratio, b/h = 0.5 Factor of Safety, FS = 1.52

Influence Factor, I = 0.94

Case 3: Dynamic, Drained, Equipment Pushing Downslope 

sin b  = 0.32 W A  = 135,972 lb/ft q = 685 lb/ft

tan b = 0.33 W P  = 6,900 lb/ft We = 6,565 lb/ft

cos b  = 0.95 N A  = 128,995 lb/ft Ne = 6,228 lb/ft

sin 
2 b  = 0.10 C a  = 4,096 lb/ft Fe = 985 lb/ft

sin 2 b  = 0.60 C = 0 lb/ft lb/ft

tan  f  = 0.53 a = 43,695 lb/ft

tan  d = 0.45 b = -72,414 lb/ft

c = 10,812 lb/ft

Dozer-to-Gravity Acceleration Ratio, a /g = 0.15

Acceleration of Dozer, a d  = 4.827   ft/s
2

Anticipated speed = 15   mi/hr Minimum Factor of Safety, FSmin = 1.5

= 24.1   km/h Factor of Safety, FS = 1.49

Time to speed = 4   s

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

sin b  = 0.32 W A  = 140,859 lb/ft Uv = 3,370 lb/ft

tan b = 0.33 W P  = 7,800 lb/ft Uh = 1,123 lb/ft

cos b  = 0.95 N A  = 136,414 lb/ft Un = -2,429 lb/ft

sin 
2 b  = 0.10 C a  = 4,096 lb/ft

sin 2 b  = 0.60 C = 0 lb/ft

tan  f  = 0.53 a = 42,370 lb/ft

tan  d = 0.45 b = -71,170 lb/ft

c = 10,901 lb/ft

Height from Toe to Water, Hw = 1.0   ft

Saturated Soil Unit Weight, g sat = 130   pcf Minimum Factor of Safety, FSmin = 1.5

Horizontal Submergence Ratio, HSR = Hw/H = 0.015 Factor of Safety, FS = 1.51
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Case 6: Dynamic, Drained, Seismic Loading

sin b  = 0.32 W A  = 135,264 lb/ft

tan b = 0.33 W P  = 6,900 lb/ft

cos b  = 0.95 N A  = 128,323 lb/ft

sin 
2 b  = 0.10 C a  = 4,096 lb/ft

sin 2 b  = 0.60 C = 0 lb/ft

tan  f  = 0.53 a = 46,624 lb/ft 482

tan  d = 0.45 b = -58,776 lb/ft -459

Seismic coefficient, Cs = 0.065 c = 9,767 lb/ft 135

(0.5)Cs = 0.0325  >>>Use (Reference 6)

Minimum Factor of Safety, FSmin = 1.0

Factor of Safety, FS = 1.06

References:

1

2

3

4

5

6

7

Soong, T.Y, and Koerner, R.M.; “The Design of Drainage Systems over Geosynthetically Lined Slopes”; , GRI Report #19, 1997. 

Koerner, G.R., Narejo, D.; “Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces”; GRI Report #30, 2005.

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.

Koerner, R.M., 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.























 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ATTACHMENT 9E 

 
Subgrade Bearing Capacity 

 
  



Reviewed by PGS 09/01/2021
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 
because the load will be equal to or less than the previous calculated values. 
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ATTACHMENT 9F 

 
Settlement 

 
  



Differential Settlement Analysis
Reviewed by PGS 09/01/2021

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 a result, 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 the bottom of the landfill should still be constructed with 3% slopes 



Differential Settlement Analysis
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ATTACHMENT 9G 

 
Closure Cap Veneer Stability 

 
  



Reviewed by PGS 09/01/2021
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 
that the conclusions and recommendations derived from these calculations are still 
protective, and can still be followed.



Reviewed by PGS 09/01/2021
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ATTACHMENT 9H 

 
Closure Cap Isolated Settlement Evaluation 

 
  



Reviewed by PGS 09/01/2021

These calculations are still acceptable for the revised design.
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Reviewed by PGS 09/01/2021





 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ATTACHMENT 9I 

 
Closure Cap Drainage Layer 

 
 

  



Reviewed by PGS 09/01/2021
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ATTACHMENT 9J 

 
Global Slope Stability 

 
 

 

 









































































































 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
SECTION 10 

 
LEACHATE MANAGEMENT SYSTEM 
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10.0 LEACHATE MANAGEMENT SYSTEM 
 
COMAR Section 26.04.07.16 (C)(2) requires a liner system to be “designed, constructed, and 
installed to contain and facilitate the collection of leachate generated in the landfill in order to 
prevent the migration of pollutants out of the landfill to the adjacent subsurface soils, ground 
water, or surface water.” 
 
10.1 Introduction 
 
There are 21 rubble landfill cells/subcells, each with a leachate collection system.   
 
The Proposed Liner System for the Chesapeake Terrace Rubble Landfill includes the following, 
from top to bottom: 
 

 Four feet of Select Waste 
 10 ounce per square yard (oz./s.y.) nonwoven geotextile for layer separation and 

visual indicator if breached; 
 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; 
 60 mil HDPE Geomembrane; and, 
 Prepared subbase with a minimum thickness of 2 feet and having a permeability 

less than or equal to 1.0 x 10-5 cm/sec. 
 
Leachate percolation through rubble waste headers and laterals along the cell floor, 
graded at minimum three percent (3%) slope and two percent (2%) slopes, respectively, at 
the time of construction, to a sump with a submersible pump contained in a 24-inch 
diameter HDPE carrier, or sideslope riser, pipe.  
 
Leachate is pumped from each cell sump through a pump house to one of five force main, 
discharging to one of two leachate storage facilities.  Each leachate storage facility has 
two 500,000-gallon leachate storage tanks, i.e., 1,000,000-gallon storage capacity per 
facility.  
 
The following list indicates Drawings associated with Leachate Collection System Grading 
and installation of Leachate Pumps, Force Mains, and Storage Tanks.  
 

 Drawing 17 – Top of Leachate Collection System Grading Plan and  Layout -
West Section  

 Drawing 18 – Top of Leachate Collection System Grading Plan and  Layout -
East Section 

 Drawings 19-21 – Leachate Collection System Details 
 Drawings 22-23 – Leachate Force Main Details 
 Drawings 24-25 – Leachate Force Main Profiles  
 Drawing 26 – Leachate Pump House Details 
 Drawing 27 – Leachate (Pump) Control Panels Layout Main Details  
 Drawings 28 – 29 –Leachate Storage Tank Details 
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10.2 Leachate Production Estimates  
 
The computer program, Hydrologic Evaluation of Landfill Performance (HELP) version 
3.07 was used to estimate the amount of leachate percolation through rubble waste onto 
the cell leachate collection system (see Section 10.3).  
 
To determine the most efficient manner to provide leachate management for the facility 
over the life of landfill construction and operation, HELP analyses were performed for a 
range of filling conditions (i.e., first lift, mid-lift, full-height, etc.) to understand the peak daily 
leachate generation rates.  These conditions were evaluated for a range of cell floor slope 
conditions, for a unit area of 1-acre, so it would be easy to extrapolate leachate generation 
rates for each cell, based on cell area. Peak Daily Leachate Generations rates were used 
to size leachate collection system headers and laterals (in the cells), leachate sump 
pumps, and leachate force mains.   
 
The peak daily leachate generation was used for varying fill conditions to construct a 
timeline of filling and new cells coming online with other cells were being closed.  Using 
this sophisticated timeline, the peak daily leachate was determined and used for sizing the 
leachate storage tanks.   
 
HELP Analysis Methodology is described further in Section 10.7.  Summary of Analyses 
for Leachate Generation is in Section 10.9.  
 
10.3 Leachate Collection System COMAR Regulations 
 
The rubble landfill leachate collection system design is based on adherence to the 
following COMAR requirements:  
 

 26.04.07.16C (3): Liner system components, comprised of layers of 
construction materials and thicknesses in conformance with this regulation, 
are specified on Drawing 14.  

 26.04.07.16C (6)(a): In accordance with this regulation, there is minimum 3-
foot vertical buffer distance (after landfill settlement) between the highest 
anticipated groundwater elevation (as defined in the Phase II Report) and 
the bottom of each cell sump's prepared subbase components (see Section 
4.0 herein).  

 26.04.07.16C (3)(e): Three percent (3%) minimum cell floor slope at the time 
of construction is provided in all cells, as shown on Drawings 10 and 11, to 
meet the regulatory-required two percent (2%) slope after differential 
settlement.  

 26.04.07.16 C (7)(d): Less than 30 centimeters (1 foot) of leachate head on 
the liner required by this regulation is achieved by utilization of HELP 
Analysis Methodology in Section 10.7.  Results of all HELP Analyses (see 
Section 10.9 and Attachment 10A) indicate less than 1-foot head on the liner 
is achieved with the Alternate Liner System specified.  
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10.4 Leachate Pumps 
 
Submersible pumps and accessories will be manufactured by EPG Companies.  Existing 
electrical power supply for pump operation is located near the site in Patuxent Road and 
Conway Road rights-of-way.  
 
Pump sizes were selected based upon the peak daily leachate production under “first lift” 
conditions.  As shown on the "Cell Pump List" on Drawing 27 and in Section 10.9.3, one 
pump in each cell sump is sufficient to remove leachate under the peak daily generation 
scenario, described further in Section 10.9.  A spare pump will be provided during 
construction of each cell for storage in the associated Leachate Pump House for 
immediate installation when the installed pump needs annual servicing or malfunctions. 
 
10.4.1 Pump Level Sensors and Alarm Systems  
 
A level sensor for each submersible pump will be provided in all cell sumps. Leachate 
levels will be monitored in the pump control panel, mounted on the Pump House wall (see 
Drawing 26).  Level sensor pump-off position will be 6 inches above the sump floor.  
Pump-on position will be 12 inches above sump floor, and pump high-level alarm will be 
16-inches above the sump floor, per COMAR Regulations (See detail on Drawing 19).  
See Drawing 19 for materials to be placed in cell sumps, and depiction of pump control 
positions.  
 
Equipment in the Pump Control Panel, provided by the Pump Manufacturer, will monitor 
and record leachate levels in the landfill cells.  In the event of high-level alarm occurrence, 
a light at the Pump Control Panel will be activated.  During landfill operating hours, the 
alarm signal will be electronically transmitted to the Scale House.  During landfill non-
operation hours, the landfill manager and Superintendent will receive a high-level alarm 
signal, via electronic telemetry from the Pump Control Panel.  If a caretaker is not 
provided, a designated landfill employee will receive the high-level alarm signal offsite, via 
telemetry.  
 
A Master Control Panel will be located in the Leachate Storage Facility Controls Building 
(located as shown on Drawing 10).  This Master Control Panel will include a display for 
each Cell pump as well as each Leachate Storage Tank.  The controls for cells sump 
pumps and the storage tanks will be interconnected so that high liquid levels in the tanks 
will trigger an alarm and notification to the landfill manager, care taker, or landfill 
employees and shut-off the cell sump pumps.   
 
See Section 12, "Operations Plan" for actions taken by landfill personnel as response to 
pump high-level alarm activation.  
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10.4.2 Pump Access and Maintenance  
 
Access to the pumps within 24-inch HDPE sideslope riser pipes is provided by means of 
stainless steel pulling cables as shown on Drawing 19.  The Landfill Perimeter Berm and 
Pump House are designed to provide equipment access, as necessary to install and 
remove pumps.  As shown on Drawing 26, an 8 ft wide doorway, preferably an industrial 
roll-up overhead door, allows access to both pump carrier pipes.   
 
The Landfill Perimeter Berm top width is designed to allow access for Pump Installation 
and Removal Equipment (i.e., equipment mounted with boom and winch, with steel cable 
for attachment to the pumps stainless steel pulling cable).  Pump Installation and Removal 
Equipment access across the perimeter channels to the top of the Landfill Perimeter Berm 
will be provided by installation of a precast concrete or steel ramp.  The details for the 
precast ramps are provided on Drawings 19, 23, and 40.  
 
Upon receipt of an order for a pump, the Pump Manufacturer will provide a Pump 
Operations and Maintenance (O&M) Manual, prepared based on site specific application.  
The Pump O&M Manual is included with delivery of each pump to a specified site.  A 
listing of a typical EPG Companies, Inc. Pump O&M Manual along with other Pump 
Manufacturer's Literature is provided in Section 10.4.3 below.  
 
10.4.3 Pump Manufacturer's Accessories 
 
In addition to pumps and alarm system described above, the Pump Manufacturer will 
provide accessories and appurtenances that will be used for the landfill's leachate pump 
and conveyance systems.  Pump Manufacturer's Literature typically includes:  
 

 Information regarding the pump itself (including pump curves for site specific 
pumps); stainless steel check valves on pump discharge lines in the Pump 
House and leak detection sensor on the Pump House floor; Pump Control 
Panels; Level Sensor and Monitoring Equipment; Flow Metering and Control 
Devices; SCADA (Supervisory Control and Data Acquisition) and Telemetry 
Equipment.  

 Pump description, illustrations, capacities, materials of construction; 
suitability for Class 1, Division 1 & 2 application; and Engineer's 
Specification Sheet for pump order;  

 Pump curve for pump(s) in each cell sump, with system TDH/GPM line 
intersects indicative of the specified pump's capacity;  

 Pump Control Panel description, illustrations, and Series L950PT Engineers 
Specification; 

 Level meter, level sensor, bellows, LMSA level monitoring system, tank 
gauging system and sensor data sheets; 

 Alarm system data acquisition, SCADA and telemetry; 
 Flow metering and control devices; 
 Miscellaneous accessories (stainless steel check valves and leak detection 

sensor); and, 
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 EPG Companies, Inc. provides a Pump O&M Manual for each pump 
delivered to a site, based on the pump's site-specific requirements.   

 
10.5 Leachate Force Mains and Sideslope Riser Pipes 
 
All pipes associated with landfill cell construction (excluding stainless steel pipes at select 
locations) will be High Density Polyethylene (HDPE), manufactured by Performance Pipe, 
or approved equal.   
 
The Sideslope Riser Pipe has among the lowest loading for the piping at the site, due the 
Sideslope Riser being located along the outer edges of the landfill.  The Sideslope Riser 
with the highest load is in Cell 7, with a sump elevation of 102 ft MSL and a top of closure 
cap grade immediately above the sump of approximately 208 ft MSL, for a net load of 106 
feet (8 feet of soils and 98 feet of rubble waste).  Previous calculations conducted by the 
local Performance Pipe Distributor, Lee Supply Company, Inc., for loading of the 24-inch 
perforated Sideslope Riser pipe show adequate strength and performance for a maximum 
burial depth of 138 feet (15 feet of soil and 123 feet of rubble waste).  This calculations are 
repeated in Attachment 10I. 
 
The force main has been specifically designed to have a minimum depth of 3.5 feet in the 
side of the perimeter (access) road.  This depth was selected to provide adequate 
protection for the HS20 loading of the waste trucks as well as frost depth.   
 
10.6 Leachate Storage Tanks 
 
As shown on Drawings 28 and 29, leachate from the entire landfill is conveyed to two 
leachate storage facilities, each with two 500,000-gallon storage tanks inside a secondary 
containment area.  Each secondary containment area is comprised of concrete floor and 
walls, designed for 500,000 gallons containment capacity, with 1-foot freeboard to top of 
berm, as shown on Drawing 28.  To prevent storage tank overflow, Pump Manufacturer 
will provide tank-gauging systems, under which an alarm would be activated and all 
leachate pumps, pumping to a tank filled to near capacity, would automatically shut down, 
per description under Section 10.4.1.  
 
Storage tanks will be 45-foot diameter, glass coated, bolted steel Aquastore Tanks, 
manufactured by Engineered Storage Products, Inc. Specifications of these tanks are 
provide in Section 14, Technical Specification Section 02653. 
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10.7 Leachate Production - HELP Analysis Methodology 
 
The HELP computer program models climatologic, soil, and design data and utilizes a 
solution technique that accounts for infiltration, percolation, evapotranspiration, soil 
moisture storage, and lateral drainage over a specified time period.  A 1-year time period 
was used for a variety of filling active conditions, per unit area of cell.  This allowed apply 
the leachate generation rates per acre of cell to all cells by simply multiplying the leachate 
generation rates by the area of each cell.  
 
The program uses climatologic, soil, and landfill design data to produce daily estimates of 
water moving across, into, through, and out of landfills.  To accomplish this, daily 
precipitation is partitioned to maintain a water budget.  The following describes the data 
fields in detail:  
 

 Climatologic Data - Climatologic data includes daily precipitation, mean 
monthly temperatures, mean monthly insolation, leaf area indices, 
vegetative cover, and winter cover factors.  These values may be entered 
manually or default climatologic data for 102 cities is available in the HELP 
program.  Based on nearest proximity to the landfill, default rainfall for 
Baltimore, Maryland was used, with average rainfall and average 
precipitation modified to reflect average values for Anne Arundel County, 
Maryland, from the National Oceanic and Atmospheric Administration 
(NOAA).  

 Soil Data - Soil data includes material types used in the landfill and the 
characteristics of the material, i.e. vertical percolation, lateral drainage, 
barrier soils, or geomembrane liners. Material properties such as thickness, 
porosity, field moisture capacity, wilting point, initial material water content, 
and effective saturated hydraulic conductivity are used in the evaluation.  
Geosynthetic properties and installation construction such as pinhole 
density, installation defects, and placement quality are considered.  HELP 3 
provides default values for the properties of 42 material types. The user may 
edit these values.  

 Design Data - Design data includes information that models the layout of the 
landfill such as total surface area, material layer thickness, and drainage 
slope and length.  Other data such as surface runoff curve number, 
membrane leakage fraction, and potential runoff fraction may be requested 
by the program for certain materials.  

 
Once the input is entered, the HELP program is used to evaluate the landfill design for the 
specified one-year time period for active landfilling conditions.  The model runs simulations 
for 30-years for the closed conditions.  However, after seven years of closed condition, the 
model shows a leachate generation of zero. 
 
HELP performs water budget calculations by modeling each of the hydrologic processes 
that occur and outputs information used to design components associated with the 
landfill's leachate collection, conveyance and storage.  
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10.8 Analyses for Post-Closure and Peak Daily Leachate Production  
 
The landfill will be constructed and filled with rubble waste in accordance with conditions 
specified on Drawing 63, "Sequence and General Notes for Construction" and 
Intermediate Construction Stage Plans on Drawings 64 through 81.  As shown on 
Intermediate Construction Stage Plans, surface runoff in areas adjacent to a cell under 
construction will be diverted around the cell, during cell construction and as the cell is filled 
with rubble waste.  Therefore, leachate production for the entire landfill will primarily be 
limited to precipitation that falls directly within the cell as waste is being placed, during the 
life of landfill construction and operation.  
 
To determine the most efficient manner to provide leachate management over the life of 
landfill construction and operation, the following HELP analyses were performed:  
 

 Analysis #1 – Active Landfilling, covering a range of waste thickness from 
“first lift” through “17 Lifts” to determine the peak daily rate of leachate 
production under each scenario and floor slope condition.  The maximum 
per acre “first lift” leachate production rate was used for sizing the cell 
pumps and the leachate collection layer header pipes in the cells. 

 Analysis #2 – Closed condition for various list conditions (impacts duration 
and length of leachate being released from cell due to moisture storage in 
the waste).  This scenario in tandem with the peak daily rates developed 
under Analysis #1, were used with the cell sequencing and landfill timeline to 
determine the peak leachate generation when multiple cells were 
undergoing various stages of filling and closure. 

 
10.9 Develop Leachate Generation Rates 
 
The Liner System Configuration and input data in summarized in the Table 1, below. 
 

Table 1 - Summary of Liner System Soil and Material Data 
Layer Description HELP Default Soil 

1 12 inches intermediate cover cover 6 
2 96 inches of waste 19 
3 48 inches of Select Waste 19 
4 24 inches of gravel/course sand 6 
5 Tri-planar GDL 34 (modified k = 4.4 cm/sec) 
6 60 mil HDPE geomembrane 35 
   

8 36 inches natural soils 5 

 
The Closure Cap (Final Cover) System configuration and input data is summarized in 
Table 2 below: 
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Table 2 - Summary of Closure Cap System Soil and Material Data 

Layer Description HELP Default Soil 
1 6 inches of vegetative support layer 9 
2 18 inches of protective cover 6 (modified k = 1x10-5 cm/sec) 
3 GDL 34 (modified k = 12.8 cm/sec) 
4 40 mil LLDPE geomembrane 36 
5 24 inches Final cover 6 

 
The waste properties were assumed to be consistent with municipal solid waste with 
channeling.  Channeling is expected to occur in the rubble waste.  No runoff was allowed 
under active landfilling conditions, forcing all rainfall to be treated as leachate. 
 
The per acre peak daily generation rates developed under Analysis #1 (which indicate less 
than 1-foot head on the landfill's textured 60-mil HDPE liner, for each HELP3 Run) are 
included in the table below.   
 

Table 3 - Summary of Peak Daily Leachate Generation (cf/acre/day) 

Total Waste 
Thickness 

Leachate Collection System Drainage Slope (%) 

(ft) 2 3 4 5 6 33 

First Lift 

8 1100 1224 1300 1300 1214 1655 

Mid-Fill 

20 788 793 802 785 836 1001 

32 839 832 1011 837 854 1001 

52 883 924 838 864 841 1001 

68 885 921 832 843 842 1001 

Full-Fill 

40 1031 1070 1028 1028 1096 977 

64 963 978 975 980 944 1031 

104 1058 1062 1113 1110 933 1024 

136 1012 1022 1030 1027 985 993 

 
Based on the summary table above, the peak leachate generation rates for the flatter 
sloped cells floors was 1300 cf/acre/day (9,724 gal/ac/day) and 1655 cf/acre/day (12,380 
gal/ac/day) for the steeper cell sideslopes.  The area in each cell with the shallow slope 
and the steep slope were multiplied by their corresponding peak leachate generation rate, 
then added to get the peak daily leachate for the cell.  The detailed analyses, with 
supporting HELP model printouts, are provided in Attachment 10A. 
 
The calculated peak daily flow for each cell, under first lift conditions is as follows: 
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Table 4 - Summary of Peak Daily Leachate Generation for each Cell 

Cell Area of Floor 
(acre) 

Area of Slope 
(acre) 

Peak Daily 
Leachate (gal/day) 

Peak Daily 
Leachate (gal/min) 

1 11.7 1.5 132,340 91.9 
2 5.4 2.1 78,506 54.5 
3 4.2 0.7 49,506 34.4 
4 4.9 0.6 55,075 38.2 

5A 4.7 0.9 56,844 39.5 
5B 2.9 0.5 34,389 23.9 
5C 3.6 .8 45,405 31.5 
5D 1.9 1.0 30,855 21.4 
5E 2.3 0.9 33,507 23.3 
5F 1.0 0.7 28,340 12.8 
6 2.0 3.2 58,788 40.8 
7 2.2 4.5 76,826 53.4 
8 4.6 1.4 62,327 43.3 
9 2.7 1.3 42,348 29.4 
10 7.5 2.1 98,193 68.2 
11 3.9 3.1 76,963 53.4 
12 5.7 1.0 67,806 47.1 
13 2.6 0.8 35,186 24.4 
14 4.0 0.3 42,609 29.6 
15 2.8 1.9 50,748 35.2 
16 2.1 2.4 50,131 34.8 

 
Detailed summary and the HELP model output is included in Attachment 10A.  
Calculations showing the peak flow from each cell are presented in Attachment 10E. 
 
10.9.1 Leachate Lateral Spacing 
 
The initial analysis was to determine the spacing the leachate collection laterals in the 
leachate collection layers.  While the high-flow geocomposite drainage layer (GDL) will 
quickly convey the leachate which gets to it, a key to landfill design is redundancy.  Thus, 
NWM proposes including a series of perforated leachate collection piping in the 2-foot 
thick layer of sandy soils immediately atop of the GDL.  The header pipe will convey flow 
from the laterals to the sump.  Headers and laterals will be perforated and installed in a 
stone bedding, then wrapped by a 16 oz/s.y. nonwoven geotextile to maintain layer 
separation with the surrounding soils and provide additional protection of the underlying 
geosynthetics from puncture due to possible angularity of the stone bedding. 
 
Based upon a series of HELP model runs, the spacing which maintained a head of less 
than 12-inches is 250 feet.   
 
10.9.2 Leachate Collection Header and Lateral Sizing 
 
As indicated previously, leachate collection headers and laterals are being include in the 
leachate collection system design.  The pipes will convey any flow they intercept by gravity 
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to the leachate sump in each cell.  Based on the peak flow in Cell 1 (the largest cell), the 
pipe sizes and pipe perforation sizing was confirmed to have adequate capacity of the 
anticipated flow.  The configuration of each system is as follows: 
 

 Leachate collection system header is 8” diameter HDPE pipe 
 Leachate collection system lateral is 6” diameter HDPE pipe 
 Perforations are 3/8” dia holes, two per row, a row every 6-inches, each row 

is rotated 90-degrees 
 
Attachment 10C includes these calculations. 
 
10.9.3 Leachate Pumps  
 
Pump sizing is dependent upon two features:  required flow rate and head loss to 
overcome.  The required flows for each cell were assumed to be the same as the peak 
daily flows computed and included in Table 4, above.  While the pumps are sized to 
accommodate this peak daily flow rate, the pump will not be in continuous operation.  As 
indicated elsewhere, the pump will be equipped with transducers, or floats, to monitor 
leachate levels as it accumulates, so the pump can engage at a pre-determined level and 
pump down the leachate until the liquid level drops to a pre-set level (usually 6 to 9 inches 
above the pump intake to avoid burning-out the pump).  Then, leachate will be allowed to 
build again.  During drier periods (less rainfall) or after more waste is within the cell, the 
leachate flow rates will be less and the pump will operate less often.   
 
For landfill application, the elevation difference between the intake and the discharge 
location is often the biggest driver of the head loss to be overcome.  To determine the 
headloss, the elevation of the sump and the elevation of the discharge at the leachate 
storage tanks was the static head.  The dynamic head is the friction loss associated with 
the force main pipe.  Since smooth-walled HDPE is proposed for the force main, the 
friction loss is negligible, but actually tabulated using Hazen-Williams equation.   
 
In the end, four pump models were specified for the 21 cells at the site, as summarized in 
Table 5 and presented in Attachment 10F. 
 

Table 5 - Summary of Sump Pump Sizing for each Cell 

Cell or Sub-
cell 

Peak Leachate 
Generation (gpm) 

Total Head (feet) Selected Pump 

1 91.9 105.9 Model 18-4  HP 5.0 

2 54.5 47.2 Model 18-2  HP 3.0 

3 34.4 35.2 Model 18-1  HP 1.5 

4 38.2 32.8 Model 18-1  HP 1.5 

5A 39.5 92.4 Model 18-2  HP 3.0 

5B 23.9 88.7 Model 18-2  HP 3.0 

5C 31.5 87.4 Model 18-2  HP 3.0 
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Table 5 - Summary of Sump Pump Sizing for each Cell (continued) 

Cell or Sub-
cell 

Peak Leachate 
Generation (gpm) 

Total Head (feet) Selected Pump 

5D 21.4 85.7 Model 18-2  HP 3.0 

5E 23.3 85.8 Model 18-2  HP 3.0 

5F 12.8 87.2 Model 18-3  HP 5.0 

6 40.8 98.3 Model 18-3  HP 5.0 

7 53.4 105.1 Model 18-3  HP 5.0 

8 43.3 99.1 Model 18-3  HP 5.0 

9 29.4 95.9 Model 18-2  HP 3.0 

10 68.2 104.8 Model 18-3  HP 5.0 

11 53.4 62.2 Model 18-2  HP 3.0 

12 47.1 61.8 Model 18-2  HP 3.0 

13 24.4 58.2 Model 18-1  HP 1.5 

14 29.6 56.3 Model 18-1  HP 1.5 

15 35.2 53.5 Model 18-2  HP 3.0 

16 34.8 55.2 Model 18-1  HP 1.5 
*Pumps are made by EPG Companies. 

 
It is possible the manufacturer may adjust the capabilities of these pump models over the 
life of the landfill construction and operation.  As such, cells constructed later in the landfill 
operation timeline may have to order different pumps, due to manufacturer changes.   
 
10.9.4 Leachate Force Main Sizing 
 
Based on the same data use for leachate sump pump for each cell, the force main sizing 
can be checked.  A previous effort to confirm the force main sizing was done by providing 
the force main data to the Pipe Manufacturer who performed calculations that indicate all 
force mains will be 6-inch SDR- 11 HDPE, contained in 10-inch SDR-17 HDPE, on 
Drawing 22.  Pipe Manufacturer's previous force main calculations are in Attachment 10I.  
While the peak flows and heads have changed since the pipe manufacturer’s calculations, 
the analysis assumed that all cells discharging through the same force main were pumping 
the peak flows at the same time, which will not be happening.  This is considered a very 
conservative design and demonstrates the force is more than ample.  At the same time, 
the head loss associated with these flows in a smaller diameter pipe, like a 2-inch force 
main, are no longer negligible because it would be putting too much flow through the pipe. 
 
10.10 Summary of Leachate Storage Tank Sizing  
 
The landfill will have two Leachate Storage Facilities as shown on Drawings 10 and 11, 
with details shown on Drawings 28 and 29.  Facility No. 1 (for Cells 2 through 4 and 11 
through 16) has a drainage area of 48.5 acres.  Facility No. 2 (for Cells 1 and 5A through 
10) has a drainage area of 65.9 acres.  
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Sections 10.10.1 and 10.10.2 describe the analysis of the peak flows for the leachate 
tanks.   
 
10.10.1 HELP Analysis 
 
Using the same simulations from which the peak daily rates were obtained described in 
10.9 above, estimates were developed for the entire 12 year operational timeline.  In 
general, multiple cells will be in operation each year – one nearing maximum filling grades, 
one actively filling, and one just beginning to fill.  Due to the variety of cell size, some cells 
may be developed and operated at the same time as a larger cell.  The benefit of the 
smaller cell size is reduction in leachate management. 
 
Based on the construction sequencing for the landfill cells, there may be cells in operation 
for less than one year and others in operation for two years.  
 
The following is a description of how the leachate timeline was developed. 
 

1. Since the life of each cell is relatively short – most a few months, some for two 
(2) years – planning for cell construction will require that multiple cells be 
“grouped together”.   

2. From the HELP modeling, each cell has peak daily flows for the first lift, mid-fill, 
and full-fill.  The mid-fill and full-fill were estimated to be average heights for each 
cell for timeline design and modeling purposes.   

3. From the cell life estimates, each cell has an estimated life, and collectively they 
provide twelve (12) years of landfilling.  For each cell, mid-fill is associated with 
mid-life, and full-fill is associated with maximum waste grades.  Since each cell 
has a different life, each cell group has a different total life. 

4. The first cell is brought into service, and experiences the “first lift” daily peak flow. 
5. At mid-life in the first cell, the first cell experiences the “mid-life” peak daily flow.  

At the same time, the second cell in the group is brought into service, and 
experiences its “first lift” peak daily flow. 

 
6. At the mid-life of the second cell, it experiences its mid-life peak daily flow.  At the 

same time, the third cell is brought into service with its “first lift” peak daily flow.   
7. At mid-life, the third cell experiences its “mid-fill” peak daily flow. 
8. All of the cells in the group are presumed to experience their respective full-fill 

peak daily flows at the end of the total life for the group.   
9. Between any of the calculated peak daily flows, between first lift and mid-fill 

flows, and between mid-fill and full-fill flows, flow values were linearly 
interpolated.   

10. A closure construction period of 10 months was assumed.  Between the 
calculated flows for full-fill and post-closure year 1, peak daily flows for each 
month were interpolated. 

11. Flows during post-closure months between calculated values were interpolated. 
12. This arrangement continued for each cell, each group, and through a minimum of 

10 years after the last cell is closed.  The HELP model output shows that 
leachate continues  

 
For example, refer to the tables in Attachment 10G, and consider the following: 
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Step 1: The first cell group includes Cells 11, 16, and 12, in that order.   
 
Step 4: Cell 11 is brought into service, and it has an estimated life of 8 months.  In Month 

1, the flow is the first lift peak daily flow. 
 
Step 5:  At Month 4, the flow from Cell 11 is the mid-fill peak daily flow.  Cell 16 is brought 

into service with its first lift peak daily flow.  Cell 16 has an estimated life of 5 
months.   

 
Step 6: At month 6, the flow from Cell 11 continues.  The flow from Cell 16 is at its mid-fill 

peak daily flow.  Cell 12 is brought into service with its first lift peak daily flow.  
Cell 12 has an estimated life of 5 months.   

 
Step 7: At month 8, the flows from Cells 11 and 16 continue.  The flow from Cell 12 is its 

mid-fill peak daily flow.   
 
Step 8: In month 18, all three cells experience their respective full-fill peak daily flows.  

Cell 13 is brought into service with its first lift peak daily flow.  Cell 13 is the first 
cell planned in the next group of cells to be constructed.   

 
Step 10: During the subsequent 10 months after Cells 11, 16, and 12 have been 

completely filled, closure construction takes place.  Leachate flow from these 
three cells continue.  Filling occurs in the next group of cells with their leachate 
flows. 

 
Step 11: Once closure of Cells 11, 16, and 12 is complete, the leachate flow begins to 

taper off.  By post-closure year 7, modeling indicates flow will have ceased.  
Concurrently, filling and leachate flow continues from the next group of cells.   

 
During the timeline, peak daily flows each month are summed to estimate the total peak daily 
leachate flow from the facility.  At some point, the facility will experience a maximum total flow – 
a combination of peak daily flows from cells under different fill conditions, including cells that are 
being closed, and cells that are actively being filled.   
 
Leachate Storage Facility No. 1 will serve Cells 11, 16, 12, 13, 14, 15, 2, 3, and 4.  The peak 
daily flow is estimated to be 254,933 gallons.  This is associated with the following fill conditions: 
 

Leachate Storage Facility No.1 
Peak Daily Leachate Flow and Fill Conditions 

Location Fill Condition 
Cells 11, 16, and 12 Post-Closure 
Cells 13, 14, and 15 Closure construction in progress 

Cells 2 and 3 At or beyond Mid-Fill 
Cell 4 First Lift 
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Leachate Storage Facility No. 2 will serve Cells 1, 5E, 5F, 10, 9, 5D, 5C, 5B, 8, 5A, 7, and 6.  1, 
16, 12, 13, 14, 15, 2, 3, and 4.  The peak daily flow is estimated to be 245,579 gallons.  This is 
associated with the following fill conditions: 
 

Leachate Storage Facility No.2 
Peak Daily Leachate Flow and Fill Conditions 

Location Fill Condition 
Cells 1, 5E, and 5F Just at Full-Fill 

Cell 10 First Lift 

 
It should be noted that this evaluation is conservative as it assumes the peak daily rates 
for multiple filling conditions coincide.  A shift in the peaks so that they do not align is 
expected.  For example, the peak leachate generation from each stage of filling will vary 
based on the thickness of waste through which the leachate, produced as a result of a 
rainfall event, will migrate to the sump.  A significant rainfall may result in the peak in a first 
lift condition on the same day as the rainfall, but a peak rate for a cell that is nearly full may 
not occur for 4 or 5 days after the rain event.   
 
For the post-closure period, flows were based on the peak month of each post-closure 
year for that waste thickness within that particular cell.  The HELP analysis shows that 
after a few years of closure, the peak month discharges is the same regardless of waste 
thickness. 
 
During the life of cell construction and waste placement, surface run-on from adjacent 
areas will be diverted around waste placement areas, as shown on Drawings 38 through 
44.   
 
10.10.2 Leachate Storage Tank Selection  
 
Per criteria under Sections 10.10.1, comparing the peak daily with average annual 
leachate production rates, the peak daily rates are typically three times the average 
monthly rates.  Further, as indicated above, peak operational daily rates assume the peak 
production in each cell under differing fill conditions occurs on the same date.   
 
If the average daily rates are one-third the peak daily values, then the average daily values 
is 255,000 gpd/3 = 85,000 gallons/day.  By providing 1M gallons of leachate storage 
capacity in each Leachate Storage Facility, there will be 11 days of on-site storage for 
average daily flow from the filling condition which produces the highest peak daily 
operational leachate generation.  The leachate generation volume calculations were 
prepared assuming that installation of the Closure Cap will be completed in groups of 3 
cells at a time.  This results in between 8.4 and 18.2 acres sitting in “full-fill” conditions 
when filling operations have been moved to other cells.  Sequencing completion of filling in 
a manner allow installation of the Closure Cap in smaller areas more frequently will help 
reduce leachate generation rates. 
 
10.11 Leachate Disposal  
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From the leachate storage tanks, the leachate will be hauled off-site for disposal.   
 
We have received a favorable response from Environmental Recovery Corporation (ERC) 
of Maryland, located in Baltimore that they do receive rubble landfill leachate and they 
have provided a preliminary quote for disposal of the leachate.  The facility can currently 
handle up to 50,000 gpd at the Baltimore location and they expect to be completing an 
expansion of the facility before the proposed landfill comes on-line.  They also have a 
facility that can accommodate the anticipated leachate in Lancaster, Pennsylvania.  A 
copy of the ERC quote and acceptance criteria for disposal is provided in Attachment 10J. 
 
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 owner may choose, in the future to develop an on-site wastewater treatment 
plant to treat leachate and obtain a NPDES discharge permit.   
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1. Purpose        Reviewed by PGS 08/29/2021 

 

The purpose of this analysis is to estimate the leachate flow from the landfill. 

 

2. Analysis Approach 

 

a. The life of each cell was estimated based on cell area, the floor grading, the final grading, 

design thicknesses for the liner and leachate collection system and the cap system, the estimated 

gate tons of waste received each day, the planned work week, and the estimated waste density.  

The cell life information is used to plan the modeling of the leachate generation.   

 

b. The landfill is modeled using the computer program, “Hydrologic Evaluation of Landfill 

Performance” (HELP) Version 3.  The HELP computer program models climatologic, soil, and 

design data and utilizes a solution technique that accounts for infiltration, percolation, 

evapotranspiration, soil moisture storage, and lateral drainage over a specified time period. 

 

c. A unit one acre was chosen for modeling.  This allows the unit acre flow results to be 

multiplied by the acreage of each cell to estimate the flow from each cell.   
 

d. Since the cells have brief life spans, most in terms of months, the unit acre was modeled with 

three general waste thicknesses designated as “First Lift”, “Mid-Fill”, and “Full-Fill”.  The 

waste thickness for the First Lift was 8 feet.  This is experienced by each cell. 
 

e. The number of lifts associated with the Full-Fill condition utilized for the modeling ranged 

from 5 to 17 (see Attached Table 1). In order to have a range of data that shows how the 

number of lifts affect leachate generation, the Full-Fill condition was modeled with 5, 8, 13, 

and 17 lifts.  Correspondingly, the Mid-Fill condition was modeled with 2.5, 4, 6.5, and 8.5 

lifts. (The September 3, 2021 design revisions reduced the number of lifts to 5 to 15, but did not 

significantly change the cell life because the operating life of the facility is set at 12 years, and 

the cell areas remained essentially unchanged). 
 

f. Related, the post settlement slope of the landfill floor varies between 2% and 6% with 

sideslopes of 33%.  Therefore, fill condition was modeled with drainage slope values (%) of 2, 

3, 4, 5, 6, and 33.  This gives a range of data that shows how the peak head buildup peak flow 

vary with drainage slope for each fill condition. 
 

g. The primary focus of the modeling is to estimate the maximum head buildup on the liner, and 

the peak leachate flow.  Therefore, the liner system is modeled as flawless material with a 

perfect installation.  Also, perform several First Lift models using the lowest slope value to 

determine the drainage length between leachate pipes that limits the maximum head buildup to 

12 inches. 
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h. Related to the brief life spans of the cells, each of the lift conditions described were modeled 

for one year.  This is also a consequence of a limitation of the HELP program in that model 

time frames are units of whole years. 
 

i. The HELP program is allowed to establish the beginning moisture content values for the 

various soil and material layers for the First Lift condition.  These values were noted for use in 

subsequent models.   
 

For the Mid-Fill condition, the moisture contents of the First Lift layers were set to the ending 

values from the First Lift model.  The added layers to establish the Mid-Fill condition were set 

to moisture content values the same as the beginning of the First Lift models.   

 

For example, a First Lift layer may have started with a moisture content of 0.25, and ended with 

a moisture content of 0.18.  For the Mid-Fill condition, the starting moisture content of that 

layer was set to 0.18.  If that same type of layer was added to establish the Mid-Fill condition, 

the moisture content of the added layer was set to 0.25.  This approach was also used for the 

transitions from the end of Mid-Fill to the start of Full-Fill, and from the end of Full-Fill to the 

start of Closed Fill.   

 

j. Although the HELP program includes default climatological data for nearby Baltimore, the 

modeling was enhanced by using the current average monthly temperature and average monthly 

precipitation for Baltimore.  Thirty (30) years of predicted temperature and precipitation data 

was generated for use. 

 

Since the storm water management system is required to be designed for the 25-year, 24-hour 

storm event, use this value in the predicted precipitation data to enhance the model.   

 

k. Storm water runoff parameters are selected from default HELP data, and from “TR-55, Urban 

Hydrology for Small Watersheds”.   

 

l. To evaluate the impact of the closure cap on leachate generation, the Closed Fill condition is 

modeled for a time period of 30 years. 
 

m. From the modeling output, determine the maximum head buildup for each fill condition with 

each slope value.  Also determine the unit leachate production per acre for each fill condition 

and  
 

3. HELP Program Description 

 

The HELP computer program models climatologic, soil, and design data and utilizes a solution 

technique that accounts for infiltration, percolation, evapotranspiration, soil moisture storage, and  
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lateral drainage over a specified time period.  The program uses climatologic data with soil, and landfill 

design data to produce daily estimates of water moving across, into, through, and out of landfills. 

 

4. Soil, Climatological, and Design Data 

 

a. Climatological Data:  The following climatological data was used to enhance the model. 

 

Current Baltimore, MD 

Average 

Precipitation 

(in) 

Month 

Average 

Temperature 

(oF) 

3.47 Jan 32.4 

3.02 Feb 35.5 

3.93 Mar 43.7 

3.00 Apr 53.2 

3.89 May 62.8 

3.43 Jun 71.7 

3.85 Jul 76.5 

3.74 Aug 74.5 

3.98 Sep 67.4 

3.16 Oct 55.3 

3.12 Nov 45.5 

3.35 Dec 36.6 

Total = 41.94   

 

Additionally, the 25-year 24-hour storm event was confirmed to be 6.16” of precipitation.  In 

the first year of the predicted precipitation data, the precipitation value on the day of highest 

precipitation was replaced with the value 6.16 to further enhance the modeling. 

 

b. Soil:  The following soil and material data was used for the liner system and waste layers.   

 

Summary of Liner System Soil and Material Data 

Layer Description HELP Default Soil 

1 12 inches intermediate cover 6 

2 96 inches of waste 19 

3 48 inches of Select Waste 6 

4 24 inches of gravel/course sand 6 

5 Tri-planar GDL 34 (modified k = 4.4 cm/sec) 

6 

60 mil HDPE textured geomembrane 

Pinhole Density = 0 holes/ac 

Installation defects = 0 defects/ac 

35 
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The following soil and material data was used for the closure cap system.    

 

Summary of Closure Cap System Soil and Material Data 

Layer Description HELP Default Soil 

1 6 inches of vegetative support layer 9 

2 18 inches of protective cover 6 (modified k = 1x10-5 cm/sec) 

3 GDL 34 (modified k = 12.8 cm/sec) 

4 

40 mil LLDPE geomembrane 

Pinhole Density = 0 holes/ac 

Installation defects = 0 defects/ac 

Placement quality = 1, perfect 

36 

5 12* inches Final cover 6 
 Note:  The Help modeling was performed with a final cover thickness of 12 inches.  Actual final cover thickness is 

designed at 24 inches.  As a result the HELP post closure predictions are slightly higher than what would be expected with 

the 24 inch thick final cover. 

 

c. Design:  The following design features were incorporated into the model. 

 

Summary of Other Design Data 

Description Value 

Hydrologic Soil Group B 

Runoff Curve Number 
86 – Active 

69 - Closed 

Fraction of Area Allowing Runoff 

First Lift – 0% 

Mid-Fill – 50% 

Full-Fill – 75% 

Closed Fill – 100% 

Evaporative Zone Depth 9 in 

Maximum Leaf Area Index 0 

Start of Growing Season Day 102 

End of Growing Season Day 300 

Average Wind Speed 9.3 mph 

Average Humidity 62% - 71%  

 

5. Summary of Modeling 

 

The attached Table B summarizes the peak unit leachate flows for the active landfill periods of First 

Lift, mid-Fill, and Full-Fill.  Table B(a) Summarizes the peak average unit leachate flow in units of  
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(in/ac)/month.  These values are taken directly from the HELP modeling output.  The month with the 

greatest leachate flow was chosen for this table.   

 

Table B(b) converts this data to units of (in/ac)/day by dividing the Table B(a) values by 30.  Table 

B(c) converts the Table B(b) data to units of (cf/ac)/day.  Note 1”/ac = 3,630 cf/ac.  Table B(d) 

provides a comparison with the peak daily unit leachate flows in units of (cf/ac)/day.  This data is also 

taken directly from the HELP modeling output.  Specific Table B(d) values are used for design since 

they are greater than the Table B(c) values. 

 

From this data, the following specific Table B(d) values were selected for design. 

 

Active Landfill Unit Leachate Flows 

(cf/ac)/day 

Lift Condition Floor Sideslope 

First Lift 1,300 1,655 

Mid-Fill 1,011 1,001 

Full-Fill 1,113 1,031 

 

Attached Tables C through L provide similar data for the post-closure years 1 through 10.  From this 

data, the following specific values were selected for design. 

 

Closed Landfill Unit Leachate Flows 

Full-Fill (cf/ac)/day 

Year Floor Sideslope 

1 521 486 

2 16 16 

3 3 3 

4 2 2 

5 1 1 

6 1 1 

7 0 0 

8 0 0 

9 0 0 

10 0 0 

 

6. Calculations 

 

The active and closed unit flows were multiplied by cell acres for the various fill conditions and floor 

or sideslope areas, and converted to gal.  Cell 1 has the greatest peak daily flow of 132,216 gal.  Cell  

5F has the least peak daily flow of 16,877 gal.  The following table summarizes these calculations. 
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Summary of Peak Daily Leachate Generation for each Cell 

Cell Area of Floor 

(acre) 

Area of Slope 

(acre) 

Peak Daily Leachate 

(gal/day) 

Peak Daily Leachate 

(gal/min) 

1 11.7 1.5 132,340 19.9 

2 5.4 2.1 78,506 54.5 

3 4.2 0.7 49,506 34.4 

4 4.9 0.6 55,075 38.2 

5A 4.7 0.9 56,844 39.5 

5B 2.9 0.5 34,389 23.9 

5C 3.6 .8 45,405 31.5 

5D 1.9 1.0 30,855 21.4 

5E 2.3 0.9 33,507 23.3 

5F 1.0 0.7 28,340 12.8 

6 2.0 3.2 58,788 40.8 

7 2.2 4.5 76,826 53.4 

8 4.6 1.4 62,327 43.3 

9 2.7 1.3 42,348 29.4 

10 7.5 2.1 98,193 68.2 

11 3.9 3.1 76,963 53.4 

12 5.7 1.0 67,806 47.1 

13 2.6 0.8 35,186 24.4 

14 4.0 0.3 42,609 29.6 

15 2.8 1.9 50,748 35.2 

16 2.1 2.4 50,131 34.8 

 

7. Conclusion(s) 

 

Based on the foregoing, the estimated leachate flows for each cell by fill condition can be used to 

develop a timeline of potential peak daily leachate flows for the facility based on the cell life values.  

Additionally, this data can be used to size pumps and force main.  
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