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I. GENERAL

A. BACKGROUND

This design analysis provides the backup information used in the
design of the cap and gas collection system for the final landfill
cover at the Heleva landfill Superfund Site. It provides basic
criteria for design decisions, project design criteria selected,
and major design calculations. The following summary provides a
chronology of the eventual design selected.

0 Initial design efforts involved the gathering of site survey
information and other pertinent data concerning the physical
condition of the site.

0 Based on review of previous studies and physical conditions at
the site, various capping concepts were evaluated, all that
would meet the intent of 40 CFR 264.310. Guidance document
EPA/540/285/002, Covers for Uncontrolled Hazardous Waste Sites
provides recommended guidance for capping systems and
acknowledges that alternative designs can also meet the five
basic requirements without the use of the "standard RCRA cap."
In the course of the investigation, two major factors had to be

amount of subsidence has historically been
significant and based on the available information, this will be
a continuing problem at the site. In addition, the initial
survey of borrow material and available clay material identified
no practical local areas where acceptable capping material could
be expected. Historically, this has presented a problem in the
Pennsylvania area. After discussions with the COE, it was
determined that an initial concept design memo would be
generated addressing these two problems and providing grading
plan options to reduce the amount of borrow material required
for general grading and minimize the loading on the landfill
area. Initial investigations were also made of possible
stabilization and compaction methods.
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0 The preliminary design information was provided to US EPA and
COE for review and a meeting to discuss the options was held.
Based on the information presented, US EPA requested a
preliminary cost estimate (30 percent) for two options. The
first involved the standard RCRA cap and the second involved an
alternative design using a synthetic liner as the basic
impermeable layer. After review, SEC was directed to proceed
with an alternate design using the synthetic liner that would,
to the degree possible, meet the following criteria:

0 Provide long-term minimization of migration of liquids through
the closed landfill.

° Function with minimum maintenance.

0 Promote drainage and minimize erosion or abrasion of the cover.

° Accommodate settling and subsidence so that the cover's
integrity is maintained.

0 Have a permeability less than or equal to the permeability of
any bottom liner system or natural subsoils present.

Since subsidence may be an ongoing problem, the following
considerations were incorporated into the design.

0 Minimize the amount of final cover above the liner so that
should a repair be necessary, the area could be uncovered with a
reasonable amount of effort.

0 Select materials that would be sufficiently resistant to damage
during construction, but provide enough expansion capability to
allow for some degree of subsidence. HOPE was selected as the
liner material and a synthetic drainage net. The drain net
provides a reduction in the total thickness and weight of the
cap system and will better maintain its integrity as a drainage



blanket then would a sand/gravel layer should local subsidence
occur.

0 Utilize the SEC recommended alternative for grading (Option
No. 3 of the Concept Design Memo) for the site plan work.

In addition, prior to finalizing the 30 percent design, results
from the predesign study indicated areas outside the original cap
designation with TCE contamination. After review of this
information, EPA directed SEC to extend the limits of the cap
along portions of the southern boundary.

The comments from the 30 percent design submittal were discussed
and incorporated into a 95 percent design submittal. After
initial review, EPA and the ODE requested that the capping area be
returned to the original RI/FS designation and the boundary of the
cap be designed along the southern edge to allow for eventual
extension of the cap. Design options were evaluated and a review
meeting was held to finalize the concepts for resubmittal of the
95 percent design documents. Concerns were raised by the COE
about anchoring the liner in trash or fill areas and an
alternative extending the cap over the TCE area but allowing a
soil venting system to be installed at a later data though the
liner was formulated and selected. Evaluation of pre-installation
boots being incorporated into the liner for installation of the
soil vent system was investigated, but contacts with Terra-Vac
indicated that the spacing would vary based on several factors.
For this reason additional boots could be installed later, if
required. Final design has proceeded in this manner.

B. BASIC DESIGN ANALYSIS CRITERIA

The landfill site is owned by Steven D. and Louis M. Heleva. Arthur
J. Heleva and Martha KLugh own the adjacent property.

During the initial stages of the design effort, it became clear that
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the final design efforts could not proceed until certain conceptual
decisions were made. Certain complications occur with this site that
made a conceptual submittal necessary. The existing topography across
the landfill is extremely variable and significant subsidence has
occurred. Based on preliminary information, settlement will be an
ongoing problem at the site. Initial concepts were addressed in the
concept design memo submitted in October 1987.

The landfill cap was designed to provide long-term minimization of
migration of liquids through the closed waste site. The cap was
designed to conform with the following objectives of 40 CFR 264.310:

0 Provide long-term minimization of migration of liquids through the
closed waste site,

0 Function with minimum maintenance,

• Promote drainage and minimize erosion or abrasion of the cover,

0 Accommodate settling and subsidence so that the cover's integrity is
maintained, and

0 Have a permeability less than or equal to the permeability of any
bottom liner system or natural subsoils present.

To create a cap system that minimized the migration of liquids through
the closed waste site, the landfill would have to be regraded to allow
runoff to be transported off the site. Initially four options were
presented in the conceptual design memo issued October 30, 1987 based
on the existing topography at this site. Option No. 1 involved
filling the landfill site to form a dome allowing rainfall to run
across the cap to either Todd Lake or the Northeast pond. A ridge
would be made at the high point of the landfill near Todd Lake. A
great deal of fill would have been required for this option and runoff
would have been allowed to run across the cap for long distances. The
second option consisted of creating a ridge in the center of the



landfill and allowing runoff to run away from the center and towards
the sides of the cap. This option proved to require twice as much
fill as the first option. The fourth option was to create a dome to
shed runoff to the nearest cap edge. This option required five times
the amount of fill that Option No. 1 required. Option No. 3 was
selected based on the lesser amount of fill, the ease of construction,
and the reduced cost when compared with the other three options.

Option No. 3 has limited changes relative to the existing contour
layout. A north-south ridge will be graded to direct runoff toward
either Todd Lake or to the northwest pond. The flow that will be
directed towards the northeast pond will be channeled into engineered
ditches that will be lined with rip rap and tied into the landfill cap
by a 60 mil HOPE liner. These ditches will discharge the runoff to
the northeast pond. It is assumed that some high spots can be lowered
and that some cutting into the existing landfill material can occur.

After the initial common fill is placed so that adequate slopes are
attained for drainage, a 6-inch layer of select fill is placed. This
select fill will not contain any organic material, any rocks larger
than \ inch or objects that may puncture the HOPE liner. A geotextile
is placed on top the select fill to provide a cushion and protection
for a 60 mil HOPE liner. The 60 mil HOPE liner will be set on top of
the cushion geotextile to prevent runoff from entering the refuse. A
drainage net is placed on top of the HOPE membrane to allow runoff to
flow off the landfill. This rigid plastic net would provide drainage
as well as support for the cap system if settlement should occur.
These materials have been used in similar applications several, times
in the past. A filter fabric is to be placed on top of the drainage
layer to keep soil particles from entering the drainage net and
clogging it. The top of the cap will consist of a 12-inch layer of
select fill and a 6-inch layer of topsoil to allow grass to grow so
that erosion of the cap can be minimized. There is 12 inches of
select fill necessary because HOPE membrane manufacturers require a
minimum of 12 inches of material on top of the membrane before
equipment can be driven on the liner.



Due to design constraints a 3 to 5 percent slope, as required for RCRA
standards, was not possible. The landfill surface would have to be
lowered significantly to allow a 3 to 5 percent slope. This lowering
would require a large amount of excavation into the refuse which may
contain hazardous materials. Using the designed slopes it was
verified that the soil loss would be an acceptable amount by
utilization of the Universal Soil Loss Equation.

Through conversation with the Soil Conservation Service, the soil
erosion should be less than 2 tons/acre/year using the Universal Soil
loss Equation. Carl Hellerick (215-398-4910) of the Allentown Area
Soil Conservation Service supplied the regional factors for this
equation. These factors include an R (rainfall) factor of 175; a KJ
(soil type) factor of 0.28 based on a readily available topsoil for
that region; a C (crop) factor of 0.02 based on grass with low
maintenance; a P (farming practice) factor of 1.0 based on no
conservation practices being initiated. John Case of the Greenville
Soil Conservation (803-242-2756) received the plans and determined an
average slope of 6 percent (for LS factor) and an average slope length
of 700 feet (for LS factor). By utilizing an LS chart with a slope
length of 700 feet and a slope percent of 6, the US factor is 1.8.

The Universal Soil Loss Equation consists of the following:

SL = (R)x(K)x(C)x(P)x(LS)

where:

SL = Soil Loss
R = Rainfall factor (175 for Allentown, PA Area)
K = Soil Type Factor (0.28 for soil in Allentown Area)
C = Crop factor (0.02 for grass with low maintenance)
P = Farming Practice Factor (1.0 for no farming conservation

practices being initiated)
LS = Slope-length factor (1.8 for this site)
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Therefore the Soil Loss is:

SL = (175)x(0.28)x(0.02)x(1.0)x(1.8) = 1.76 tons/Acre/Year

By the utilization of the Universal Soil Loss Equation the soil loss
at this site will be 1.76 tons/acre/year which is less than the 2.0
tons/acre/year that is allowable.

Before construction of the cap can occur, several items will have to
be addressed. Several pieces of equipment are going to have to be
relocated so that the cap construction will not be obstructed. Near
the entrance to the site are junked cars and trucks. Further into the
site are several cars, trucks, bulldozers, earthmovers, trailers and
various other items that will have to be relocated prior to cap
construction. The existing power line is to be relocated so that the
pole near the building is not in the landfill. The building shown on
the plans is to remain on the site. The cap was designed to avoid
removal of this building at US EPA's request.

Several monitoring wells are located in the landfill capping area.
These monitoring wells are to be closed per the specifications. The
existing TCE area has been fenced in. This fence will be removed as
will a power pole located inside the fenced TCE spill area. The on-
site collection pond will have to be pumped dry prior to fill being
placed in this area.

Additional survey work conducted by Sirrine Environmental Consultants
revealed that the parking area, turnaround laydown area, washdown
area, and trailer location, would have to be relocated to a more level
area as shown on the plans. The washdown area was relocated so that
only the equipment that needs to be washed will have to drive over the
washdown area. The washdown area was placed between the parking lot
and the turnaround area so that equipment that is to be washed will
not be hindered by construction equipment and construction materials
that are placed in the laydown area. The washdown area is to



of gravel due to the lower cost when compared to the cost of a
concrete pad. Additionally when the cap is completed the laydown
turnaround area and the equipment washdown area are to be removed and
a gravel washdown area will be easier and cheaper to remove than one
made of concrete. The equipment washdown area is a drainable wash
area that directs flow to a sump. A portable pump is utilized to pump
the washdown water from the sump to an above ground tank. Solids that
get washed into the sump will have to be removed by hand. The ground
surface where the laydown turnaround parking area, trailer location,
and washdown area are located is generally flat. This area will have
to be sloped to allow runoff to drain towards the existing ditches.
These two ditches will be lined with rip rap to minimze erosion.
This rip rap will remain after the cap is constructed.

The other ditches that are on the cap were designed to collect the
runoff and channel it towards the off site pond. These ditches were
placed to follow the natural contours of the site. The slope of the
ditches was adjusted with stair steps to keep runoff velocities low
enough that the rip rap will not be disturbed. Construction of the
ditches may involve excavation into the refuse. This excavation may
encounter large objects such as automobiles or appliances.
Construction should be phased so that any large objects and any refuse
excavated can be placed in the collection pond area prior to the fill
being placed on the pond area. The ditch excavation may need to be
cut deeper than shown so that suitable backfill can be placed and
compacted to provide a good base for the ditches. Calculations for
the ditch design are included in Section IV of the Design Analysis.

Gas vents are required to collect the methane produced under the cap
and direct it to the surface. Several sources were utilized for the
design of the gas vents. EPA manual 540/2-85/002, Cover for
Uncontrolled Hazardous Waste Si1~'?g, p. 4—46 specifies that gas vents
should be placed at 30-60 feet centers. Gas vents were not placed
over the collection pond due to the fact that 15-25 feet of fill are
to be placed in this area. Gas vents also were not placed around the
ditches because of interference with ditch placement and the high
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concentration of runoff in these areas.

The gas vents are designed so that the screw on PVC riser can be
removed and replaced with a manifold if the gas is to be collected and
treated. The gas vents were placed 6 feet above the cap surface so
that anyone visiting the site would not be overcome by methane. The
vent base is grouted to provide stability. Boots and bentonite are
required to prevent moisture from entering the borehole. Where the
PVC protrudes through the HOPE liner, the liner has been raised above
the drainage layer so that the protruding part is above the drainage
layer and thus further minimizing the chance of runoff getting into
the gas vent. Methane will collect in the slotted PVC and rise to the
surface. Wells will be drilled after the completion of the rough
grading so that all cuttings can be placed under the cap.

Settlement monuments are placed to allow settlement to be periodically
checked. These monuments will be constructed so that a known
elevation can be set and recorded with the screw on cap and then
welded permanent.

The entire landfill cap is to be enclosed by a security fence. The
entrance gate is placed so that access to the drive that leads to a
barn would not be blocked. The security fence was laid out so that
clearing, of trees could be minimized. Most of the trees near the site
are less than 10 inches with a few larger trees near Hill street.

The entire site is to be hydro-seeded. During construction an erosion
control mat will be needed on slopes larger than 5 percent or in any
areas that should receive this mat so as to allow a good strand of
grass to grow. Silt fences will be required perpendicular to surface
flow patterns.

C. FEDERAL, STATE, AND LOCAL ENVIRONMENTAL PROTECTION CRITERIA AND

ENVIRONMENTAL PERMITS

The purpose of this section is to summarize permitting requirements
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for the proposed construction at the Heleva landfill cap.

A zoning permit is required by the North White Hall Township, where
the landfill is located. This is the only local permit required. The
cost of the permit is $0.50 per thousand dollar cost of construction.
There is a 2-week processing time for the permit. A copy of the
permit is included in Appendix A.

The following areas of state permitting regulations have to be
addressed: air quality, well closures, earth disturbance, and
landfill closure.

An air quality permit may be required due to the methane gas or VOC's
being vented from the site. To determine whether this permit is
required, a "Request for Determination of Requirement for Plan
Approval" application should be submitted to the Pennsylvania
Department of Environmental Resources, Bureau of Air Quality Control.
If an air quality permit is required, 90 days should be allowed for
processing. There is no fee at this time for air permits. A copy of
the application for plan approval is included in Appendix A.

There are no permits or abandonment requirements issued by the Bureau
of Topographic and Geologic Survey under the Pennsylvania Water Well
Drillers Licensing Act 610 of 1956. A letter of confirmation is
included in Appendix A.

An earth disturbance permit will be required if more than 25 acres of
land are disturbed in a contiguous project. A copy of the policy and
procedure for this permit are included in Appendix A. The fee is
$200 and the processing time is approximately 90 days. The earth
disturbance permits are applied for through the County Conservation
District. They also will coordinate review of plans with other
agencies, such as the Bureau of Water Quality Management, and others,
as may be required.

The Bureau of Solid Waste Management requires a letter of approval to



be issued for a landfill closure. Chapter 75 of the Pennsylvania
Solid Waste Regulations contain the applicable regulations. These
regulations are in the process of being revised, with the new issue
being due in March, 1988.



ZE. POTENTIAL SETTLEMENT EVALUATION AND CCMPACITON CONSIDERATIONS

The following section summarizes the efforts to date, conducted to
evaluate the potential settlement at the site and the conceptual
alternatives to reduce the risk of cap settlement. Section 2.1
presents a summary of site conditions based on available information,
a summary of mining activities and possible conditions of mined
openings, a summary of conditions within the landfill. Section 2.2
presents a discussion of potential sources of settlement of the
proposed cap at the landfill site, a discussion of the estimated
magnitude of potential settlement, and mitigation possibilities for
that settlement. The final section presents a summary of potential
settlement at the site, the risk associated with that settlement to
the proposed RCRA cap, mitigation possibilities, and recommendations
for additional information that would be required to fully evaluate
the final design.

A. BACKGROUND INFORMATION

The Heleva Landfill site is a 20-acre landfill located immediately
west of Ormrod in North Whitehall Township, Lehigh County,
Pennsylvania. The landfill consists of mixed refuse, paper, wood, and
orchard wastes from the Allentown area and incudes an undetermined
amount of industrial wastes including TCE's. The landfill began
operation as a sanitary landfill in 1967 and apparently continued
until it was ordered closed by PADER in 1981. The landfill received
on the order of 250 to 350 tons/day of refuse which was placed in an
abandoned open-pit mine developed in the late 1800s and early 1900s
during iron-ore mining in the area. The current topography of the
landfill area is flat or gently sloping, the landfill surface is
weed-covered and includes irregular depressions suggesting
differential settlement on the order of 2 feet or more. The landfill
surface is partially covered with fine-grained soil apparently placed
as a cover. This material has apparently been eroded and completely
removed in some areas.
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Methane gas, ground water at temperatures of approximately 100 degrees
fahrenheit, and foul odors were encountered during investigations of
the landfill.

The subsurface conditions at the Heleva Landfill site as revealed by
existing subsurface information include:

o 1 to 2 feet of soil cover overlying,

o Approximately 30 feet of refuse fill containing layers of soil
fill overlying,

o 50 to 120 feet of fine-grained soils described as clay, silty
clay, silty sand, and clay with trace of gravel, overlying,

o Dolomitic bedrock.

The bedrock surface appears to be highly irregular and one boring
encountered thin rock ledges 20 feet above the top of bedrock surface.
The bedrock is soluble and the information suggests it contains
solution cavities and collapse features typical of karst terrain.

Ground water generally occurs at or below the elevation of the base of
the refuse fill. Therefore, ground water is generally encountered
within the upper portion of the fine-grained clayey soils at the site.
Ground-water contours based on well data obtained during July, 1986
suggest a ground-water gradient to the southeast across the landfill.
This ground-water gradient follows a general dip of the top-of-rock
surface in the same direction.
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Mining activities which produced the open pit that was backfilled
during operation of the landfill are described in Chapter 3 of the
report by Lawler, Matusky & Skelly Engineers. Mining in the area was
for iron ore, began in the 1820s, and continued until about 1915 when
it ended due to competition from other sources. Mining began as
shallow surface excavations, progressed to full-fledged open-pit
mining, and entered a final stage of underground mining after open-pit
mining became uneconomical.

Based on existing information, it appears that mining in the immediate
area of the Heleva landfill included three adjacent, open pit mines.
These mines were developed over a 40-year period until the overall
dimensions of the three pits were 2,000 feet long (east/west
, direction), 800 feet wide (north/south direction), and 90 feet deep
(approximately El. 400 to 410 feet).

Underground mining was conducted from about 1900 to 1915. Available
information suggests that underground mining occurred below at least
three locations of the Heleva Landfill. This information does not
provide much detail regarding the mine layout, mining levels, or
backfilling practices, if any. Available information suggests that
underground mining was conducted on multiple levels, that drifts were
approximately 7 feet high, that the interburden left between successive
drifts was 5 to 6 feet, that THJ.P*** openings were developed and
supported with timbers and wood lagging, that drifts were developed to
follow ore seams, and that the support was removed from each mining
level and additional ore was removed during "retreat" from each level.

Available information suggests that underground mining occurred below
the bottom of the open-pit and that vertical shafts were developed for
mine access, ore removal, and ventilation. In addition, slopes were
developed from the deepest mining levels to the ground surface adjacent
to the open pit for access to the "washery." Finally, available
figures suggest that mine spoils were dumped into the open-pit from a
trestle.
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No definitive information such as mine plans are available to show the
location of active mined areas below the bottom of the open-pit. No
information is available as to the number of levels developed along
individual ore seams, the depth of the deepest drift, the depth below
the bottom of the open-pit to the shallowest drift, or the type of
material in which the underground mine openings were developed.

It is surmised for the purpose of this evaluation that open-pit mining
operations were carried down to approximately the ground-water
elevation, that underground workings extended into the fine-grained
soils below El. 400 to 410 feet and possibly into underlying highly
fractured dolomite. It is also surmised that active dewatering of
underground mined openings was required during underground mining
,activities.

Finally, it is surmised that the underground mining operations were
abandoned abruptly, with no reclamation or other remedial efforts
because the underground mining operations were abandoned in 1915 due to
competition from other sources.

Two general approaches are proposed for a RCRA cap for the Heleva
landfill. Conceptually all the options evaluated incorporate one of
these approaches. The first includes recontouring the existing ground
surface such that the landfill surface slopes gently inward from the
perimeter and gently northeastward to direct surface runoff toward
Pond 1. This approach appears to require removal of some existing
soils to achieve the desired contours below the proposed cap materials.

The second approach involves some degree of recontouring of the
existing ground surface at the landfill to a mound with a high point
near the center of the landfill with gentle slopes to the perimeter of
the landfill and a gentle slope northeastward to direct runoff toward
Pond 1. This option will require addition of up to 10 feet or more of
random fill above the existing ground surface to achieve the planned
final site contours.
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For the purpose of this evaluation, it is assumed that the RCRA cap
will be 2 to 3 feet of clay material below 1 foot of sand and gravel,
below 2 feet of soil to support vegetation.

2.2 ANALYSIS OF POTENTIAL SETTTjiMF̂ n1

Based on review of existing information, several sources of potential
settlement of the proposed RCRA cap have been identified and include:

o Compaction of the refuse fill from surcharge loading imposed by
placement of the cap materials.

o Settlement resulting from consolidation and compaction of
fine-grained soils below the refuse fill and above the bedrock.

o Settlement from collapse features or subsidence from sinkhole
development in dolomite bedrock below the landfill.

o Settlement from subsidence over mined openings developed below the
landfill and/or from access shafts and slopes developed for ore
removal, ventilation and mine access.

The following sections include a discussion of the settlement
mechanisms, an estimate of the magnitude of potential settlement, a
description of means to mitigate the potential settlement, and a
description of additional information that would help in further
evaluating the potential settlement.
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2.2.1 Settlement of Refuse Fill

Predicting potential settlement of refuse fills is difficult
because of problems obtaining geotechnical information to
characterize refuse fill, and because it is difficult to predict
what decomposition of the organic fraction will produce in
reduction of the fill mass. Existing boring logs from subsurface
explorations in the landfill contain few descriptions of the
nature of the refuse fill and almost no "blow count" information
from within the refuse fill. The borings indicate that the refuse
fill is generally about 30 feet thick, and contains intermediate
thin soil layers presumably placed as temporary covers during
landfill operation. One boring, Boring 1, included standard
penetration test data within the refuse fill. These data indicate
a range of N-values of 36 to 42 blows per foot with an average of
38 blows per foot. Ground water generally occurs at or below the
base of the refuse fill, however several boring logs described the
refuse fill as wet in the lower portion of the fill.

A conceptual level estimate of the settlement of the refuse fill
must consider potential settlement from two sources; settlement
from compaction of the refuse fill from surcharge loads imposed
by cap materials, and settlement from decomposition and
consequent loss of volume of the organic fraction.

Settlement from compaction of the refuse fill can be estimated
based, on case histories and experience with similar materials
reported in the literature. The potential surcharge load from
the proposed RCRA. cap is assumed to vary from a maximum of 16 feet
to a minimum of 6 feet of soil depending on the final approach.
Based on experience from two case histories where a surcharge was
added to an existing sanitary landfill, the predicted settlement
from surcharge loading imposed by the proposed RCRA cap materials
is as follows:
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o 16 foot cap thickness - settlement of 2 to 4 feet.
o 6 foot cap thickness - settlement of 1 to 2 feet.
o Differential settlement - 2 to 3 feet.

Differential settlement may occur due to the non-hcraogenous
nature of the trash fill. The above determination is an estimate
of potential differential settlement based on settlement data in
case histories.

Settlement resulting from continued decomposition of organic
materials within the refuse fill is difficult to estimate.
Boring logs in the refuse fill do not describe the types and
fraction percentage of various types of refuse contained within
the landfill. Because methane was encountered during drilling,
elevated ground-water temperatures were encountered, bad odors
were encountered, and differential settlement was observed on the
existing landfill surface, active decomposition of organic
materials within the landfill is apparently occurring at the
present time. Typical percentages of various materials for
municipal wastes include; paper 40%, metal 10%, food wastes 15%,
yard wastes 15%, glass 10%, rocks, ash and dust 4%, plastics 3%,
cloth 2%, and wood 1%.

Assuming that the food wastes, yard wastes, cloth, and wood
represent the fraction that will actively decompose,
approximately 33 percent of the refuse fill volume will change
due to decomposition. If paper is added, then 73 percent of the
refuse fill volume will change due to decomposition. Information
from long-term settlement of refuse landfills suggests that this
mix of materials will undergo significant settlement without
addition of external or surcharge loads. The magnitude of this
potential settlement is high, on the order of several feet, and
the potential for differential settlement is high because of the
non-homogenous nature of the refuse fill.
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Risk of settlement of the refuse fill by the two mechanisms
described above is high. Settlement is anticipated as a result
of surcharge loads imposed by the proposed RCRA cap and through
continued decomposition of the organic fraction of the refuse
fill. Settlement potential from these two sources is high, on
the order of several feet, and differential settlement potential
is also high, also on the order of several feet.

Measures to mitigate this potential settlement include
modification of the existing conditions within the refuse fill,
and staging construction of the proposed RCRA cap such that the
majority of compaction settlement occurs prior to placement of
the impervious and upper sections of the cap. Possible methods
to modify the existing conditions of the refuse fill in order to
minimize settlement potential include:

o Removal and controlled replacement of the refuse fill

o Dynamic deep compaction.

o Grouting using a cement, sand and/or fly ash grout.

Removal and replacement of the refuse fill is considered
unacceptable because it is logistically impractical to remove the
refuse, store it temporarily, and place it back in the original
area using controlled compaction and moisture content conditions.
This option is impractical and too costly.
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Dynamic deep compaction could be used to densify the existing
refuse fill and therefore reduce future settlement due to
surcharge loading. This method consists of dropping a heavy
weight from specified heights to impart compaction energy into
the ground. Although the process could densify in-place refuse
material, it is not recommended because of its high cost and
uncertainties associated with compaction of the organic fraction
of the refuse fill. Depending on the resolution of the issue of a
staged closure, this option may warrant additional consideration.

Grouting could be used to fill existing voids within the refuse
fill and, if sufficient grout could be placed, to compact and
densify the refuse fill. Grouting of refuse fills using cement,
sand, and fly ash grouts have been effective in reducing
settlements of refuse fills, particularly where the grout can be
injected under confined conditions such that sane compaction and
densification of the refuse fill results from grout placement.
Another potential advantage of grouting is that it decreases the
relative percentage of organic materials within the refuse fill by
adding inorganic material. Unfortunately, grouting of the entire
landfill would be very costly. Complete grouting of the Heleva
landfill would require an estimated 225,000 cubic yards of grout.
At an estimated $50.00 per yard delivered into the ground,
grouting the entire landfill could cost approximately 10 million
dollars. For this reason, it is not presently considered
feasible.
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2.2.2 Settlement from consolidation and Compaction of Fine-Grained
Soils Below the Refuse Fill and Above

Predicting potential settlement in fine-grained soils can be done
using well-established principals of soil mechanics.
Consolidation of fine-grained soils results from an increase in
stress within a soil mass located below the water table and
occurs slowly as pore water is expelled from the soil and the
soil particles compact. The amount of consolidation that occurs
in a soil mass is a function of its geotechnical properties and
the previous stress history of the soil.

At the Heleva landfill, the fine grained soils are described
primarily as clayey soils with a minor gravel fraction. Other
descriptions include silty clay and silty sand. Previous reports
indicate that the clays may be glacial till. This is important
because if the soils are glacial till, they are highly over
consolidated due to the large loads imposed during deposition and
glacial advance. Generally, the clayey soils below Heleva
landfill occur at between El. 440 feet and 450 feet and extend 60
to 120 feet to the top of rock. Ground water occurs at between
El. 405 and 430 feet, therefore all but the top 20 to 30 feet of
the clayey soils are submerged. Three standard penetration tests
were taken in borings which penetrated the clayey soils within the
landfill area and produced N-values of 39, 46, and 52. Generally,
Standard Penetration Tests in clayey soils from borings located
beyond the perimeter of the landfill at depths of greater than
20 feet resulted in N-values of between 20 and 50. The
consistency of fine-grained soils with N-values in this range
would be described as stiff to hard.
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Close evaluation of available information about the mining
activity at the Heleva Landfill suggests that the clayey
materials above El. 410 consist of mine spoils dumped into the
open pit after processing at the washery. These were dumped from
a trestle and no spreading or compaction is believed to have
occurred during placement of this material in the open pit.

Any settlement in the clayey soils from surcharge loads irrposed
by the proposed RCRA cap would come from the soils above El.
410 feet. Below El. 410 feet, it is likely that the soils are
over-consolidated from glacial activity or original topography at
the site. No settlement is anticipated from the clayey soils
below El. 410 feet from placement of the RCRA cap. Some
settlement is possible from clayey soils above El. 410 feet due to
compaction in clayey soils above the ground water or to
consolidation of clayey soils below the ground water. An
approximate estimate of this potential settlement is one to
6 inches. Compaction settlement of soils above ground water would
occur during and immediately after placement of cap materials.
Settlement resulting from consolidation of soils below ground
water would extend for a considerable period of time after
placement of cap materials It is anticipated that differential
settlement from this material will be small.

The risk that this settlement will occur is high if some of the
clayey materials are dumped mine spoils If all clayey materials
below the landfill are "in-situ," then potential settlement is low
due to the ever-consolidated condition of these soils.

Measures to mitigate the potential settlement from the
fine-grained soils below the refuse fill include:
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o Placement of wick drains in the clayey soils below ground
water and above El 410.

o Phased construction of the proposed RCRA cap.

Wick drains placed at approximately 10 foot centers would minimize
the time required for clayey soils to consolidate. The cost of
installing wick drains is approximately $0.50 per square foot of
treated surface area. The approximate cost for wick drains based
on available ground-water data would be $250,000. However, prior
to proceeding with this option, consideration would have to be
given to the contaminated nature of the extracted ground water and
its ultimate disposal.

Phased construction of the proposed RCRA cap would allow for some
of the anticipated settlement to occur prior to placement of
impervious cap materials. Phased construction would consist of
placing a surcharge onto the landfill surface, waiting several
months, monitoring the settlement, and then removing some of the
surcharge and placing impervious and special cap materials.

2.2.3 Settlement from Collapse or Subsidence from Sinkhole Development
in Bedrock

Settlement of RCRA cap materials could result from collapse or
subsidence from sinkhole development in the dolomitic bedrock.
Existing information suggests that the bedrock below most of the
landfill area is soluble, and solution features have been
identified in the general site vicinity* One boring log (FW-4)
suggests a collapse feature or highly irregular top of rock
surface as several thin rock ledges were encountered 20 feet
above the top of rode. Ground-water levels within the landfill
generally occur 20 to 100 feet above the top of the bedrock
surface.



The amount of settlement that could result from collapse or
development of a sinkhole is not prudent to estimate It is
sufficient to say that development of a new sinkhole or collapse
feature would potentially result in large settlement of cap
materials, on the order of several feet, within a zone above and
surrounding the subsurface collapse feature.

Generally, development of sinkholes in karst terrain are
associated with changes in ground-water levels. Both an increase
and decrease in ground-water levels are attributed to dramatic
development of sinkholes in regions underlain by soluble rock
formations. Therefore the risk of settlement from this mechanism
is high only if increases or decreases in ground-water levels
occur. Increases in ground-water levels are not anticipated from
anticipated future activity at the landfill site. Decreases in
ground-water levels could result from well pumping to contain
contaminant flow.

As suggested in the previous report, mitigation of the risk of
damaging the RCRA cap due to settlement from collapse or
subsidence from sinkhole development consists of placing cap
materials after ground-water levels had been drawn down to any
anticipated steady state levels for several months.

2.2.4 Settlement from Subsidence Over Mined Openings Below the Refuse
Fin

Evaluating potential settlement from subsidence over mined
openings below the landfill is difficult because accurate mine
maps are not available in the area of the landfill. Existing
information suggests that earlier mining operations included
underground workings below the open pit mines in the area, and
seismic exploration work identified underground openings or zones
of low density materials in the landfill area.
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General descriptions of mining methods suggest that once the open
pit mine reached El. 400 to 410 feet, mining went xanderground to
recover deeper ore. The underground mines were developed along
ore seams as multiple drifts, each approximately 7 feet high and 8
to 12 feet wide, separated by interburden of 5 to 6 feet. Access,
ventilation and ore recovery was accomplished through vertical
shafts or slopes. Generally, the shafts appear to have been
developed within the confines of the pit, while the slopes
extended from the lowest underground level to a washery at ground
surface adjacent to the pit.

It is difficult to determine exactly how deep the underground
workings were taken and in what materials the mined openings were
developed. Existing information indicted that all shafts and
underground openings were timber supported and continuously
lagged. This suggests that the underground workings were
developed within the clayey soils or highly fractured dolomite
indicated by borings taken below the landfill material.
Description of mining methods indicted that as multiple drifts
were developed away from a central access shaft along an ore
seam, the openings were continuously supported using timber and
wood lagging. After the drifts were fully developed, support was
shot down and additional ore was robbed from the perimeter of each
opening as mining retreated back to the access shaft. The deepest
mined opening was described as 150 feet deep and the longest drift
was described as 300 feet.

Based on the available information about underground mining below
the Heleva landfill, the potential for settlement of cap
materials because of ongoing subsidence over mined openings is
considered either low or high. Potential settlement is
considered low if the mined openings collapsed after mining
operations ceased in 1915 because wood support was removed, or
because wood supports decayed. If wood supports were removed by
either mechanism surface subsidence has probably already occurred
and future subsidence is unlikely.
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Potential settlement is considered high if mined openings have
not collapsed completely and collapse could occur in the future.
If this is possible, the magnitude of surface settlement above
collapsed openings could range from 0.25 to 0.75 times the height
of the opening. Therefore, for three levels developed with 7 feet
openings on each level, surface settlement resulting from collapse
of these openings could be between 5 and 15 feet.

Mitigation of potential settlement from subsidence over mined
openings, could be accomplished by finding and backfilling the
openings with grout or soil mixtures. The cost of backfilling
could quickly reach several million dollars because of potential
for large volumes of material, and lack of control over where the
material would go once injected underground.

Clearly, a better understanding of the location and current
condition of wined openings within the perimeter of the landfill
is required to fully assess the potential for settlement from
this source.

2.3 CONCLUSIONS AND REOCtMENDATIONS

Potential settlement and differential settlements of proposed RCRA cap
materials is on the order of several feet. Four separate mechanisms
exist below the landfill surface that may contribute to significant
future settlement of cap materials during and after placement. These
mechanisms include compaction and biological degradation of refuse
fill, consolidation and compaction of clayey soils between the refuse
fill and the rock, settlement from collapse or subsidence from sinkhole
development in the bedrock, and settlement from subsidence over mined
openings developed below the landfill.



Table 1 presents a summary of the estimated magnitude of potential
settlement, the timing of that settlement with respect to placement of
proposed RCRA cap material, and a subjective evaluation of the risk or
likelihood that the settlement will occur.

To fully design the facility, consideration should be given to
supplementing the present database with the following types of
information.

o Additional geotechnical information on the refuse fill and
underlying clayey soils.

o Data to differentiate between clayey soils above and below El. 400
to 400 feet.

o Undisturbed samples of the clayey soils underlying the refuse fill
to allow a laboratory determination of previous stress history.

o Additional information on the make-up of the refuse fill,
including an estimate of organic material and the degree of

•
biological decomposition at present.

o Location of mined openings below the landfill and to determine the
current condition of mined openings.

o Some consideration may want to be given to establishing a test
section on the landfill to determine the magnitude and timing of
settlement resulting from placement of the maximum anticipated
surcharge load associated with the proposed RCRA cap.
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SETTLEMENT CALCULATIONS
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IRIERLEY
k LVMAN
INCORPORATED

NOTES OF MEETING

DATE: October 14, 1987

ATTENDEES:

Colorado Department of Highways: Mr. Brandy Gilmore
Mr. Nelson Chou

Brierley & Lyman, Inc.: Mr. Tracy Lyman

Discussion of CDOH experience with placement of a highway
embankment on a closed sanitary landfill in the greater Denver
area in Colorado.

Location; 1-76 and Sheridan Boulevard.

Site Description:

Sanitary landfill 20 to 30 ft deep. Groundwater levels
occur at or close to the bottom of the landfill.

Landfill was a sanitary landfill with municipal and
industrial waste products. Drilling revealed that little
decomposition of waste had occurred. Paper, rubber tires,
belts and hoses, and general trash were uncovered during
auger drilling through the trash.

CDOH Construction Sequence;

Placed embankment in two phases. First phase built 24 ft
embankment height, waited for settlement. Second phase
increased to 40 ft embankment height. Final embankment
required was 30 ft, therefore second phase placed 10 ft
surcharge.

Observed Settlement;

Phase 1: 32 inches maximum total settlement.

Phase 2: 40 inches maximum total settlement.

Generally the trash fill behaved like a granular soil. Most of
the total settlement in Phase and Phase 2 occurred during
construction of the embankment. No pore pressure increase was
observed within the trash fill. Lateral spreading near the base
of the embankment was a maximum of 3 inches.
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SETTLEMENT OF WASTE DISPOSAL FILLS

TASSEMENT DES REMULAIS DlfS TERRES
OI'A.IKII IIACWIli:!! Ill IIMAMOIt

CEORCE F. SOWERS, Coniultont, Law Engineering Tatting Company, Atlanta (U.S.A.)

SYNOPSIS. Waste disposal fills are becoming the major mechanism for disposing of materials unsuitable for other
purposes, including garbage, household refuse, construction debris and industrial wastes. Settlement of such
organic-mineral complexes occurs through four mechanisms: (1) consolidation or void ratio reduction, (2) bio-
chemical decomposition, (3) physico-chemical, and (4) ravelling of soil into large voids. The author's studies
show that settlement is similar to that of peats: large initial consolidation, little or no hydrodynamic and
substantial secondary compression. The compression index Cc is approximately proportional to the Initial void
ratio and Increases with the organic cpntent of the fill.

Decomposition and disintegration are reflected in the rate of secondary compression. For aerobic moist condi-
tions above the water table the secondary is three tines as great as for anerobic below a stagnant water table.
The rate of ravelling cannot be expressed analytically at present. Settlement can be reduced by compaction,
preloading, and controlling the environmental factors favorable to decomposition.

INTRODUCTION from the pile-supported exterior wall and inethane is
accumulating below the floor adjacent to the wall.

Land filling has become the major method for disposing Disaster could occur from either structural collapse
of solid wastes In the USA. Two purposes are served: or explosion.
(1) rid the coninunity of waste that cannot be eco-
nomically recycled or consumed, and (2) fill in low THE NATURE OF WASTE DISPOSAL FILLS
areas of land to provide usable space. In the past
such waste disposal fills have been considered suit- Waste is as heterogeneous as the modern industrial-
able only for green areas or parks. The increasing urban complex that produces it. It consists of any-
scarcity of land in urban areas is making it necessary thing thot cannot be further used or recycled eco-
to build Structures above such fills. Data on the nomically; thus, its composition varies from community
engineering properties of such fills Is lacKing. The to community, and from nation to nation. The prin-
englneerlng problems Involved have been summarized by cipal ingredients are given in Table 1.
Sowers (1968). These include bearing capacity,
settlement, gas production, leachate production, The density varies greatly from 200 lb. per cu. yd.
corrosion of buried materials, and difficult (120 kg per cu. m) to 500 lb. per cu. yd. (300 kg per
construction. The present paper presents quantitative cu. w) .is delivered to the f i l l , dopenrllmj on the
data on settlement that the author has accumulated. amount of uiot.il and debris. After compaction the

densities may be more than 1000 lb. per cu. yd. (600
IMPORTANCE OF SETTLEMENT kg per cu. in). Moisture contents range from 10 to 50

per cent and average specific gravity of solids from
Settlement Is the key to the use of waste disposal 1.7 to 2.5. lypical void ratios are between 15 un-
fllls. Because potential settlements are large, they compacted and 2 we 11-compacted.
control the design of roads, parking lots, and lighter
Structures supported on shallow foundations. More- TWO extreme forms of decomposition are utilized: the
over, when deep foundations are employed, the con- open dump and the encapsulated "sanitary land fill",
tinuing fill settlement is critical because explosive Fig. 1. The former is heterogeneous, accumulating at
gas can collect In the enlarging gap between the fill random ar. dumped, possibly allowed to bum, and
surface and the supported floor. If the ground floor finally covered with soil to control odors, rats, and
1s fill-supported, the differential settlement between flies. The true sanitary land fill is spread in
the pile and ground-supported components can be layers, compacted, and then covered with soil after
damaging. For example, both problems arc developing each diiys fillim). Each cell ntoy he 10 to 25 ft.
simultaneously at a large restaurant whose site is (3 to 8 m) thick, 50 ft. (16 m) wide, and 100 to 200
underlain by an old sanitary land fill. The ground ft. (30 i» to 60 m) long, covered with 1 m of soil.
floor and the partitions resting on it sag downward
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Table I

MUNICIPAL WASTE MATERIALS INCORPORAIED IN FILLS

Material Typic.il PurcenUnjc Characteristics As F i l l

Garbage: Food Waste 10-20 Wc-l. Ferments mid decays readily, Com-
pi c'«is ih I*;, wo,!!* •

Paper, Clolh lO-'iO l)ty to d;mip, ilrcoys and burns, compress-
ible.

Lawn and Garden Refuse: Grass, Brush, Stumps 10-20 Damp. Ferments,'decays, and burns.
Plastic 1-2 Dry: Compressible, decay resistant but

may burn,
Hollow Metal: C.ins, Drums, Rcf rigorotors, 5-15 Dry. Corrod.ible and crushable.

Auto Bodies, Bed Springs
Massive Metal: Castings, Kettle Bottoms, I Dry. Slightly corrodablc, rigid.
Auto Batteries

Rubber: Tires, Trimmings 5-10 Dry. Resilient, burnable, compressible
but uncrushable, decay resistant.

Glass . 5*'5 • Dry. Crushable and compressible, decay
resistant.

Lumber from Demolition 0-5 Dry. Crushable, compressible, decays and
burns, some interlocking strength.

Rubble: Brick, Concrete, Stone, Soil 0-10 Damp. Crushable, erodable, decay
from Demolitions resistant.

Ashes, Cinders, Chemical Wastes* 0-5 D.tmp. Soil-like: Compressible, active
chemically and partially soluble.

* Does not include separate Industrial waste-disposal fills.

MECHANISMS OF SETTLEMENT coll-,, 3 to G It. (I to ? in) in diameter and the be-
havior of iittuol f i l l s iiiu'il. hi analy/ed for mcanlng-

A number of mechanisms are responsible for the settle- ful dula. lh'.lr.e arc limited (jloll, 19/1) (Merz and
ment: Stone, 1962) (Law, Various Uutos). However, tentative

conclusions can be drawn which are useful in- predict-
1, Mechanical: Distortion, bending, crushing and ing settlements.

reorientation of the materials, similar to Uie con-
solidation of organic soils. 1. The mechanical settlement occurs rapidly with

little or tio pore pressure build-up. The initial and
2. Ravelling: The erosion or sifting of fine mate- primary phase are complete in less than 1 month.

Hals into the voids between larger particles. 1.5 FT « 1/2 M

3. Physlco-Chemical Change: Corrosion, oxidation
and combustion.
4. Biochemical Decay: Fermentation and decay, both

6"t>bic and ancrobic.

5. Interaction: Methane from bio-chemical dec.iy may
support combustion, ignited spontaneously from the
heat of decay. Organic acids from decay may produce
corrosion; volume changes from consolidation may a- RUBBISH DUMP: UNCONTROLLED PLACEMENT, NO
trigger ravelling. COMPACTio»i

Of these mechanisms, only the first is load related 3 FT. - I H
and can be analyzed in terms of the stresses involved.
The other mechanisms are related to the environment:
air, moisture, and temperature. A waste fill is dy-
namic, chatKjinc) with the environment and partial ly
creating its own environment. For example, tempera-
tures 60° F (33C) above ambient are common during bio-
chemical decay. Decay utilizes moisture and the
oxygen 1n'the air voids to form carbon dioxide; when
the oxygen is depleted, methane is produced which is
poisonous and inflammable. Saturation of the f i l l in-
hibits decay, because the bacteria are eventually
destroyed by the products of their own growth.
.m.ftiT nc crTTITMrNT b' S*NITARY LANDFILL: SPREAD AMD COMPACTED IN
AMOUNT OF SETTLEMENT LAflRS (> TO 10 FT OR 7 TO 3 M THICK,

... . tNCAI'SUl Alt.1) VMM ',011. Ill CtLLS 6 TO ?0 FT
The usual laboratory tests for consolidation arc mean- • MR ̂  to <, M T H I C K DAILY'

• ingless with such heterogeneous materials of such
varied particle sizes. Instead, large scale pil»i ML. i COHSTRULIION or W/V.IF DISPOSAL FILLS

208

rri|u n m r^i .f.•kJ'J1̂ - W
K̂'̂ ---̂  t '- *2S8f -«



4/34

2. The relation of stress to settlement diirinn the
first month ran be expressed by the well-known en.ua- ""'

TO 1000 IB PER SQ FT
10 ',00 KG Pin SO CM

tlon t
Ae - -Cc log _0cl4 A0__ (1)

3. The compression index, Cc is related to the ini-
tial void ratio, <is shown in Fig. 2. There is .1 i.un-
siderable variation in Cc for any value of e. Hie
higher values are for fills containing large amounts
of garbage, wood, brush, and tin cans; the lower-
values are for the less resilient materials. The
upper limit for peat soils is also shown; the maximum
Cc for peat is about one-third greater than the nieixi-
mum observed for waste fills.

4. The amount of ravelling or combustion settlement
cannot be predicted.

RAIE OF SETTLEMENT FIG. 3 i IMI -MI IIIHLIII run WAMI oi (.AUBAGE,
RLFUSE AMD BUILDING DEBRIS

Settlement of the waste fills continues at substan-
tial rates as can be seen from Fig. 3. This is the
combination of mechanical secondary compression, physi-
co-chemical action, aiiti bio-chemical decay. When
there has been no drastic change in the environment broken water pipes, and drying und exposure to air
the settlement-log time relationship is more or less from making excavations in the soil cover or the fill.
linear, similar to secondary compression of soils.
The settlement can- be expressed by: MINIMIZING SETTLEMENT

A.e = - of. log (t?/li) (;') The ultim.ilc seMii-uK-nl i', rel.il.'-d to the in i t i a l void
ratio and the environmental conditions favorable to

where OC 1s a coefficient analogous to Cc. The limit- deterioration, decay, ravelling and combustion. Be-
ed data available indicate thatcc is a function of cause void ratio or initial density is related to the
the void ratio, Fig. 4. For any given void ratio initial-primary settlement as well as secondary corn-
there Is a large range in oc , related to the poten- pros si on, densif ication offers an element of control
tial for physico-chemical and bio-chemical decay. The °ver potential settlement.
value Is high 1f the organic content subject to decay . . . . . . . . . ,,
Is large and the environment is favorable: (warm, Sotnc fcn" of compaction is employed with the controll-
moist. With fluclii.tlimi w.iler t.ible Uiol pumps 1 1 <-.h f«'. ';ncii|i-,iil.)l.r;.l f i l l s . Hi.- tt.irred I roc tor with a
air into the fill). Hie v.ilue i-. lew loi mou- im-rl. hul Idojer hl.id<- In, Hi ..pn-.i'l-. ..ml -iir.hr.-, II,.! looser
materials and in un favorable environments. MUM- . <• in.il.eti.il'.. '.|'-. i . i l I ,..-.h (.imp... Inr. w..|.|lun.j ubout
search and data are necessary before the relationship 30 tons with lu.js similar to the sheep-, loot roller but
can be defined ncre closely. Jager are J.̂ ef̂ cltĵ ln̂ jcl.ng {JIM"̂ '"'

The rate of settlcimrnl ,,nnlun-d hy r.wc-llim, .mil < ,»»- I™ 'iulll)(>l J'1^1 r!)!lrr.i'f <:'n1'li;t-iv(1 in layeis that
bustion is erratic. Movement qiMicr.il ly o<:< irrs in su.l- ''"' lo ll ( ' '"' "l"1' ""'•'•'"y-
den episodes of varyimj m.ujiiitude folltiwiny proi|i-i*s-
Sive deterioration. Deterioration is related to en- tx.imples "I the -,ur frtce seUle.m'i.1 m ilen-.i ication
vlronmental changes. These include rapid changes in pruducpd no shown in Fig. 0. The d,Ha include
ground water, flooding due to torrential rainfall or ro) le" pl frt)(" }'' u> 50 tons ; UICOP h.ive been nor-

imili7ed ciinsiil''! me) the eflur.tiv" d':plh of compaction
_______________ li.r.od nil Hi'- iiullior '"> oxpei iewe. fii^y 'how consider-

10 ^ iilile viiri ill i (nil in ef Ic'cli vnc'.-. of (.ump.ictlon: a
maximum (.iHii|>tn.l, ion of 15 |»'r cent find <i miniiiium of
2 per cent. Ih'j liiijher- doyrecs of compaction may in-
cludr- SOUK- l.ilcr-il di-ipldce-m-nt of the fil l . The
yre.il.es I. fllci.l ir. in the lir'.t \7 lo l'i roller passes;
i.liete iire Mmn,1 IviK'lil.'j with .1'. m.iny .1'. <"i passes.
Resilient m.iterials sucli as old tires do not densify
under any amounts of rollina.

If the roller is too heavy a bearing capacity failure
w i l l result. If a very we I f i l l is '.omp'icled, a
temporary pore px.-isure build-up t educes the strength
and bearing coparity sufficiently that shear failure,

_ _ lateral displaneiwut ond loosen ing will occur. Only
0 «c=aSZ_Z. ——— ——— —— _ ___ I ____ I field test.1; f.in r.htn-* the oplimum r o l l e r wcitjht and
0 2 A fa 8 10 12 Mi 16 ,.,llc 0{ rolliuy, lor any yiven situation. .

INITIAL VOID RATIO .
FIG. 2 cOHPRESSin.Liir OF WASTE DISPOSAL F.US Telo-di.* ««U. HM can re-Jme ,,(-t,,,tial settlement

TV)
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CONDITIONS F/VORABLE
TO DECOMPOSITION

ONUI TIONS UHI AVORABL.il
'TO DLCOMI'OSITI

I. I he l.ol.,il settlement for I lie f j r - t nionth can be
fmmil linni .. iimi|itf.s inn in.I.-/ lli . i l (•. rr-l.iled to the
void i,i f in: (,c U.l'j c0 loi I i l l ' . |IIW in organic
matter to tc = 0.55 e0 lor f i l l s high in organic
matter.

?. Con ti mil mi settlement is .in.ilonnus to secondary
compression ,ind is also tol.ileil In (he environment
for bio-chemical decjy. Ihi- r.itc i.m be expirssed by
•"^ = 0.03 e0 f°r conditions unfavorable1 to decay
to OC - 0.09 Co for conditions l.wor.ihle to decay.

3. Settlement can be minimized by f i l l compaction,
preloadiny and possibly by environment control.

4. Compaction is most effective during the first
6 8 10 12 Id 16 8 to 12 '"15ses-

VOID RATIO OF FILL ACKHOWI I IKJI.W HIS
FIG. It SECONDARY COMPRESSION OF WASTE FILLS , . _ , . , • ,. ,The data in this paper have been accumulated from

many sources. Mr. Uonald York, Engineer of Soils, The
Port of New York Authority and Mr. C. M. Kennedy,

1n the same way as it is effective with organic clays
and oeats. Because of high pcrmcabi1ity and partial
saturation, the initial-primary settlement is virtually
complete in a month or two. The secondary is so great,
however, that it determines tne preload periods.

Environmental control offers intriguing possibilities
for minimizing continuing settlement from ravelling
and bio-chemical action. Flooding the fill, with no
opportunity for water circulation, may bring decom-
oosition to a halt when the products of docomposition
inhibit further bio-chemical action. Keepimi (.he f i l l
dry can have a similar effect. Both have beon
achieved in test fills encapsulated in plastic. Chemi-
cal control of decomposition is a possible future
development.

CONCLUSIONS •" o '. H I? ir, '/t, ?i> ?8 32
NUMHI.R 01 KM UK PASSES

Haste fills are being used increasingly for structural
support. Settlements can be so great that they FIG. f> COMPACTION or WAMF MIL-, BY 12 Ton
generally control structural design. Techniques for ROILCRS m 'j FT OR I.:. M Lir i s AND 30-50 TON
predicting settlement and methods for minimizing Roni.Mr, IN 8-10 FI OK ?.!»-3 " LIFTS (NUMBER
settlement have been compiled from scattered large- OF ILSI ARLAS SHOWN in SIIAULU ZONES)
scale pilot tests and full size instrumented fills.

Vice President of Engineerimj, Law Engineering Testing
Company di.-serve special thanks for making data avail-
ible.
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SETTLEMENT OF WASTE DISPOSAL FILLS

TASSEMENT UES REMULAIS DES TERRES
OCA.1KII IIXn.ll Illil III III.IXMOU

GEORGE F. SOWERS, Ceniultont, Low Engineering Telling Company, Atlanta (U.S.A.)

SYNOPSIS. Waste disposal fills are becoming the major mechanism for disposing of materials unsuitable for other
purposes, Including garbage, household refuse, construction debris and industrial wastes. Settlement of such
organic-mineral complexes occurs through four mechanisms: (1) consolidation or void ratio reduction, (2) bio-
chemical decomposition, (3) physico-chemical, and (4) ravelling of soil into large voids. The author's studies
Show that settlement is Similar to that of peats: large initial consolidation, little or no hydrodynamic and
substantial secondary compression. The compression index Cc is approximately proportional to the Initial void
ratio and increases with the organic content of the fill.

Decomposition and disintegration are reflected in the rate of secondary compression. For aerobic moist condi-
tions above the water table the secondary is three times as great as for anerobic below a stagnant water table.
The rate of ravelling cannot be expressed analytically at present. Settlement can be reduced by compaction,
preloading, and controlling the environmental factors favorable to decomposition.

INTRODUCTION from the pi le-suppor'ted exterior wall and loethane is
accumulating below the floor adjacent to the wall.

Land filling has become the major method for disposing Disaster could occur from either structural collapse
of solid wastes in the USA. Two purposes are served: or explosion.
(1) rid the coniimnity of waste that cannot be eco-
nomically recycled or consumed, and (2) fi l l in low THE NATURE OF WAS1E DISPOSAL FILLS
areas of land to provide usable space. In the past
such waste disposal fills have been considered suit- Waste is as heterogeneous as the modern Industrial-
able only for green areas or parks. The increasing urban complex that produces it. It consists of any-
scarcity of land in urban areas is making it necessary thing that cannot be further used or recycled eco-
to build structures above such fills. Data on the nomical ly; thus, its composition varies from coiiiiiunlty
engineering properties of such fills is lacxing. The to community, and from nation to nation. The prin-
engineering problems involved have been summarized by cipal ingredients are given in Table I.
Sowers (1968). These include bearing capacity,
settlement, gas production, leachate production, The density varies greatly from 200 lb. per cu. yd.
corrosion of buried materials, and difficult (120 kg per cu. m) to 500 lb. per cu. yd. (300 kg per
construction. The present paper presents quantitative cu. m) .is delivered to the f i l l , depend ing on the
data on settlement that the author has accumulated. amount of iiK.-t.il and debris. After compaction the

densities may be more than 1000 lb. per cu. yd. (600
IMPORTANCE OF SETTLEMENT kg per cu. in). Moisture contents range from 10 to 50

per cent and average specific gravity of solids from
Settlement is the key to the use of waste disposal 1.7 to 2.5. typical void ratios are between 15 un-
fills. Because potential settlements are large, they compacted and 2 we 11-compacted.
control the design of roads, parking lots, and lighter
structures supported on shallow foundations. More- TWO extreme forms of decomposition are utilized: the
over, when deep foundations are employed, the con- open dump and the encapsulated "sanitary land fill",
tinulng fill settlement is critical because explosive Fig. 1. The former is heterogeneous, accumulating at
gas can collect in the enlarging gap between the f i l l random ar. dumped, possibly allowed to burn, and
surface and the supported floor. If the ground floor finally covered with soil to control odors, rats, and
is fill-supported, the differential settlement between flies. The true sanitary land fill is spread in
the pile and ground-supported components can be layers, compacted, and then covered with soil after
damaging. For example, both problems arc developing each days f i l l i m ) . lorli tell m.iy lie 10 to 75 ft.
simultaneously at a large restaurant whose site is (J to U m) thick, DO It. (16 m) wide, and 100 to 200
underlain by an old sanitary land fill. The ground ft. (30 i» to 60 m) long, covered with 1 m of soil.
floor and the partitions resting on it sag downward

207

AR30U70



4/34

T*ble I

HUNICII'AL WASIE MATERIALS I NCORI'ORAI ED IN FILLS

Material lypic.il rurc.eiil.iiju Cli.ir oc 1 <• r i s t i cs As F i l l

Garbage: FoodWiislc 10-70 W.-i. F-.-rimMils .ind decays readily; Com-
|iu".s ill I'-, wr.il-.

Paper, Cloth lO-'iO liiy lo dump, 'l<-c..y; jnc) liurns, compress-
ible.

Lawn and Garden Refuse: Grass, Brush, Stumps 10-20 Damp. Ferments,^decays, and burns.
Plastic 1-2 Dry: Compressible, decay resistant but

miy burn.
Hollow Metal: Cans, Drums, Rcf ricjorators, 5-15 Dry. Corrocl.ibln and crushable.

Auto Bodies, Bed Springs
Massive Metal: Castings, Kettle Bottoms, I Dry. Slightly corrodable, rigid.
Auto Batteries

Rubber: Tires, Trimmings 5-10 Dry. Resilient, burnable, compressible
but uncrushable, decay resistant.

Glass . 5"I5 • Dry. Crushable and compressible, decay
resistant.

Lumber from Demolition 0-5 Dry. Crushulile, compressible, decays and
burns, some interlocking strength.

Rubble: Brick, Concrete, Stone, Soil 0-10 Damp. Crushable, erodable, decay
from Demolitions resistant.

Ashes, Cinders, Chemical Wastes* 0-5 Damp. Soll-llkn: Compiosslble. active
chemically and partially soluble.

* Does not include separate industrial waste-disposal f i l l s .

MECHANISMS Of SETTLEMENT cells. 3 to G ft. (I to ? m) in flitter ami the be-
havior of actual f i l l s mir. I. Ii'.' analysed for mcaning-

A number of mechanisms are responsible for the settle- ful data. lh«."-.e are Mm! led (jtoll, 1971) (Mr.-rz and
ment: Stone, 196?) (LOW, Various tidies). However, tentative

conclusions can be drawn which are useful in- predict-
1. Mechanical: Distortion, bending, crushing and ing settlements.

reorientation of the materials, similar to the con-
solidation of organic soils. 1. Hie mer.h.inic.il sct.tlement occurs rapidly with

little or no porn pressure build-up. The initial and
2. Ravelling: The erosion or sifting of fine mate- primary phase are complete in less than 1 month.

rials into the voids between larger particles. 1.5 FT - 1/2 H

3. Physico-Chemical Change: Corrosion, oxidation
and combustion.

4. Bio-Chemical Decay: Fermentation and decay, both
Oi»-obic and ancrobic.

5. Interaction: Methane from bio-chemical decay may
support combustion, ignited spontaneously from the
heat of decay. Organic acids from decay may produce ''-•> 1)̂ .7/)•//1
corrosion; volume changes from consolidation may a- RUBBISH ™HP: UNCONTROLLED PLACEMENT. NO
trigger ravelling. COHPAdlon

Of these mechanisms, only the first is load related
and can be analyzed in terms of the stresses involved.
The other mechanisms are related to the environment:
air, moisture, and temperature. A waste fill is dy-
namic, chain) i mi witli the environment mid partially
creating its own environment. For example, tempera-
tures 60° r' (33C) above ambient are common duriny bio-
chemical decay. Decay utilizes moisture and the
oxygen in'the air voids to form carbon dioxide; when
the oxygen is depleted, methane is produced which is
poisonous and inflammable. Saturation of the fill in-
hibits decay, because the bacteria are eventually
destroyed by the products of their own growth.
.̂...T nr CTTT, tMTMT h' SANITARY LANDFILL: SPREAD AND COMPACTED INAMOUNT OF SETTLEMENT ,AU(r-; f, ,„ „, n ,„, 7 T0 3 „ THICK,

IW.AI'S'JI All I) Ul III ',011 IN CfttS 6 10 ?0 FT
The usual laboratory tests for consolidation arc- mean- « (JI, 7 ,„ (< M IM|(K MILY'

• ingless with such heterogeneous materials of such
varied particle sizes. Instead, large scale pi I"' M... i r.'jiisiRW.l ION or W.-IIF DISPOSAL FILLS
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2. The relation of slress to seltlomc-nt diirinn the .„..,, i,r
first month ran be expressed by the well-known e<iua- ""' '""•' ll)Alll"r'
tion:

(D

10 1000 IB f'ER SO, FT
10 ',00 \>r, Pf n r>0 CM

3. The compression index, Cc is related lo the ini-
tial void ratio, as shown in Fig. 2. There is a < on-
sidcrable variation in Cc for any value of c. Ihe
higher values are for f i l l s containing large amounts
of garbage, wood, brush, and tin cans; the lower-
values are for the less resilient materials. The
upper limit for peat soils is also shown; the maximum
Cc for peat is about one-third greater than the maxi-
mum observed for waste fills.

4. The amount of ravelling or combustion settlement
cannot be predicted.

RAtE OF SETTLEMENT flG. 3 I mi -M I tUMltil I I I I - W A M I m t.AC.BAGE,
RlfUSE AND BUILDING UltJRIS

Settlement of the waste fills continues at substan-
tial rates as can be seen from Fig. 3. This is the
combination of mechanical secondary compression, physi-
co-chemical action, and bio-chemical decay. When
there has been no drastic change in the environment broken water pipes, and uryiiiy and c/posuro to air
the settlement-log time relationship is more or less froin making oxcavations in the soil cover or the fill.
linear, similar to secondary compression of soils.
The settlement can be expressed by: MINIMIZING SETILFICNT

/Aye « -<Xloy (Ij/li) (I1) "'o ultimate seUicment is rel al.'-'.l l.«i t.h'- initial void
ratio and the enviionmcnl.il conditions f.ivorable to

where OC is a coefficient analogous to Cc. The limit- deterioration, <iecav, ravellin-j and combust ion. Be-
ed data available indicate thatct is a function of cause void ratio or initial density is related to the
the void ratio, Fig. 4. For any given void ratio initial-primary settlement as well as secondary corn-
there is a large range in .x , related to the polen- press ion, densification offers an element of control
tial for physico-chemical and bio-chemical decay. The over Potential settlement.
value is high if the organic content subject to decay . . , . . , . . , .. ,,
1s large and the environment is favorable: (warm, 5omo fcn" of compaction is employed with the control 1-
moist. with fluclualimi water table l.hal p.i.np-, I. .-.I. eil. ..nrap-.Ml.it ml f i l l s . Hie I. » ke.l Ir.irlor with a
air into the f i l l ) . Ihe value \>. low Im im.ii- in-tl (nil l.|..?.-r hl.i.U' Imih -.pii-.i.l'. ami . i u •.In-. Ihe looser
malerials and in unfavorable environments. Hoi- it- IH..I..-I i a l - . . ',|.i-iial l t . i - . l i tump... Inf. w.-H|l.imj about
search and data are necessary before Ihe relationship 30 tons with Imis -.imilar lo tin- Mi.-.-p-.lwt rol ler but
can be defined ncre closely. Janjer are ̂.̂ f̂̂ vê ĉ.ni.acling <H'^h fts

The rale of settlem.-nl ptiuluced hy iavi-llin.| and c .H..- lml l"1'11"' !'""' rl>ll''r ''f I'M", live in layers that
bastion is erratic. Movement qemr.ally mi in- in sml- ''"' l() " < ' '"' ll"'1' """''"v.
den episodes of varyimi i.Mijnitude followimj pro>|i.";-
sive deterioration. Ik'terioration is related lu en- txamples ol the sut face sell ICM.H nl or .len-.i ication
vironmental changes. These include rapid cnam,"", in produu-d ..'.> shoun in Fuj. f,. The daia include
ground water, flooding due to torrential rainfall or rollers ol from ,• to b(J tons;_ these have been nor-

mal i?ed consKl.-i mi) the pfli.'M.iv" di.pl.h of compaction
li.r.eil on Hi" auUitir's exper ieii( e. lln-y "how consider-

10 " '—"—™— ^ ——-~ ,ih|o Vfiri.il icir; in ff f (.'cti viif",', of Miiiip.ii. tion: a
maxiiiiuin i.tmipiii.! ion of 15 p<'r c(Mil iin'l .. ininiuiuin of
2 per cent. UK; higher ileijrecj of ci'.npaction may in-
rluclr '.(Hue l . t l r - i . i l cli',|i|,i(pi|ii.nf of the f i l l . The
(|te.ile'if elfi-i.t i'. in the (if,I \'/ lo l'i roller passes;
there live -.iiinv bi'tiel i l.'i with o1. many .1'. /"> passes.
Resilient materials such as old tiros do not densify
under any amounts of rollinq.
If the roller is loo heavy a b'.-arinq capacity failure
w i l l result. II a very wel f i l l ii 'ompacled, a
temporary pore pn.-ssure build-up reduces the strength
and bearini) (.aiia'-ily suff ii.ionf ly thot shear failure,
lateral di'.plaremenl ond loosrniinj w i l l occur. Only

_____________ fi e l d test.'. ' iill ',how the optimum rot I'M ueiijht and
B lo 12 Mi 16 ,.,,LC „( ,-olliiKj, lor any given situalion.

INITIAL VOID RATIO «
PIG. 2 COMPRESS ...illir OF WAS 11 D,,POSAL ruts 'To loailim, will, f i l l can rc-Ju, c ,,<.t,nlinl settlement
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CONDITIONS F/'/ORABLE
TO DECOMPOSITION

ONDI I IONS UNI AVOKABlj
TO DECOMPOSITION

4 34

I. Ihe l.ol.il -.ell lemenl lor (|M> fjr-,f. m,)nl|, can bc
liiunil limn .1 i IMI.IIII--.'. inn in, It-/ lh.il i-. ir-lalol to tlin
vc.i.l i.iii.i: (.,_ o.l'j (-u lot mi', low in oty.mlc
nutter to l.c 0.55 eo for f i l l s hiyli in oryanic
matter.

?. (.(Hilimiiiiii set I Icmenf i', .m,i Imiuiis to secondary
Ci«ii|iieS'. inn ,nul is also l o l a l . - i l In (ln< environment
for bio-cli'Miiicjl decay. Hie rale tan bo rxptesscd by
•"^ = 0.03 e0 for conditions unfavorable1 to decay
to <X •= 0.09 OD for conditions lavoi able to decay.

3. Settlement, can be minimized liy f i l l compaction,
preloadiny and possibly by environment control.

4. Compaction is most effective during the first
"02 4 6 8 lo 12 14 16 8 to 12 passes.

voio HAtio or riLt ACKNUWI i m;i MI mr.
FIG. I* SECONDARY COMPRESSION OF UAS1E MLLS . ..The data in this paper have been accumulated from

many sources. Mr. Donald York, Engineer of Soils, The
Port of New York Authority and Mr. C. M. Kennedy,

in the same way as it is effective with organic clays
and oeats. Because of high permeability and partial
saturation, the initial-primary settlement is virtually
coniolete in a month or two. The secondary is so great,
however, that It determines tne preload periods.

Environmental control offers intriguing possibilities
for minimizing continuing settlement from ravel liny
and bio-chemical action. Flooding the f i l l , with no
opportunity for water circulation, may briny decom-
oosition to a halt when the products of decomposition
inhibit further bio-chemical action. Keep i mi the f i l l
ilry con have a similar effect. Holli have lieen
achieved in test fills encapsulated in plastic. Chemi-
cal control of decomposition is a possible future
development. '

CONCLUSIONS "' o <i I! i? if, •/<> ?'. 78 3?
NIJMIII H 01 HOI I t U PASSES

Waste fills are being used increasingly for structural
support. Settlements can be so great that they Fir,. (, com-AcnoH or WAMI mil BY 12 TON
generally control structural design. Techniques for Kon.ER1., lit 'j n oc. \ .'j H iinr. AMU 30-^0 TON
predicting settlemc-nt and methods for minimi; ing Rtiillir. IN 8-10 n on .'.V3 " MFIS (NUMBER
settlement have been compiled from scattered large- OF USi ARLAS SHOWN IN SMAULU ZONES)
scale pilot tests and full size instrumented fills.

Vice President of Enyineerinij, Law F no, j neeri ng Testing
Company deserve special thanks for making data avail-
ible.
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Part b: Reinforcement
The reinforcement should be provided for the total uplift load—that is, 1252 kN (as-
suming that dead load and live load arc zero). So, the area of steel

/yield |X>int _._ _.
V factor of safety /

The preceding factor of safety may l>e taken as 1.25. The yield point of steel * 275
MN/in2 (=»40,000 Hi/in.2). Hence, the area of steel

1252
A- = 77̂ ——Tf̂ r = 5-69 x 10~3 m2 = 5-69 x lfl:l mm* <8>82 in-2)

1.25

Part c: Check for .Bearing Capacity
Assume (7 = 0.

Dead load + live load = 600 + 300 = 900 kN
900 900

Downward load per unit area = -r-r—— = -r—r———— = 733.4 kN/m2

Net bearing capacity of the soil under the bell = qu =

cuNc = 450(6.14) - 2763 kN/m2

Hence, factor of safety against bearing capacity failure

_ 2763
~ 733.4

Sanitary Landfill
10.12 ______

tor of Sanitary Landfills—General
Sanitary landfills provide a way to dispose of refuse on land without causing

danger to public health. Almost all countries use sanitary landfills with varying
degrees of success. The-refuse disposed in sanitary landfills can contain materi-
als like wood, paper, and fibrous wastes or demolition wastes like bricks and
stones. The refuse is dumped and compacted at frequent intervals and then
covered with a layer of soil (Figure 10.14). In the compacted state, the average
unit weight of the refuse may vary between 5-10 kN/m3. A typical city in the
United States, with a population of one million, can generate about 3.8 X 106
m3 of compacted landfill material per year.

As property value continues to increase in densely populated areas, it
becomes more and more tempting to construct structures over sanitary landfills.
In some instances, a visual site inspection may not be enough to detect an old
sanitary landfill. However, construction of foundations over sanitary landfills is

0 ~\L\-:JL 5



CtaptoftO FoundoHor* on Dtfflcult Soitt

Soil cover

'•/̂  Landfill

C

Original
ground
surface

f IflUl* 10.14 Schematic diagram of unitary landfill in pro|{re»k

generally problematic because of poisonous gases such as methane, excessive
settlement, and low inherent bearing capacity. Few studies are available on this
topic. Based on the information available, the next two sections will discuss
settlement and bearing capacity problems associated with sanitary landfills.

10.13

completion of the landfill (Figure 10. 15) can be expressed as

where m = settlement rate
H Hf = maximum height of the sanitary landfill

•»• Based on several field observations, the following empirical correlations for
the settlement rate have been determined- (Yen and Scanlon, 1975).

m = 0.0268 - 0.0116 log f, (for fill heights ranging
from 12-24 m) (10.lb'

m = 0.038 - 0.0155 log I, (for fill heights ranging j fa*f̂  lon̂

where m is in m/month and t\ is the median fill age, in months, 'the medium
fill age can be defined as (Figure 10.15)

10.13

Height if
sanitary
landfill

Flgur* 10.15

where
Settlement of Sanitary Landfills

Sanitary landfills undergo large continuous settlements over a long period
of time. Yen and Scanlon (1975) have documented the settlement of several ; landfills fi
landfill sites in California. Based on their analysis, the settlement rate after the of the apj

completes
72m

(10.17)

or

logt

If m = On
nVddths. r

from 24-30m) (10.IS' ^
m = 0.0433 - 0.0183 log f, (for fill heights greater A °°I

than 30 in) (10.20'

different t
organic m
ment. Foi

t _ f£ (10.21) I greater th;
2 I than those
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Height of
sanitary
landfill

Irne>
.his 2
uss

Hguf* 10.15 Settlement of sanitary landfills

where t = time from the beginning of landfill
tc = time for completion of the landfill

joj Equations (10.18), (10.19), and (10.20) were based on field data from
,ra] landfills for which the value of tc varied from 70 to 82 months. To get an idea
tj,e j of the approximate length of time required for a sanitary landfill to undergo

• complete settlement, consider Eq. (10.18). For a fill of height of 12 m and
tc = 72 months

m = 0.0268 - 0.0116 log t>
or

_ 0.0268 - m
. for g *' ~ 0.0116

If m = 0 (that is, for zero settlement rate), the log r. = 2.31, or f. «= 200
months. Thus, the settlement of the fill will continue for a period of

] s /i - fr/2 = 200 - 36 = 164 months (=14 years) after its completion. This is a
fairly long time. This calculation shows that one must pay close attention to the
settlement of foundations constructed on sanitary landfills.

A comparison of Eqs. (10.18) to (10.20) for rates of settlement shows that
_ the value of m increases with the increase of the height of the fill. However, for

fill heights greater than about 30 m, the rate of settlement should not be much
iuin different Uian that from Eq. (10.20). This is because decomposition of the

organic matter close to the surface is mainly the result of anaerobic environ-
ment. For deeper fills, the decomposition is slower. Hence, for fill heights

.21< greater than about 30 m, the rate of settlement does not accelerate any faster
than those that are about 30 m in height.

.8



1ft. ̂Sowers, C. F., "Settlement of Waste Disposal Fills," Proree_dtn£«,
The Klglith International Conference of Soil Mechanic* YmT "*
Foundation Engineering, Moscow, 197'), pp. 207-210.
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_^ Sowers (1973) has also proposed a relation for calculation of the settlement
of a sanitary landfill:

where /// = height of the fill
e = void ratio 1 V_-- ̂ ,t ,i.

a = a coefficient for settlement
t",t' = times (see Figure 10.15)
A// = settlement between times t' and r"

The coefficients a are between the following limits

a = 0.09c (for conditions favorable to decomposition) (10.23)

and

a = 0.03e (for conditions unfavorable to decomposition) (10.24)

Equation (10.22) is similar to the equation for secondary consolidation set-
tlement.

10.14 _________________________________________
Bearing Capacity of Foundations on Sanitary Landfills

Shallow foundations constructed on sanitary landfills with a compacted soil
cover may fail in two ways (Sowers, 1968): by punching shear, or by rotational
shear, as shown in Figure 10.16. Punching shear failure (Figure 10. 16a) occurs
when the width of the foundation, B, is relatively small compared to the thick-
ness of the soil cover, DC.. However, when the thickness of the soil cover is
relatively small compared to the foundation width and where the strength of thj-
soil cover is low, rotational shear failure may occur (Figure 10.16b). The allow-
able bearing capacity of shallow foundations for light residential or office build-
ings over sanitary landfills should not be greater than about 20-40 kN/m'.

Sometimes the allowable bearing capacity of shallow foundations can bo
increased by increasing the thickness of the compacted soil cover such thai

m̂*

DC 2s 1.5-2B. Note, however, that this excess weight of the fill and the """- ' L trto 'f?u
paction process may eventually increase the ultimate settlement of the

When the fill is relatively homogenertus and light structures are coastnut- "° al}̂  t-

1

ed over it, the settlement pattern will be somewhat like that in Figure 10.1
However, when the fill is nonhomogeneous in nature with irregular hard zones.
such as boulders, the settlement is nonunifonn, as shown in Figure 10.16(1
Serious damage to structures is usually caused by this type of settlement.

In several instances, the use of continuous foundations, such as that shown
in Figure 10.5, may help reduce the differential settlement problem. If "><•'
estimated settlement of a structure is not tolerable, or heavier structures are to
be built, pile or drilled-pier foundations are alternatives. In this case, it will be

a n i li 1 R

Figure 10.16
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HI. CAP SELECTION BACKUP

The eventual capping option will depend on the grading option selected
and if the closure will be handled on a phased approach. Regardless
of the final selection, the capping options proposed must meet basic
regulatory criteria.

The final cover should be designed and constructed to provide long-
term minimization of migration of liquids through the closed waste
site.

The effort at this site should comply with applicable and relevant
standards of other statutes besides CERdA. For capping options, this
means that at a minimum, RCRA technical guidance contained in 40 CFR
264.310 should be met. To conform with this guidance the following
objectives should be met by the final cover design:

° Provide long-term minimization of migration of liquids through the
closed waste site,

0 Function with minimum maintenance,

0 Promote drainage and minimize erosion or abrasion of the cover,

0 Acccaranodate settling and subsidence so that the cover's integrity is
maintained, and

° Have a permeability less than or equal to the permeability of any
bottom liner system or natural subsoils present.



o Vegetated top cover

o Middle drainage layer

o low permeability bottom layer

- >20 mil synthetic - upper component (may be optional)

- >2 foot clay layer - lower component

The following guidance elements provided by EPA will be applied to
this option:

o Vegetated Top Cover
•

o minimum 24 in. thick
o should support vegetation that minimizes erosion without

continued maintenance
o planted with persistent species - no roots that will

penetrate beyond the vegetative and drainage layers
o top slope, after settling and subsidence, of between 3-5%-

if > 5% use USDA Universal Soil loss Equation to demonstrate
a soil loss of <2.0 tons/acre/yr.

o surface drainage system capable of conducting runoff across
cap with no problems

o Middle Drainage layer

o minimum 12 in. thick if granular material
o saturated conductivity not less than IxlO""3 cm/sec
o bottom slope of at least 2 percent
o designed to prevent clogging - overlain by a graded granular

or synthetic fabric filter
o discharge flows freely

AR30U80



o low Permeability Bottom Layer

o upper component;

o at least 20 mil synthetic (may be optional)
o bedding layer at least 6-feet thick - no coarser than

unified soil classification system sand (sp)
o final upper slope at least 2%
o be located wholly below the average depth of frost

penetration in the area of interest

o lower component;

o at least 2 feet of soil compacted to a saturated
conductivity of not more than IxlO""7 cm/sec

o soil emplaced in lifts not exceeding 6 inches before
compaction

This is the basis for the standard type cap and it will be viewed as
an option into final design in its typical form. It is presently
anticipated that the upper layer would consist of a 2-foot thick layer
of topsoil placed above the drainage layer. The entire cover area
would then be revegetated for erosion control. Fertilizer will be
added to the topsoil at the rate of 700 pounds per acre and the area
would be seeded with appropriate grass seed.



The middle drainage layer can consist of a basic gravel layer.
Internal transport collectors are not anticipated at this time. This
is partially due to the potential settlement problems. Beyond the
standard gravel drainage blanket, the use of a synthetic drainage net
product or composite system will be evaluated. For the final bottom
layer, the options presently being carried into final design are two
feet of compacted clay, 3 feet of compacted clay, or a properly bedded
synthetic liner. At a mindinum, High Density Polyethylene (HOPE) is
being maintained as a synthetic material. Other materials are being
considered but preference at this stage of the project is for use of
HDPE. As a final option, a composite system of clay and synthetics is
being retained for evaluation prior to final design.

Due to the nature of the settlement problems at the site,
consideration must be given to options beyond the standard cap. These
will be discussed further at the review meeting to be conducted in
November. The guidance does allow for "alternative designs" capable of
meeting the five regulatory requirements. It appears that if initial
compaction cannot achieve an acceptable base then a phased type program
will be required. In this system, an initial cap would be placed to
meet the basic requirement of reducing infiltration through the
landfill. Since some damage to this initial system through settlement
would be anticipated, it is assumed that a cap of a more temporary
nature than the standard RCRA cap would be used.

AR3QU82



Three options are presently being considered for this type of cap.
These include a "repairable" clay capping system, the use of a HDPE
liner with expansion folds designed in, and finally a reinforced type
asphalt material. Initially a self-supporting fabric structure type
cover was also considered but the costs support system and anchoring
at such an irregular sit precludes it from additional considerations.
Some type of stabilized soil is also being considered as a temporary
cover for the liner option.

The reinforced asphalt material under consideration consists of
asphalt and a nonwoven polypropylene fabric. The nonwoven
polypropylene fabric to be used is "Petromat," which is manufactured by
the Phillips Fibers Corporation. This layer of asphalt and Petromat
can be installed to follow the shape, contour, slope, etc. of the base
material to provide for a final surface slope of 2% in all direction
across the landfill site. This material has traditionally been used to
repair cracked roadbeds. For closure projects the system generally
consists of a base course followed by a %-inch asphalt cement course
serving as a stabilizing and support layer. An asphalt emulsion
sealant is then applied to the asphalt cement course and the fabric
rolled onto this surface. A second asphalt emulsion layer is then
applied to the top surface at the same rate. A chip seal (small
grave) will then be placed on this emulsion layer at a rate of 25
pounds per square yard. Because of the durability of the chip seal
surface, very little maintenance is required, and erosion of the
surface can be eliminated.

These options will be presented in greater detail at the review
meeting and the eventual selection may be tied to the grading option
selected.
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REPORT-

Name ___Susan Hocrle_______ Project No. F-1536

Company National Seal______ Date 2/10/88 Time

Address ___________________ [X] Telephone Conversation

___________________ [ ] Office Conversation

Telephone No. 800/323-3820 Re: Heleva Landfill______

Recorded By Bill Cannon____ HOPE Liners_________

Ms. Hogle said a 1-foot minimum of soil or sand is required before
equipment can be driven on the membrane. The recommended dozers
for earth work over the membrane is a John Deere 350 or Caterpillar
D-3.

AH30I WJ5



-CCMMDNICATIC.N REPORT-

Name Jackie Boostrom_____ Project No. F-1536

Company National Seal______ Date 3/7/88 Time 9:00

Address Galesburg. Illinois [X] Telephone Conversation

_________________________ [ ] Office Conversation

Telephone No. 800/323-3820 Re: HOPE Verification of

Recorded By Jon Caime_____ 60 mil Thickness_______

40 mil - Too thin, can go through when welding
60 mil - Modules of elasticity 80K psi
80 mil - Modules of elasticity 80K psi

* Tensile at yield and tensile strength equal

Puncture Resistance

60 mil 90 pounds
80 mil 110 pounds

Hydrostatic Resistance

60 mil 450#/sq.inches
80 mil 650#/sq. inches

"Generally caps are 40 mil, but suggests 60 mil due to welding
problem."



-CCMMUNICATIC*T REPORT-

Name _____Elon Thompson. Jr. Project No. F-1536

Company Gundle Lining_____ Date 2/12/88 Time

Address Houston, Texas_____ [X] Telephone Conversation

________________ [ ] Office Conversation

Telephone No. 800/435-2008 Re: Heleva Landfill_______

Recorded By Bill Cannon____ HOPE Liners____________

Mr. Thompson said that a 1-foot minimum layer of sand over the
membrane would be required before a small, wide-tracked dozer could
be driven over the membrane.

If drainage net is used, then still a 1-foot layer of fill dirt or
top soil is required before the fill can be worked, and they
recommend that 18-inch final thickness be called for, for the total
thickness of soil above the membrane.



-CX3MJNICATTON REPORT-

Name ___Don Hildebrant_____ Project No. F-1536

Company Gundle Lining______ Date 3/11/88 Time 10:00

Address Houston, Texas_____ [X] Telephone Conversation

_________________ [ ] Office Conversation

Telephone No. 800/435-2008 Re: HOPE Trenching______

Recorded By Jon Caime_____ _________________

4 feet - 5 feet minimum distance from edge of landfill for:

V trench - liner system can move through trench
. I trench - would not allow movement of liner

AR30U88



-COMMUNICATION REPORT-

Name ____Jackie Boostrom_____ Project No. F-1536

Company National Seal________ Date 3/7/88 Time 9:00

Address Galesburg, Illinois [X] Telephone Conversation

______________________ [ ] Office Conversation

Telephone No. 800/323-3820____ Re: HOPE Capping TCE Area

Recorded By Jon Caime______ at a Later Date___________

0 Leave overlap to come back with; leave 4 feet - 6 feet

0 Anchor trench

0 Lay plywood on top of liner (treated)

0 1 foot of material

AB3QU89



-COMMUNICATION REPORT-

Name Bob Trexler_________ Project No. F-1536

Company Gundle Lining_________ Date 3/29/88 Time 9:45

Address Houston. TX__________ [X] Telephone Conversation

___________________ [ ] Office Conversation

Telephone No. 800-435-2008____ Re: Soil Vent Cap TCE Area

Recorded By W. Jon Caime_____ and Redrill Later______

Can come back and drill through HOPE to put in soil vents. Must clean
existing HOPE before welding new HOPE or boots on or around soil vents.

AR30U9Q



-COMMUNICATION REPORT-

Name ____Elon Tompson. Jr.____ Project No. F-1536

Company Gundle Lining______ Date 3/7/88 Time 11:00

Address Houston. TX________ [X] Telephone Conversation

____________________ [ ] Office Conversation

Telephone No. 800-435-2008____ Re: Confirmation of 60 mil

Recorded By Jon Caime______ HOPE____________________

* Don Hildebrant *

20 mil - May have problem welding
40 mil - No problem when welding
60 mil - Gives additional strength as gets thicker mil HOPE

Same elongation
Same tensile yield and tensile strength

Thickness Difference:

puncture resistance, tear resistance, and added seam strength as
thicker mil HOPE

- 60 mil is as easy as 80 mil to install and costs about the same



•COMMUNICATION REPORT-

Name ____Elon Tompson. Jr.____ Project No. F-1536

Company Gundle Lining_______ Date 3/7/88 Time 11:30

Address Houston. TX_________ [X] Telephone Conversation

___________________ [ ] Office Conversation

Telephone No. 800-435-2008_____ Re: HOPE Capping TCE Area

Recorded By Jon Caime______ at a Later Date________

Can always weld later on.

o Geotextile - keeps liner clean 3 feet - 4 feet

o 4 feet X 8 feet plywood protects when digging later on

~L

o Can anchor with plywood and dirt

AH3QU92



-COMMUNICATION REPORT-

Name Tom Liebert_________ Project No. F-1536

Company Schlegel Lining Systems Date 2/24/88 Time 4:00

Address ____________________ [X] Telephone Conversation

_____________________ [ ] Office Conversation

Telephone No. 409-273-3066____ Re: Expansion of Cap Membrane

Recorded By Ed Harris______ Heleva Landfill__________

Mr. Liebert has studied the problems associated with the landfill cap and
the possible subsidence due to various factors. He recommends that the
membrane not be folded. Folds would cause localized stress cracking when
the material unfolds. He recommends that the integrity of the material be
depended upon to allow for as much as 15 percent elongation without
overstressing the material (HOPE). Mr. Liebert has determined that 7 feet
of subsidence could occur over a 1 acre area without overstressing the
HOPE membrane.



-COMMUNICATION REPORT-

Name ____Elon Tompson, Jr.____ Project No. F-1536

Company Gundle Lining________ Date 3/7/88 Time 11:00

Address Houston. TX________ [X] Telephone Conversation

____________________ [ ] Office Conversation

Telephone No. 800-435-2008 Re: Folding HOPE - Also Had

Recorded By Jon Caime______ Comments on Specs________

* Don Hildebrant will be handling the project *

Folding is a bad idea; it creates stress points. Minimum 700 percent
expansion.

Comments on Spec of HOPE

13450-2

Part 3.0

Based on National Sanitation Foundation Standard 54:

Nominal Gauge 60 ± 10%
Sp. Gravity 0.94 min.

Minimum Tensile Prop.
Min. Tensile Yield 2,400 psi
Break 4,000
Elon at Break 700
Mod. Elasticity 80,000

* Tear Resistance 45 pounds min.
Low Temp. Brittleness 112 "F
Environmental Stress Crack 2,000

Better Worst
Carbon Disp. A-l, A-2 or A-3
Melt Index 0.3 - 0.5
Puncture Resistance *FIMS101B* 270#
Bonded Seam Strength 90% of Sheet Strength
Peel 50% of Sheet Strength

* IMPORTANT-WE HAVE 700



Preliminary Cost Comparison

Cap Alternatives



DESCRIPTION OF SYNTHETIC CAP ALTERNATIVE

Prior to beginning cap construction the landfill must be

prepared in four respects. First, the onsite pond must

be pumped dry to permit the placement of common fill.

It has been assumed that this surface water is

uncontaminated and can be pumped to the existing pond at

the northeast corner of the landfill site. Also, the

existing monitoring wells within the area of work must

be removed and filled per State guidelines. Third, an

existing power line must be relocated to not interfere

with the construction operation. Lastly, erosion

control measures must be in place before earthwork

construction begins. It is estimated that a system of

silt fences will be installed perpendicular to surface

flow paths that direct stormwater offsite to serve as

erosion protection. Following this preparation the area

to receive the cap will be rough graded as shown on the

drawings. Common fill will be used at this

stage for fill material.
•

The cap will be constructed in layers beginning with a

select fill layer placed and compacted over the rough

graded fill and existing landfill surfaces. This layer

will provide a cushion for the synthetic membrane and

will be devoid of large stones and other material that

would damage the membrane. A heavy geotextile fabric

will be placed on top of the select fill course to

AR30U96
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further protect the membrane. Next the membrane will be

placed over the landfill surface. This high density

polyethylene material and the geotextile below will be

lapped or folded 3 feet every 100 feet of landfill face

j in the east - west direction. These folds will provide

«. slack in the two sheets to allow them to adjust to

' future settlement as it may occur. A clean sand

f* drainage layer will be placed over the membrane. This

sand layer will be 6 inches thick and have a lightr| weight geotextile fabric placed on top. This geotextile

will separate the drainage layer from the one foot layer

of overburden and topsoil. A six inch layer of common

fill will be placed on top of the geotextile and

followed by a six inch layer of topsoil. For these

estimates topsoil is estimated as being a mixture of

select fill and compost from a nearby sanitary treatment

facility. The constructed landfill surface will then be

p seeded by hydro-seeder.

,„ Gas vents are provided over most of the cap surface to

1 collect methane gas from under the membrane and

I dissipate it into the air. These vents are spaced at 50

feet
i

center-to-center over the landfill.

i The drawings detail the method of constructing ditches

on the landfill. The ditches will be lined with rip

rap. A gravel roadway and truck turnaround area are

AR301497



provided for use during the construction operation. An

equipment washdown area is included in the roadway.

This area consists of a drained wash area that directs

flow to an" underground tank. A pipe and valve system

prevents stormwater from entering the tank. This system

will be removed by the contractor at the end of the

capping operation. All of the facilities will be

contained inside a chain link fence. The estimate

includes a 7 foot high fence topped by three strands of

barbed wire.
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IN PROGRESS ESTIMATE
30 % DESIGN STAGE
HELEVA LANDFILL

LEHIGH COUNTY, PENNSYLVANIA
SYNTHETIC MEMBRANE CAP ALTERNATIVE

Exc. - Cut to Fill $64,100

Common fill $1,032,000

Select fill $306,600

Sand drainage layer $409,000

Geotextile sep. $374,600

Synthetic Membrane $814,300

Topsoil $204,600

Fine Grading $182,800

I Seeding $33,700

Fencing $70,400

Rip Rap $15,900

Gravel Paving $35,300

Equip. Wash Station $5,900

Settlement Markers $300

Gas Vents $153,300

Pump Onsite Pond $1,400

Erosion Control $8,200

Remove Monitor Wells " $14,800

Reloc. Ohd. Power line $7,500

Estimated Current Contract Costs $3,735,000

Contingencies - 25% $933,800

Subtotal $4,669,000

S & A - 5.5% . $256,800

TOTAL ESTIMATED PROJECT COST $4,926,000

"CWE" AR30U99



UNIT COST SUMMARY - SYNTHETIC CAP ALTERNATIVE

DESCRIPTION Direct Indirect Cost Total No. Unit Unit
Cost 11.7% Cost Units Meas. Cost

Exc. - Cut to Fill $52,159 $6,097 $58,256 19,390 cy $3.00

Common fill $839,819 $98,164 $937,984 92,900 cy $10.10

Select fill $249,550 $29,169 $278,719 16,505 cy $16.89

Sand drainage layer $332,898 $38,912 $371,810 16,505 cy $22.53

Geotextile sep. $304,928 $35,642 $340,570 1 LS $340,570

Synthetic Membrane $662,789 $77,472 $740,261 835,800 sf $0.89

Topsoil $166,532 $19,465 $185,997 16,505 cy $11.27

Fine Grading $148,800 $17,393 $166,193 310,000 »y SO.54

Seeding $27,444 $3,208 $30,652 930 nsf $32.96

Fencing $57,284 $6,696 $63,980 1 LS $63,980

Rip Rap $12,929 $1,511 $14,440 700 cy $20.63

Gravel Paving $28,706 $3,355 $32,061 4,828 sy $6.64

Equip. Wash Station $4,800 $561 $5,361 1 ea $5,361

Settlement Markers $233 $27 * $260 3 ea $86.56

Gas Vents $124,748 $14,582 $139,330 221 ea $630

Pump Onsite Pond $1,140 $133 $1,273 1 LS $1,273

Erosion Control $6,640 $776 $7,416 1 LS $7,416

Reaove Monitor Wells $12,016 $1,405 $13,421 1 LS $13,421

Reloc. Ohd. Power Line $6,100 $713 $6,813 1 LS $6,813

AR30I
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DESCRIPTION OF THE RCRA CAP ALTERNATIVE

The difference between the RCRA Cap and the Synthetic

Cap is the cap construction itself. The estimated item

takeoffs are identical in all other respects. For the

RCRA Cap, the site will be rough graded and filled with

j common fill to the same elevations as the Synthetic Cap.

Clay will be brought in from a borrow source and placed

•• in a two foot thick layer over the landfill subgrade.

j The clay will be placed in lifts and compacted to

achieve a low permeability. A synthetic membrane will

j be' placed on top of the clay cap. This membrane will

not be lapped as with the Synthetic Cap. A one foot

thick layer of clean sand will be placed over the high

r~ density polyethylene sheet. The sand drainage layer

will be topped with a light weight geotextile to

J • separate the sand from the topsoil and overburden above.

An eighteen inch layer of common fill will be place over

I the geotextile fabric. Lastly, a six inch layer of

f" topsoil will be placed over the common fill. Again it

is estimated that the topsoil is a mixture of select

) fill and compost from a sanitary treatment facility

nearby. The site will be seeded using a hydro-seeder.i

All other components of the RCRA Cap alternative are the

same as the Synthetic Cap alternative.. The site

requires the same preparation and will be provided

with the same fencing and erosion control.
AR30I5QS



IN PROGRESS ESTIMATE
30 % DESIGN STAGE
HELEVA LANDFILL

LEHIGH COUNTY, PENNSYLVANIA
RCRA CAP ALTERNATIVE

Exc. - Cut to Fill $63,800

Common fill $1,415,000

Clay cap 2' thick $1,415,000

Sand drainage layer 1' $814,000

Geotextile sep. $127,300

Synthetic Membrane $753,500

Topsoil $203,700

Fine Grading $182,000

Seeding $33,600

Fencing $70,100

Rip Rap $15,800

Gravel Paving $35,100

Equip. Wash Station $5,900

'Settlement Markers $300

Gas Vents $141,300

Pump Onsite Pond $1,400

Erosion Control ^ $8,100

Remove Monitor Wells $14,700

Relo. ohd. power line $7,500

Estimated Current Contract Costs $5,308,000

Contingencies - 25% $1,327,000

Subtotal $6,635,000

S & A - 5.5% $364,900

TOTAL ESTIMATED PROJECT COST $7,000,000
—OWE—
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IV. GRADING EVALUATION AND DRAINAGE DESIGN

The following information presents a summary of the general grading
options evaluated and the recxxnmended option. Mthough four options
were considered, Option 4 was rejected early in the process and
consequently a final concept layout drawing was not produced. For
informational purposes, a layout drawing for the other three options
and some general sections have been included with this design memo.

A. OPTION NO. 1

Option No. 1 involves filling the landfill site to form a dome
allowing rainfall to run across the cap to either Todd Lake or the
northeast pond. A ridge will be made at the high point of the
landfill near Todd Lake. This ridge will essentially divide the
runoff flow into two directions. The majority of the runoff will
collect in Todd Lake and in the northeast pond with minor amounts
reaching other areas. The effect of Option No. 1 is to shed water
off of the landfill cap.

A great deal of fill will be required to elevate this area to an
allowable slope. It is estimated that 128,700 cubic yards of fill
will be required to implement this option. The ridge between the
landfill and the northeast Pond will have to be removed and some
of the landfill near Todd Lake will have to be leveled to create a
sheet flow. This cut is approximately 5200 cubic yards and if
this material proves suitable, it can be used for make-up fill
material.

This option should not require any engineered ditches within the
landfill. Should it be selected for final design, some ditches
outside the limits of the cap may be required. In addition to the
large amount of fill, this option has the disadvantage that runoff
is allowed to run across the cap for long distances. The runoff
has a greater chance to percolate through the cap and into the
landfill underneath.



4.2 OPTION NO. 2

This option consists of creating a ridge in the center of the landfill
so that the runoff will flow away from the centers of the landfill and
towards the sides of the cap. Engineered trenches will be provided at
the sides of the cap to collect the runoff and channel it towards the
northeast pond.

The creation of a ridge together with the fill required to bring the
collection pond and other low areas up to the designed elevation will
require an estimated 220,592 cubic yards of fill. The ridge that
divides the landfill and the northeast pond will have to be removed in
this option. This ridge will amount to about 8120 cubic yards of cut
material. If this material proves suitable, it can be used in the fill
operation.

Approximately 2,000 linear feet of engineered trerjching will be
required for this option. In addition to the expense of providing
trenches, another disadvantage to this option is that a large amount of
fill is required. An advantage to this option is the fact that the
runoff will be directed away from the center of the cap which will
minimize the amount of time runoff will be on the cap. This reduction
of time that the runoff will be on the cap will result in less
possibility for runoff to seep through the cap into the landfill below.

4.3 OPTION NO. 3

In this option limited changes will be made to the existing contour
layout. A north-south ridge will be graded to direct runoff toward
either Todd Lake or to the northeast pond. The flow that will be
directed towards the northeast pond will be channeled into engineered
ditches that will be lined with rip rap and tied into the landfill cap
by an impermeable liner. The ditches will discharge the runoff to the
northeast pond.



The approximate fill quantity for this option is estimated at 25,000
cubic yards. This fill is required to form the ridge and for filling
the collection pond and general low spots. The existing ridge that
divides the landfill and the northeast pond will have to be removed.
It is assumed that some high spots can be lowered and that some cutting
into the existing landfill material can occur. This cut amounts to
8037 cubic yards and can be used as fill if it proves suitable.

The primary advantage to this option is that less change is required in
the existing topography resulting in a smaller amount of fill required
than the other three options. Also, runoff will exit from the cap
quickly and enter the ditches which will minimize the chance of runoff
getting through the cap and into the landfill below.

This option has the disadvantage that runoff is directed towards the
center of the cap instead of away from the center. Engineered ditches
will also have to be designed and constructed which add some cost but
should control any infiltration associated with the center ditch.

4.4 OPTION NO. 4

In this option, a large amount of fill will need to be placed so that a
dome will be created to shed runoff to the nearest cap edge. Any
runoff will flow off the cap relatively rapidly. The area of the
landfill near Todd Lake will be sloped so that runoff will flow towards
Todd lake in that area. The runoff near the northeast pond will flow
towards the northeast pond. Therefore, the ridge between the northeast
pond and the landfill will have to be removed. Runoff near the center
of the landfill will flow north towards Hill Street or south to the
opposite side of the landfill. This option will require 505,555 cubic
yards of fill to create the dome. The cut is very minimal. No
engineered ditches should be required for this option cn the cap.

AK3GI5I-*



Runoff will flow off the landfill rapidly and have less of a chance to
percolate through the landfill cap. The primary disadvantage to this
option is the fact that the large amount of fill will require a great
deal of time and money to place and increase the anticipated
settlement.

Mthcugh the dome construction of Option No. 4 meets all the
requirements for a RCRA landfill closure, the expense involved with
providing such a large quantity of fill is prohibitive. for this
reason Option No. 4 is not included in the conceptual drawing package
and is removed from further consideration.

4.5 CCflCLOSION

All four of the options described above provide a technically
acceptable landfill closure and capping system. The severe relief on
the Heleva site makes the more normal dome closures prohibitively
expensive and difficult to uuisUact. large quantities of fill would
be required for this type of closure and this fill material is does not
appear to be available either on-site or nearby the site. The two
major cost items that differ in the options are the fill and the
engineered ditches on the cap. These are summarized in Table 2. A
conparison of the alternative options shows that Option No. 3 involves
the least amount of fill and should be the easiest to ajusUuct and
least expensive. It also will limit the additional loading on the
base.

This option does have the negative aspect that storm runoff is
directed toward the center of the cap instead of shedding the runoff to
the sides. This negative aspect can be c-vercome by ĉ onstructing a high
quality cap along with well planned and designed ditches to carry the
flow cn the cap interior. For these reasons Option No. 3 is
recommended for selection as the subgrade grading option.



TABLE 2

HELEVA LANDFILL SUPERFUND SITE

OPTION NO. FILL CUT FILL COST ENGINEERED DITCH
(CY) (CY) ($) ($)

1 128,700 5,200 1,512,225 0

2 220,592 8,120 2,600,749 20,000

3 25,000 8,037 302,590 20,000

4 505,555 Minimi 5,940,271 0
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DRAINAGE—RUN OFF-I
f\

FIG. A.-ONE-HOUR RAINFALL. IN INCHES, Fia B.-ONE-HOUR RAINFALL, IN INCHES. Fia C. - ONE-HOUR RAINFALL IN INCHES.
TO BE EXPECTED ONCE IN 2 YEARS. TO BE EXPECTED ONCE IN IO YEARS. TO BE EXPECTED ONCE IN SO YEARS?

-|G. & - ONE-HOUR RAINFALL, IN INCHES, Flfl.fi.-ONE-HOUR ̂ RAINFALL, IN INCHES, FtS. F_ - ONE-HOUR^RAINFALL, IN INCHES
•.'0 BE EXPECTED ONCE IN S YEARS. TO BE EXPECTED ONCE IN 25 YEARS. TO BE EXPECTED ONCE IN «30 YEARS.

COMPUTATION OF L IN RATIONAL FORMULA.
<AMPL£-Assume expectancy period =5 years, See Fig. D, assume /oca/ity, find /hour infensirynSfa. per hour.

FIG.G-INTENSITY EXPECTATION FOR ONE-HOUR RAINFALL*.

FIG.H-OVERLAND
FLOW TIME.

/'\ ̂f VT
*$-DITCHHOW.

i _ _ -.Ĥ -Ĵ S—U-U ̂
_ 10

II
CC
3 9
O
8

<n 7ui
5 s

\t> /SO/* r tju_. b-f. -» —«. —«»«̂ =ĥ j

XAMPLE: 6/v&7:slrea • t.8 acres, averag* grass
sw/ace. /angesi'ovcr/cnd f&x/ ~?OQff.af 4% grade
Ditch flow -15O/t.arQ.SXgnxi!

To
/»," Over/ana' flotv, see fiG. H atlefr a /5 V//7.
/̂ 7/- Ditch flow, assume triaJQ*2>cf.s.,eater

•OS.frada'/fcA *D-I, /- /. 7ft.perjtc.
.'.Ditchtime-T&?,* . /.5 •

Concentration time »\6SMin.
frtfer 1.75 Curve from Fia.D

. find i -3.8.

JO 30 40 50 60 70 80 90 100 110 I2£
DURATION IN MINUTES

'——Concentration fi,-nc in Example.

FIG. J-VALUES OF I
RAINFALL INTENSITY-DURATION.

-Sfoeft/est/ from M/scel'oneô s Puftc&rniin &<£?0V, t/.S. 0e/af. of /lgr/cts/tt/re, £>y Dov/d L. Yarnelt.
~ •* 'fo/yfsa' /s*om *£/7ff//7ec/~/nff A#<?ftsa/ as* f/re W<r/~ ̂ mjOor/mGnf; Port 777T CAOjO./, £7ec. #S.



DRAlNAfcib.— KUNUI-I- — g " 7i
' Q=Acl RATIONAL FORMULA fLogieol approach").
Q a £ UNOFF ** Peovfc discharge of v/afersned tn cubic /ee/ per second (c-.f.s.) dese- ro ;_

. max/mt/rr-> sform asStsrnec/ . 3<se /̂'ô./Wo f̂  Pg. /8-O/ ( L/ji/c/fy /O —
' /̂  =/4/eer of tv criers free/ /n crcres. "
C ~Co&ffic/enr of resnoff t TO&/G & LeJow(M<zastsrc. cvVosses cfve. fa /nf/j'^ra,
t •=. Intensify afsainfoM in' inches pernoar based on c:once./-j fraf/o/7 f-srrte..S€.e
Cortcenffcfion time.3- ///we regu/r&cJ far rain /0Jf/r>g of ,-nosr rs/rto/e poinf to reach discharge •
PO//7/. Concert frcrf/on fime rnay /'nc/udG Oyertanc/ f/oirv time,, /Xf7. H> Po-* 18-01 } oncf Charrrne f
Won fime-iPg. 18-05, I3-O6, 18-69 and /8-7f.
TABLE A-COMPUTAT1ON FORM FOR RATIONAL FORMULA
LOCATION

STREET

f/BST ST.
MAIN RD.

tf ft

FROM

A

3

C

TO

5
C
D

A

INCRE-
MENT

LS

1.3

2.0

WTAl

/.8
3.7
5.7

C

.44
,50
.50

TIME OF
FLOW -MIN.

TO
(NUT

16.5

IN
CHAN
NEL

0.3
2.5

AS.

TIME
OF
cone
I&5
16.8

IS.3

L

3.8
3-7
3-5

Q
c.te.

3.0
£3
IO.O

DESiGM
CHAKI-
NlEL.

OR,
PIPE
SIZE
15'
D-2
zr

SIOPE
ft.
per ft.

.ooa

.on

.007

n

.0/5

.030

.0/5

CAPA-
CITY
FULL
C.f.S.

4.6

12.0

//./

V
ft.
per
sec.

3.9
2.8
4.5

P RO F 1 1- E

.ENCTH
ft.

60

420
450

FALL
ft.

0.48
4.62
3. 36

3THER
tosses
ft.
*P

O

0

Z20

1NV.
tLENft
UPPER
END

82.00

81.52
74.70

1NV
H.EV
Lov»cr
END

3/.S2
76.90
70.34

f hat the sequence of design as in example, Fig.J, Pg,/8-OI rnVo/vcf frfa/
— ̂''orrs /ft defermin/rro, '

TABLE B-VALUES OF VALUE.
paopo&eo

VAUU.C B.lr'
OTHBM.

AUTHOH.ITV

MIN.
to mc+oJ . 0.90

MAX. MIN.

l.OO O.TO

PAVEMSNT&
Cos?crcf<z or Jap /* 0.90 1.00 l.OO
&itum/noa» Macoaf&sn, opert amc/ closed /«yp«. O.70 0.9O 0.7O 0.90

t from c/eosr <yr*& /ooac. fo c/cre/my 0.25 O.TO O.lS 0.30
R..O.. YAX0S O-IO 0.50 0. 10 0.30

, from c//?fforsn grain size., no f/n«s,

from cfeo-fi grove/
sonef m /x-f-ure&, ao .»///*• or c/oy /o Mgh
c/o-ts os* si/t Co/7/c/?J:

CJLAV, from coar&e. sanafy or _?///_/ -fa
pure colloidal

Bare O.J5 0.50 o.oi 0.55

Lioht Veoefafion o./o 0-31 0.99

Dens* Vegefcrtian O.O5 0.3O O.OI O.SS
o-2o O.GO

uertse. VeacfatJo/1
Bare o.2S O.fiS
Liaftf Vegetation o.J5 0.50
Dense o./o o.xo

0.30 0.75 O.JO 0.70
o. 2o O.GO O.IO 0.70

Dense YeaeJarian o.iS o.so O.IO 0.70
0.6O 0.7S O.SO 0.95

Ctfy, dense fest'efeaf/o/ areas, vary as 'ro so// a/ft/ v«a*raf/o/j .O.5O 0.4S O.«O
CXiS O.S5 0.25 O.4iO

Aura/ O.IO 0.25 O.IO 0.25
P0r£s, ffo/f Courses, ere., O.JO 0.35 O.OS 0.2S

': Va/e/es of C /or cerMi surfaces are fitfrher varied 6y c/eoree of sofesraf Jon,
campacf/ort, surface. /'rr&ot//<srrffy and s/o/oe, 6y character of se/Asoff, ana' Ae/
presence of frosf or a/crz&cf* snow or- ice.
© Bryant $ Kuichling, fieport, &<jck Bay Setvcraos Ds'sSrt'cr1, JEtosfon, /&O9.
© Mefca/f and £ddy, American ̂ Sev̂ eraae pracrice , /£??S. M - Gr&w-Ht/I.
(D (Jse.cf by C/fy of Gosron, reported by Merca/f.<£ Eddy.
@ Used by Gift/ of De/roJ1; fepo"rred b>e/ Mercoff &
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Ê

^̂ -6



I ————it .p. i
^ LJ iR

- . __
Q 2 cc fir

O
ENGINEERING MANUAL PART XIII CHAPTER 1

19

(A

Ul

uin. o
Z (O UJ o
o ui o: o.. o- <.

o o
2 0=>0o |_J o s

l
,

111
O I |i I I I I I I I III ! 11 I II I I I I II I 0 3 = _

^ o • c o . " * « » n <3 - o O J= <
(O

U

I



APCTNDIX A
EEFMITEING BSCKDP



North Whitehall Township
Zoning Office

R.R. #1, Coplay, PA 18037

January 25/ 1988 f
vMN 29

William Cannon
Sirrine Environmental Consultants 4
P.O. Box 5229
Greenville, S.C. 29606

Dear Mr. Cannon:

In response to your telephone inquiry regarding the
proposed construction at the Heleva Landfill/ please be
advised of the following:

1. Permit is required.
2. The permit fee will be 50 cents per thousand/ or

part thereof/ cost of construction.
3. The permit will be valid for one year.
4. Application should be made at least two weeks prior

to the construction starting date.
Enclosed you will find an application for the permit; please
note that Sections E & F do not need to be filled out.

Should you have any questions feel free to call at
799-3411.

Sincerely^

Marie Dean
Zoning Officer

MD:jw

Enclosure

AR30i5l»«f



D«ta RacaiTad: North Whitehall Township *•«-* NO—
Lehigh County, Pennsylvania Oat, ctnatad_

APPLICATION FOR A ZONING AND BUILDING OR ALTERATION PERMIT L
Note: If no setbacks are affected answer only questions in Red.

Application is hereby made for a permit for construction as Indicated below and which shall be located as shown on the thre« (I) copiea
of the plot plan submitted herewith and/or to use the premises for the purpose herein described. Applicant agrees that such work will
comply with all provisions of the Zoning Ordinance, with all deed restrictions and with all other applicable ordinance* of North Whitehall
Township.

A. This Application is for: B. Proposed Use C. Exact Location of Property
O N«*w Building n One Family Dwelling House Number .........._____________
n Exterior Alteration D Two Family Dwelling Street Name ....._..._______.____.
Q Interior Alteration D Multi Family Dwelling Subdivision Nama ...._
_ Home Occupation D Industrial Building Deed Reference: Vol__._ Paga__
Q Razing D Privata Garaga Subdivision Improvements
D Addition to Building E Professional Building Agreemant Ye» Q No Q
D Accaaaory Building g Shopping <=•»*•* D. Typ« of Lo*
D Temporary Building d Coinmarcial Building n frtiriix
D Chang* of UM D Accauory Uaa g CaaM

Proposed Use of Building and/or Land (Additional Details) ____________ .______________________
E. Lot and Building Dimensions and Areas
Lot Width ____A__________ *- \ Lot Daitfa _________L__ ft \Lot Ana _
Buildia. Width _L__________ ft \ Building Depth ______——L__ ft \Araa of Main __
RightYsida Yard \ ft 1 FrontYkrd —— —I— ft Urea of Accaaaory
Laft Side Yard \ ft \ Raar Yaid \ ft frotal Lot Corac
F. Chbracrer of Building will be al follows: \ \
Type bf Construction ..............———1.———————\—————————̂ 4~-—-—————\ Basement Y<

\ \ Brick. Fkmo, ate. \ - I
of Stories I..———_ Height.._.——— ft Number of Roomsl—........__. Nî nber of Baths
Interior -floor Space ..___L..._ Type of V-arage (Le. Attach

i of Eaistina Buildings (if any) ...... —————\——— Constructeq
Detached,
What Year

[Right Side ._Backs Mf Detached) Frobt ______ VRear ____.. ._\Right Side __V-___ I*ft
Cost of Construction ——————————————— Starting Date —————.._. ............ Completion Date
Type of Water Supply —————————————————————— Type of Sewage Disposal ......_._____

Owner————————————————————— —————— Address.._____________._______ Phone..
Applicant——————————————:————————————— Address——...._.________________ Phone_
Contractor————————————————————————————— Address______________________ Phone-
Is this application being made by owner of property —_. If not, by what Authority ......________________
Date ———————————————————————————— Signature of Applicant...____..___.___________
Building Permit Issued by —————————————————————————.—————————————— Title —————

CERTIFICATE OF OCCUPANCY
When Construction is Complete Notify Zoning Officer and Request Certificate of Occupancy

This is to certify that the building or structure has been inspected and found to be in compliance with "The North
Whitehall Zoning Ordinance of 1969" as amended and the above stated occupancy is hereby authorized.

Approved as to Building Code ————.. .——:——————————————————————— Building Inspector________
Approved as to Zoning Ordinance and issued by .———————————————————— Zoning Officer _______

FOR OFFICE USE ONLY
District _.„...__ Zoning Fee ____ Date ____ Building Fee —.._... Date .___ Appeal Fee —:—— Date
Does Lot Frontage Conform .._____.— Does Lot Area Conform ——..___—— Does Use Conform ————
Do All Setbacks Conform ____.— Front —————— Rev ————— Right Side _______ Left Side _
Does Building Area Conform _-—....___ Does Height Conform _——————— Block Number ——————

Tax Map ————:——— Lot Number —'._____
FOR USE OF THE ZONING HEARING BOARD

Hearing Date ______.___'.___ Type of Hearing: Regular ________ Public ________
_ Approved D Disaproved Conditions O Yes D No

fhairmori ___________________________ _ __________

Secretary-
M*.

AR30I5W



IBSIRRINE
ENVIRONMENTAL
CONSULTANTS

•COMMUNICATION REPORT-

Name Ms. Marie Dean_________ Project No. F-1536

Company North White Hall Township Date 1/19/88 Time

Address ______________________________ [X] Telephone Conversation

__________________ [ ] Office Conversation

Telephone No. 215-799-3411 Re: Heleva Landfill________

Recorded By Bill Cannon______ - Permits_____________________

Ms. Dean, Zoning Officer, stated that North VSiite Hall Township
requires only a zoning permit. Processing time is two days. If a
gciverninent agency is reqiiesting the ppm.1t, the fee is waived.

Ms. Dean will send us a letter confirming this information.

SIRRINE TSNIBDNMESirSKL CdBOISSNIS

Rill cannon

bf

cc: Mr. Bill Hauser
Mr. Gordon Peterson
Project File

ABSCISES



H^IKKIINIti
ENVIRONMENTAL
CONSULTANTS

•COMMUNICATION REPORT'

Name 1™* f ££W________________________ Project No. ___1
Company fknn<x«k*M7A - As/sf W 4i< ̂û /î j . Date 2-/1/&& Time
Address —————————————————————— E_KTelephone Conversation

O Office Conversation
Telephone No. 7 / ' - ^ _____ Re:
Recorded By

Data:

Pile.



4 1983

QUALITY PERMIT APPLICATIONS SHOULD BE SUBMITTED DIRECTLY TO THE
APPROPRIATE REGIONAL OR LOCAL AGENCY OFFICE

AS INDICATED BELOW:

REGION I REGION II REGION III

Hr. Thons HcSinley Hr. Babu Patel Hr. HartMin tieiss
Engineering Services Chief Engineering Services Chief ' Engineering Services Chief
1875 Hen Hope Street 90 East Union Street 3555 N. Progress Ave.- (1 Ararat Blvd.)
Norristowi, PA 19401 Hilkes-Barre, PA 18703 Harrisburg, PA 17110
Telephone: (215) 270-1920 Telephone: (717) 826-2531 Telephone: (717) 657-4587
Counties: Berks, Bucks, Chester, Counties: Carbon, Lackananna, Luzerne, Counties: Adams, Bedford, Blair,
Delaware, Lehigh, Montgomery, Monroe, Pike, Schuylkill, Susquehanna, Cumberland, Dauphin, Franklin, Fulton,
Northampton Mayne, Hyoiing Huntingdon, Juniata, Lancaster,

REGION IV REGION V REGION VI

Hr. Richard HaxHell Hr. Charles HcCann Hr. William CharIton
Engineering Services Chief Engineering Services Chief Engineering Services Chief
200 Pine Street . 121 S. Highland Avenue 1012 Hater Street
Hilliamsport, PA 17701 Pittsburgh, PA 15206 Headville, PA 16335
Telephone (717) 327-3637 Telephone: (412) 645-7100 Telephone: (814) 724-8530
Counties: Bradford, Camcron, Centre, Counties: Armstrong, Beaver, Cambria, Counties: Butler, Clarion, Crawford,
Clearfield, Clinton, Columbia, Lycomini, Fayette, Sreene, Indiana, Somerset, Elk, Erie, Forest, Jefferson,
Homtour, Northumberland, Potter, Snyder, Washington, Hestmoreland Laurence, HcKean, Mercer, Venango,
Sullivan, Tioga, Union Warren

ALLEGHENY COUNTY PHILADELPHIA COUNTY

(Obtain local agency's forms) (Obtain local agency's forms)
Hr. J. 0. Graham, Engineer Hr. Thomas Elliot
Plan Review Section Department of Public Health
Allegheny County Health Department Air Management Services
Bureau of Air Pollution Control 500 S. Broad Street
301 39th Street Philadelphia, Pa 19146
Pittsburgh, PA 15201 Telephone: (215) 875-5624
Telephone: (412) 681-6900

FOR GENERAL PERHIT INFORMATION FOR INFORMATION ON AIR QUALITY MODELS FOR INFORMATION ON AMBIENT HONITORIN6

Hr. Douglas L. Lesher Hr. Robert Simonsw Hr. Frederick P. Osman
Chief, Engineering Services Section Chief Meteorologist Chief, Air Quality Section
Bureau of Air Quality Control Bureau of Air Duality Control Bureau of Air Quality Control
P.O. Box 2063 P.O. Box 2063 P.O. Box 2063
Harrisfaurq, PA 17120 Harrisburg, PA 17120 Harrisburg, Pa 17120
Telephone: (717) 787-4324 Telephone: (717) 787-4310 Telephone: (717) 787-6548



R-AQ-17 Rev. 9/8S

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OP ENVIRONMENTAL RESOURCES

BUREAU OP AIR QUALITY CONTROL

Request for Determination of Requirement
for Plan Approval/Operating Permit Application

(Submit In Triplicate)

Date of Installation:

)wner of &

Mailing Adc

,'ontact Pen

'.ocation of

Street Addn

istimated Ei

Pollutant

fclluantrty
Iba/hr

Quantity
Ibs/yr

mirea; Emplnysr LD. No.:

IMAM*

MMV Talaphonta!
•J

Source(s):

»ss; Munifiinalitv-

missions:
# '

County!

Signature

Title

Date

OFFICIAL USE ONLY

)ate Received: ___________________ Reviewed By:

'ursuant to the authority contain*, in 25 PA Coda i 127.14(8) the Tha sourctKs, does not qualify for exemption from plan approvai/per-
sourcaU) is axamptad from the plan approval and permitting re- mittif.g requirements under PA Code $127.14(8) and plan approval
ô Jiramant-u TTito datarmination doaa not examptthe sources) from appfcation<s) must ba submitted. The Department is prohibited from
ompHanc* with aU othar applicable air quality regulations, acting on an application until 30 days after the municipality and

county have received notification by the company. Pertinent forms
are attached.

Signature

TM»

3830.549



COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL RESOURCES

Post Office Box 2357
Harrisburg, Pennsylvania 17120
(717) 787-5828

Bureau of Topographic and Geologic Survey
January 21, 1988

Mr. William Cannon
Sirrine Environmental Consultants
P.O. Box 5229
Greenville, SC 29606

Dear Mr. Cannon:

This letter is in response to your request for written verification on
water well drilling and well permitting under the Pennsylvania Water Well
Drillers Licensing Act 610 of 1956.

Under Act 610 a water well is defined as "any excavation that is drilled,
bored, cored, washed, driven, dug, jetted or otherwise constructed, when the
intended use of such excavation is for the location, diversion or acquisition
of groundwater..." "...Mo person shall drill a water well within the Commonwealth
unless he has first secured from the department a license..." There are no
well permitting or abandonment requirements under this Act. Public supply water
wells are permitted and regulated under the Safe Drinking Water Act under the
jurisdiction of the Bureau of Community Environmental Control of this Department.
Monitoring wells constructed under superfund or RCRA would come under standards
set by those programs.

I hope this letter has answered your questions concerning water well
drilling, construction, well permitting, and abandonment in Pennsylvania.

If you have any questions, please do not hesitate to contact me.

Program Coordit
Water Well Drillers Licensing Program

DMS:lr

RECEP/ED

JAN 25 1988

Afi30i550



1IISIRRINE
ligg ENVIRONMENTAL

C O NSULTANTS

<XM_UNIC3-TION

Naroe Ms. Donna Snvder_______ Project Nb. F—1536

Caai5any Permsylvania Dept. of Date 1/19/88 Time

Address ...rjyiroiinerital Resources [X] Telephone Conversation

[ ] Office Q-fTversation
.telephone Mo. 717-787-2169___ Re: Heleva Tar-df-i n_________

By Bill CJ-innon ____

Ms. Donna Snyder, Coordinator, Water Well Drillers Licensing,
stated that there are no permits, regulations, or procedures
required for abanck-ning a water well in the State of Pennsylvania,
that are issued by her depart-tnent. since this is a superfund site,
RCRA and other regulations will apply.
Ms. Snyder will send us a letter confirming this information.

SIERINE ZNVIFCNMRriKL CCNSUIIEZ-NIS

Bill Cannon

bf

cc: Mr. Bill Hauser
Mr. Garden Peterson
Project file
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ENVIRONMENTAL
CONSULTANTS"

•COMMUNICATION REPORT'

Name /'"*° mem**'______:______ Project No.
Company trte** # » zo/if** Date Time
Address ti*Y/»i&»«*/*| ̂ —££.—————————— B^Telephone Conversation

Q Office Conversation
Telephone No. 3/:7--70 3-3^=76_______ Re:
Recorded By

Data:
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r-\ i j»̂ > t i A»I r\f\m f «-" JIT
POLICIES AND PROCEDURES

^-^ . November 13, m<

Earth disturbance permits are required under the authority of the Erosion Control
Regulations, 23 Pa. Code Chapter 102 of the Department of Environmental Resources' Admin-
istrative Code. These permits are required for all earth-moving activities within the
boundaries of Pennsylvania where over 23 acres of land are disturbed in a contiguous project.
Agricultural activities for plowing and tilling and projects requiring certain other DER
permits are exempt.

The following steps are to be taken to process an Earth Disturbance Permit.

i. The Bureau of Soil and Water Conservation (BSWC), DER prepares and provides
approved permit application forms (ERSWC-20). Conservation districts are
expected to maintain a supply of forms for applicants. Conservation districts .
will provide four (4) copies of the application forms to each applicant,-who is
required to secure an Earth Disturbance Permit.

2. The applicant secures four (4) copies of the forms ER-SWC-20 and prepares an
application consisting of three (3) copies of the application form, all properly
notarized, and three (3) copies of an erosion and sedimentation control plan
consisting of a map, a narrative and a check for two hundred dollars ($200).

3. The applicant must notify the municipality wherein the proposed permitted project
li iocattd. Such notification may bt by rtturn rictlpt (ctrti.itd mail) ai proof
tif notice. The Earth Disturbance Permit may not be issued without the 30-day
notice to the municipality. (According to Legislative Act 14 of 1984). Applicant
must provide BSWC a copy of receipt of notification.

4. The application is then submitted to the conservation district.

S, The conservation district checks the application for completeness... (three forms,
three plans, and one $200 check).

6. The conservation district assigns a number to the application. The first two
digits are the county number, the next two are the current year, the next is "8"
Identifying an Earth Disturbance Permit, and the last two are the number of
applications for the current year (example: 01-83-8-01). The district then
notifies the applicant that his application has been received and is complete.
The use of Form ER-SWC-22 revised 2/8.171* recommended.

7. When the application is accepted as complete, the conservation district completes
one tracking form no. DER-SWC-990, with appropriate actions to date, and ••=*•
forwards one copy of the tracking form, and one notarized application, and the H?
2̂00 check for the application fee to the State Office of the Bureau of Soil and _
ater Conservation within five (3) days of receipt. o

oo
8. The conservation district retains one tracking form to be kept on file and oe

up-to-date, one notarized application and pertinent information from the check • a=c
(copy of the check, If possible).

9. Within the five (3) acceptance review days, the conservation district sends one
up-to-date copy of the tracking form, one notarized application, and one eroiTon
and sedimentation control plan (one map and one narrative) to the regional soils
engineer of BSWC. O&X-> fV_* i ̂  **UH?~>-̂ ---V̂ X t- ft. ***£ <V AuFUvV-coC

_
10. The conservation district submits on* erosion and sedimentation tfontrol plan to

Its technical staff or the Soli Conservation Service for review and comment.
The conservation district notifies the PennsylvanJa Pith Commiwlon that an
application has been received and solicits their review and comments. This
_ _ • ft • »_- • •- * • _ • _ _ .»« 4* A. _•



11. The Bureau of Soil and Water Conservation's State Office forward* the $200
check to the Comptroller's Olllce within one business day.

12. The bureau of Soil and Water Conservation's State Office supplies the application
information to the Pennsylvania Bulletin within one business dey.

t

13. The Bureau of Soil and Water Conservation's State Office prepares and forwards
the "Form No. 1" notices to the regional DER office and the Bureau of Dams and
Waterways Management.

14. The conservation district comments on the adequacy of the plan and forward!
their comments, and the two plans which they reviewed, to the Bureau of Soli
and Water Conservation regional soils engineer within 33 days. ,

13, Tht BSWC rtgionai lolli engineer cvalutai the erosion and sedimentation control
plan, considers the conservation districts' and other recommendations and deter-
minet tht adequacy of the plan. If tht plan li inadequate, tht soils engineer
prepares and sends a correction letter to the applicant with a copy to the district.
The applicant is given 10 days to respond to the letter and/or 30 days to provide

' - a corrected plan.
'3*16. The BSWC regional soils;engineer forwards his final recommendation on permit

issuance along with two plans (maps and narratives) stamped with his approval
and a copy of the tracking form which he has updated to the BSWC State Office
within 10 days of receiving the conservation district comments. Time used by
the applicant to correct the plan Is not Included in the process time and should
be shown on the tracking form. Use an X In Column 20 for applicants time with
dates In the "START*, "END" and "DUE" Columns.

17. The conservation districts forward their district board recommendations and a
copy of the updated tracking form to the BSWC State Office within 33 days of
accepting a complete application, " •

18. The BSWC State Office compares the soils engineer's recommendation with the
conservation district comments. to

LO
19. The BSWC State Office checks with the status of "Form 1" replies to learn if tn
, permits are in process for the project and If the Permit Is to be coordinated by ""7

the appropriate DER regional office. ^
or

20. If another permit for the project is in process, the BSWC State Office prepares o-r
the Permit and forwards It to the DER regional office for coordination. If no
other Permit for the project Is In process or If It has been cleared, the BSWC
State Office Issues the Permit directly to the applicant. When the DER regional
office coordinates the permit process and all permits are cleared, It will send the
Earth Disturbance Permit directly to the applicant and notify the State Office of
the BSWC.

21. When the Earth Dlsturbanca Permit Is Issued, a notice Is forwarded to the
Pennivlvanla Bulletin by tht BSWC Statt Office.

22. Tht original Earth Disturbance Permit li sent to tht applicant, a copy to the
BSWC field representative, the BSWC soils engineer, the local municipality

\ wherein the project U located, the appropriate DER regional oil.ce, and the
k ft/in /4l«*rl«.* /••.•._. ,»«.«̂ u —..» *K_> -.-.-.-.-..u-wl _>-».-1~_-. mru4 _->«<l.-.-__.•_.«!._-_ _._._..__.!
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CONSULTANTS
COMMUNICATION REPORT'

Name ^< tf/* _____________ Project No.
Company foû e** sf &>liJ AJ*?d> M***̂ f>i*&t+J Date I/2&/P& _____ Time
Address M&fSi<p&̂ r\ f — £/__ —————————— B^Telephone Conversation

—————————————————————— D Office Conversation
Telephone No. z/ ?& -!*!&& _______ - Re:
Recorded By fe///

Data:
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