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1.0 INTRODUCTION

This Final Engineering Design Report was developed in accordance with the
September 1991 Design Statement of Work for the Broome County Colesville Landfill
Remedial Design and is based on comments received from NYSDEC and USEPA on the
Preliminary Design Report submitted August 1992, and Pre-Final Engineering Design Report
submitted February 1993. This work has been performed by Wehran-New York, Inc. for the
Broome County Division of Solid Waste Management (Broome County, New York), and GAF
Corporation (Wayne, New Jersey).

The Colesville Landfill site is located in Broome County, New York (see Figure 1-1).
It is a Superfund site that has been the subject of a Remedial Investigation/Feasibility Study
performed by Wehran-New York, Inc. The remedy for this site includes the following major

components:

. Landfill final cover

. Collection of contaminated groundwater in the glacial outwash aquifer
downgradient of the landfill using wells outside of the landfill and within the
landfill

. Seep collection

. Collected water (groundwater and seep) treatment

. Discharge of treated effluent to surface water

This Engineering Design Report addresses the general features of the Remedial
Design and related design criteria of the final cover. The areas related to design of the final
remedy of the Colesville Landfill site included in this report are:

. Final Cover
. Limit of Waste
. Borrow Areas

. Stormwater Management

1-1 10.006.4/93.02260.CS



The design of the pumping and treatment systems are described in separate
documents ttled, Engineering Design Report for Groundwater Treatment System, also
prepared by Wehran-New York, |Inc.

The Final Engineering Design Report should be reviewed in conjunction with the
Post-Closure Operations and Mzintenance Plan, Construction Plans, and Final Technical
Specifications for the Colesville Landfill prepared by Wehran-New York, Inc., dated
April 1994,

The Landfill Cleosure Detign also incorporates site data and information from the
Remedial Investigation eport, dated April 1988; and the Conceptual Design Report, dated
June 1992, both prepared by Wehran-New York, Inc.
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2.0 SITE INFORMATION

2.1 LAND USE

The Colesville Landfill site is situated within an area characterized as rural, with
large tracts of undeveloped woodlands. Developed lands include large-scale agricultural
tracts and scattered residential parcels. The largest, and nearest grouping of residential

development is found in Doraville, located approximately one-half mile south of the site.

22 TOPOGRAPHY AND SURFACE DRAINAGE PATTERNS

Surface elevations within the Colesville landfill site range from approximately
1,400 feet above mean sea level (msl) in the undeveloped eastern section, to about 970 feet
above msl along the western site boundary. Elevations on the Susquehanna River lowland
vary between approximately 940 feet msl to 970 feet msl. The Susquehanna River in the
vicinity of the site is at an elevation of approximately 940 feet msl.

Site drainage is primarily westward toward the Susquehanna River. However, the
terrace upon which the landfill has been developed is dissected by streams on the north,
east, and south. Accordingly, a dendritic pattern of surface water runoff has been
developed. Drainage to the south occurs by overland flow shortly after the streams enter

the lowland.
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3.0 WETLAND IMPACTS

Remedial construction activities, including capping and borrow operations, discharge
of treated effluent, stormwater discharge, and groundwater withdrawal, will affect the
wetlands on and around the Colesville Landfill.

The impact to affected wetlands and the wetland mitigation are included in the
Colesville Landfill Wetland Mitigation Compensation Wetlands Plan, prepared by Wehran-
New York, Inc. and Wetlands Research Associates, Inc., dated March 1994 (see Appendix A).

The Plan describes the proposed action and has been approved by USEPA.
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4.0 LANDFILL DESIGN

4.1 GENERAL

A final cover system is to be utilized in the remediation of the Colesville Landfill.
The final cover system will incorporate gas venting, flexible membrane liner, barrier
protection layer, topsoil, and stormwater controls.

The gas venting system will intercept, collect, and passively vent landfill gas to the
atmosphere.

The flexible membrane liner, barrier protection layer, topsoil, and the stormwater
controls will minimize the infiltration and percolation of stormwater through the waste.

This will minimize the release of contaminants into the groundwater.

4.2 CONSTRUCTION LIMITS

A determination of the limit of waste was performed based upon interpretation of
aerial photographs for visible disturbance. To more accurately define the limit of waste
placement, a test pit investigation was performed by Wehran-New York, Inc., between
July 22 and July 24, 1992.

The extent of waste placement was verified by excavating test pits across the site.
The test pits were performed under the supervision of Wehran-New York, Inc. field
personnel. Approximately 100 test pits were excavated and those that represented the edge
of waste are shown on Figure 4.2.1. For areas not represented by test pits, visual
observation of waste and historical data was relied on to define the limit of waste
placement.

Interpretation of the data collected during this investigation has moderately changed
the boundary of the proposed final cover. The new boundary is shown on Sheet 2 of 9 of
the Construction Plans.

4.3 FINAL COVER DESIGN
4.3.1 General
The goal of the final cover construction is to reduce leachate generation within the

landfill. The final cover and associated stormwater management features will greatly reduce
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the amount of water irfiltrating: into the waste by providing an impermeable barrier in
addition to reducing surface poriding.

The final cover system pyoposed for this site is designed to fulfill the requirements
of 6 NYCRR Part 360-2.13(p-s), effective December 31, 1988, revised May 28, 1991. The
final cover system, from top to bottom includes a 6-inch topsoil layer, 24-inch barrier
protection layer, 40 mil flexible membrane liner (FML), and a gas venting layer.

Two alternatives are presented in the Construction Plans for the barrier protection
layer. Alternative 1 has a 12-irch drainage layer consisting of granular material, and a
12-inch soil layer of clean fill material with geotextile separating the two layers.

In Alternative 2, the 12-inch drainage layer has been replaced by a geosynthetic
drainage layer. The gecsynthetic: drainage layer will be a geocomposite drain comprised of
HDPE netting with geotextile ponded to each side. For this altermative, the barrier
protection layer would be 24 inches thick and consist of fill material obtained from the
on-site borrow.

The two final cover optipns are considered equivalent in function. Since the two
alternatives are equivalent, the Jdecision of which option to choose is basically economic.
As such, the final cover alternat.ve will be effectively determined by the option chosen by
the successful low bidder for the project.

4.3.2 Subgrade Preparation

The existing cover soils will require regrading to provide a smooth, uniform surface
to facilitate placement of the low permeability barrier cover (FML) and to effect positive
drainage. Fill will be yequired to eliminate existing depressions or to contour slopes, as
necessary. Cutting into the existing soil will be limited as much as pc;ssible to eliminate the
risk of exposing any in-place waste. Once a suitable surface is prepared, the remainder of

the construction will proceed.

4.3.3 Gas Venting Layer

The final cover system includes a gas venting layer beneath the FML barrier. The
Colesville site has been dormant since 1984 and the average age of the in-place waste is
estimated to be approximately 14 years old. As a result of the relatively long period since
waste was deposited, gas generation at the site is expected to have diminished significantly.
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Combustible gas migration surveys performed around the perimeter of the landfill indicate
combustible gas is not currently migrating laterally from the landfill. As such, the 12-inch
layer of granular gas venting material over the entire site is not necessary.

In recognition of the reduced amount of gas production at the site and the continued
need for collection, various alternatives were investigated. The alternatives were evaluated
on the basis of equivalency for the requirements found in 6 NYCRR Part 360, as well as for
economical reasons.

Two alternatives for the gas venting (collection) layer have been proposed in place
of the 12-inch soil layer required in 6 NYCRR Part 360. Since each alternate differs from
the requirements of 6 NYCRR Part 360, a variance application is required (see Appendix E).
The variance application discusses the equivalency of the alternates in relation to Part 360.

Alternate 1 consists of a geocomposite venting layer, a geonet with filter fabric
bonded to both sides, and 6-inch slotted pipes trenched into the existing grade; Alternate 2
consists of 6-inch soil layer with 6-inch slotted pipes trenched into the existing grade. In
order to determine the equivalency of the proposed alternatives to Part 360-2.13(p)
requirements, equivalency calculations have been performed. Calculations are based upon
the hydraulic transmissivity of each of the layers. The equivalency calculations performed
are attached (see Appendix G).

The equivalency calculations for Alternate 1 shows the ability of the geocomposite
layer to significantly exceed the capabilities of the required 12-inch soil layer in regard to
transmissivity. The geocomposite in Alternate 1 is manufactured from polyethylene and
resists degradation from chemical breakdown uniformly with the proposed 40 mil flexible
membrane liner (FML). The geocomposite will be placed directly beneath the FML. As
such, clogging of this layer is not anticipated. The liquid flow required as the mechanism
for fines transport is away from this interface and not towards it. The relatively thick
cross-section (fabric/net/fabric) of the geocomposite drain will perform as a cushion
between the prepared landfill subgrade and the FML.

The equivalency calculations for Alternate 2 shows the 6-inch soil layer with
increased minimum permeability requirements, 2 x 103 cm/sec, to be equivalent to the
required 12-inch soil layer. The addition of collection pipes trenched within the layer will
increase the layer's ability to control and collect gas. Due to the layer’s similarity with the

required soil venting layer, performance of the alternative in regard to chemical degradation,
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performance under loading, an¢l impact on FML placement will be consistent with the
required soil venting layer.

For these reascns, the ,gas venting layer alternatives will provide equivalent
performance to the required 12-;nch gas venting layer.

Each of the alternates will also include the installation of passive vents, as shown
in the Construction Plans. The passive vents will consist of 6-inch diameter Schedule 40
PVC pipe which is placed verticelly into the refuse to a depth of 3 feet. The vertical pipe
will be connected to the slotted cprrugated polyethylene pipe within the trench. The passive
vents will be fitted with a gooseneck cap and extend a minimum of 8 feet above final grade.

4.3.4 Flexible Membrane Liner

The low permeability barrier cover for the landfill will be constructed of a flexible
membrane liner (FML). The FNIL will consist of a 40 mil geomembrane in conformance
with Part 360-2.13(r). The FML will be very low density polyethylene (VLDPE). This
material is resistant to the constituents routinely found in the leachate and decomposition

gases of municipal solic waste lyndfills.

4.3.5 Barrier Protection Layer

The barrier protection lyyer will consist of 24 inches of soil material suitable to
protect the integrity of the low permeability barrier cover. In addition, the barrier
protection layer will remove ex:cess head buildup by draining the cover soils, thereby
enhancing the stability of the final cover system. Drainage from above the low permeability
barrier cover will be achieved by two different means, depending on the final cover
alternative selected.

Final Cover Alternative 1 incorporates a 12-inch drainage layer as the lower portion
of the 24-inch barrier protection layer. This material will most likely be a sand with a
transmissivity on the order of 1 x 103 cm/sec. ‘

The barrier protection layer for Alternative 2 includes a geosynthetic drainage layer
overlain by 24 inches of soil. The geosynthetic drainage layer with a high in-plane
transmissivity will be placed abgve the low permeability barrier cover.

Drainage pipes will be pjaced near the low permeability barrier cover. These pipes

will be placed incrementally acryss the slope and spaced approximately 50 feet apart. The
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pipes will intercept water flowing through the drainage layer and discharge it to stormwater
channels at the surface. The pipes will be slotted corrugated polyethylene pipe wrapped by
a woven geotextile. The geotextile maintains filter separation between the protection layer
soil and the pipe slots, reducing potential sedimentation and enhancing long-term
performance. .

The barrier protection layer will be capable of supporting root growth but has no
specific requirements in terms of permeability or gradation. However, it must be free of
material which will damage the geosynthetic components of the final cover system.

Details of the final cover alternatives are shown on the Construction Plans.

4.3.6 Topsoil

The topsoil layer will be six inches thick and will be of the proper pH and nutrient
content to sustain the growth of perennial grasses. The topsoil will be spread in a single
lift and vegetation will be established. Landfill vegetation is described in detail in
Section 4.5 this report.

4.4 STRUCTURAL INTEGRITY OF THE LANDFILL
4.4.1 Stability Analysis

A stability analysis was performed to assess the integrity of the final cover system.
The analysis was performed on a typical cross-section through the the final cover on a
maximum 33 percent slope. The interface between the barrier protection layer and the
geomembrane is considered critical because of the lower interface friction angle.

The stability analysis was performed utilizinga¢ = 23.5 degrees, C = 200 psf shear
strength of the geotextile/textured membrane interface and ¢ = 30 degrees for the barrier
protection layer soils. Given the use of drains in combination with a high "in plane”
permeability geosynthetic, no accumulation of water over the membrane was included in

the model. The resulting factor of safety is 1.7.

4.4.2 Settlement Analysis
The proposed grading plan for the site utilizes slopes shallower than four percent
as required by 6 NYCRR Part 360-2.13(r) (2)(ii). The proposed grading plan depicts a

minimum slope of two percent in the western portion of the site.

4-5 10.006.4/94.02260.CS



The proposed shallower slopes are utilized in order to preclude excavation of the
in-place waste and minimize filling to achieve design grades. Excavation or relocation of
waste at the site was deemed uniesirable due to the nature of the materials deposited and
prohibitive cost associated with waste relocation. Filling of the existing grades was limited
in order to minimize the off-site impact of developing a borrow area.

Calculations wexe perforined in order to assess the long-term effect of settlement on
the proposed grades. The seftlement of the waste was estimated at two stages -
immediately after placirg the final cover (short-term), and 30 years following the capping
(long-term settlement of the waste). The immediate settlement is a combination of elastic
and consolidation settlements dye to weight of the equipment or fill soil which comprises
the final cap. The long-term settlement occurs due to the decomposition of waste with time.

The settlements were coynputed using a computer program developed by Wehran.
Parameters for the imnediate and long-term settlement of waste were obtained from
published values and Wehran’s yrevious work on landfill settlement prediction.

The critical areas were jdentified in the western portion of the site in regard to
settlement. The first location (Gross-section AA) represents the minimum proposed slope,
the second location (Cress-secticn BB) represents the largest thickness of waéte in the area
of slopes shallower than those ;equired. Settlement calculations for these two areas are
included in Appendix B, along with figure drawings showing the orientation of the
cross-sections.

As shown by the settlqment calculations included with the cross-sections, the
expected settlement is relatively;minor. The values are 1.1 feet and 0.7 feet for short-term
settlement and 1.0 feet and 1.9 feet for long-term settlement across Cross-sections AA and
BB, respectively. The expectedl settlement for Cross-section AA will result in a grade
effecting positive drainage. The calculations for Cross-section BB depict differential
settlement developing aver the egisting waste trench in the southwestern portion of the site;
however, due to the orientation of the slope, positive drainage will still be maintained.
Therefore, due to the limited differential settlement predicted for the areas of slopes
shallower than those rzquired, overfilling at this time is not recommended. If localized
depressions are identified by the long-term site inspection and maintenance program,
regrading of the final cover soils in the localized areas will be performed.
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Since the proposed grading over a portion of the site is less than 4 percent as
required by NYSDEC Part 360 regulations, a variance application has been prepared and is
included in Appendix E. Additionally, an annual survey will be performed to document the
cap slope. If the annual survey identifies areas which have settled and are ponding water,

the affected area will be prepared and regraded.

4.5 STORMWATER MANAGEMENT
4.5.1 General

Construction of the landfill final cover and development of the on-site soil borrow
area will require the construction of surface water drainage controls to manage stormwater
runoff and sediment transport.

Runoff from the site will be enhanced during construction as a result of the
disturbance to cover soils and existing vegetation. To prevent uncontrolled runoff from
leaving the site, a surface drainage control system is proposed. The surface drainage system
will consist of drainage swales and a sediment basin.

The sediment basin receives the drainage from the eastern one-third of the landfill
and from the entire borrow area. The basin traps sediment, and provides a controlled
discharge of runoff into existing stream channels. The western two-thirds of the site is
collected into drainage swales which discharge to an existing stream channel via a step
(tumbling flow) downchute. The discharge from both drainage areas will provide discrete
points for future monitoring of off-site stormwater discharge.

Design of the basin is in accordance with the New York Guidelines for Urban
Erosion and Sediment Control, October 1991, Section 5A.33. Due to both topographic and
available property limitations the sediment basin, in the location shown in the Construction
Plans, can collect runoff from approximately 9 of the 28 acres within the area to be capped.
The basin will collect all runoff from the borrow area. The more favorable location for the
basin at the western end of the site is limited by available property and existing steep
terrain. These constraints only allow the sediment basin to be located at the high (east) end
of the site, limiting its tributary area.

In developing the borrow area, the existing surface drainage will be affected.
Presently, there are two intermittent streams existing within the lumts of the proposed
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borrow area. These streams will have to be redirected in order to allow for removal of the
borrow material.

A third existing stream located between the capping and borrow area will be
cordoned off during construction with silt fence to prevent silt from entering the water
course. The stream will flow through a culvert along the western edge of the sediment
basin and discharge into the existing stream bed.

The surface drainage system is principally required for the control of sediment
during construction. Upon comjpletion of construction and establishment of vegetation,
sediment controls will not be required. The sediment basin will be retained after
construction as a compeonent of on-site wetland mitigation.

In addition to the sediment basin and drainage channel modifications, other
sediment barriers will bz implemented during construction. These barriers will include hay
bales and/or silt fence, and will be used to limit sediment transport from the 21 acres of
shallow sloped areas not draining to the sediment basin.

4.5.2 Landfill Vegetation

The primary puzposes for establishment of vegetation on the landfill final cover are
to protect slopes from erosion, enhance evapotranspiration, and improve aesthetics. If
efforts to establish vegetation needed for adequate erosion protection are successful, then
the vegetation requirements for,evapotranspiration and aesthetics are also satisfied.

Three general varieties ¢f vegetation for erosion protection are as follows:

1. Temporary vegetation
2.  Permanent vegetation

3.  Drainage channel vegetation

Temporary vegetation isestablished with winter rye grass in topsoiled areas where
permanent cover cannot be established until the following planting season. Temporary
vegetation should be employed 1on all areas that will remain uncovered, with no ongoing
activity in excess of 30 days to control runoff and prevent soil erosion. Permanent

vegetation should be piaced on;all areas as soon as possible after they reach final grades.
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Permanent vegetation has been selected based upon localized specialization factors
including slope steepness and orientation, the physical and chemical properties of the
topsoil to ensure that the species of vegetation best suited for a particular environment may
be established, and for aesthetic reasons.

Two suggested seed mixtures for vegetation of the proposed site are as follows:

Temporary Seedings
Amount
Type (Ibs/acre)
Ryegrass (annual or perennial) 30
Certified Arostock 100

Winter Rye (use winter rye if seeding in October/November

Permanent Seedings

Amount
Type (Ibs/acre)
Empire Birdsfoot Trefoil! or 8
Common White Clover!
Tall Fescue 20
Redtop or Ryegrass S

1 Inoculate legume seeds immediately prior to seeding.
Source: New York State Guidelines for Urban Erosion
Control. October 1991.

Permanent vegetation should be planted between March 15 to May 15 or from
August 15 to October 15.

Drainage channel vegetation protects the channel bottom and sides by increasing the
roughness coefficients of the channel thereby reducing the flow velocity. Additionally, the
root mat of the vegetation will hold the underlying soil in place. Vegetation planted in
drainage channels is the same as species noted for permanent vegetation. Drainage channel
vegetation should be placed in all drainage channels as soon as possible after final grading.

Seed will be hydraulically planted with mulch applied on steeper slopes. A binder
will be applied with the mulch to hold it in place while seed is germinating.
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4.5.3 Surface Drainage Controls

The diversion swales, downchutes, stilling basins, perimeter channels, and culverts
are designed to accommodate stprmwater runoff from the 25-year, 24-hour, Type II storm
as determined using methods from the Soil Conservation Service, Technical Release No. 55.
The sediment basin and|basin outlet channel are designed for the 10-year, 24-hour, Type II
storm using methods from the syme reference. The proposed surface drainage system will
minimize leachate generation ani soil erosion, and will control sediment transportation and
peak runoff rates. The final landfill grades have been designed to provide diversion of

overland runoff through swales and downchutes to minimize soil erosion.

Diversion Swales

Diversion swales have been designed to convey runoff to the downchutes, as shown
in the Construction Plans. The diversion swales are grass-lined if the design flow is less
than 3 fps.. If the design flow js between 3 fps and 4 fps, grass lining with an erosion
control mat will be utilized. In, reaches of the diversion channels with flow velocities in
excess of 4 fps, rip-rap lining shall be utilized.

Cuiverts
Culverts are previded for routing stormwater under the access roads. The culvert

inlets and outlets are protected with rip-rap or gabions, as shown in the Construction Plans.

Downchutes

Downchutes ar: trapezpidal in section and are rip-rap-lined, as shown in the
Construction Plans. Downchutes convey runoff from the diversion swales down the
sideslope of the landfill or bortow area. The downchutes will discharge into existing
streams. Step gabions are used;to dissipate energy, reduce the flow velocity, and limit the
potential for scouring at the discharge points. '

Sediment Basin
The sediment basin has lieen designed to accommodate sediment storage volume and
detention storage duriyg constyuction, and become a component of the required wetland

mitigation after construction. The sediment storage volume has been designed in
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accordance with the New York Guidelines for Urban Erosion and Sediment Control. The
combined principal/emergency spillway has been sized to pass the 100-year, 24-hour,
Type II peak storm event and consists of a trapezoidal gabion-lined channel.

The spillway is designed as a trapezoidal gabion-lined channel. This supersedes the
spillway referenced in the Wetland Mitigation 'Plan, which includes a spillway with an
adjustable weir to modify the water level. If the water level within the basin requires

adjustment, the spillway will be reconstructed to raise or lower the standing water elevation.

4.6 ON-SITE SOIL BORROW EVALUATION

Planimetric calculations were performed to determine if an adequate volume of soil
borrow materials exist on Broome County property adjacent to the landfill. In order to
determine the amount of fill required for site regrading, the grading plan was prepared

assuming the following requirements:

. No cutting of in-place materials
. Fill will be minimized
. Final slopes will vary between a minimum of 2 percent and a maximum of

33 percent.

The resultant grading plan shows filling to both smooth out irregularities in the
landfill surface and to effect positive drainage without surface ponding.

For the purpose of performing an estimate of the quantity of soils required to be
borrowed from on site, the assumption that no cutting will be performed within the limit
of landfilling represents a conservative approach. The actual quantity required may be less
if in-place soil material is moderately regraded. Based upon a comparison of the proposed
grading plan to the existing topography, approximately 65,000 cy of material will be
required to bring the site to grade.

Construction activity on site is expected to induce settlement of the surface
topography. Additional fill will be required to offset any settlement. Settlement
calculations were performed to estimate the effect of loading the in-place waste with the
final cover system. Assuming fill is required in only the shallow portions of the site where

settlement may affect drainage results in approximately 50,000 cy of material. These areas
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would be principally these with glopes of less than four percent. The anticipated settlement
within areas with surface slopes of four percent or greater is not expected to significantly
affect drainage.

It is anticipated| that setflement will occur differentially across the site with most
areas requiring no fill while sonye areas will require concentrated filling. The geophysical
investigation performed for the site identified the waste to be shallowest in the areas of
existing shallow slopes, thergfore significant settlement is no longer a concern.
Subsequently, the amount of fil| required to offset settlement effects is reduced.

The total quantity of sois required for subgrade fill are estimated to be 115,000 cy
including 65,000 cy of fill for r¢grading and 50,000 cy of fill to offset settlement.

The other component ofsthe final cover system which may be obtained from on-site
borrow is the material for the barrier protection layer. The amount of material required
will depend upon the actual final cover alternative chosen. For Alternative No. 1, 46,000 cy
of material will be required, wiereas 92,000 cy of material will be required to complete
Alternative No. 2. It is anticipated that the on-site soils will require screening before being
used as barrier protection matesjal. It is also anticipated that, in the screening process, the
useable fraction of borrowed soil will be reduced, possibly by as much as 50 percent.
However, at least a portion of tae screenings may be used as subgrade fill, particularly for
the unfilled trench located in the south center portion of the site.

To summarize +he volujne needs, Alternative No. 1 requires 46,000 cy of barrier
protective layer soil, 65,000 cy of subgrade fill and 50,000 cy of fill to offset settlement.
Assuming all screenings can be ysed as subgrade fill, approximately 161,000 cy of soil need
to be borrowed.

Alternative No. 2 requires 92,000 cy for barrier protection layer soil, 65,000 cy of
subgrade fill and 50,000 cy of fill to offset settlement. Again, assuming all screenings may
be used as subgrade fill, approximately 207,000 cy of soil need to be borrowed.

To determine the quantity of borrow material available, the logs of test pits located
on the eastern portion of the property were reviewed. Test pits TP-1 through TP-8
consistently report 15 to 18 feet of glacial till extending down from the surface. This is
considered acceptable soil for .the cap’s barrier protection soil and subgrade fill. The
groundwater table was;also examined and found to be an average of 25 feet below existing

grade. A proposed grading plan for the borrow area was developed based upon the need
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to obtain 207,000 cy of material. Grading of the borrow area was held to maximum slopes
of 3 horizontal to 1 vertical as shown on Sheet 4 of 11 on the Construction Plans. The
assumption that slopes may be cut to 3 horizontal to 1 vertical based upon our observation
of similar existing features proximate to the proposed borrow.

The borrow area is currently forested and will require clearing and grubbing in
association with borrow area development. Topsoil will be stripped and stockpiled. Upon
completion of the capping activities, the site will be reclaimed. Reclamation will entail
grading of the site, replacement of topsoil, and revegetation.

As a result of the investigation, it appears the volume of soil available from on-site
borrow is adequate for a portion of the site final cover needs, assuming capping to the
limits shown. Table 4.4-1 indicates the soils required for final cover construction, the
estimated quantity of each soil type, and whether the soil is available on site or would need
to come from off site.

Material requirements for the various soil layers are discussed in the Technical

Specifications.
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COLESVILLE LANDFILL REMEDIAL DESIGN

TABLE 4.4-1

ENGINEERING DESIGN REPORT

CAPPING MATERIAL REQUIREMENTS

‘ Available
Cap Component Alt 1 Alt 2 On Site

Topsoil 23,000 cy 23,000 cy 0
Barrier Proection Soil i 46,000 cy 92,000 cy 92,000 cy
Drainage Sand " 46,000 cy N/A 0
Geosynthetic Drainage N/A 1,250,000 sf 0
40 mil FML 1,250,000 sf 1,250,000 sf 0
Gas Venting Soil Layer | N/A 23,000 cy 0
Gas Venting Geocomposite I' 1,250,000 sf N/A 0
Drain Layer .
Fill for Site Regrading 65,000 cy 65,000 cy 65,000 cy
Fill to Offset Settlement 50,000 cy 50,000 cy 50,000 cy
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5.0 LANDFILL CONSTRUCTION

5.1 GENERAL

As a component of the closure design for the existing landfill, Construction Plans
and detailed Technical Specifications have been prepared jointly with this report and
submitted to the department for approval and issuance of a permit to construct.

The Construction Plans detail the closure of the site at the level of detail suitable for
implementation of the approved design.

The materials and methods of construction are fully described in the Technical
Specifications. The specifications present the acceptance criteria for all construction
materials including all testing requirements for conformance to the established design
parameters and testing frequency in accordance with the solid waste regulations.
Acceptance criteria are based upon the certification requirements stated within the 6 NYCRR
Part 360 for the individual components of construction.

The Quality Assurance and Quality Control (QA/QC) Plan provides procedures to
assure and document that design and regulatory requirements are properly implemented
during construction. The QA/QC Plan presents the management organization, personnel
and laboratory requirements as well as requirements for documentation to demonstrate that
construction of the landfill closure will be performed in accordance with the applicable

regulatory requirements.

5.2 CONSTRUCTION PROCEDURES

The components of the final cover design are described in Section 4.3. The
construction will involve preparing the existing cover soil in preparation for final cover. A
gas venting system, comprised of vents and collection piping, will be installed. The
installation of 40 mil textured FML will then commence. FML panels will be deployed over
the area and overlapped in the downslope direction a minimum of 4 inches.

Adjacent panels will be welded together either by an extrusion or hot-air welding
device. The FML will be temporarily anchored down by the use of sandbags. Additionally,
the FML edges, at the limit of the landfill cap, will be placed in a trench and anchored by
soil.

5-1 10.006.4/94.02260.CS



Drainage control features, ;including diversion swales, downchutes, culverts and a
sediment basin, will be utilized te handle the stormwater runoff. Rip-rap, gabions, and
filter fabric will be installed as shown in the drawings to the required depths. The materials
used will conform to the specificafions.

Pipe culverts will be installed as shown on the drawings, with the required bedding
material. Pipe trenches will be .carefully backfilled with clean granular material, and
hand-tamped around the pipe to ensure it is compact and free of voids. Backfill will be
placed in a maximum of 6-inch jifts to the top of the pipe, and 12-inch lifts thereafter.
Backfill over the pipe will be clean compacted material, free of material over 8 inches in any
dimension. Headwalls and inflow//outfall protection will be constructed as shown in the
drawings.

Erosion protection will be installed as soon as possible after construction of the
drainage structure. Any damage caused by delay will be rectified prior to placement of
protection.

Fertilization and seeding ‘will be in accordance with the specifications, and will be
protected and maintained until a,good vegetative stand is developed.

All drainage structures will be protected from the inflow of sedﬁnent during
construction by use of hay bales, ssilt fences or diversion ditches, and will be left clean and

clear of sediment following compiletion of construction.

5.3 DEVELOPMENT OF THE BORROW AREA

As shown on the Construction Plans, a portion of the property directly east of the
landfill is a proposed barrow area. As discussed in Section 4.6, closure of the landfill will
require a significant quantity of soil. It is anticipated that a mined land use plan and a
mining permit will be required.

Before excavaticn of mayerial, the proposed borrow area will need to be cleared.
Topsoil stripping may then commnence with the material being stockpiled on-site. The
underlying layers will be excavated to the grades shown on the Construction Plans. The
recovery of material will need to, be staged along with the progress of closure construction
such that the material amnounts age provided in a continuous manner. The borrow area will
be reclaimed and seeded in accordance with the provisions of the mined land use plan and

the mining permit.
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5.4 SCHEDULE
A schedule has been prepared for the implementation of the closure construction
activities. Figure 5-1 shows the overall schedule for closure of the site while Figure 5-2

shows the anticipated schedule for completion of individual construction items.
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FIGURE 5-2

COLESVILLE LANDFILL FINAL COVER
CONTRACT NO. 1 PROPOSED CONSTRUCTION SCHEDULE

Task Description

Weeks

112

10(11|12(13(14(15|16|17(18

17

19

20

23|24

21|22 25|26|27|28|29

30

Moblization

Prepare Submittals

Rec. Submittal Approval

Provide Survey

Soail Erosion Control

Clearing and Grubbing

Sediment Basin Const.

Subgrade Preparation

Install Gas Venting Sys.

Instalt FML

Install 12" Drainage Layer

H

Install Type A Geotext.

1

1

i
I —

Install 12" Protect. Layer

Install 6" of Topsoil

Install Seed and Mulch

Const. Gravel Access Road

Const. Grass Lined Channels

Const. Rip-Rap Channels

Const. Step Downchute

Const. Energy Diss. Pads

Install RCP Culverts

Wetland Mitigation

Install Perimeter Fence

Qm

'\proj\02260-cs\sw-001-a.ml4
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6.0 PERMIT EQUIVALENCY REQUIREMENTS

Table 6-1 shows the permit equivalency application status related to this Contract.
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TABLE 6-1

COLESVILLE LANDFILL
REGULATORY PERMIT EQUIVALENCY REQUIREMENTS
FOR REMEDIAL ACTIVITIES
(Based on Final Design)

Agency
NYSDEC - Solid Waste

Permit
Equivalency Status

Regulatory Compllance Requirement/

Permit Compliance Remediation Activity

Engmeeﬁng Design Plans,
Specifications, Design Report,
and O&M Plan will address this

Facility Closure/Post-Closure Requirements Closure Post-Closure

requirement
NYSDEC - Water Resources State Pollutant Discharge Elimination System Stormwater runoff The Notice of Intent to apply
(SPDES) Permit Equivalencies (Construction/Post-Closure) for this permit equivalency is
under preparation
NYSDEC - Water Resources Protection of Waters Permit Equivalency Construction affecting protected | It is currently understood that
stream this permit equivalency will be

required due to the NYSDEC
C(T) designation of the North

Stream
NYSDEC - Water Resources Water Quality Certificate Equivalency Construction affecting protected | Water Quality Certificate
stream/wetlands equivalency will be sought in

conjunction with the
Notification made to the ACOE
regarding Nationwide Permit
#38
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TABLE 6-1

COLESVILLE LANDFILL
REGULATORY PERMIT EQUIVALENCY REQUIREMENTS
FOR REMEDIAL ACTIVITIES
(Based on Final Design)

Page 2 of 2

ACOE

Agency

Notes:

Regulatory Compliance Requirement/
Permit Compliance

Nationwide Permit #38 (Cleanup of Hazardous
and Toxic Waste)

Remediation Activity

Construction affecting wetlands

7 “a brier jevrer of Nioaiicaton 1

mitigation plans

Permit
Equlvalency Status

A Notification Package is being |
prepared for the ACOE District
Engineer which will consist of

identifying the project,
appropriate drawings/plans
(i.e., site plan, remedial design
drawings, grading plan for
borrow area), a copy of the
wetland delineation and

A determination was made by the NYSDEC that the permit equivalencies originally identified for the removal of borrow area soils would not be

necessary.
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7.0 QUALITY ASSURANCE AND QUALITY CONTROL PLAN

The Quality Assurance and Quality Control (QA/QC) Plan for the Colesville Landfill
addresses the requirements for construction of the landfill. The Plan has been prepared to
meet the requirements of 6 NYCRR Part 360, Section 2.8, effective December 31, 1988, last
revised May 28, 1991.

Quality Assurance and Quality Control have been defined in 6 NYCRR Part 360, as

follows:

. Quality assurance means the application of standards and procedures to ensure
that a product or facility meets or exceeds desired performance criteria and
documentation to verify the results obtained. Quality assurance includes
quality control, and refers to actions taken to assure conformity of the
construction with the department-approved quality assurance plan, engineering
plans, reports, and specifications.

. Quality control means those actions which provide a means to measure and
regulate the characteristics of an item or service to contractual and regulatory
requirements. Quality control includes those actions taken before construction
to ensure that the materials chosen and workmanship comply with the
department-approved quality control plan, engineering plans, reports, and

specifications.

The purpose of the Quality Assurance/Quality Control Plan is to develop systematic
procedures to assure and document that design and permit requirements are properly
implemented during construction. The QA/QC Plan presents procedures that will be used

during the construction of the following elements:

. Landfill final cover

. Landfill gas venting layer

. Groundwater collection system
. Borrow area

. Final cover stormwater control
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. Sediment Lasin
. Access roads
. Culverts

. Maintenan:e facilit,es

The QA/QC Plan present:: the management organization, personnel and laboratory
requirements, testing protocols, ¢nd requirements for documentation and recordkeeping to
demonstrate that construction of the landfill will be completed in conformance with
6 NYCRR, Part 360 Section 360-2..13 of the Solid Waste Management Facilities Regulations.

During construction of the Landfill, a number of quality control measures will be
employed by the Constryction Contractor and any subcontractors to provide self-monitoring
of construction activities. These self-monitoring activities are not addressed in this Plan.
The QA/QC Plan for constructipn of the Landfill addresses the procedures that will be
employed by the Project Engineer and other parties independent of the Contractor and
subcontractors to assure:and docyment that the design and permit requirements are properly
implemented. The Quality Contiol measures for the construction of the above-listed items
will be outlined and described in the Technical Specifications for constructi;m, submitted
under separate cover.

QA/QC procedures relateq to environmental monitoring activities are outlined in the

Environmental Monitoring Plan, submitted under separate cover.

7.1  MANAGEMENT ORGANIZATION

The Owner will retain a|licensed professional engineering firm knowledgeable in
landfill design and construction to serve as the Project Engineer for the construction, In
accordance with Sectiom 360-1.2(b)(111) of 6 NYCRR Part 360, the Project Engineer shall
be licensed to practice engineerjing in the State of New York and will be responsible for
observing, documenting, and cerfifying that activities related to the quality assurance of the
construction of the landfill and r¢lated facilities conform to approved construction plans and
specifications, and conclitions of, the permit to construct.

Representatives of the Broject Engineer will be responsible for implementing the
requirements of the QA/QC Pian. The Project Engineer will also be responsible for
supervising the activities of the QA/QC laboratories.
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The Quality Assurance and Quality Control management organization to be used for

construction at the Landfill is shown in Figure 7-1 and described below.

The party responsible for implementing the QA/QC Plan will be the Project Engineer.

7.1.1 Project Engineer

capacities:

7.1.2

The Project Engineer will provide qualified personnel to serve in the following

The Project Principal will serve as the official representative of the Project
Engineer, and will have overall responsibility for the implementation of the
QA/QC Plan.

The Project Manager will report directly to the Project Principal, and will be
responsible for overall coordination of construction and QA/QC activities with
the Owner, the Contractor, any subcontractors, QA/QC Laboratories, and the
other representatives of the Project Engineer.

The Construction Coordinator will report directly to the Project Manager,
and will be responsible for coordination of the activities of the Geotechnical
and Geosynthetic Construction Observers, and the QA/QC laboratories.

The Geosynthetic and Geotechnical Construction Observers will report
to the Construction Coordinator, and will be responsible for observing, testing,

and documenting construction activities on a daily basis.

The responsibilities of these personnel are described in further detail in Section 8.2.

Quality Assurance and Quality Control Laboratories
The services of Quality Assurance and Quality Control Laboratories will be secured

by the Project Engineer to complete the testing requirements presented in the Technical

Specifications. The QA/QC laboratories may be affiliated with the Project Engineer or

subcontracted by the Project Engineer. If the services of the Geotechnical QA/QC laboratory

are subcontracted, the laboratory must be independent of the Contractor, subcontractors,

or material suppliers. If the services of the Geosynthetic QA/QC laboratory are
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subcontracted, the labaratory must be independent of the manufacturer, fabricator, or
installer of geosynthetics at the site.

The Geotechnical QA/QC laboratory will complete the required geotechnical testing
as directed by the Project Engineer.

The Geosynthetic QA/QC laboratory will complete the required geosynthetic testing
as directed by the Projeet Engineer.

7.2 QUALITY ASSURANCE AND QUALITY CONTROL PERSONNEL

The Project Engineer willjhave responsibility for implementation of the QA/QC Plan
for construction at the Landfill. The qualifications and experience requirements and
responsibilities of each representative of the Project Engineer, are presented below.

The project personnel will have construction-related responsibilities in addition to
the QA/QC responsibilities listed below. Additional responsibilities, and qualifications and
experience requirements have not been included for work activities to be performed in

addition to the implementation ¢f the QA/QC Plan.

7.2.1 Project Principal
Qualifications and Experience

The Project Prin¢ipal must be a Professional Engineer registered in New York State.
The Project Principal :nust demonstrate past experience in a position of significant
responsibility for landfill construction projects of similar magnitude and complexity to this
landfill project and musr be knowledgeable of the project requirements and objectives, and
must be familiar with the Constijuction Plans and Technical Specifications.

Responsibilities
The Project Principal will have the following responsibilities in the implementation
of the QA/QC Plan:

. Serve as the officia| representative of the Project Engineer.

. Has ultimate respoxpsibility for the implementation of the QA/QC Plan.

. Ensure that appiopriate technical review is completed by qualified
representatives of jthe Project Engineer for Construction Plans, Technical
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QUALITY ASSURANCE AND QUALITY CONTROL
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Figure 7-1
COLESVILLE LANDFILL
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Specifications, any modifications to the Plans and Specifications and the
Construction Certification Report.

. Review and approve all design documentation, including the Construction
Plans and Technical Specifications.

. Review and approve modifications to the Construction Plans and Technical
Specifications during construction.

*  Review and endorse the Construction Certification Report.

7.2.2 Project Manager
Qualifications and Experience

The Project Manager must be a registered Professional Engineer. The Project
Manager must have extensive experience with construction projects of similar magnitude
and complexity to this Landfill project. The Project Manager must have a thorough
familiarity with the project, and be familiar with the Construction Plans and Technical
Specifications.

Responsibilities
The Project Manager will have the following responsibilities in the implementation
of the QA/QC Plan:

. Serve as the primary contact person for the Project Engineer. Maintain contact
with the Owner, Contractor and subcontractors regarding conformance with
the requirements of this Plan.

. Provide overall coordination of the activiies of the Geotechnical and
Geosynthetic Construction Observers and the Construction Coordinator.

. Provide assistance to the Construction Coordinator in the review and
interpretation of field and QA/QC laboratory quality control testing results.

. Provide assistance to the Construction Coordinator in the review of shop
drawings and other submittals from Contractors and subcontractors.

. Perform periodic site visits to review progress and QA/QC procedures.

. Determine acceptance of installed portion of work to permit further

construction
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*  Ensure that the Construction Coordinator and Construction Observers are
notified of any n¢ted deficiencies in quality control testing results or
procedures; so that vorrective actions can be taken.

. Review the Weekly IConstruction Summary Reports.

. Compile the Construction Certification Report with the Construction
Coordinatar, and the Geotechnical and Geosynthetic Construction Observers.

7.2.3 Construction Coordinator
Qualifications and Expearience

The Construction Coorclinator must have a Bachelor of Science Degree in
Engineering or an Associates [Degree in Engineering Technology. The Construction
Coordinator must have previous experience with landfill construction activities of similar
magnitude and complexity to this Landfill project. The Construction Coordinator must have
a thorough familiarity with the project, and have a thorough familiarity with the
Construction Plans and ‘Technical Specifications. The Construction Coordinator must also
have a working knowledge of the quality control testing procedures included in the
Technical Specifications. .

Responsibilities
The Construction Coordinator will have the following responsibilities in the
implementation of the QA/QC Plan:

. Serve as the daily contact person for the Project Engineer. Maintain routine
contact with the Owner, Contractor, and subcontractors regarding
conformange with (uality control testing requirements.

. Coordinate the dgily activities of the Geotechnical and Geosynthetic
Construction Obseryer.

*  Review all shop dyawings and other submittals from the Contractors and
subcontractors for conformance with the Technical Specifications.

. Review all field arnd QA/QC laboratory quality control testing results for
conformange with the Technical Specifications and provide interpretation of

data to determine areas to be reworked or repaired.
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. Organize all field quality control testing data to facilitate preparation of
weekly Construction Summary Reports, and the Construction Certification
Report.

. Review all Daily Construction Reports prepared by the Construction Observers.

. Prepare the Weekly Construction Summary reports.

. Monitor delivery of appropriate samples to the QA/QC laboratory for quality
control testing.

. Coordinate with Project Manager and Construction Observers to establish
proper sampling procedures including proper sample location, sample size,
sample collection protocol, and sample numbering system.

. Receive and organize all quality control testing results from the QA/QC
laboratories and check for compliance with specifications. Notify Project
Manager and Construction Observers of results and review test results with
Project Manager to make determination of areas to be reworked or repaired.

. Perform routine site visits to review progress and QA/QC procedures.

. Notify Construction Observers, Contractors and subcontractors of acceptance
of installed portion of work to permit further construction.

. Prepare Construction Certification Report

7.2.4 Geotechnical Construction Observer
Qualifications and Experience

Through a combination of formal education, training and experience, the
Geotechnical Construction Observer must have a demonstrated knowledge of landfill
construction including earthwork, installation of granular fills, aggregates, low permeability
soil liners, and applicable testing methods. The Geotechnical Construction Observer must
also have a demonstrated knowledge of installation of manholes, pumping and piping
systems.

The Geotechnical Construction Observer must be familiar with and trained in the use

of nuclear moisture-density meters.

7-7 10.006.4/94.02260.CS



Responsibilities

The Geotechnica| Construction Observer will have the following responsibilities in

the implementation of the QA/QZ Plan:

7.2.5

Visually observe copstruction materials such as soils and piping delivered to
the site to determine general conformance with material specifications.
Observe and recoyd procedures used for site preparation clearing and
grubbing.

Observe and record;procedures used for excavation and filling of subgrade to
required elzvations.

Observe and record| procedures for placement of fill, groundwater collection
system drainage soil, barrier protection soil and top soil, including:

-  Compacted lifi: thickness

-  Method of mojsture addition

-  Proofrolling

-  Fine grading

Perform moisture ;and density testing, as established in the Technical
Specifications.

Assign locations and collect samples of other soils for quality control testing.
Provide for delivery, of samples to the QA/QC laboratory or the Construction
Coordinatcr.

Record any on-site activities that could result in damage to any earthwork or
site improvements, juch as compacted subgrade, and report these activities to
the Contractor, Subcontractor and the Construction Coordinator.

Prepare daily const-uction report as described in Section 7.5.

Geosynthetic Constryction Observer

Qualifications and Experience

Through a compination, of formal education and experience, the Geosynthetic

Construction Observer must hzve a demonstrated knowledge of landfill construction

including manufacturing, installytion, and testing of geosynthetics.
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Responsibilities
The Geosynthetic Construction Observer will have the following responsibilities in
the implementation of the QA/QC Plan:

. Visually observe construction materials such as geomembranes, geotextiles,
geonet, and geocomposite drain delivered to the site to determine general
conformance with the material specifications.

. Observe and record condition of subgrade prior to placement of all
geomembranes.

. Observe and record procedures for stockpiling, storage and handling.

. Observe and record procedures used for installation of geosynthetics.

. Visually observe all geosynthetics after installation for failure to comply with
the Technical Specifications.

. Observe and record procedures used for installation of all liner penetrations.

. Conduct final inspection of membranes prior to drainage layer placement.

. Observe that panel placement is in accordance with the approved panel plan.

. Observe that permanent and temporary anchoring procedures are followed.

. Observe and record procedures used for seaming. Observe and record that the
area of seam is clean, supported, and overlap and seam width are in
accordance with the Technical Specifications.

. Observe and record that all required field seaming tests are performed.
Observe and record that all areas with deficient seams are marked for repair.

. Observe and record procedures used for all repairs.

. Assign locations for collection of all samples for quality control testing.

. Observe and record procedures used to repair areas where samples are taken.

. Provide for delivery of samples to the QA/QC laboratory or the Construction
Coordinator.

. Record any on-site activities that could result in damage to the various
geosynthetics and report these activities to the Contractor, Subcontractor, and
the Construction Coordinator.

. Prepare daily construction report.
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7.3 QUALITY ASSURANGE AND QUALITY CONTROL LABORATORIES
7.3.1 Geotechnical Quality Assurance and Quality Control Laboratory
Experience and Qualifications

The Geotechnical QA/QC Laboratory shall have experience in testing granular fills
and aggregates, and shall be jamiliar with ASTM test standards and Army Corps of
Engineers test proceduxes as required in the Technical Specifications. The Geotechnical
QA/QC Laboratory shall be capzble of providing permeability test results within 48 hours
of receipt of sample. The laboyatory shall be capable of providing all other test results
within four days of receipt of samples.

The Geotechnical QA/QC laboratory must submit an acceptable QA/QC Plan to the
Project Manager to demonstrat: that the laboratory has the capability to complete the
quality control testing required :n the Technical Specifications.

Responsibilities

The Geotechnical Quality, Assurance Laboratory is responsible for performing all tests
and formally submitting results to the Project Engineer as required in the Technical
Specifications.

7.3.2 Geosynthetic Quality Assurance and Quality Control Laboratory
Experience and Qualitications

The Geosynthetic QA/QC Laboratory shall have experience in testing geosynthetics,
and must conform with ASTVM, NSF, GRI, and other applicable test standards. The
Geosynthetic QA/QC Laboratory’ shall be capable of providing test results within 48 hours
of receipt of samples.

The Geotechnical QA/Q( laboratory must submit an acceptable QA/QC Plan to the
Project Manager to demonstrate that the laboratory has the capability to complete the
quality control testing required jin the Technical Specifications. '

Responsibilities

The Geosynthetic Quality Assurance Laboratory is responsible for performing all test
procedures in accordance with the Technical Specifications and formally submitting results
to the Project Engineer,
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7.4 QUALITY ASSURANCE AND QUALITY CONTROL TESTING
PROTOCOLS

The Quality Assurance and Quality Control Testing Protocols to be used during
construction of this Landfill will be presented in the Technical Specifications. The
Specifications will address the following elements of construction:

. Earthwork and related soil materials
. Geosynthetics

. Piping and appurtenances

. Mechanical equipment

. Electrical requirements

Where applicable, the Specifications describe the following testing requirements for

each of the elements of construction:

. Field testing procedures to be used

. Field testing equipment to be used

. Frequency of field testing

. Sampling procedures to be used

. Sampling equipment to be used

. Frequency of sampling for laboratory testing

. Procedures to be used for laboratory testing

. Acceptable limits for field and laboratory testing

7.5 DOCUMENTATION AND RECORDKEEPING
Records of construction progress and quality control activities will be maintained
throughout the construction at the Landfill. The following reports will be prepared by the

Project Engineer retained to oversee these activities:
. Daily Construction Report

. Weekly Construction Summary Report
. Construction Certification Report
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7.5.1 Daily Construction Report

Daily construction repogts will be prepared by the Geotechnical Construction
Observers and the Geasynthetic Construction Observers at the conclusion of every day
construction activities accur at the site.

The daily construction reports will include the following:

. Date.

*  Weather conditioys, including daily high and low temperature, wind
conditions, and precipitation, if any.

. General description of work activities at the site.

. List of personnel and equipment operating on site, number of hours worked,
number of hours on standby, and work activities completed. Include names
of key QA/QC and. construction personnel. ,

. Description of woik completed for the day, referencing stationing and grid
coordinates.

. Identification of ar¢as worked including lift number, panel number, and seam
number.

. Drawings, sketches, and maps showing work completed.

. Summary of QA/QC procedures used for the day.

. Results of all quality control testing.

. Drawings,, sketcht:vs, and maps showing all quality control testing areas.
Passing and failing areas of the geomembrane panels and seams will be
recorded.

. Reworked| and repair areas will be recorded with all quality control testing
results.

. Identification of all samples collected for quality control testing at the QA/QC
laboratories, inclucling sample number, location, and testing to be performed.

. Identify any in-field modifications.

*  Documentation of discussions, decisions or recommendations involving the
Contractor, Subcoptractor, the Owner, NYSDEC, and representatives of the
Project Engineer.
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The Daily Construction Report will be submitted to the Construction Coordinator for

review and inclusion in the project file.

7.5.2 Weekly Construction Summary Report

Weekly construction summary reports will be prepared by the Construction
Coordinator at the end of every working week. The weekly reports will summarize
construction progress and quality control testing based on the following:

. Daily construction reports for the work.
. Results from the geotechnical and geosynthetic QA/QC laboratories.
. Shop drawings and other submittals from the Contractor and subcontractors.

The weekly construction summary reports will include the following:

. General description of work activities completed at the site for the week.

. Specific description of work completed for the week, referencing stationing
and grid coordinates.

. Identification of areas worked for the week, lift thickness, panel number, and
seam number.

. Drawings, sketches, and maps showing work completed for the week.

. Summary of QA/QC procedures used for the week.

. Summary of quality control testing results for the week.

. Summary of reworked areas and repairs completed for the week.

. Summary of shop drawings and submittals received from the Contractor and
subcontractors during the week, and disposition of same.

. Summary of results received from the geotechnical and geosynthetic QA/QC
laboratories during the week.

. Summary of in-field modifications.

. Summary of decisions and recommendations as a result of discussions with the
Contractor, subcontractors, the Owner, NYSDEC, and representatives of the

Project Engineer.

7-13 10.006.4/94.02260.CS



The Weekly Constructions Summary Report will be included in the project file.

7.5.3 Construction Certification Report

Upon completion of coystruction activities, the Project Engineer will prepare a
construction certification report. The report will be prepared under the direction of, and
endorsed by, the Project Principal.

The certification report will document construction in accordance with construction
plans and specifications, with any exceptions noted. The certification report will include
the following:

. Narrative descriptipn of the construction completed at the site.

. Description of deviations from construction plans and specifications and
reasons for such clanges.

. Description of quality control testing procedures.

. Summary of quality control test data.

. Drawings showing quality control test locations.

. Descriptions of procedures used to rework or repair areas with failing quality
control test results.

. As appropriate, raw data sheets and worksheets related to quality control
testing.

. QA/QC Plans subipitted to the Project Engineer by the Geotechnical and
Geosynthetic QA/(/C laboratories.

. A series of color photographs of major project features.

. Record drawings of the completed construction.

*  Certification stateryent of completion of construction in accordance with the

Constructipn Plans.and Technical Specifications.
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8.0 CONTINGENCY PLAN

8.1 GENERAL

The purpose of this Contingency Plan is to present an organized, planned,
coordinated, as well as technically and financially feasible course of action to be taken in
responding to contingencies during the closure of the landfill. This plan should be carried
out whenever emergency situations develop which endanger human health and safety or the

environment.

8.2 PERSONNEL AND USER SAFETY
An emergency response program will be established for the Colesville Landfill to
address safety in the event of the occurrence of emergency situations. The program will

include:

. Identification of Emergency Coordinators

. Identification of Duties and Responsibilities of the Emergency Coordinator
. Identification of Communication Systems

. Development of Evacuation Plan

. Summary of First Aid Available for Selected Medical Emergencies

. Summary of Available Emergency Services

8.2.1 Emergency Coordinators and Chain-of-Command

Prior to commencement of closure at the landfill, the Owner, Engineer, and
Contractor will appoint emergency coordinators to direct an organized response to
emergency situations. If an emergency situation occurs at the landfill, field personnel must
contact the designated Emergency Coordinators.

At all times during hours of site construction, there will be at least one Emergency

Coordinator on site or on call, with the authority to commit the necessary resources of to

carry out the provisions of this Contingency Plan.
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8.2.2 Duties and Responsipilities of the Emergency Coordinator
Contingency Plan iImplementation

The decision to implement the Contingency Plan at the landfill will depend upon
whether or not a fire, explosion, or other emergency incident could potentially endanger
human health and safety, or the environment. The following information provides the
Emergency Coordinator with criyeria to assist in making this decision.

The Contingency Plan should be implemented in the following situations:

Fire or Explosion

. The fire spreads and could possibly ignite materials at other locations on site
or could cause hea:-induced explosions.

. The fire cquld possjbly spread to off-site areas.

J Use of warer and/¢r chemical fire suppressant could result in contaminated
runoff.

. An imminent dangsr exists that an explosion could occur, causing a safety
hazard.

d An imminent danger exists that an explosion could ignite other materials at
the facility. '

. An explosipn has ogcurred.

Material Release or Spill

. The material release spill could result in release of flammable, ignitable, or
combustib:e liquids or vapors, thus causing fire or gas explosion hazard.

. The material releas: spill can be contained on site, but the potential exists for
groundwater contamination.

o The material releas: spill cannot be contained on site, resulting in off-site soil

contaminaton and;/or ground or surface water pollution.

Emergency Response Procedures
Whenever there is any type of incident at the landfill, the Emergency Coordinator
must immediately notifv field personnel, identify and assess the source and extent of the

emergency, and take acrion to cpntrol the situation.
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Notification

In the event of an imminent or actual emergency occurrence, the first person on the
scene should notify the Emergency Coordinator, who, in turn will initiate a proper response
to the situation in question. Notification of the Emergency Coordinator may be performed
second only to notification of on-site personnel and/or site evacuation, depending on the
emergency situation.

Having been apprised of the situation, the Emergency Coordinator will proceed to
notify all facility personnel by initiating the internal communications system, (if not
previously initiated), and aid in evacuation, if necessary. Progression of notification will
continue to any local, State, and Federal response agencies deemed appropriate by the
Emergency Coordinator.

A list of the Designated Emergency Coordinators will be posted in a conspicuous
location at the site office. In addition, a list of the Emergency Response Agencies and
Contacts is included in Appendix F and will be posted conspicuously at the same location.

Identification
Whenever there is a fire and/or explosion, spill or release, or other incident
presenting a potential threat to the human health and safety or the environment, the

Emergency Coordinator must immediately identify the source and extent of the emergency.

Assessment

In case of an emergency situation, an assessment of the possible hazard must be
made. If the Emergency Coordinator determines that the facility has had a fire and/or
explosion, spill or release, or other incident that presents a possible hazard to public health
and safety, and/or the environment, and initiates the Contingency Plan, contact with local
authorities must be made informing them of situations when an evacuation of the
surrounding area is necessary. The New York State Department of Environmental
Conservation (NYSDEC) should also be advised of all the pertinent facts regarding the
incident.

When making a report to the NYSDEC, the following information must be provided:

i Name and telephone number of person making the report
. Name of the facility
. Type and time of incident occurrence

. Name and quantity of material(s) involved, to the extent known
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. Extent of any injur.es
. Possible hazards wo public health and safety, and/or the environment
surrounding the faeility

Control Procedures

The nature of work carjied out during landfill closure makes the occurrence of
emergency situations a possibilily, no matter how infrequently they may actually happen.
Emergencies can happen quickly and unexpectedly, requiring immediate response.

In the event of any emergency situation, the Emergency Coordinator must take all
reasonable measures to prevent fhe occurrence, recurrence, or spread of a fire or explosion
or unplanned releases to other ortions of the facility.

A broad-based emergency response network will be established to respond to any
incidents at the facility. If an emgrgency occurs, fully trained response personnel should be
contacted as soon as possible.

Requests for assistance s;ould always include:

. Name, address, anc. telephone number of the facility

. Type and time of iycident occurrence

. Extent of any injur,es

. Possible hazard tp public health and safety, and/or the environment
surrounding the fayility

. Type and quantitie; of materials involved, if known

Immediate acticn by on-site personnel should concentrate on preventing any
fire/explosion, or spill/leak sitpation that occurs from spreading to other areas of the
facility, and immediate emergenvy medical attention should be given to injured personnel,
if possible. Any possible source: of ignition should be removed from the incident area, if
this can be done without risk, and vehicular traffic should be suspended and work ceased
until the fire or inciden: can be,safely contained or controlled.

Storage and Disposal of Releysed Materials
Immediately after an emgrgency situation, the Emergency Coordinator must make
arrangements for the storage, or disposal of any recovered wastes, water, or any

contaminated materials resulting; from the incident.
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Post-Emergency Equipment Maintenance

Following an emergency incident, all emergency response equipment used must be
cleaned and made fit for reuse, or replaced as necessary, so that the equipment will be
available when construction operations resume. An inspection of all equipment must take
place before operations resume to ensure that each item is in proper working condition.
Remedial activities as a result of this inspection may include recharging of fire extinguishers,
restocking first aid kits, replacement of personal protective gear, and restocking of
disposable items.

8.2.3 Internal Communication/Warning System

An internal communication sysfem consisting of telephones and two-way radios will
be available at the landfill for notifying field personnel in the event of an emergency
episode. Units are located in readily accessible areas at the site office, in vehicles, and in
the equipment. In addition, units may be carried by field personnel. This system provides
facility personnel with immediate emergency notification and necessary instructions in the

event of an incident.

8.2.4 External Communication/Warning System

A network of emergency response agencies are available and field personnel that can
be contacted in the event of an incident at the landfill. Designated Emergency Coordinators
and Emergency Response Agencies and Contacts will be notified by telephone for assistance
in an emergency.

Lists including these names and telephone numbers will be displayed prominently

at site office for easy employee accessibility in the event of an emergency.

8.2.5 Evacuation Plan for Facility Personnel
In an emergency situation, and when time permits, the Emergency Coordinator will
be the individual responsible for determining when evacuation of the facility is required.

Imminent or actual dangers that constitute a situation requiring evacuation include:

. A generalized fire or threat of generalized fire that cannot be avoided.

. An explosion or the threat of explosion that cannot be averted.

. A major spill or leak that cannot be contained and constitutes a threat to
human health.
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When time permits and eyacuation is required, the following procedures should be

followed:

. Alert all field persgnnel and support personnel using the telephone and/or
two-way radio system.

. Alert and request aysistance from local emergency response agencies.

. Shut down all facility equipment.

. All field personnel, should proceed to a designated meeting point. Once
assembled at this designated meeting point, a determination and identification
of any missing persons should be made. In the event that any personnel
cannot be accounteq for, assembled personnel should not reenter the facility.
Instead, al. personnel should await the arrival of local emergency response
agencies and standbpy to afford assistance, if and as needed.

8.2.6 Emergency Equipment
Various emergency equip/ent is available at the landfill facility as described below.

Firefighting Equipment

The landfill facility will jnaintain several types of equipment on site that may be
used in firefighting efforts. Earth-moving equipment that is utilized on a regular basis for
landfill closure may be wsed to move and apply material for fire control. A tank truck will
be available for use in controlling fires.

The facility will also mair:tain a supply of fire extinguishers that may be used in the
event of an emergency incident. These extinguishers will be located at strategic points at
the site. Fire extinguishers will also be located on the construction equipment for use in
cases of field emergenci¢s. Extinguishers will be maintained in conformance with State and
local fire codes and regulations.

First Aid/Safety Equipment

First aid and safety equipment will also be located in strategic locations on the site,
and some items may be ikept in cynstruction equipment. First aid kits will be located in the
landfill site office and will contain a full range of items necessary to care for minor injuries
needing prompt attention. First aid kits will be easily and immediately accessible to
personnel.
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8.2.7 Medical Emergencies/Fiist Aid

In cases of medical emergency, trained medical response personnel should be
contacted immediately. First aid administered by on-site facility personnel should continue
until professional assistance arrives.

First aid is the immediate care of a person who has been injured or has suddenly
taken ill. It is intended to prevent death or further illness and injury, and to relieve pain
until additional, professional medical aid can be obtained. The objectives of first-aid are:

*  To control conditions that might endanger life.
. To prevent further injury.
. To relieve pain, prevent contamination, and treat for shock.

. To make the patient as comfortable as possible.

The initial responsibility for first-aid rests with the first person at the scene who
must react quickly, but in a calm and reassuring manner. The person assuming
responsibility should immediately summon medical assistance, being as explicit as possible
in reporting suspected types of injury or iliness. The injured person should not be moved,
except where necessary, to prevent further injury.

8.2.8 Available Emergency Services
In the event of an emergency at the landfill, the agencies listed in Appendix F -
Emergency Contact Listing, are available. '

8.3 POTENTIAL REMEDIAL ACTIONS DURING CLOSURE OPERATIONS
Conditions may be encountered at the site during normal landfilling activities that

will require response actions that are not included as part of typical daily site operations.

8.3.1 Fires

The possibility of a fire, whether in the landfilled waste or within a piece of
equipment, is a potential hazard associated with the closure operation of the landfill.

The earth-moving equipment to be used in the closure activity will be capable of
moving and applying the amount of material needed.

Water can be used to supplement the use of cover soil or serve as an alternative
means of controlling fires. The Contractor will have a water truck available for use during
emergency situations. Water can be obtained from the sediment basin or on-site water
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supply. For larger or mcre serioys outbreaks, the local fire departiment would be contacted.
Additionally, portable fire extinguishers will be kept in all vehicles and buildings as a
precautionary measure.

The contingency programs described below should be followed when encountering
a ground fire and below cover fire:

. The application of cover soil by landfill earth-moving equipment, or the
applicatior: of water by the on-site water tank truck to extinguish the blaze,
can be carried out.

. Any vehicles and yny equipment in the fire zone should be sprayed with
water, while working to quench the fire.

. Precaution should be taken throughout the entire firefighting operation.

. If, at any time, addifional assistance is required, local firefighting units should

be contacted as son as possible.

8.3.2 Landfill Gas

Decomposition of organ.c waste is generally accompanied by the production of
landfill gas. Landfill gas produced at municipal solid waste disposal sites is generally
composed of approximately 50 percent methane and 50 percent carbon dioxide and when
mixed with oxygen at the proper, proportion and exposed to an ignition source can present
a fire and/or explosion hazard. Recognizing the potential explosive hazard, a plan will be
developed to identify the source, extent of impact, and outline remedial actions to protect
landfill personnel and the environment. In the event of combustible gas detection in any
enclosed structures, the structure will be immediately evacuated, the emergency coordinator
notified, and a plan developed to identify the source of the combustible gas, and outline
remedial actions.

8.3.3 Dust Control

During dry peripds, fugitive dust may be a nuisance resulting from the landfill
closure operation. The access r¢ads and working areas of the site are generally removed
from residential areas. Under these conditions, dust problems are typically localized and
can generally be managed wita on-site equipment. The following measures may be
employed wherever a potential problem exists:
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. Applying water on haul roads.

*  Wetting equipment and excavation faces.

. Spraying water on buckets during excavation and dumping.

. Hauling materials in properly tarped or watertight containers.

. Restricting vehicle speeds to 10 mph.

. Covering excavated areas and material after excavation activity ceases.

. Reducing the excavation size and/or number of excavations.

8.3.4 Litter Control

The tasks of excavation for the gas collection trenches or cover regrading may
expose the waste to wind and potentially produce litter. Every practicable measure will be
taken to contain litter as close to the working area as possible. Activities which have the
potential to expose waste will be restricted to as small an area as possible. The Contractor’s
employees will manually pick up litter as required. If activities begin to distrub waste, the
work will be evaluated and modified, if possible, to avoid further waste disturbance.

8.3.5 Odor Control

Odors from closed landfills generally result from the generation of landfill gas and
upon exposure of waste. Due to the limited quantity and age of the waste, the amount of
landfill gas expected to be generated is minimal. If odors become an off-site problem, the
source must be determined and proper mitigative actions taken. The following contingency

steps can be taken:

. Application of additional cover soils
. Use of odor masking agents
. Modification of landfill gas control system

Waste disturbance is anticipated only during gas vent installation. Therefore, any
odor associated with this activity will be of limited and controlled time duration.

8.3.6 Noise Control
The major source of noise in the area of the landfill during closure will be the
construction equipment. Since the construction will occur during daylight hours and will

be generally removed from local residences, the noise generated from landfill operations are
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not expected to be an offf-site pr¢blem. All landfill equipment working at the site will have
muffler systems to further diminjsh any potential nuisance from noise.

If noise conditions present a problem, mufflers on all landfill vehicles should be
inspected and replaced :f inadequate. If unsatisfactory conditions persist and noise levels
are detected in violation of the effective solid waste management or local regulations,
operational procedures will be mydified or appropriate noise barriers should be constructed.

8.3.7 Vector Control

As in the case of litter cgntrol, the amount of waste exposed during any time will
be kept to the smallest area practical. Prompt covering of the waste should eliminate
problems with insect, bird, and gnimal pests. Vectors are greatly discouraged when waste
materials are not easily available.

If vector control presents;a problem at the site, waste exposure will be more closely
controlled and monitored. However, if a problem persists with vectors such as insects or
rodents, an extermination prog;am can be initiated. This program would be in strict
accordance with requirements  of the New York State Departments of Health and

Environmental Conservation.
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9.0 COST ESTIMATES

9.1 GENERAL

Closure and post-closure estimates have been prepared to reflect the anticipated cost
of closure and post-closure monitoring and maintenance for the final cover action of the
Colesville Landfill Remedial Design. The closure cost estimate has been prepared based
upon the construction items necessary for closure as detailed in the Construction Plans,
prepared by Wehran-New York, Inc., dated April 1994. The post-closure cost estimate is
based on maintenance schedules obtained from other landfill projects.

All costs are presented in 1993 dollars without adjustment for cost escalation with
time. Where possible, unit prices for materials have been obtained from quotes received
from suppliers or material manufacturers. Where actual costs were not readily available,
costs from cost estimating guides were used. These costs are based upon the best
information available at the present time. These estimates are subject to change based upon

market conditions at the actual time of closure construction and post-closure activity.

9.2 CLOSURE COST ESTIMATE

A description of the closure construction items that are addressed in this report are

presented below.

9.2.1 Mobilization and General Conditions
This cost has been estimated as 10 percent of the total project cost and includes

Contractor mobilization, site facilities, insurance, bonds and other administrative costs.

9.2.2 Survey
The survey cost reflects the cost for survey work required for layout of the work and

survey-associated payment requests, and layer thickness determinations.
9.2.3 Clearing and Grubbing

The cost for clearing and grubbing reflects the cost for clearing the on-site areas of

woody vegetation in preparation for soil borrow and final cover construction.
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9.2.4 Soil Erosion and Sediment Control

The cost for soil erosion #nd sediment control includes the installation of hay bales
and silt fence, construction of temporary sediment impoundments and flexible pipe
downslope drain, as well as other temporary soil erosion and sediment control measures

throughout construction.

9.2.5 Subgrade Preparation

The cost for subgrade pre:paration includes regrading of the existing landfill cover
to provide a surface suitable for placement of the final cover materials and to achieve the
grades depicted on the Construc:ion Plans once all appropriate layers are placed. Fill for

subgrade preparation is assumed to come from the on-site borrow area.

9.2.6 Gas Venting Layer

The gas venting layer will consist of either 6 inches of drainage sand or a
geocomposite layer. Both ajternatives include 18-inch deep collection trenches.
Additionally, crushed re¢ycled glyss may be substituted for the subangular stone within the
collection trenches. The estimatzd cost for this layer includes cost for material purchased
from an off-site source and plac¢ment,

Gas vent risers will be corstructed at a frequency of one vent riser per area as shown
in the Plans. The vents will extend above the final cover a minimum of 6 feet, and in the

waste a minimum of 3 feet.

9.2.7 Flexible Membrane Liner

A 40 mil VLDPE flexible membrane liner (FML) will be installed as a low
permeability barrier layer over an area of approximately 28 acres. The estimated cost for
this item includes material and installation costs for both the smooth and textured FML

components.

9.2.8 Drainage Layer
The drainage layer will consist of a minimum of 12 inches of drainage sand over the
geomembrane layer. Alternately, a geocomposite may be substituted for the sand drainage

layer. The 12-inch sand drainage; layer is assumed to be more expensive and therefore more
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conservative from the perspective of cost. The estimated cost for this layer includes cost for
material purchased from an off-site source and placement.

4-Inch diameter slotted corrugated polyethylene pipe wrapped in geotextile will be
placed within the drainage layer across the slope, and spaced approximately every 50 feet
across the slope, with drain pipe outlets spaced every 50 feet apart. The pipes will intercept
water in the drainage layer and discharge it to stormwater channels at the surface. The

estimated cost for this item includes material and installation costs.

9.2.9 Geotextile
Geotextile Type A, may be included if the drainage sand the barrier protection layer
do not demonstrate filter compatibility.

9.2.10 Barrier Protection Layer

A 12-inch soil layer, along with the 12-inch drainage layer, completes the
requirement for the 24-inch protective barrier protection layer required by Part 360.
(Alternately, if a geocomposite drain is substituted for the soil drainage layer, then the
barrier protection layer will be 24 inches thick.) Cost for placement of a 12-inch soil layer
to accompany the 12-inch sand drainage layer includes placement and purchase of material

from an off-site source.

9.2.11 Topsoil
Soil suitable to sustain vegetation (i.e., topsoil) will be placed in a 6-inch lift and

will cover approximately 28 acres. Material is assumed to be required from off-site.

9.2.12 Seeding and Muich
Cost includes seeding and mulching of the 28 acres of soil suitable to sustain

vegetation as well as other disturbed areas.

9.2.13 Gravel Access Road
This item represents the cost to build the gravel access road on-site to provide access

for post-closure maintenance and monitoring activities.
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9.2.14 Grass-Lined Drajnage Channels

Construction of the diversion swales includes placement of a soil berm lined with
geomembrane, filter fabyic, and a;seeded topsoil layer. The quantity of 4,270 linear feet for
this item includes diversion swales as shown in the Construction Plans. The topsoil and
seeding costs are not included uader this item but are included elsewhere in the Closure

Construction Cost Estimiate.

9.2.15 Rip-Rap-Lined Drainage Channels
The cost for rip-rap-line¢l drainage channels includes all earthwork to form the
channels and the placement of geotextile and rip-rap, as shown on the Plans.

9.2.16 Gabion-Lined Clannels
This item includes the cost for earthwork to form the channels, gabion basket
assembly and placement, and stope filling.

9.2.17 Step Downchute

The cost for downchute construction includes the placement of a geomembrane
lining, filter fabric, concrete elements, and rip-rap stone. The quantity for this item includes
the step downchute to the North: Creek, as shown on the Construction Plans.

9.2.18 Energy Dissipator Pads
The cost for this item includes all earthwork, gabion basket assembly and placement,
and stone filling.

9.2.19 Culverts
Pipe culverts wil] be instajlled to allow access to the borrow area and the treatment
plant. The estimated cost for thege items include trench excavation, supply, and installation

of the pipe as well as backfill.
9.2.20 Sediment Basin

The cost for this item in¢ludes the earthwork required to excavate, and build the
basin embankment and basin spillway.
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9.2.21 Wetland Mitigation

This item includes the preparation of the wetland mitigation portion of borrow area,
including placement of low permeability soil liner in the sediment basin, spreading of
topsoil outside of the basin, and planting of wetland vegetation.

9.2.22 Perimeter Fence
The cost for this item includes construction of perimeter fence and gates around the

final covered areas, as shown on the Plans.

9.2.23 Inspection and Certification

During construction, an engineering firm will be employed to observe construction
and document compliance with the approved Construction Plans and NYSDEC regulations.
Upon completion of the closure construction, an engineering certification report will be
prepared describing the landfill closure construction. The report will be submitted to
NYSDEC. The estimated cost for this item assumes that all closure construction will be
completed in one nine-month construction season. This item includes the cost for required
on-site construction observation, daily record keeping, and appropriate geosynthetic and

geotechnical testing.

9.3 POST-CLOSURE COST ESTIMATE
Post-closure activities at the site will include routine inspection and maintenance,
as well as remedial activities. Anticipated post-closure activities that will be conducted

during the 30-year post-closure period are summarized in the following sections.

9.3.1 Final Cover/Vegetative Maintenance

Regular inspections will be conducted to determine the need to repair the final cover
and vegetation. Repairs will be conducted, as necessary to ensure the integrity of the
landfill cover. Based on observations of similar landfill sites, it is estimated that
approximately 1/8 of the final cover will require maintenance over the closure period. It
is estimated that 3 percent will be repaired the first year, 2 percent the second through
fourth years, 1 percent for the fifth year, and 14 percent for the sixth through the tenth year

of the post-closure period.
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9.3.2 Fertilizing
During the initial 10 yezrs of vegetation establishment, fertilizer will be applied
annually.

9.3.3 Mowing
Mowing of vegetation, upproximately two times per year, will be completed to
prevent the establishment of degp-rooted vegetation.

9.3.4 Drainage Sysiem Inspection and Repair

The surface water systym composed of diversion swales, access road swale,
“downchutes and energy dissipatcrs, will be inspected on a regular basis. Repair, including
cleaning, revegetation and regrading, will be conducted as necessary. Based upon
observations of similar projects, jit is assumed that maintenance will be equivalent to the
replacement of approximately 1/8 of the drainage system. The repair schedule is similar to

the schedule for final cqver maintenance.

9.3.5 Annual Survey
An annual survey will be performed to verify the final cover slope, and identify any
areas of differential settlement or ponding. The annual survey will assist in the

determination of which areas of ffinal cover will require repair.

9.3.6 Wetland Mitigation Inspection and Repair

The wetland mitigation ayea will be inspected semi-annually (spring and fall) for the
first two years, starting from the completion of the first planting, to assess the effectiveness
of the wetland mitigation. Vegetation will be replanted and sediment basin water elevation
will be adjusted as necessary, to,.comply with the Wetland Mitigation Plan.

9.3.7 Inspection and Certification

Engineering inspections and certifications will be completed and summarized in
engineering reports that will be prepared by a professional engineer registered in New York.
It is estimated that the reports will be prepared annually for the first 5 years, and then the

equivalent of once every other yzar for the remainder of the 30-year closure period.
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FINAL COVER CONSTRUCTION COST ESTIMATE
BROOME COUNTY DIVISION OF SOLID WASTE MANAGEMENT / GAF CORP.
BROOME COUNTY COLESVILLE LANDFILL
CLOSURE ACTION OF THE REMEDIAL DESIGN

.~ .|Approximate |- e
“|Quantities |- ESTIMATED COST
tem - t{« “PRICE. | - COST
1 |Mobilization and General Conditions 1| LS 500,000.00 500,000.00
2 |Survey 1/ LS 100,000.00 100,000.00
3 |Clearing and Grubbing
a. First 13 Ac 13| Ac 2,500.00 32,500.00
b. Over 13 Ac 2 Ac 2,500.00 5,000.00
4 | Soil Erosion and Sediment Control 1 LS 20,000.00 20,000.00
5 |Subgrade Preparation, Fill Soils,
and Fine Grading
a. First 158,000 SY 158,000| SY 2.20 347,600.00
b. Over 158,000 SY 16,000 SY 2.20 35,200.00
6.1 |Alternate 1 Gas Venting Layer (6 inches Sand) ‘
a. First 139,000 SY 139,000 SY 3.50 486,500.00
b. Over 139,000 SY 14,000| SY 3.50 49,000.00
6.2 | Alternate 2 Gas Venting Layer
(Geocomposite Drain)
a. First 1,250,000 SF 1,250,000 SF 0.70 875,000.00
b. Over 1,250,000 SF 125,000 SF 0.70 87,500.00
7 | Slotted Corrugated Polyethylene Gas Pipe,
Subangular Stone, Geotextile Type B, and
Gas Vents
1| LS 45,000.00 45,000.00
8 |40 mil Flexible Membrane Liner
a. First 1,250,000 SF 1,250,000 | SF 0.46 575,000.00
b. Over 1,250,000 SF 125,000 SF 0.46 57,500.00

jht dsk: colesville:costest.wk1
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FINAL COVER CONSTRUCTION COST ESTIMATE

BROOME COUNTY DIVISION OF SOLID WASTE MANAGEMENT / GAF CORP.

BROOME COUNTY COLESVILLE LANDFILL
CLOSURE ACTION OF THE REMEDIAL DESIGN
Approximate _ L e
“|Quantities: . | - ESTIMATED COST
ltem - ~ [Quantity {Unit{. - PRICE - | COST

9.1 |Alternate 1 Drainage Layey (12 inchgs Sand)

a.First 139,000 SY 139,000| SY 7.50| 1,042,500.00

b.Over 139,000 SY 14,000| SY 7.50 105,000.00
9.2 | Alternate 2 Drainage Layes

(Geocomposite Drain)

a. First 1,250,000 SF 1,250,000 SF 0.70 875,000.00

b. Over 1,250,000 SF 125,000| SF 0.70 87,500.00
10.1 |Alternate 1 Geotextile Type A .

a. First 1,250,000 SF 1,250,000 SF 0.10 125,000.00

b. Over 1,250,000 SF 125,000 SF 0.10 12,500.00
11.1 | Alternate 1 Barrier Protective Layer ‘.{12 inches)

a. First 139,000 SY 139,000| SY 1.30 180,700.00

b. Over 139,000 SY 14,000 SY 1.30 18,200.00
11.2 | Alternate 2 Barrier Protective Layer ;24 inches)

a. First 139,000 SY 139,000| SY 2.60 361,400.00

b. Over 139,000 SY 14,000 SY 2.60 36,400.00
12 |Topsoil (6 inches)

a. First 139,000 SY 139,000 SY 3.40 472,600.00

b.Over 139,000 S8Y 14,000 SY 3.40 47,600.00
13 |Seeding and Mulch

a. First 42 AC 42| AC 3,200.00 134,400.00

b. Over 42 AC 5 AC 3,200.00 14,400.00

jhf dsk: colesville:costest.wk1
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FINAL COVER CONSTRUCTION COST ESTIMATE
BROOME COUNTY DIVISION OF SOLID WASTE MANAGEMENT / GAF CORP.
BROOME COUNTY COLESVILLE LANDFILL
CLOSURE ACTION OF THE REMEDIAL DESIGN

Approximate SR et e
e . |Quantities - "~ "ESTIMATED COST .
“No. |- Item | Quantity {Unit| PRICE ‘|~ COST .
14 |Gravel Access Road
a. First 4,300 LF 4300 |LF 19.00 81,700.00
b. Over 4,300 LF 430 |LF 19.00 8,170.00
15 |Grass~—Lined Drainage Channel
a. First 4,300 LF 4,300| LF 14.50 62,350.00
b. Over 4300 LF 430| LF 14.50 6,235.00
16 |Rip—Rap Lined Drainage Channel
a. First 260 LF 260 LF 20.00 5,200.00
b. Over 260 LF 30| LF 20.00 600.00
17 |Gabion—Lined Channel
a. First 120 LF 120! LF 110.00 13,200.00
b. Over 120 LF 12| LF 110.00 1,320.00
18 |Step Downchute
a. First 130 LF 130| LF 145.00 18,850.00
b. Over 130 LF 15 LF 145.00 2,175.00
19 |Energy Dissipator Pads 2| EA 250.00 500.00
20 |Dual 36—~Inch Diameter RCP Culvert
a. First 150 LF 150| LF 200.00 30,000.00
b. Over 150 LF 15| LF 200.00 3,000.00

jhf dsk: colesville:costest.wk1
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FINAL COVER CONSTRUCTION COST ESTIMATE
BROOME COUNTY, DIVISION OF SOLID WASTE MANAGEMENT / GAF CORP.
BROOME COUNTY COLESVILLE LANDFILL
CLGSURE ACTION OF THE REMEDIAL DESIGN

JApproximate - | oo
0 - |Quantities . [ESTIM
“No: |- ;o ter. - . FQuantity {Unit| - -PRICE:» “|  COST
21 |18-Inch Diameter RCP Culvert
a. First 70 LF 70| LF 50.00 3,500.00
b. Over 70 LF 10| LF 50.00 500.00
22 | Sediment Basin ' 1| LS 25,000.00 25,000.00
23 |Wetland Mitigation ' 1| LS 57,200.00 57,200.00
24 |Perimeter Fence
a. First 5,200 LF : 5,200| LF 14.75 76,700.00
b. Over 5,200 LF 520| LF 14.75 7,670.00
25 |Engineering Inspection & Certificatipn 1| LS 150,000.00 150,000.00

jhf dsk: colesville:costest.wkt 04/20/94



FINAL COVER CONSTRUCTION COST ESTIMATE
BROOME COUNTY DIVISION OF SOLID WASTE MANAGEMENT / GAF CORP.
BROOME COUNTY COLESVILLE LANDFILL
CLOSURE ACTION OF THE REMEDIAL DESIGN

Approximate ST S
Quantities - 'ESTIMATED COST .
“UNIT-
item Quantity |Unit PRICE COST
1/1 |Final Cover Alternate 1 & Gas Venting
Layer Alternate 1
Base Items 4,586,000.00
Overages 374,070.00
Total Bid 4,960,070.00
1/2 |Final Cover Alternate 1 & Gas Venting
Layer Alternate 2
Base ltems 4,974,500.00
Overages 412,570.00
Total Bid 5,387,070.00
2/1 |Final Cover Alternate 2 & Gas Venting
| Layer Alternate 1
Base ltems 4,474,200.00
Overages 362,270.00
Total Bid 4,836,470.00
2/2 |Final Cover Alternate 2 & Gas Venting
Layer Alternate 2
Base items 4,862,700.00
Overages 400,770.00
Total Bid 5,263,470.00
Notes:

1 Overages are approximately 10% of the Estimated Quantities.
2 Mobilization based on 10% of Base item and Overage costs.

3 Alternative 1/1 includes all Item Nos. exclusive of item Nos. 6.2, 9.2 and 11.2
Alternative 1/2 includes all ltem Nos. exclusive of Item Nos. 6.1, 9.2 and 11.2
Alternative 2/1 includes all Item Nos. exclusive of ltem Nos. 6.2, 9.1, 10.1 and 11.1
Alternative 2/2 includes all ltem Nos. exclusive of item Nos. 6.1, 9.1, 10.1 and 11.1

LS — Lump Sum
SF — Square Foot
SY - Square Yard

4 Units are as follows: AC — Acre
CY - Cubic Yard
EA — Each
LF — Linear Foot

jht dsk: colesville:costest.wk1 04/20/94
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1.0 INTRODUCTION

1.1 PURPOSE

The purpose of this report is to provide a conceptual plan for the creation of
compensation wetlands as part of permit requirements for remedial actions at the Colesville
Landfill, Broome County, New York.

These plans have been based on wetlands information provided in Remedial
Design - Conceptual Design Report (June 1992), Pre-Final Engineering Design Report ~
Remedial Design of Final Cover and Groundwater Collection Systems (February 1993),
correspondence documents with USEPA, and a brief site reconnaissance (November 1993).

It is the goal of Broome County and GAF Corporation to maintain the integrity of
the compensation site and the environmental benefits provided by this site. Therefore, the
County will not allow farming, silviculture or ranching activities to occur on the
compensation site. However, the compensation site may be used in the future for
educational purposes and non-intrusive features. Roads and structures will not be
constructed in the compensation sites, unless a permit under Section 404 of the Clean Water
Act is first obtained.

1-1 10.006.3/94.02260.WT
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2.0 EXISTING CONDITIONS

2.1 SITE CONDITIONS

The Colesville Landfill site is located 1,400 feet from the eastern bank of the
Susquehanna River, 18 miles east of Binghamton, in eastern Broome County (Figure 1).
Elevations on the landfill vary from 1,150 to 960 feet above sea level, while the river
elevation is 930 feet above sea level. Two streams, on the east and west sides of the
landfill, drain directly into the river. Soils in the landfill area are predominantly Braceville,
Chenango and Howard, and Mardin channery series (Figure 2). Unadilla and Wayland
series are the dominant soils of the floodplain along the river.

Vegetation on the landfill is a mixture of herbaceous weed and grass species. Some
areas are sparsely vegetated with barren soil and rock fragments visible. Species included

asters (Aster spp.), goldenrods (Solidago spp.), sweet fern (Comptonia peregrina), ragweed
(Abrosia artemisiifolia), foxtail (Alopecurus spp.), broomsedge (Andropogon virginicus), and

various grasses.

Upland forest occurs along the eastern and southern sides of the site. Species
encountered in the forested areas include oaks (Quercus spp.), shagbark hickory (Carya
ovata), beech (Fagus grandifolia), sugar maple (Acer saccharum), white pine (Pinus

strobus), and black cherry (Prunus serotina). Areas along streams and seeps (i.e., wetlands)

were dominated by hemlock (Tsuga canadensis), red maple (Acer rubrum), and hornbeam
(Carpinus caroliniana). Agricultural fields are located along the northern landfill boundary
(hayfield) and approximately 200 feet southeast of the landfill (plowed field adjacent to
East Windsor Road).

2.2 SITE WETLANDS
Landfill and Vicinity Wetlands
. The following description of site wetlands is from the Remedial Design - Conceptual
Design Report (June 1992).
The March 1991 Record of Decision for the site required that a wetlands survey,
based on the "three-parameter method", be conducted during the remedial design phase.

Wehran conducted a wetland delineation to identify and map wetland areas occurring on

2-1 10.006.3/94.02260.WT
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the site, and in the immediate vicinity of the site, which could potentially receive impact by
remedial construction activities.

On April 6 and 7, 1992 and December 14, 1993, biologists from Wehran flagged the
wetland boundaries in the field using the three-parameter approach described in the
Wetland Delineation Manual (Corps of Engineers, January 1987). Surveying of the wetland
boundaries was performed by Wehran on April 9 and 10, 1992, and in December 1993.

Review of NYSDECO0OQ Freshwater Wetland Maps for the Colesville area indicate that
there are no State-regulated wetlands on or near the site (see Figure 3). A review of
National Wetland Inventory Maps indicates that three wetlands occur within the study area
(Figure 4). These include two palustrine, unconsolidated bottom excavations (PUBH; i.e.,
ponds), and one palustrine forested wetland (PFO1).

Wetland Descriptions

Several wetlands were flagged within the study area (see Sheet 1 of 1). These
wetlands range in size from 0.04 to 0.84 acres. Wetland A is a small depression.
Wetlands B and H are associated with the streams previously described. Others originate
as groundwater or leachate seeps (Wetlands C, D, E, F, G). All of the wetlands along the
southern side of the study area are part of a larger wetland located further south. Only the
upper portions of these areas, which originate as seeps and which may be impacted by
remedial activities, were flagged as part of this study.

Several small wetland microhabﬁats were also noted on the landfilled section of the
site. These microhabitats are all isolated depressions less than 0.1 acre in size and were not
included in the mapping presented on Sheet 1 of 1. Although hydrophytic vegetation was
present in these areas, standing water and saturated soil conditions are believed to be
present only after storm events.

Following is a description of each wetland area flagged as part of this study. Data
sheets and photographs of each wetland are included in Appendix B.

Wetland A
This wetland is located on adjacent property near the north central landfill border.
The wetland is a small depressional area which receives drainage from the east, south, and

west. A small outlet is located to the north. The wetland consists of an open water area,

2-2 10.006.3/94.02260.WT



Figure 2. Site Soils Map
Soil Survey of Broome County, New York
USDA, SCS, 1971, pp.46,36 Scale: 1" =1320"
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1 to 2 feet deep; surrounded by a concentric ring of emergent vegetation 5 to 20 feet wide.

Some hydrophytic shrubs and trees are located adjacent to the emergent zone. These shrub

species include witch-hazel (Hamamelis virginiana, FAC-), speckled alder (Alnus rugosa,
FACW+), hornbeam (FAC), buttonbush (Cephalanthus occidentalis, OBL) and red maple

(FAC). Herbaceous species noted in the emeréent zone consist of wool grass (Scirpus

cyperinus, FACW+), soft rush (Juncus effusus, FACW+), tearthumb (Polygonum sagittatum,
OBL), and sensitive fern (Onoclea sensibilis, FACW).
Soils in the vicinity of Wetland A are mapped by the Soil Conservation Service (SCS)

as Volusia channery silt loams. These soils consist of deep, poorly drained, loamy soils
formed in dense till. Soil samples retrieved within the wetland boundary from depths up
to 12 inches were both mottled and gleyed. Mottle colors were generally found to range
from orange to red (2.5 YR 4/8 to 2.5 YR 5/8). Gley colors were typically 5GY 7/1. Soils
within the wetland boundary were inundated or saturated to the surface. This wetland is

0.76 acres in size.

Wetland B

This wetland is a small (0.2169 acres) linear wetland associated with a ditched
tributary on the east side of the landfill. The wetland ranges from approximately 2 to
10 feet wide in certain areas. Characteristic plants include willow, rush, and sedge along
the stream channel. Flowing water (2 to 3 inches deep) was present in the drainage

channel.

Wetlands C, D, E, F, and G

Wetlands C through G originate as groundwater seeps on the south facing slope,
approximately 400 to 500 feet south (below) of the landfill. Several of these wetlands have
visible leachate discharges in the upper sections of the wetlands. All of these areas start out
as small linear rivulets or seeps, and drain south into a larger wetland complex. The areas
flagged represent fingers of the same wetland which extend up the hillside. All wetland
flagging was terminated at an access road which runs along the base of the hill. No
physical wetland impacts are expected below this road; subsequently, these areas will not
be disturbed. '

2-3 10.006.3/94.02260.WT



not flagged because no impacts are anticipated in this area. As the stream proceeds west,
steep hemlock covered banks are encountered. The wetland area in this section is limited
to the rock covered stream bottom. Further along the stream, deciduous trees become
dominant in more of a floodplain type environment.

Soil samples were only obtained in the upper sections of Wetland H due to the
prevalence of rock in the stream bed. Also, the wetland was typically defined as the stream

channel in the lower reaches.

Borrow Area Wetlands Y, Z, and BWA

The wetlands occurring in the borrow area are predominantly streamside corridor
wetlands. They are generally linear and narrow, sometimes only 3 to 4 feet wide. Near the
streams, dominant woody vegetation consists of red maple (Acer rubrum, FAC), hornbeam
(Carpinus caroliniana, FAC), yellow birch (Betula alleghaniensis, FAC), and witch hazel
(Hamamelis virginiana, FAC-). Areas of more moderate elevation change where the stream
corridor and wetland widened included hawthorn (Crataegus spp.), red-osier dogwood
(Cormus stolonifera, FACW+), and elderberry (Sambucus canadensis, FACW).

While no formal evaluation of wetland functions and values has been conducted, the

value of much of the delineated wetlands is restricted to stormwater conveyance and
microhabitat for amphibians.

Other wetland functions typically identified as occurring in wetlands are of
unknown, or at least minimal, value for the wetlands in the borrow area. Characteristics
of the subject wetlands which contribute to the lesser importance of their functions include

the following:

. Small aerial extent of wetland acreage. (The larger the wetland, the greater
the potential to store stormwater and reduce flooding.)

. Linear shape, with some cross-sections 3 to 4 feet. (Wide wetlands allow
greater dissipation of storm flow and increased frictional resistance of
vegetation to filter sediments.)

. Position in the landscape. (Wetlands high in the watershed have limited
opportunity for many of the documented wetland functions.)

. No receptors of function. (No downstream development.)

2-5 10.006.3/94.02260.WT
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3.0 WETLANDS IMPACTS

3.1 IMPACTS

Remedial construction activities at the Colesville Landfill which will potentially affect
on-site and nearby wetlands will include: capping of the waste areas, groundwater
withdrawal and treatment, disturbance of borrow areas, discharge of treated effluent, and
discharge of non-contact stormwater from the capped areas.

Precise conclusions concerning the impacts of drawdown are difficult given the
complexity of wetland/groundwater interactions. = However, impacts to wetland
environments around the landfill will be offset by the enhanced protection of water
resources and by remediation of the site.

Wetlands found on the landfill and in the surrounding area are identified on the
Wetland Delineation Map (see Sheet 1 of 1). Presented below is a description of potential

impacts to each wetland.

Wetland H (North Stream)

Wetland H consists of small fringe wetlands located along the North Stream. This
stream and associated wetlands are currently fed by surface water flowing from higher
topographic areas and from discharging groundwater. Current remedial design plans call
for the placement of several pumping wells and an impermeable cap along the western end
of the landfill, which will reduce the amount of discharging groundwater to the stream.
The result of this loss to the stream hydrology may decrease the flow rates in the lower
section of the stream. Drawdown in that same area also raises the potential for the water
way to become a losing stream (i.e., contributing to groundwater).

Leachate Seeps 1 and 3, located adjacent to the North Stream, will be intercepted
by a collection system. The collection system, consisting of geosynthetic clay, composite,
subangular stone, slotted polyethylene pipe, and a pump station will be located in those
positions currently occupied by the seeps. Construction of the seep collection system is
expected to physically impact the stream bank. However, backfilling of the collection system
excavation upon completion will mean that the physical disturbance will be temporary.
Further, Leachate Seeps 1 and 3 should dry up over a period of time resulting in an overall

improvement in water quality for the North Stream.
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The stream’s losing wate:' balance may be compensated by the addition of treated
effluent and non-contacr: stormwater runoff that will be directed to it from the landfill cap.
Runoff will enter the siream via a step downchute located off the western end of the
landfill. The step downchute can reduce the velocity of the flow by approximately
25 percent and allow some suspended particles associated with the stormwater to settle out.

Based on the pre-final design for the groundwater treatment system, treated effluent
will be discharged to the North j3tream. The effluent will enter DC-1-3 (diversion swale)
from the treatment plan: and enter the stream via the energy dissapating downchute. This
discharge will be at a :naximum rate of 80 gpm (gallons per minute), and an average
temperature of 50 to 55°F. A hydrological evaluation of the waterway utilizing the Soil
Conservation Service’s TechnicaljRelease No. 55 method, indicates that the peak discharge
rate is far greater than the treated effluent discharge rate of 80 gpm (0.18 cfs) and will
therefore not impact the existing drainage capacity of the North Stream.

Wetland A

Wetland A is an isolated wetland on the north side of the landfill. This wetland
receives surface flow and groundwater discharge from higher topographic areas. Drainage
from the wetland flows 1o the west into the North Stream. This wetland is not expected to
be impacted by capping and bprrow activities because it is essentially upgradient or
cross-gradient of all operations. Drawdown should also have little affect since the wetland
is underlain by a highly :mpermeable till and receives overland flow from an upslope origin
that will not be affected by reynedial construction activities. Accordingly, the vertical
leakage from Wetland A has |been calculated at 0.07 gallons/day per square foot
(22,194 gallons/day) based upon a 20-year model of groundwater drawdown of 4 feet in
the vicinity of Wetland A. This vertical leakage will be an increase of 7.8 percent from the
present day vertical leakage of 20,583 gallons/day (see Appendix B). These numbers equate
to a loss of approximately 1,611 gallons/day to the surface water flow leaving the wetland
and entering the North Stream.
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Wetland B

Wetland B is comprised of a small narrow ditch corridor on the eastern (uphill) side
of the site. In order to protect the integrity of the cap in that area, the stream corridor
(Wetland B) will be rip-rapped along its length on the eastern end of the landfill and pass
through a culvert near the southeast corner of the landfill.

Drainage from the sediment basin will be discharged to this drainage corridor
following the removal of sediment.

Wetlands C, D, E, F, and G

Wetland Areas C, D, E, F, and G will likely be affected by drawdown along the
southerly portion of the landfill. These wetlands occur as seeps which are driven by the
hydraulic head from that area. Drawdown is necessary in the southern portion of the
landfill to help control flow from Leachate Seep 2 located immediately upslope of
Wetlands C, D, E, F, and G. It is anticipated that these wetland areas will be lost as a result

of remedial activities.

Wetlands I, J, K, L M, N, O, P

Capping activities will also require the filling of several small wetlands located
directly on top of the landfill. Wetlands I, J, K, L, M, N, O, P, and Q currently exist as small,
depressional, emergent wetlands, of which some originate as leachate seeps. The loss of
these areas is unavoidable as capping is required to reduce the infiltration of precipitation
into underlying waste strata.

Remedial construction activities, including capping and borrow operations, discharge
of treated effluent, stormwater discharge, and groundwater withdrawal, will affect the
wetlands on and around the Colesville Landfill. Those wetlands expected to be impacted
minimally include Wetland Areas A and H. These wetlands comprise 1.60 acres. Wetland B
comprising 0.22 acres, will receive impacts by construction activities that include placing
rip-rap in the stream channel and passing the stream through a culvert. Wetland Areas C,
D, E, F, and G, totaling 0.39 acres, are expected to be eliminated as a result of drawdown.
Wetland Areas |, J, K, L, M, N, O, P, and Q, on top of the existing landfill and comprising

0.48 acres, will be lost because of capping operations.
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Borrow Area Wetlands: Y, Z, and BWA
Wetlands within the boytow area will be removed during material excavation

(Figures 5 and 6). Stream corriders will be re-established according to the mitigation plan,

and may have wetland characteristics. All wetland impacts are addressed in the following

compensation plan.

EPA has required that wetland impacts be compensated as follows:

IMPACT AND COMPENSATION SUMMARY

! ————

Replacement

Wetland impact Areas Acres Ratio Acres
Landfill Surface and Southern 1.1 1.0 1.1

TABLE 1 \

Compensation

Slope
Borrow Area 0.992 2.0 1.98
Total 2.092 3.08
Cqmpenséion Wetland
Community Types Acres
Open Water aryd Emergents 0.55
Emergents I' 0.85
ScrubsShrub 0.6
Forested | 1.1
Total 3.08
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4.0 PROPOSED CONCEPTUAL PLAN

The restoration plan for the mitigation site includes the following elements:

1. Topographic map of existing conditions and proposed contours for
grading/excavation.

2.  Revegetation plan describing species to be planted, density, and distribution
throughout the mitigation area.

3. Monitoring as necessary to determine the success of the grading and

revegetation plan.

41 RESTORATION PLAN OBJECTIVES

The restoration plan seeks to replace wetland habitat lost as a result of the remedial
actions on the landfill site. Wetlands receiving impacts from the remedial actions consist
of emergent wetlands located on the existing landfill surface and forested wetlands on the
slope woodland, south of the landfill and in the borrow area. These wetlands serve to
improve water quality, desynchronize flood flows, moderate base flows, and provide wildlife
habitat. The proposed compensation program seeks to mitigate for these losses by restoring
a greater acreage of wetland habitat on the site within the borrow area.

Specifically, the restoration plan will:

1.  Create emergent, scrub shrub and forested wetlands in the lower area of the
borrow area, adjacent to the sediment basin.
Revegetate the upper borrow area with an assemblage of forest tree species.
Increase wildlife habitat in the restored borrow area through increasing
habitat diversity to include open water, emergent marsh, scrub shrub, forested
wetlands, and restored upland forest.

4. Permanently preserve and protect wetlands through site ownership and

maintenance.

The success of the restoration effort will be measured against these objectives.
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4.2 CONCEPTUAL DESIGN

The current wetlzand design is based upon a pond for dependable hydrology in the
margin wetland and a mixture of emergent, scrub/shrub, and forested wetland community
types as commensurate in-kind replacement for the wetland impact areas on site.

The creation of wetland hydrology on site may be achieved immediately adjacent to
the proposed sediment basin in the borrow area on the eastern edge of the landfill
(Figure 5). Specifically, wetland hydrology may be created on a expanded shoreline margin
on the north and eastern borders ¢f the sediment basin. It is anticipated that approximately
up to 30 feet of soils anc glacial 7ll will be removed throughout the borrow area in order
to provide sufficient maverial for the new landfill cap. Approximately 0.5 acre of pond
margin will be created by excavation into the hillside in addition to the sediment basin area.
The compensation wetland area will be comprised of the 0.55 acre permanent pond (initial
sediment basin), 0.85 acse emergent wetland, 0.6 acre scrub/shrub wetland, and 1.1 acre
palustrine forested wetland.

The primary source of water will be the stream within the borrow area and the
surface runoff from the southern portion of the new landfill cap area. Groundwater
elevations wnhm the borrow area have not been determined, but may be assumed from
boring data to be at streambed elevations in the stream between the landfill and borrow
area or about 20 feet below the existing land surface. Water elevation within the basin and
wetland margin will be set by a xiser or weir and discharge structure.

The final construction spegiifications will describe the over-excavation (1 foot deeper)
of the wetland margin arza. Thiswill allow for the addition of %.-foot depth of hydric soils
from the stream and swale corridors of the borrow area, to bring the surface of the wetland
up to the desired elevations. Hydric soils in the created wetland will enhance the growth
of wetland plants through their aysociated soil moisture capacity, nutrients, and seed bank.

It is anticipated that the elevation of saturation in the margin wetland will be higher
than the pond water ¢levation due to both capillary rise within the soil and the
downgradient subsurface flow of water from the upper borrow area. Capillary rise even in
pure sands may constitute 6 inchies and the site till should exhibit greater capillary rise.
These factors are expected to bring about saturated soil conditions (at least seasonally)
within the root zone off the forgsted wetland area. Forested wetland community soils

characteristically display-a signifizant drawdown over the growing season. Four channels
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(two intermittent stream channels and two ditches) will cross the wetland area. In the
event that sufficient wetland hydrology is not achieved during the monitoring period, check
dams may be placed in these channels to back up flow and increase soil saturation in
adjacent areas.

The wetland margin will include shallow water habitat, emergent marsh,
scrub/shrub and forested wetland areas. Wetland communities within the area are: shallow
water and emergent marsh (-0.5 to +0.5 feet above pond water elevation), scrub shrub
(+0.5 to 1.0 feet), and wetland forest (1.0 to 2.0 feet). Figure 7 presents a diagrammatic
layout of the planting area. The actual borders between communities will be blended and
irregular as in natural communities. Calculations for the 10-year, 24-hour storm event
indicate that basin elevations will extend to the mid elevations of the forested wetlands
(1056.5 feet). The basin/pond discharge structure will be developed to allow for the
adjustment of basin water elevation. The propésed water control structure is not active in
nature. A dam or weir is proposed with a wooden plank face. Adjustment to the pond
~ water level could be made as warranted by removing, adding, or changing the size of
planks. At the end of the monitoring period the overflow level would be permanently set
by either rip rap or fill. The permanent basin elevation will be set to achieve the desired
hydrology within the margin wetland communities.

Plant species suggested for the wetland area are given in Table 1. All species are
native plants either commonly found on-site or within the region. All plant material may

be purchased from regional wetland nurseries.
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5.0 COMPENSATION SITE FEASIBILITY

51 TOPOGRAPHY AND DRAINAGE

The sediment basin, compensation wetland, and borrow area is located adjacent to
the east end of the landfill. The site lies on a hillside that slopes moderately to the
southwest, and is heavily wooded. The area is drained by a swale and two streams that
eventually drain into the Susquehanna River, approximately one-half mile to the west. The
elevation at the upper end of the proposed borrow area is 1,150 feet above sea level, and

the lower elevation (near the proposed sediment basin) is 1,040 feet.

5.2 SOILS

The soil mapped in the borrow/compensation wetland area is Volusia channery silt
loam, a deep, somewhat poorly drained, loamy soil. The Volusia series is listed as a soil
with potential hydric inclusions.. Hydric soil types in the vicinity that may occur as

inclusions in Volusia soil at the site include Alden-Chippewa complex and Wayland soils.

AcA Alden and Hydric Deep, very poorly drained in depressions
Chippewa and along drainage ways
wd Wayland Hydric Deep, poorly to somewhat poorly drained
Unc Unadilla silt Non-Hydric
loam
Che Chenango and Non-Hydric
Howard
Wa Wallington silt Hydric Deep, acid, somewhat poorly drained in
loam Inclusions slight depressions, sometimes ponded
MhD Mardin Non-Hydric
Sc Scio silt loam Non-Hydric
Vo Volusia Hydric
Inclusions

Soil data collected in the area of the sediment basin are presented below with auger

locations given in Figure 5.
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Auger Depth Description (Value/Chroma)
==‘=
1 0-5" 5/1, 4/1 10YR, Fe Ox roots
510" | 5/1, 4/1, 6/2 10YR
1)2-15" 5/1, 6/1 5Y, Fe Ox Ag.
15-20" || 6/1 5Y, 6/8 10YR, Fe Ox Ag.
2 -5 | 3/1 10YR
520" | 3/1, 5/3 10YR, 6/1 5Y, Fe Ox Ag.
3 -5 | 5/5,4/2 10YR
510" | 5/4 2.5Y
10-20" || 5/4, 6/4 2.5Y
4 -5 || 5/5, 4/2 10YR
510" | 5/4 2.5Y
10-20" || 5/4, 6/4 2.5Y
5 25" || 3/1 10YR
520" | 3/1, 5/3 10YR, 6/1 5Y, Fe Ox Ag.
6 05" || 5/5, 4/2 10YR
510" || 5/4 2.5Y
10-20" || 5/4, 6/4 2.5Y
HYDROLOGY

The area of the proposed sediment basin and compensation wetland is heavily
influenced by surface flcw from the upper watersheds to the north and east. Stream B,
which flows in a channelized ditch west of and adjacent to the proposed basin and wetland,
does not presently contribute dire;tly to the surface flow. There are two swales and a small
stream that converge in the southwest corner of the area, then join Stream B and flow
south. Although the drainage area is moderately steeply sloped, the entire area is forested
with adequate cover to s:abilize surface flows.

Limited information is available on groundwater in the borrow area. Groundwater
elevations as shown in drawing details are based on one boring log and the assuxlnption that
groundwater elevations are near the streambed of Stream B or about 1,050 feet in elevation,
between the landfill and the borrow area. The boring log record from the borrow area
indicates groundwater at about 20 feet below the surface. One may assume that in the
vicinity of the proposed sediment, basin, groundwater may seasonally reach the bottom of
the basin at an elevation of 1,050 feet. Water budget calculations suggest wetland
hydrology will usually be achieved (Appendix C).
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5.4 VEGETATION

The proposed sediment basin and compensation wetland area is now predominantly
second growth, mixed hardwood and pine forest. The upper elevations are dominated by
white oak (Quercus alba), shagbark hickory, (Carya ovata), and white pine (Pinus strobus)
with a sparse understory including black cherry (Serotina Prunus). The lower elevations
are dominated by red oak (Quercus rubra), white pine (Pinus strobus), and red maple (Acer
rubrum). Throughout the study area in lesser amounts were American beech (Fagus
grandifolia), poplar (Populus sp.), birch (Betula sp.), hornbeam (Carpinus carolinianus), and
red osier dogwood (Comus stolonifera).

5.5 WILDLIFE

As second growth deciduous forest, the study area presumably supports diverse
wildlife populations. During the November site visit, tracks and signs were observed for
white-tailed deer, wild turkey, eastern cottontail, and canids. Red-tailed hawks and many
passerine birds including, nuthatch, chickadee, fox sparrow, white throated sparrow,

cardinals, and crow were observed on the site.

5.6 SITE FEASIBILITY

The sediment basin in the borrow area will be designed as a permanent wet basin
or pond with a 5-foot water depth overall. This open water area, with associated water
control structure, can provide a stable hydrology for the establishment of a wetland margin
along the water’s edge.

Grading of the margin around the north and east of the basin can easily be achieved
assuming the representation of the Boring Log 9 data to this location. Slightly steeper
slopes will be required immediately upslope of the wetland border to achieve the original
borrow area contours and cut volumes. Grading in the margin wetland will require a
1 percent slope, from 0.5 below to 2.0 above, the design water elevation.

The source of water for the margin wetland will be the surface water stream through
the borrow area, subsurface soil moisture flow in the borrow area, and runoff from the
southeastern portion of the new cap landfill surface. Diversion of the adjacent stream
(Wetland B) could be considered. The relocation of hydric topsoil from the borrow area to
the margin wetland will ensure greater and enhanced growth of wetland plants.
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6.0 PLANTING DESIGN AND SPECIFICATIONS

The objective of the re-vegetation plan is to introduce species that can initiate the
re-establishment of a diverse wetland and surrounding upland ecosystem. This will be
achieved through:

1. Use of hydric soils from the impact areas to provide a seed source for
"volunteer" wetland plant colonizers.

2.  Planting with emergent and woody plants.

6.1 PALUSTRINE FORESTED WETLANDS

The dominant tree species of the area forested wetlands are red maple, green ash
and hemlock, with an understory of spice bush and ironwood. The compensation site plan
will emphasize these dominants and add select species found elsewhere to enhance diversity.
Site diversity will also increase as the dominants mature providing greater shade and
protection. Dominant species, such as red maple tend to be hardier, have wider moisture
tolerances, and may survive better than less common species during the initial stages of the
restoration. Additional wetland species will be selected both for being fast growing or
otherwise less susceptible to grazing. A relatively rapidly formed canopy will allow for
colonization by the shade tolerant wetland species not easily established in the open early

stages of the compensation wetland development.

6.2 SCRUB-SHRUB WETLANDS

Shrub species will be planted within the forested areas at a equal density to tree
species (Planting Specifications). The scrub/shrub wetland has been included in
anticipation of the formation of a natural scrub/shrub community in this zone as a
transition between the forested and emergent wetland communities. Shrub species will be
planted in clumps on the border of the forested wetland areas; therefore, preference will be
for shade intolerant species. Willow cuttings and clumps of alder will be located along

banks or the waters edge wherever possible.
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6.3 EMERGENT WETLANDS

A portion of the compensztion wetland area will be planted with emergent species.
The wettest of these areas may remain in solely emergent species, but in most areas there
will probably be an invas;on of tree and shrub species. In time these areas may develop into
forest communities.

Emergent wetland species will be located in areas where soils are probably saturated
throughout the growing season. Although selected species will be planted from bare root
stocks and seeding, many species of sedges, rushes and broadleaved plants will invade and
colonize these areas. It is expecied that seeds and rootstocks in the hydric soils used as
backfill will also provide: a source of plant propagules.

Many emergent wetland plant species can tolerate considerably dry, as well as wet
conditions. These more hardy anf facultative species will be located on berm slopes of the

lower elevations, which will experience greater extremes in conditions.

6.4 BERM AREAS

Facultative grass species javailable in seed stock for basin berm areas include:
Agrostis alba (redtop), Agrostis tqnuis, Agrostis palustris (bentgrasses), Poa trivalis (rough
bluegrass), and Alopercus pratensjis (meadow foxtail). All exposed soil will be seeded with
this mixture.

6.5 UPLAND FOREST
Well drained, higher elevations of the sites will be planted with trees to establish an
upland buffer to the wetland. Treges planted will be representative of adjacent uplands with

an added emphasis on mast crop:: for enhanced wildlife value.

6.6 PLANTING SPECIFICATIONS

Plant species to be used aye shown in Table 1. Planting details for trees and shrubs
are discussed below. Trees to be used will be purchased at a height of 1 to 2 feet, and
planted in density equivalent to 10 feet on center; although planting location will be on a
random basis. Species will be chysen randomly in each community group. Shrubs will be
purchased at 1 to 2 feet in height,and planted in groups of 3, 5, and 7, of the same species.
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In the case of a scrub-shrub community, these groupings will be in a density equivalent to
10 feet on center.

The plan is based on the use of native "wet-cultured” plants grown especially for
wetland conditions. Nurseries that specialize in native wetland species should be contacted.
Other nurseries tend to grow trees and shrubs for landscaping in upland conditions and the
plants from these companies will not have been adapted to wetland conditions. If suitable
plants are not available, it may be necessary to have them grown by nurseries under
contract. All trees should be at least one year old prior to planting.

The location for the installation of various plant species will be shown on a detailed
planting plan to accompany the final engineering drawings and specifications. These
habitat and wetland types are shown in Figure 7. Emergent wetland species will be planted
at the lowest elevation, where ponding is expected to occur the longest or soil saturation
the longest throughout the year. Forested wetland species will be planted in the area
having a seasonally wet hydroperiod, generally from December to late May. FACW species
will be distributed in wetter areas than FAC species. Upland species will be planted in areas
that have a water table generally below 24 inches or, when higher, it only saturates the
upper soil profile for brief periods of time.

Assuming that the cap construction is completed in 1994, emergent species will be
planted in the spring of 1995. Although seeding with facultative grasses is most needed to
stabilize erodible surfaces, seeding may be carried out over the entire compensation site to
hasten ground cover development with wetland species. A rapid natural colonization of the
areas of hydric soils should be expected from the transported seed bed and wind born seeds.

No additional watering is anticipated.

TABLE 1
WETLAND SPECIES FOR PLANTING
|
Indicator
Species Name Common Name Number! Status
EMERGENTS

Carex stricta tussock sedge 415 b.r. OBL
Juncus effusus soft rush 415 b.r. FACW+
Onoclea sensibilis sensitive fern 200 qt. FACW
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TABLE 1
WETLAND SPECIES FOR PLANTING
$=
Indicator
Species Name Common Name | Number! Status
m=
Sagittaria latifolia duck potato 200 qt. OBL
Scirpus cyperinus wdol grass 415 b.r. FACW+
Sparganium ea:';:tem bur-reed 200 qt. OBL
americanum
SHRUBS
Alnus rugosa speckled alder 6 FACW +
Cephalanthus bu;;:ton bush 6 | OBL
occidentalis
Cornus stolonifera rec:l-osier dogwood 6 FACW+
Salix purpurea strf:amco willow 6 -
Sambucus elderberry 6 FACW+
canadensis
TREES
Acer rubrum red| maple 40 FAC
Fraxinus gr(;en ash 20 FACW
pennsylvanicus
Salix nigra black willow 10 FACW+
1 plant material type: b.r.. = bare root, qt. = quart container
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7.0 PROPOSED SCHEDULE

7.1  PLANTING SCHEDULE
General Schedule

Planting of aquatic or emergent wetland species will occur between April 1 and
June 1, preferably during April. Fall planting of trees and shrubs will occur between
September 1 and October 30. Planting will not occur when the ground is frozen,
snow-covered, or in an otherwise unsuitable condition for planting. Propagules will be
planted in the proportions determined above in this plan. All balled, burlapped, and
container grown plants will be handled and moved only by the ball or container.

Holes for planting will be dug to produce vertical sides and flat bottoms. When pits
are dug with an auger and the sides of the pits become glazed and smooth, the glazed
surfaces will be scarified. The depth of the holes will be 6 inches deeper than the root ball.
The width of the holes will allow a minimum distance between the ball, and the sides of
the hole of 6 inches for shrubs and 12 inches for trees. Loosen the bottom 4 inches of the
hole with a shovel prior to planting. One part peat moss with four parts soil should be
mixed to use as a soil amendment to support the root ball in the hole.

Plants will be set plumb and manually held in position until sufficient soil has been
firmly placed around roots or ball. Plants are to be set at the same depth at which they
were grown in the nursery or container.

Balled and burlapped stock will be backfilled with soil to approximately half the
depth of the ball, then tamped and watered. Burlap and tying materials will be carefully
removed or opened and folded back. Plastic wrap will be completely removed before the
placement of backfill. The remainder of backfill will be tamped and watered.

Willow and alder cuttings may be made in winter to early spring and transplanted
along the water's edge of the compensation wetland before leaf out. Willow cuttings can
be planted on 2-foot centers. Emergent plant species rhizomes can be planted in early

spring as available from the supplier.

7.2 WATERING
All plants will be watered by flooding the backfilled hole within the same working
day upon which they were planted. During and immediately after watering, all plants will
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8.0 MONITORING

8.1 GOALS OF THE MONITORING PROGRAM

The monitoring program will be conducted to document the Permit Special
Conditions. These permit conditions will be documented over a period of 2 years, starting
from the completion of the first planting within the compensation wetlands.

Monitoring will be conducted during each year of the monitoring period. Progress
and formal reports will document the status of wetland site conditions using the following
monitoring methodology. The final monitoring report will provide a summary of monitoring

data trends and compare current wetland status with compensatory wetland goals.

8.2 MONITORING PROGRAM COMPONENTS
8.2.1 Photographs

The compensatory wetland will be documented through fixed point photos with
range poles or objects for scaling and reference. Location and number of photographs will
be sufficient to cover the entire compensation site. Photographs will be taken from the
same point and in the same direction each sampling period. Significant changes in the
wetland structure, including events such as storm damage, will be documented by these
photos.

8.2.2 Precipitation Gauge

Local recording precipitation gauges will be located near the mitigation area to
provide better estimates of watershed precipitation than distant weather station records.
Daily records of precipitation will be maintained during the period of monitoring and these

data will be included in the annual monitoring reports.

8.2.3 Surface and Groundwater Monitoring

Shallow groundwater piezometers will be maintained in the compensatory wetland.
Reference will be made to other groundwater elevation records. Groundwater and surface
water records will be continued for the duration of the monitoring program and data

summaries provided in the annual reports.
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8.2.4 Base Map
A base map or plan view will be provided illustrating the location of photo points,

piezometers, and sampling areas.

8.2.5 Vegetation Assessment

Vegetation is gererally indicative of the structure of wetlands and a quantitative
assessment of vegetative cover gnd survival is required by the permit conditions. The
composition of each wetland vegetation community will be adequately characterized. The
following general methods wil be followed with an allowance for site or minor
modifications. Sampling will be conducted during late spring and early fall periods of each

monitoring year to best identify cominant plant species and assess seasonal biomass.

Forested Wetlands - A belt transect or line intercept method will be employed for
sampling areas where trge species (with a secondary shrub layer) are to be
dominant. Transects will pe positioned so that each vegetation zone or category is
sampled. Transects will also be located along wetland basin moisture gradients,
extend into forest buffer v¢getation and into undisturbed upland vegetation adjacent

to the compensatory wetland.

Scrub/Shrub Wetlands - Replicate quadrat sampling will be used in areas to be
dominated by shrub speci¢s. The number and average height of woody individuals
within quadrats and the ‘DBH of the largest individuals of each taxa recorded.

Paired 3-meter by 3-meter quadrats are recommended.

Emergent Wetlands - Erpergent vegetation areas to be dominated by herbaceous
plant species are to sampled using replicate quadrats. The percent cover and
average height of individyals of each taxa within the major height strata will be
recorded. Each major hejbaceous plant zone will be sampled. Seven replicate 1-

meter by 1-meter quadrat; are recommended.
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8.2.6 Habitat Enhancement
Observational data will be collected on wildlife observed during seasonal vegetation
assessments in the compensatory wetland area. Notes will also be kept on the grazing or

predation of wetland vegetation.

8.3 IDENTIFICATION OF PROBLEMS AND RECOMMENDATIONS

As indicated through the monitoring program or otherwise noted by monitoring and
facility staff, problems arising during the monitoring period will be communicated by the
applicant to the District Corps of Engineers. Recommendations will be developed to
compensate for problems or otherwise direct site management toward the goals of the

wetland compensation program.

8.4 MAINTENANCE OF DOMINANT WETLAND VEGETATION

Wetland compensation program goals are the establishment and limited maintenance
of forested and emergent wetland plant communities. Compensatory Wetland Plan
specifications have been developed to enhance the establishment of such communities as
quickly as possible. The persistence of these wetland communities may not depend upon
a consistency of wetland community species composition as initially established on the site.
Rather, wetlands are among the most dynamic of landscape features and their plant
community assemblages reflect such temporal change. The influence of climatic variation,
the natural colonization by native plants, and the natural development of site wetland
hydrology and nutrient regimes may likely lead to a wetland that differs in community
structure, but adequately meets program goals. Maintenance and management of the site

will be directed towards establishing a natural wetland community over time.
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DATA FORM 1
WETLAND DETERMINATION

Applicant Application Project . 4;/
Name: Number: Name: S (/C Land/

State: ./.!Z ; County:ﬁ:aa_mg_l.egal Description: Township: Range:
Date: ‘/ 5 ia Plot No.: /4-/ Section:
77 Wwetpnd

Vegetation [list the threc dominant species in each vegetation layer (5 if

only 1 or 2 layers)]. Indicate species with observed morphological or known

physiological adaptations with an asterisk.

Indicator Indicator
Species Status Sgecies Status
Trees Herbs
L. 7. ‘Po\! jonu_wl_ SM O-8L.
2. 8. Scirpus, cyperinug FARC W +
3. 9. Un €uS ePusys FAC W +
Saplings/shrubs . Woody vines
FACW

i Salix Aiscolor 10. Lubes Ahispidus FHC W
5. Cephalanthus occioleu#.fis O8L 11.

6. Spirea. ladibp lia FBCAF 2.
2 of species that are OBL, FACW, and/or FAC:ﬁz_ Other indicators: .
Hydrophytic vegetation: Yes _X No ___ . Basis: S50 FRAC ov wekler .
Soil
Series and phase: l(éé‘(& On hydric soils 1ist? Yes_ ; Nol.
Mottled: Yes L; No . Mottle color: 5 5, $ Matrix color:'_ . -
Gleyed: Yes )( No Other indicators: 56_)’ 7/[ .
Hydric soils: Yes X No ; Basis: meﬁz,qg @a/Z @ﬁ ﬂaﬂdk%bn.
Hydrology
Inundated: Yes X ; No . Depth of standing vater:_g,4 Jar/‘a(y’ .
Saturated soils: Yes X ; No . Depth to saturated soil: 44 Swriace .
Other indicators:
Wetland hydrology: Yes ;3 No_ . Basis:
Atypical situation: Yes ; No
Normal Circumstances? Yesﬁ&_ No
Wetland Determination: Wetland Yes ; Nonwetland
Comments:
Determined by:mp_w ICL
. P~



DATA FORM 1
WETLAND DETERMINATION

Applicant Application Proje

State: County:mugal Description: Towmship: Range:

Plot No.: TAI Section:
Upland

Vegetation [list the tarec Qg;.i_nﬂ species in each vegetation layer (5 if

only | or 2 layers)]. Indicate species with observed morphological or known

physiological adaptations witl an asterisk.

Date:

[ndicator Indicator
Species _Status — Sgecies Status
Trees Herbs
2. Carya gvata FAac V-~ 8.
3. Pnus Strobus FACU 9.
Saplings/shrubs Woody vines
4. OD9¥rya Uivginiana FAC 4 10.
5. f_n__uL._f_/_’Lg_“L Faly 1.
6. 12.

T of species that are OBL, FACW, and/or FAC: 450: Other indicators:
Hydrophytic vegetation: Yes ___ No _X . Basis: <507DJ7£ /9/4,:7'-} /"'/96 o
‘ Lo on Todscatfer 1../57‘,

Soil / siH loan

Series and phase: W.ﬂ/& C On hydric soils list? Yes_ _ ; No_é.“
Mottled: Yes H J( . l;!ottle color: ——— ; Matrix color:_ = ___
Gleyed: Yes No )( Other indicators: .
Hydric soils: Yes_ _ No_JX _; Basis:M}( <e0l /MQZK .
Hydrology

Inundated: Yes H Nol . Depth of standing water: nont ngfljﬁ .
Saturated soils: Yes “ No_.j . Depth to saturated soil: v/

Other indicators: .

, 1
Wetland hydrology: Yes, ; No_X . Basis: M Sa &rwé/ Sd/(lﬂgm' .

Atypical situation: Yes ;!Jo )_( .

Normal Circumstances? VYes _No )(

Wetland Determination: Wetlanc ; Nonwetland ﬁs

Comments: Typ kot punt ,;940;4/ ' up/ﬁ-ﬂ/ ot o wettond #

N A lﬁél f/o/&g - DeFemined by:MmpﬁA%Alaﬁ_ngmltL

B2
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DATA FORM |
WETLAND DETERMINATION

Applicant Application Project #‘/
Name: Number: Name:_ (D ESM [ (Zdh

State: County:ﬁmm_g_Legal Description: Township: Range:
Date: Plot No.: 7 AA Section:
ettt Trarset

Vegetation [list the threc dominant species in each vegetation layer (5 if
only | or 2 layers)]. Indicate species with observed morphological or known

physiological adaptations with an asterisk.

Indicator Indicator
Species Status Species Status

Trees Herbs

1. Beer rubram FAC 1. \aneus etgsus  FARC W

Bg*hcla lent. Epc V 8. Spha ﬂm VA
3.7 9. Onoclea Sens bilsS  EAC L
Saplings/shrubs Woody vines
:. Alnys ruaose. FRcwr i(:
6. 12.
Z of species that are OBL, FACW, and/or FAC -ﬁz Other indicators:
Hydrophytic vegetation: Yes _x_ No _ . Basis: _gpk +Han SO0 £ crwc:‘kl’

Species.

Soil
Series and phase: Miéﬂé ‘&M#&l&m hydric soils list? Yes___; No_X.
Mottled: Yes 'A ; No . Mottle color: A.5¥2 5A. Matrix color:, P
Gleyed: Yes No X Other indicators:
Hydric soils: Yes 7( No ; Basis: y ;/ Uy -
Hydrology

Inundated: Yes X ; No . Depth of standing water: :
Saturated soils: Yes ¥ ; No . Depth to saturated soil: S5 .
Other indicators:

Wetland hydrology: Yes X ; No . Basis:
Atypical situation: Yes ; No_ ¥y .

Normal Circumstances? Yes Y No

Wetland Determination: Wetland )/ES ; Nonwetland

Comments: ﬁt/;‘ﬂ/ -/flﬂf!c«“—)'g; a/47//aw{ /¢

) Determined by ,&M{#JQLEDW /ﬁL

B2




DATA FORM 1
WET.AND DETERMINATION

Applicant gpplication Project
Name: thumber : Name: (D ks 1 ( ¢ [dﬁ/[//
State: County: HCQ‘ZMQ ;_Legal Description: Township: ___ Range:
Date: Plot No.:_ 7 £ Section:
" (wdla.u()
Vegetation [l1ist the threc QM_@E species in each vegetation layer (5 if
only 1l or 2A layers)]. Indicate species with observed morphological or known

physiological adaptations; with ar asterisk.

Indicator Indicator
Species Status Species Status

T Herb

L _— sag(Hptum OBL

1. /od sact

2. 8.0r-o ca S-C’ISIbl/ FaC W

3. 9. Scirpus w FACWT

Saplings/shrubs Woody vines

. Hamamelis Jirgmana  Fal - 10, Lubus {«_xgp_/.oz‘d FAC W

- Hlous  rusasa FhtwW+ 1l

6. LK X \ 12.

Z of species that are OBL, FACW, and/or FAC:>\%2, Other indicators: .

Hydrophytic vegetation: Yes _X No . Basis: v S0 /7 S
or weter:

Soil
Series and phase: tZ/(_lgg CM,'MM[":SQL_@"\O“ hydric soils list? Yes ; No X .

Mottled: YesA ; No . Hot;cle color: '2572 V_/é; Matrix color: . -

Gleyed: Yes_ X No Other indicators:_ 4l CelorR =4V 6/ .
-~ Y
Hydric soils: Yes é No ;| Basis: ﬁzlﬂeiz 511'/ .

Hydrology

Inundated: Yes )( ; No . D¢pth of standing water: M&n&.&é .
Saturated soils: Yesvx_v No _— Depth to saturated soil: Sar
Other indicators: .
Wetland hydrology: Yes X ; No_?___. Basis: Sy | .S;._}(-u,ro;‘td .

Atypical situation: Yes__; No_X
Normal Circumstances? Yes X No

Wetland Determination: wqtland_‘ EE 5 3 Nonwetland

Comments: 72, , coc/ ,’oa/r\,z‘ in tetland §.

Determined bytmmmwp ICL

B2

A
A
A
A
A
a
2
A
2
2
i
|
A
X
3
|
|
X
X



’HMMWF’F‘PW!"FE—;FFQWQW., 1w

DATA FORM 1
WETLAND DETERMINATION

Applicant Application Project /Z‘/
Name: Number: Name: ( 42&5“ { c[dh
State: ( County: /Zrnome Legal Description: Township: Range:

Date: ’}/ﬁ; 7& Plot No.: TH‘:/ Section:

Vegetation [(1ist the threec dominant species in each vegetation layer (5 if
only 1 or 2 layers)]. Indicate species with observed morphological or known

physiological adaptations with an asterisk.

Indicator Indicator
Species Status Species Status
Trees Herbs £
1. Pinus Strobus FACV 7. Lycopodium ~clavatuns
2. fleer. Cubrum FHCE V- 8.
3. Ruercus Cubra FAC V- 9.
Saplings/shrubs Woody vines
6.#4»;4”43 M FAC— 10.
e
5. 11,
6. 12,

%2 of species that are OBL, FACW, and/or FAC:‘jﬂ’_ Other indicators:

Hydrophytic vegetation: Yes No X_ . Basis: 5 1‘.5 /
FAC or we //)'

Soil

] .
Series and phase:_\,"(,h(ﬂ(‘ 5"H lmm On hydric soils list? Yes ; No /X .
Mottled: Yes ; No_ X . Mottle color: Apng . ; Matrix color: gom;é.

Gleyed: Yes No X Other indicators: .

Hydric soils: Yes No X ; Basis:M'{aﬁ: 07{ /'6\5'0;/_5:.

Hydrology
Inundated: Yes ; No X° . Depth of standing water:

Saturated soils: Yes ; No_ X . Depth to saturated soil: W
4

Other indicators:

Wetland hydrology: Yes ; No ¥ . Basis:
Atypical situation: Yes ; No X .
Normal Circumstances? Yes No_ X .
Wetland Determination: Wetland 3 Nonwetland 2%( .
comments:
Determined byzmwblag_& I‘L
B2 m



DATA FORM 1
WETLAND DETERMINATION

Applicant Application Project [/
Name: Number: Name: ( :QES“ { :Zdh/
State: County:ﬁmLLegal Description: Township: Range:
Date: ‘7/ (] ?9\ Plot No.: ,4"(1 Section:
7
4 Lttand

Vegetation {1ist the threc dominant species in each vegetation layer (5 if
only | or 2 layers)]. Indicate species with observed morphological or known
physiological adaptatioms with an asterisk.

Indicator Indicator
Species &tatus Species Status
Trees Herbs

L. Carpinws cavolinigna. FAC 7. Spha '3 e W
2. 8. ScirPud  Cyperthus.

3. 9. Pleridiuny ageslinun FACU
Saplings/shrubs 4 Woody vines
“. Tswa Canadansis  FALV 10. Rylus hispidus  FHCW
5. 11.
6. 12,
2 of species that are OBL, FACW, and/or FAC'M Other indicators: .
Hydrophytic vegetation: Yes ..Z_ No . Basis:>50% © 0eC/ES a2 C or.

‘ Wl Herom F/M /157(
Soil

Series and phase: MOn hydric soils list? Yes ; No 5 .

Mottled: Yes x ; No . c;uctle color: &.5% 3 Matrix color:
Gleyed: Yes X No Othyr indicators: T GR 7/! . .
7 v t .
Hydric soils: Yes X  No ; Basis: and </l So Y oNS.
) 7/
Hydrology

Inundated: Yes x ; No . :Depth of standing water: ﬂ ékkﬁz .
Saturated soils: Yes a' 3 No__ . Depth to saturated soll:_ gz ¢ . ire .

Other indicators:

Wetland hydrology: Yes X ; Nc . Basis: S"‘omly;w‘ \AJGEM .
Lad . \‘ T

Atypical situation: Yes 3 N X .

Normal Circumstances? Yas )( iNo

Wetland Detemination Wetland YPLS ; Nonwetland

’

Comments: —MMW Qe W#ﬂ\- P&—J

Determined by:WA‘%JQL&W, ICL

B2
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DATA FORM 1
WETLAND DETERMINATION

Applicant Application Project #/
: Number: Name : ( ) kﬁ 1 ( C Zdﬁ

Name:
State: County:ﬂcoa_m_g_l.egal Description: Township: Range:
Date: Plot No.: (¢ -~ ? 5 Sectiom:

wetland.

Vegetation (1isc cthe threec dominant species in each vegetation layer (5 1if
only 1 or 2 layers)]. Indicate species with observed morphological or known

physiological adaptations with an asterisk.

Indicator Indicator
Species Status Species Status
Trees Herbs

7 v rubru MC 7. é: EIOCG"QK_E -poe+ A“S O 6L
2. = = 8. @/ﬁﬁ sheha cHany écm,grécéor/ eS Frhev-

3.

Saplings/shrubs Woody vines
4. Carpinus. caroliniana FAC 1'01“_‘.

5. Hama melis yirginiana  FHC — 1.
6. Lmﬂra bwzmh A ~ 12.
b4 of species that are OBL, FACW, and/or FAC: >50,f Other indicators:

Hydrophytic vegetation: Yes Z No . Basis: >52% of Aasti /uf)é/
Ir FHC o+ wL s

Soil ‘
Series and phase:‘%%a___ On hydric soi/ls list? Yes__ Z

Mottled: Yes Y ; No . Mottle color:ZS .4 ’éz ; Macrix co
Gleyed: Yes y No Other. indicators: é/ez L’J/gr 5y 7

Hydric soils: Yes AL No H Basu:iﬁé B Ml///ﬁ_ﬂ:.é}l;L

Hydrology
Inundated: Yes__ X ; No . Depth of standing vater:/ e 3/}104_(_

Saturated soils: Yes ¥ ; No . Depth to saturated soil: sézﬁéﬂz . .

Other indicators: $v, .

Wetland hydrology: Yesﬁg_; No___ . Basis: Y ./ AL

Atypical situation: Yes___ ; No ' 4 5’/./5_

Normal Circumstances? Yes)( No

Wetland Determination: Wetland \/-pf ; Nonwetland

Comments:
Determined bY’M&‘IﬂM_/JQL.ZD ICL
B2 p



DATA FORM |
WLTLAND DETERMINATION

Applicant Application Proje

-1
-1

Name: Number: Name: Ct§ D kﬁll (It Zdh/)[//

State: County:_MLegal Description: Township: Range:

Date: ?lot No.v: / b Section:
C Eﬁ D

Vegetation [list the threc domignant species in each vegetation layer (5 1if
only | or 2 layers)]. Indicate species with observed morphological or known

physiological adaptatious with an asterisk.

Indicator Indicator
Species ytatus Species Status
Trees Herbs
1. Quercus mb!ﬁ_ FﬂC»V’ 7. L, coPorium Q_\a_,\t_d_‘_«_g Fac
2. Rter rubrum FAC. 8.
J.fz_zﬁq Quﬁ{-ﬂ\ F‘QC,,J" 9.
Saplings/shrubs Woody vines

. (’UP"M Carﬂhi’l;‘dn& F;:AC« 10.
Zi/'i‘_‘l 571"9/&5 FHCU 11.
6. Faawm ﬂ_,___{c\zllar FRC V 12.

Z of species that are OBL, FACW, and/or FAC: <507 Other indicators:

Hydrophytic vegetation: s 5 No _X . Basis: <@é of plamgt Specier .
‘ ' |iSted a3 FRC or ity

Sotl /
Series and phase: f%&h%o S /7Z7Onﬂhy tic soils list? Yes 3 No_&.

Mottled: Yes ; No x . Mottle color: &/Qﬂl ; Matrrix color: .

Gleyed: Yes No w Other indica:ors‘

Hydric soils: Yes____r No ‘.; Basis: ZMZ bﬂd“ ¢ 50:( 4\@0‘4 Lp)‘;’_\'
Hydrology

Inundated: Yes ;s No >< . |Depth of standing water: ﬂou ) .
Saturated soils: Yes  _; No_ X . Depth to saturated soil:_Ml_aﬁM
Other indicators: j\/n ’ .
Wetland hydrology: Yes H Nc" ¥ . Basis:

Atypical situation: Yes‘_; Ncﬂ )( .

Normal Circumstances? Yes ;No )(

Wetland Determination: Wetland_

; Nonwetland /ﬂj

Comments:

) Determined by Mmpﬂ“_#a_e_gpp Itb

B2
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DATA FORM |
WETLAND DETERMINATION

Applicant’ Application Project ﬂ‘/
Name: Number: Name: ( n) kﬁu “!:Zdh
State: 4 County:&mg_Legal Description: Township: Range:
Date: 5/ 73 Plot No.: D 92 A Section:

VAR

Vegetation [list the threc dominant species in each vegetation layer (5 if
only 1 or 2 layers)]. Indicate species with observed morphological or known

physiological adaptations with an asterisk.

Indicator Indicator
Species _Status Species Status
Trees Herbs
1. ﬂccr r b"u-*; FAC

7. _S__\;_n_r!dgg&!m 'CO(:HJKS ) BL.
2. betula a,lletha.n}ensiS FAC 8.

3. 7susa Canadins's FACY 9.

Sgplit:gs/ shrubs Woody vines
4. Lindera, Oenzoin. FARCW- 0.
5. C Nk 4ro||hag._n_g_ FAC 1.

6. Hamame|;$ Virginiana, FAC— 12.
Z of species that are OBL, FACW, and/or FAC:>503 Other indicators:

Hydrophytic vegetation: Yes _)g No . Basis:

Soil /\/
Series and phase:( [Mgngﬁ On hydric soi list? Yes
Mottled: Yes < ; No . Mottle color:L.S Y ¥ 24 Matrix color: ‘1 zg Qi

Gleyed: Yes Y No Other indicators:

Hydric soils: Yes X No ; Basis: Qﬁ% M ﬁ % §g¢ [/nd (eﬁf

Hydrology .

Inundated: Yes ° ; No . Depth of standing water: Sowme_in d‘msst‘eﬂ's .

Saturated soils: Yesj( ; No . Depth to saturated soil: .
7

Other indicators: Doné

Wetland hydrology: Yes X ; No . Basis:_&@Mﬁ.

Atypical situation: Yes ; No_ X . &Dll

Normal Circumstances? Yes X No

Wetland Determination: Wetland %S ; Nonwetland

Comments:
Determined byiwﬂ.#QL&m ICL
B2



DATA FORM 1
WETLAND DETERMINATION

Applicant Applicacion Project /4‘/
Name: Number: Name: ( 0 ks 1 “& Zdh
State: County: _Emﬂg Legal Description: Township: Range

Date: Plot Np. E :71' Section:

Vegetation [list the cthreec dos!inant species in each vegetation layer (5 if
only 1 or 2 layers)]. Indicaye specles with observed morphological or known
physiological adaptatipns witt. an asterisk.
Indicatcr Indicator
Species _Status — Species Status

Fraxraus americ FACY 7. Symplocarpus foetidus  oBL
1 ¥Begr cubrun  FAL

8. Viola, spe.
3. Tsuwga Canadiusis FARCY 9.
Saplings/shrubs Woody vines
4. Caxﬁt'nu.& ca,r-o“nfq!,_g_ﬂ._ }’_’K— 10.
S. Lindeva, benzesh FHCW-= 11,
6. H‘W&J& virﬁin'm_ng. FRC— 12,

2 of species that are OBL, FACW, and/or FAC: > . Other indicators:

Hydrophytic vegetation: Yes 7}'___ No . Basis: > 50% o#j/ﬂdimgﬂ
dve A or wrl bt

Sotd r

Series and phase:LMméﬂ._S_“_*&_dOn hydric soq:l}és list? Yes___ ; No .
Mottled: Yes X ; No . Mottle color: (gd brows 3 Matrix color: 5
Gleyed: Yes No W Other indicators: .
Hydric soils: Yes_ X No____; Basis: @ﬂ’d 52;1 CQEJ;ADV\

Hydrology

Inundated: Yes X ; No . Depth of standing water: o-1"" .
Saturated soils: Yes_x'_; No_‘v__. Depth to saturated soil: S«"ﬁfl .

Atypical situation: Yes ;NQ) x .

Other indicators: E‘ I“‘ug L :ky ( S[Qis! \ .
Wetland hydrology: Yes x ; Ny . Basisg: .

Normal Circumstances? Yes LNo
Wetland Determination: Wetland_ J,/OS ; Nonwetland .
Comments:

Determined by=MmpZ&7[Jae_&pa let

B2
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DATA FORM |
WETLAND DETERMINATION

Applicant Application Project
Name: Number: Name: ,' / Zdh/)g://
State: County:_&mmg_l.egal Description: Township:_—Range:____
Date: ﬁ/fh; ?a Plot No.: b Section:
7 E'and F w‘&%ﬁj .

Vegetation [list the threc dominant species in each vegetation layer (5 if
only 1 or 2 layers)]. Indicate species with observed morphological or known

physiological' adaptations with an asterisk.

Indicator Indica_tor
Species Status Species Status
Trees Herbs
1. feer rabrue  FHC 7.
2. Queren cubre EACUS 8.
3. Fraxinus anevicana FACY 9.
Saplings/shrubs Woody vines

4. Carpinus C_.g_ﬂz?_l_"_’\_i_&ﬂ-ﬂ FAC 10. (yaw | theria procumbens [FHC U

5. Egg_& g.f;_‘“.é"_.;f-'-':“ FARcy 11,

6. Pinus Strobus F/’C l/ 12,
% of species that are OBL, FACW, and/or FAC: £50% Other indicators: None -

Hydrophytic vegetation: Yes No X . Basis:<50% ,f nlant specirs
are FAC ov we Her.

Soil

Series and Ph““c&dﬁﬂ_ﬁ'ﬁﬂghm hydric soils list? Yes__ ; No_X.
Mottled: Yes ; No . Mottle color: ; Matrix color:%_.&cwq
Gleyed: Yes No ¥ Other indicators: .
Hydric soils: Yes ’ No Y ; Basis: /'/7 or Yy
Hydrology B

Inundated: Yes ; No 2( . Depth of standing water: [%u ab.gr./a( .

Saturated soills: Yes ; No L Depth to saturated soilzw

Other indicators:

Wetland hydrology: Yes ; No Y . Basis:

Atypical situation: Yes H NO_L__.

Normal Circumstances? Yes No_x .

Wetland Determination: Wetland ; Nonwetland Vq

Comments: /IZVP( ;s O S()u—ﬂlrﬁ S/D,Qf.

Determined by:ﬁ&M#Mm /tL

B2



DATA FORM |
WETLAND DETERMINATION

Applicant Application Proje

-
ct ~ ,[//

Name: Number: Name: 5 D kﬁ i { Clah/

State: 1( é County ﬂmﬂ_Legal Des;uription Township: Range: I

Date: Plot No.: m?”’ Section:

L

Vegetation (list the threc dom‘Lnant species in each vegetation layer (5 if
only 1 or 2 layers)]. Indicate species with observed morphological or known

physiological adaptations with an asterisk.

-

Indicator Indicator

Species Status Speciles Status ,
Trees Herbs ‘l
1. CafE m\nn\dmt. Fﬂrc, 7 S o /acz:r ws 74&//%14-( o SL-
2.Acer *:hb__. FA, 8-‘@ FACWT "l
3. vQSSa—@ﬁé Ib[éu—‘*\ Fﬁc’u' 9. ( d.VC)’( _)‘/,0 -
Saplings/shrubs : Woody vines
4.Carpimss caroliniang  FAC 10. J
5. Tley uerwlrwl& Frowt 11.

6. Corm; 3+olu..~ﬁra FRCW+ 12. : %
2 of species that are OBL, FACW, and/or FAC:>S50% Other indicators: . /'m-rll'é 174

Hydrophytic vegetation: Yes _fg No . Basis: > SO% M{‘gyﬁ];. . j
/e listed cs” FRC prwe 7. J
Soil

Series and phase: gm‘”cﬂ'ééé' On hydric soils ligt? Yes ; No ,'/.

Mottled: Yes 7( ; No . Mpttle color: L : Matrix color:
Gleyed: Yes No Other indicators: Gr% 44[/[1,\4

Hydric soils: X_ No_____; Basis: %/ Jnj///(/ 7 é/{c,,p/

Hydrology
Y
Inundated: Yes & ; Ne . 'Depth of standing water: J"?, .

’

Saturated soils: Yes__ ¥ ; No_ . Depth to saturated soil: Ser¥a/l
Other indicators:

Wetland hydrology: Yes X ; N{: . Basis: ﬁ1&2 Izzz(&é:!%d %r
Atypical situation: Yes : N ) J

Normal Circumstances? Yes No /.

Wetland Determination: Wetland ].L( ; Nonwetland
: T

Comments:

Determined by:&uIQMPMMW, /CL

B2



DATA FORM 1|
WETLAND DETERMINATION

Applicant Application Project . ;/4/
Name: Number: Name: } Zah
State: Coun:y:ﬁma_m_g_l_egal Description: Township: Range:
Date: Z ?a Plot No.: /‘i ~ a , Section:

77 (weFia~d)

Vegetation [list the threc dominant species in each vegetation layer (5 if
only | or 2 layers)]. Indicate species with observed morphological or known

physiological adaptations with an asterisk.

Indicator Indicator
Species Status Species Status
Irees Herbs
l. 7. _S-p//}éga S
2. : 8.
3. 9.
Saplings/shrubs Woody vines

4. Sulix discelow AW 10.
5. wﬁé/pﬂ/ﬁtm Fﬂ(,k/f 11.
6. Spirea_ albe A/t 12.

% of species that are OBL, FACW, and/or FAC:7~¢Z Other indicators: @/ﬁ!o\(s"f@"\

Hydrophytic vegetation: Yes X No . Basis: >50Y plat crzf .
' AR af ~7C or bt

Soil

Series and phase:!%mﬂ%&/y/m hydric foils list? Yes X ; No .

Mottled: Yes x ; No . Mottle color: s Matrix color:

Gleyed: Yes No_x_ Other indicators: .
Hydric soils: Yes Y No ; Basis: y p% ,J/ Ghi .
Hydrology

Inundated: Yes ; No X . Depth of standing water: Vs 72V 4

Saturated soils: Yes X ; No . Depth to saturated soil: V/4 /ﬂ[‘l(
Other indicators: ' 76 . m., L

Wecrland hydrology: Yes Y ; No . Basis: jMMﬂ/,%

Atypical situation: Yes ; No x .
Normal Circumstances? Yes X No

Wetland Determination: Wetland K ; Nonwetland
7
Comments:
Determined by=MmpLMJaLﬁpa lek
- B2



DATA FORM 1
WETLAND DETERMINATION

Applicant Application

Name: Number: :;:ieccg 0 E' 1 “&Zdﬁ/ﬁ/
State: County: _anm_l.egal Description: Township: ____Range
Date: f;_;/_ Plot b,o.._n£1°7C H - R Section: -
Uplane]
Vegetation [list che :hree _d_c!minant speclies in each vegetation layer (5 if -
only 1 or 2 layers)]. Indicate species with observed morphological or known
physiological adaptations with an asterisk.
Indicator Indicator -
Species Status Species Status

Trees ’ Herbs
1—74;” rubrum F~#C 7. phlacy P -
2. Betula let FRCY 8. Lskrs o
3. 9. -

ub W, v
Saplijgi/:hr s EHC - ocl::z. ines
5. Cormucy fvé/am»é—a FACL 1. -
6. 12.
%Z of species that are OBL, FAQW, and/or FAC:_‘_EQ: Other indicators: ﬂ/e;._,t_ . -
Hydrophytic vegetation: Yes _— No _.Zi_ Basisg: 44'4_9 tf clare .

. : LA C o “"4% -
Series and phase: /i ; _____ On hydric soils list? Yes__ __; No_ N . '
Mottled: Yes ; No ¥ . ;;(ottle color: ; Matrix color: - ]
Gleyed: Yes No ¥ Otper indicators: /t/ﬂ/m/
Hydric soils: Yes__ No__ x ; Basis: ﬂ M/i /X.JW -

Jreseat.

Hydrology ,
Inundated: Yes s No ﬁ)( . Depth of standing water: /l/l/g . -
Saturated soils: Yes __ ; No_PX__. Depth to saturated soil:// . ‘
Other indicators: él QM [ ‘

Wetland hydrology: Yes 5 h.oJ{ . Basis: v .
Atypical situation: Yes__  ; No é Sadoreted Sor/ Eﬁ ~ens.

Normal Circumstances? Yes No ¥
Wetland Determination: Wetland ; Nonwetland i/ﬂS
Comments:

Determined by Mmp_&h&#ﬁﬁ_&m ICL

B2



Figure 1: North-facing view of Wetland A shows open water area, emergent

zone, and scrub/shrub area (left).

o e
SN

PR AR R R R RE

Figure 2: East-facing view of Wetland A. Dominant herbaceous plants in the

emergent zone include wool grass, sensitive fern, and soft rush.
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Figure 3: Close-up of small tributary comprising Wetland B. Shrubs are pussy
willow and red-osier dogwood. This wetland ranges from two to

several feet wide.

Figure 4: Photograph s;iows Wetland B descending down the Landfill along

tree .ine.
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Figure 5: Part of Wetland E. This area is similar to photo described below.
Shade in foreground is caused by dense hemlocks which prevail

further down the slope.

\\*' ‘;,30.1'5 -

-

Figure 6: Part of Wetland F located on south-facing slope below the Landfill.
Surface soils are black muck. The most common herbaceous plant

1s skunk cabbage. Dominant trees are red maple and hornbeam.
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Seil sample showing commonly encountered gleyed and mottled

colors. This soil sample was retrieved from Wetland A.



#1.

#2.

#3.

#4.

#5.

BORROW AREA WETLANDS
PHOTOGRAPH DESCRIPTION

Continuation of stream corridor (facing north) from wetland B. Location of outlet
from wetlands BWA and Z on right.

Photo taken near flag Z6B (east). Wetland in this area is restricted to just stream
channel. Shrub area in background is a larger wetland area.

Upland area facing south from flag Z9A.

Larger flat wetland area near flag Z12A. This is the only area where significant
herbaceous vegetation is present. Some disturbance (test pits) is visibly nearby.

Upgradient section of wetland Z-2.

10.001.3/94.02260.WT
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CATA FORM
AOQUTINEG WETLAND CETERN
{1987 CZCZEZ Wetlancs Ceiineaticn

| FroiecuSite: ' QSJ\HQ, "BG/V\OOJ /4'1\0-&— Cate: i}/{WQJ

i ~czcticant Cwner: . - Ceountv: [ g0ne E
i invesugater: DTS _State: Ay |
x

Cc Nermal Circumstances exist cn the site?

ls the area a patential Problem Area?
{If neeged, explain on reverse.)

Is tne site significantly disturbed (Atypical Situation)?

No !
Yes
Yes (Ng

Cemmurnizy (10 ‘

Transec: iC -

Plot ID:

VEGETATION
m—————y

Dominant Plant Species Stratum _ !naicator Dominant Plant Scecies Siratum _ indicator
1. 4W\ o 5 _Fat 9.
2. Pinun._strobus us  Faew | 1o
3. ﬂa—kulm- VM.‘WM Shr FAL — | 11.

a. Betifo M sShr  FALWK | 12
5. (eunun .S‘f’ale—wgpuu G L FAcwt | 13,
6. O/)vﬂ‘—em W G L Fﬂg& 14,
7% _App - 57 L — 18.
8._unidsnlifuid) qrew G - 18,

Percent af Darminant Species that are OBL, FACW or FAC
(exciuding FAC-).

Y96 =¢7%

HYDROLOGY

___ Tecorded Data (Descnba in Remarks!:
___Stream, Lake, or Tide Gauge
—_ Aerial Photographs
___Other

¥ No Recorded Data Avaiiabia

Feild QObservetions:

Deoth of Surfaca Water:

Deoth to Free Water in Pit:

Caoth to Ssturated Soil:

Remarks: Ajo ecc’ 0V /% . P co
.%

3 §m.b&:,5. 64%:/10‘19%(1
b

— |

Waetland Hydroiogy Indicators:

Primary indicators:
lnuncated
Saturated in Upper 12 lnches

___ Water Merks

___Dritt Lines

___ Sediment Deposits

Drainage Patterns in Wetands

Secondary indicators (2 or more required):

___ Oxidized Raot Channeis in Upper 12 Inches
Water-Steined Laaves
Locai Soil Survey Data
FAC-Neutrai Test
Qthar (Expiain in Remarxs)

e Tor panad o ol




SQILS

=
Map Unit Name

‘ (Series ana Phase:: Crainage Class:

~ietd Observations

I Taxonomv (Subgreuc:: Contirm Maoped Tyoe? “a2s No

!l Profile Cescrcven:

Deotn Matnx Caior Morttie Colors Mortle Taxture, C..acretions,
linches) “n~erzon IMunseil Moist) tunsed Moisn Atungance:Ccontrast Strucrure, arc.
d N ~
i -
M i N G AR 4

0-8 A _loYe3/i

g-19 83 o YR _9/a.

Serdd

7.5 V:ﬂ 5’/5; domemeer

Hydric Soil Indicators:

___ Histosol

___ Histic Epipedon

__ Suifidic Odor
Aquic Moisture Regime
Reducing Conditions
Gleyed or Low-Chroma Colors

____Concretions
- ___High Organic Content in Surface Layer in Sanay Soils
___ Crgamc Streaking tn Sandy Soils
___Listed on Local Hydric Soils List
___Listed on National Hydric Soils List
___ Other (Expiain in Remarks)

Remarks: % W ’[5 ot

~2

aotisy Nursell bolo | o5

/s
At K

piiry 8"

WETLAND DETERMINATION

‘Hydrophytc Vegetaton Present?

e e ———

I

T

No (Circlp) * (Circle)
Wetland Hydroiogy Present? |No
Hydric Soils Present? No Is this Samoling Point Within a Wetdand? No

~

! Approvea by HQUSACE 3/92




DATA FORM
AQUTINE WETLAND CETERAMINATICN
(1887 CC= Wetlancs Celineatuicn Manusi)

| PrejecuSite: ms\-’\ue 33"’\»@"‘) Brie f Date: l}/U/él‘} Ny
Gase—

Apciicant Cwner: | © County:
lnvesugatcr. D 19@1(,1\15 | State: Ny
I Do Normai Circumstances exist on the site? Community D: _
| s the site significantly disturbed (Atypical Situation)? &S l Transect ID:
| Is the area a potential Problem Area? Yes Plot ID: EE 2
t (If needed, explain on reverse.)

VEGETATION

Dominant Plant Spacies Stratum  Ingicator Dominant Plant Soecies Stratum  Indicator

1._bkor abren 0SS FAC | s. . —
2. Prmin  Stobus WS _ FAcw | 0.

3-_@#&“@ Brvaccoru _Shr  Facw | 1.
Lol Shr_ FAcu | 12

GL ML 13.

dau_aj‘cgw Gl _Fac | s

g;zé FAC Y 15.

GL  FALE | s

Percent of Dominant Species that are OBL, FACW or FAC : -
(exciuding FAC-). 3{6 38 70 R

HYDROLOGY
___Recorded Data (Descnbe in Remarks): Wetland Hydrology indicators:
___ Stream. Lake, or Tida Gauge Primary indicators:
___ Aaeriai Photographs — |nundated
___Othar ____Satursted in Upper 12 Inches
No Recorded Data Avaiiable Watcr Merks
i " Drift Lines
A}O"‘Q Sediment Deposits
Fieild Observanons: ____Drainege Patterns in Wetlands
Socondarv indicators (2 or more required):
Depth of Surface Watar: (in.) ___Oxidized Root Channais in Upper 12 Inches
w“arosnmad Leaves
Depth to Free Watar in Pit: > ‘2 ‘ (in.) N 04\1/ Locsl Soil Survey Data
___FAC-Neutrai Test
Depth to Saturatad Soil: ? A | (in.) Othar (Expisin in Remarks)

Ramarks:




SQILS

.
i Map urit Narme
. (Senes ang Frasen

Zrainage Ciass:

I Taxecncrmv (Suzcroun):

~eid Qbservauons

Zantirm Mappes Tvoe?  “Yas No

! Pentiia Sacmemeann:
Qeptn
lincnas)

Matnx Coior
Munsed Meist

—=n2on

Mortie
Abungance/Ccnrrast

Mortite Coors
rrlunsed Moisty

Taxture, Concrations,

O 0-2" joyR ¥}

Structure. arc.

A
_8

-5 [oYR 4/

6 -1 s/

"

OYOrre
0o, gt
oI5 o

0

19> gl

S [ c‘(‘\* O/Q&T v
i T

SYLE/8

Hydric Soil ingicators:

Histosol

Histic Epipedon

Suifidic Odor

Aquic Moisture Regime
Reducing Conditions

Gleyed or Low-Chroma Colars

Concretons

High Organic Content in Surface Layer in Sanay Saoils
Organic Streaking tn Sandy Soils

Listed on Local Hydric Sails List

Listed on National Hydric Soils List

Other {Expiain in Remarks)

Remarxs:

WETILAND DETERMINATION

{Circly) * {Circle)

‘Hydrophytic Vagatation Present? ~ Yes
Wetland Hydrology Present? Yes
Hydric Soils Present? Yes ('No 1s this Sampling Point Within a Wetland? Yes @
v
Remarks:
— ——— =

Apptovea by HQUSACE 3/32



APPENDIX B
WETLAND A VERTICAL LEAKAGE ESTIMATE
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APPENDIX C
WATER BUDGET FOR COLESVILLE, NEW YORK



Water Budget Estimate
Colesville Landfill Compensation Wetlands Site

Water budget estimates were deve.oped for the proposed Compensation Wetlands adjacent
to the Colesville Landfill, Broome Coun'y, NY. Monthly water budget values were calculated
based on temperature and precipitation data from Binghamton, NY. Estimates of potential
evapotranspiration used in the budget were calculated by the Thornthwaite and Mather method
(Thornthwaite and Mather, 1957). The budget form calculates monthly output values for: soil
moisture storage, surplus, actual evapotranspiration and soil moisture deficit.

Water budget calculations require assumptions on the amount of water in the soil
available for loss to the atmosphere (soil, moisture capacity) and the ease with which this water
may be withdrawn from the soil {soil moisture depletion function). The estimate of soil moisture
capacity was based on data on typical bulk density and porosity data for hydric soils. Generally
hydric soils have about 45% of their volyme available for water storage at saturation. Rooting
depth in wetland soils is typically limited:to within the upper 15 inches of soil and this therefore
corresponds to 6.85 inches of svil moisjure storage from saturation. This corresponds to the
available soil moisture capacity of 36 inches of Volusia soils (data from the Broome County Soil
Survey) for unsaturated conditicns. The soil moisture depletion function for heavy silty soils
was used as an approximation oif the Volusia soils.

Water budgets were run, for average weather conditions of the last 20 years and the
wettest (1976) and driest year (1964) within this period. Under average conditions there is a
surplus of water (for runoff) thraugh Apzil. Then there is a drawdown of soil moisture reaching
a maximum of 10 inches in soil deptl. in August. Recharge begins in September and is
completed by October, when there is ;again a surplus of water. Under the wettest year
conditions, the maximum soil moisture drawdown was to a depth of 1.5 inches. In contrast the
driest year brought a drawdown of 11.8inches in August. The estimated drawdown from this
range of climatic extremes can be seer to be within an acceptable rooting depth range for
wetland forest and shrub species.

The water budget estimatzs above, do not account for an input of surface water from the
watershed above the proposed wetland compensation area. The compensation wetland plan calls
for the input of surface water ta the wetfland basin, whose elevation is set by the basin outfall
elevation. Monthly estimates were made, of stream flow for the project area watershed (borrow
area and a portion of the landfill) from stream flow data for Newtown Creek at Elmira, NY
(provided by USGS). These data suggest that under average conditions, 13.1, 7.1, and 6.0 ft.
of water (for a 1 acre wetland/pond basir) is available each month during June, July and August
respectively. During the driest year (1964) these months were estimated to have corresponding
values of 4.2, 2.9, and 1.8 ft. for the mpnths June July and August.

It can be seen from these estimates of soil moisture drawdown from the water budget and
stream flow input additions, that sufficient hydrology should be available for wetland conditions.
This is also based on the assumption thyt infiltration rates for the wetland/pond basin will be
sufficiently low.



WATER BUDGET CALCULATIONS

Colesville, NY

YEAR IS AVERAGE

MO TEMP UPE APE PREC DIFF
1l ~-3.6 0 0 65 65
2 1.3 2 2 59 57
3 4.8 14 14 75 61
4 11.9 46 52 78 26
5 20.2 94 118 81 -37
6 20.6 96 122 91 =31
7 21.8 104 133 88 =45
8 22.1 106 126 85 -41
9 20.1 93 96 84 =12

10 12.1 47 45 76 31

11 4.7 13 11 77 66

12 1.2 2 2 74 72

YEARLY TOTALS 720 933

TERMS

UPE = UNADJUSTED POT. EVAPO

APE = POTENTIAL EVAPOTRANSPIRATION
AE = ACTUAL EVAPOTRANSPIRATION
DST = CHANGE IN SOIL STORAGE

ST = SOIL MOISTURE STORAGE

ST

174
174
174
174
141
118
91
72
67
98
164
174

DST

-AE

14
52
114
114
115
104
89
45
11

661

o
N &
s

OCOONNDOLOOOO

)]
0

PREC = PRECIPITATION

SURP = SURPLUS (RUNOFF)

TEMP = TEMPERATURE -
DIFF = PREC-APE
DEF = DEFICIT (APE-AE)

SURP

65
57
61

WoOoOoOoOOOOOoOOo

272



YEAR IS 1976

=2
o

WO WN M

10
11
12

WATER BUDGET CALCULATIONS

UPE

40
57
97
93
93
69
31

YEARLY TOTALS

YEAR IS 1964

=2
o

WONOAULSHE WN

10
11
12

TEMP

-4.4
-7.3
-.1
6.1
14.7
16.7
21.3
18.4
16.2
9.1
6.1
-2.2

UPE

27
70
81
106
90
78
41
27
0

YEARLY TOTALS

APE

[N oNe)

30

102
136
107
80
39

21

603

(Colesville, NY

PREC DIFF
94 94
73 73
71 62
168 24
64 -7
112 -11
163 43
172 62
98 26
160 131
28 28
43 43

1146

PREC DIFF
76 76
51 51
116 116
129 99
51 -37
31 =71
122 ~-14
47 =60
17 -63
27  -12
48 27
81 81

796

ST

174
174
174
174
167
157
174
174
174
174
174
174

ST

174
174
174
174
141
93
86
61
42
39
66
147

DST

(eleNole

=7

=10
17

[oleNoNeNol

_DST

27

-33
-48

-7
-25
-19

27
81

AE

44
71
122
120
110
72
29

577

AE

30
84
79
129
72
36
30
21

481
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COLESVILLE LANDFILL

REMEDIAL DESIGN PROJECT

Wetlancl Survey Coordinates

2278 788687.2720 771226.6785
7178 788707.8619 771222.8570
1268 788735. 1867 771271..7693
7188 788775.6505 771297.8734
z198 788829.5800 771346.7255
2248 788852.5495 771375.6420
7208 788868.0126 771374.5358
1218 788872.0310 771422.4086
218 788926 .0068 771480.7839
1238 788872.4279 771422.4881
2258 788777.3791 771318.3158
SPKJC 788773.6623 771140.8853
T\W 788742.4969 771155.0083
Y1 788642.9432 771079.5897
Y2 788632.0721 771012.5161
Y3 788614.9089 770993.0040
TPPK8 788607.2083 77@998.1730
Yie 788608.5638 771034.7033
Y9 788561.7428 770966.4230
Ye " 788589.4258 770920.1916
Y7 788566.2290 770859.3101
Y7A 788550.5900 770816.8879
YBA 788554.7737 770807 .0586
Y6 788581.5862 770860.9848
YS 788618.3780 770806.2643
Y4 788620.9374 770955.8878
P-1 788992.9323 771216.9462
P-2 788992 ,7925 771204 .9661
P-53 788966 .5759 771215.5280
P-52 7688962.5878 771216 . 3855
P-54 788966.4190 771205.9183
P-51 788962.0628 771200.2625
P-3 788961.3400 771192 .6956
P-4 788953.2300 771188.1027
P-5 788937.0096 771173.1735
P-50 788932 .5036 771175.3975
P-49 788915.2811 771127.6853
P-6 788918.3110 771125.8609
P-7 788918.1292 771096. 1902
P-48 788908.8537 771093.4828

NOTE: Location with P designation corresponds to Wetland B locations shown on the Wetland

Delineation Map
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COLESVILLE LANDFILL

REMEDIAL DESIGN PROJECT

Wetland Survey Coordinates

P-47 788911.3039 _ 771067 .2462
P-8 788912.3267 771056.9424
P-9 788899.0547 771022.2258
P-46 - 788896.3326 771025.8280
P-10 788874.0610 770990 .5684
P-45 788859.5648 770991.7980
P-11 788850.7973 ' 770973 .4876
P-12 788819.3616 770936.4771
P-44 788805.8310 770930.2823
P-43 788789.7016 770914.1590
P-13 788784 .2731 770899.2714
P-42 788743.6460 770873 .4670
P-14 -788732.3860 770857.2007
P41 788708.2185 770853 .4793
P-15 788680.0596 770833.1042
P-40 788644 .3280 770825.9919
P-39 788623.3379 770820.8942
P-16 788625.3124 770815.2067
P-17 788597.6@59 770797.65080
P-18 788562.3295 770785. 1546
P-38 788569.4720 770798.7770
P37 7885357885 770785. 2855
P=19 788518.2380 770775.2852
P-36 788484 .0447 770771 .6455
P-35 788483 .1380 770760 .9295
P-34 788461 .3044 770757 .9936
P=20 788471.8354 770750 .5726
P-33 788438.8686 770749.8306
P-21 788392.3107 770720.6886
P-32 788378.8648 770737.6713
P-22 788324 .4647 770692 .5633
P-31 788286.1777 770707.8103
P-23 788265.4221 770679.2749
P-30 788260.7530 770685. 0857
P-29 788241.8895 770689.3702
P-28 788225.1700 770705.5158
P-24 788219.8391 770695 .5805
P-28 788192.7565 770710.9973
P-25 788173.1403 770712.8768

NOTE: Location with P designation corresponds to Wetland B locations shown on the Wetland
Delineation Map
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COLESVILLE LANDFILL

REMEDIAL DESIGN PROJECT

Wetland Survey Coordinates

74540 788113.1723 771160.7974
7500 788164.8692 771135.0989
75148 788229.7370 771140.4222
7524 788259.7418 771163.0827
753A 788293.8852 771212.2412
7547 788332.6930 771222 .6832
755A 788391 .6227 771268.5053
7564 788385.9821 771282.1589
574 788408.6676 771322.8341
758A 788428.7123 771331.9578
75348 788427.6400 771323.2036
152A 7688290.6447 771153.8355
1348 788279.8007 771096.5845
1338 788298.5817 771053.9602
798 788312.1600 771028.8500.
TPPKS 788391.0528 770994 .4595
1328 788346.8163 771058.8375
2318 - 788428.9124 771057.5064
7308 788554 .5964 771129.8973
7148 788561.8676 771113.8063
7138 788505.3933 771086.7602
1128 788434.6283 771035.1426
VAR -188378.5254" 9T @1 12799
7108 788348.2218 771003.3478
BWA3B 788387.6414 770929.8443
BWA4B 788332.4938 770883.8282
BWASA 7883@8.5431 770840.5705
BWA4A 788352.6429 770879.4976
BWA3A 788396.9745. 770912.1005
BWA2A 788454 .3665 770955.5700
‘BWA2B 788454.1029 770968.6375
BWAIAB 788504 .9583 770998.5367
TPPKB 788640.8562 771172.7430
TPPK7 788690.9086 771204.7614
Z1s8B 788579.6598 771154 ,2251
1298 788609.1210 771187.8261
1288 788644 ,8206 771227.6745
Z168B 788653.2364 771202.4554
1278 788697.2720 771226 .6785

NOTE: Location with P designation corresponds to Wetland B locations shown on the Wetland

Delineation Map
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-
COLESVILLE LANDFILL
-
REMEDIAL DESIGN PROJECT

- Wetland Survey Coordinates

-

, BuABE 788193.3184 770791.5978

- BWA7B 788208.8139 770803.7244
BWA7A 788216 .8646 770796 .2558
BWATH 788240 .6462 770814 .5802

- BWAEB 788234.1729 770822.6612
BWABA 788248.6808 770807.7144
BWASB 788294 .3576 770851.7477

- TPTI 788164 .0645 770892.8449
BWASA 788133.2057 770776 .7330
BWABA 788185.7365 770786.4822
28 788137.0169 770828.0312

- 724 788141.1484 770841.2602
Z3A 788150. 3856 770848.5149
738 788155. 9508 770843.3578

- 48 7881.78.0139 770870.1902
Z4A 788178.3451 770885.5214
58 788209.3830. 770904 . 3965

- 75A 788199, 9401 770907.1175
268 788238.9912 770946.391 1
Z6A 788224 .1403 770950.6684
774 788247.5727 7705880.6479.

- 178 788258.0401 770985.5309
88 788272.7570 771019.1868
8A 788265.8564 771033.0281 .

- TPTJ2 788177 .0662 771087.0290
I9A 788266 .4353 771041.7466
L10A 788234 .8925 771087.3906
Z11A 788225.5664 771097.7529

- 2126 788169.9858. - 771@53. 1700
Z13A 788162.0899 771092.1788
Z14a 78810@.3500 771127.7697

- Z40A 787985.8933 771165.3752
7414 788055.8294 771189.5080
7424 788101.0392 771229.6728

- 245A 788139.5868 771354.6973
244A 788124 .8956 771354.9728
Z46A 788132.4825 771288.6653
7434 788110.65034 771284.8364

- Z47A 788124.4617 771243.5911
Z48A 788116.3483 771200.6375

' -

NOTE: Location with P designation corresponds to Wetland B locations shown on the Wetland
Delineation Map
-
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COLESVILLE LANDFILL

REMEDIA L. DESIGN PROJECT

Wetland Survey Coordinates

p-27 - 788158.7475 1 - 770722.8278
P-26 : - 788155.8519 770714,0058

NOTE: Location with P designation corresponds to Wetland B locations shown on the Wetland
Delineation Map









APPENDIX B
STABILITY AND SETTLEMENT ANALYSIS



| PAGE 1 OF 2
CROSS-SECTION AA SETTLEMENT CALCULATIONS '

x*xxx TNPUT DATA  **xx

NUMBER OF SETTLEMENT POINTS = 1
LIFT THICKNESS OF PROPOSED CAP = 4.0 FT
TIME ASSUMED FOR PRIMARY COMPRESSION = 25 YRS
TIME ELAPSE BETWEEN THE PRIOR CLOSURE
AND PROPOSED CAPPING = 8.00 YRS
TIME REQUIRED FOR CAPPING = .00 YRS
BEYOND THE OPERATIONAL LIFE OF EXPANSION:

SETTLEMENTS COMPUTED UPTO = 30.00 YRS
TIME INTERVALS SETTLEMENTS COMPUTED = 30.00 YRS

WASTE PARAMETERS: .

STRAIN FACTOR .055 PER 'TSF

COEFFICIENT OF PRIMARY COMPRESSION = .100
COEFFICIENT OF SECONDARY COMPRESSION = .050
UNIT WEIGHT OF EXISTING SOLID WASTE = 65.0 PCF
UNIT WEIGHT OF EXISTING FINAL COVER = .0 PCF
UNIT WEIGHT OF PROPOSED CAPPING = 120.0 PCF
PEAT PARAMETERS:
COEFFICIENT OF COMPRESSION = .000
UNIT WEIGHT = .0 PCF

THICKNESSES OF DIFFERENT LAYERS:

POINT PEAT EXISTING EXISTING PROPOSED
NO. THICKNESS WASTE F. COVER CAP

THICKNESS THICKNESS THICKNESS
(FT) (FT) {FT) {(FT)

1 .0 5.0 .0 4.0

2 .0 13.0 .C 4.0

3 .0 21.C .0 =.0

+ .0 29.0 .0 +.0



SETTLEMENT CALCULATIONS

***x SETTLEMENTS DURING CAPPING *xk%
POINT PEAT ELASTIC PRIMARY
NO. CONSOLD. SETTLMT. COMPRES.
(FT) [FT) {FT)
1 .00 .10 .29
2 .00 .27 .32
3 .00 <44 .48
4 .00 .60 .51

SECONDARY
COMPRES.
(FT)

.00
.00
.00

.00

*** SETTLEMENTS 30.0 YEARS AFTER CAPPING **Xxx

POINT SETTLEMENTS SETTLEMENTS
NO. DURING FOLLOWING
CAPPING CAPPING
{FT) (FT)
1 .40 .13
2 .69 .33
3 .91 .58
4 1.11 .80

PAGE 2 OF 2

TOTAL
SETTLEMENT
(FT)

.40
.69
.91

1.11

TOTAL
SETTLEMENT
L]

{FT)

.53
1.04
1.49
1.91
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PAGE 1 OF 2
CROSS-SECTION BB SETTLEMENT (CALCULATIONS

**xxx  INPUT DATA  *x*xx*x

NUMBER OF SETTLEMENT POINTS = <

LIFT THICKNESS OF PROPOSED CZAP = 4.6 FT

TIME ASSUMED FOR PRIMARY COMPRESSICXN = .25 YRS

TIME ELAPSE BETWEEN THE PRISJR CLGSURE

AND PROPOSED CAPPIXNG = 8.CC YRS

TIME REQUIRED FRO CAPFING = 06 YRS
BEYOND CAPPIXNG:

SETTLEMENTS CCOMPUTED UPTO = 30.0C YRS

TIME INTERVALS SETTLEMENTS COMPUTED = 20.60 YRS
WASTE PARAMETERS: '

STRAIN FACTOR = .0535 PER TSF

COEFFICIENT OF PRIMARY COMPRESSION = .100

COEFFICIENT OF SECONDARY COMPRESSION = .050

UNIT WEIGHT OF EXISTING SOLIL WASTE = 63.0 PCF

UNIT WEIGHT OF EXISTING FINAL COVIER = .0 PCFE

UNIT WEIGHT OF PROPOSED CAP = 120.0 FCF
PEAT PARAMETERS:

COEFFICIENT Or COMPRESSION = 00¢C

UNIT WEIGHT = .0 PCF

THICRNESSES OF DIFFERENT LAYERS:

POINT PEAT EXISTING EXISTING PRGPOSED
NO. THICKNESS WASTE F. COVER CAP
THICRNESS THITENESS THICKNESS
(FT: (FT) HET: {ET)
1 e 14.0 G 4.0
= U 2.0 v 4.0
3 & 1Z.C e 3.0



PAGE 2 OF 2
SETTLEMENT CALCULATIONS

*%% SETTLEMENTS CAPPING **x%xx

POINT PEAT ELASTIC PRIMARY SECONDARY TOTAL
NC. CONSOLD. SETTLMT. COMPRES. COMPRES. SETTLEMENT

{FT) {FT) (FTi (FTS (FT

1 .00 .29 .43 .00 .72

2 .00 33 L& .00 .91

3 .00 .25 AL .00 .66

**¥x SETTLEMENTS 30.0 YEARS BEYOSND REACHING FINAL GRADES **x**

17

POINT SETTLEMENTS SETTLEMENTS TCTAL
NO. DURING FOLLOWING SETTLEMENT
CAPPING CAPPING '
{FT) {FT) {FT:
1 .72 .38 1.10
2 .91 ] 1.49
3 .66 .33 .98
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3.0 SITE HISTORY

3.1 OVERVIEW

The Colesville Landfill is located in the Town of Colesville, Broome
County, New York, just north of Doraville (see Figure 3.1.1). The area
evaluated as part of this remedial investigation report is generally bounded
by East Windsor Road to the west, and by unnamed streams to the north, east
and south, and consists of approximately 113 acres. Of this area, only about
35 acres have been used for disposal of solid waste. A detailed description of
the environmental setting of this area is presented in Section 5.0.

3.2 LANDFILL OPERATIONS

Waste disposal operations commenced at the Colesville site in 1969.
The landfill was owned and operated by the Town of Colesville between 1969
and 1971. Broome County took ownership of the site in 1971, and operated
the landfill from 1971 to 1984. The landfill has been closed since 1984.
Waste placement occurred prifﬂarily within excavated three trenches. Area

landfilling was also performed in the northeastern portion of the site.

As part of this remedial investigation report, a review of available
aerial photographs of the Colesville site was performed. This evaluation
considered the extent and progression of historic landfill operations. The
following photographs were analyzed utilizing stereoscopic projections, which -
allowed for a three-dimensional evaluation of site grading as related to
onsite landfilling methods. )

Apgroximate

) Disturbed Figure

Photo Date Scale Area (%) Number
July 4, 1955 1:1000 0 Figure 3.2.1
October 19, 1965 1:1000 6 Figure 3.2.2
May 26, 1977 1:1000 69 Figure 3.2.3
April 28, 1982 1:1000 96 Figure 3.2.4
November 23, 1987 1:500 100 Figure 3.2.5

3-1 10.4/88.07522



All photos were obtained frorp the United States Department of
Agriculture (USDA), Aerial Protograpn Field Office, Salt Lake City, Utah,
with the exception of the 1987 photos, which were obtained from
R. M. Keddal and Associates, Inc., Library, Pennsylvania.

A general description of site ponditions over time based on these

photographs, is as follows:

July 4, 1955

Pre-landfill conditions existed; qpen fields without scattered trees and
no sign of excavations. This photograph indicates the fields were
utilized for agricultural purposesi(see Figure 3.2.1)

October 19, 1965

Some form of construction and/or disturbance had occurred. An access

road had been built on western and northern perimeter of property.
Excavations and stockpiling of material was evident along the
north-central property line. The areal extent of disruption activities
encompassed just over two acres. The farm fields were fallow, and it
appeared that farming activities nad ceased (see Figure 3.2.2).

May 26, 1977
The landfill was in full operation. The first active disposal trench is

identified, running east to wes: through the center of the landfill
property, with refuse piled at the western end. An active borrow area
was located at the nor:heastern corner of the site. Access roads
existed throughout the site with the major road ending at the refuse
pile. The associated landfill yrea had increased to 24 acres (see
Figure 3.2.3).

April 28, 1982 o~

Landfill operations had continued. A second trench, running east to
west, existed along southern border of property. The primary borrow
area still appeared to be located on the northeast section. Disposal
activities appeared contained only within the trench (see Figure 3.2.4).

3-2 10.4/88.07522



November 23, 1987
The landfill is closed (see Figure 3.2.5). Remnant access roads exist

across site. A third, open trench exists running east to west along the
southern border of landfill. Refuse is exposed on the north face of the
trench (based on visual field examination). Borrow areas are now

covered with vegetation.

In summary, landfill operations at the Colesville site began along the
northern property border of the site, with refuse disposed of in east to west
trending trenches. As trenches were filled, new trenches were excavated to
the south, adjacent to active filling. A total of three trenches were
identified. Borrow areas were identified on the north-central area during
early landfill stages and in the northeast corner in later stages. Wastes
appeared to be dumped in the trenches and then covered with borrow
material from onsite sources. At no time did it appear that the limits of
refuse exceed the property boundary. No major facility, such as an office or
maintenance garage, was identified on the landfill property, although a small,
_ shed-like structure exists along the western edge of the property. Overall,
approximately 35 acres were used for landfilling purposes.

3.3 WASTE DISPOSAL PRACTICES

Throughout its operational life, the Colesville Landfill was used for the
disposal of municipal solid waste (MSW). Between 1973 to 1975, industrial
wastes were also disposed of at the facility with concurrence of the
NYSDEC.

Table 3-1 lists the nature of industrial wastes disposed of at the site
along with the e'stimated amount of each waste type received per month.

Interviews conducted with site personnel familiar with landfill
procedures at the time of operation, indicate that disposal practices were
quite varied. For example, it has been reported that wastes received in
drums were randomly codisposed of with MSW and disposed in seg‘rega:;d
areas. Moreover, depending upon the particular operator on duty at the time
the wastes were received, the drums were either buried intact, or punctured

and crushed prior to burial.
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//)
7z Wehran EnviroTech BORING/WELL NO. PW-13
SHEET 10f 2
PROECT: COLESVILE LF Remeaal Design PROJECT NO: 02260H6 GS ELEV: 062.511.
CLIENT: BROOME COUNTY/GAF N-5 COORD: /8846254
CONTRACTOR £MPIRE SOILS RIG. CME-75 E-w COOREx 76964070
GROUNDWATER DATA (feet) CASING SAMPLE TUBE oRe | ML REF ELEY: Ub‘y?jg!.
DATE STARTED:
WP | HSA/s 55
UE — MOPH  GMEEY  NIAE o : teel = OMTE # ISHED: 13/
OPEFATOR L. Pech
HEIGHT 1of GEQLOGIST: DAL /BA0.
Fall Jo
WELL & w o
CONSTRUCT | . | WE |Ww| ¥ 2* ] FIELD DESCRIPTION REMARKS
=g %g % > § 8| 3 |g | (Moditied Burmster) .
8= | 0Z (e = z i
1 N4 8 SOIL FIL
N N Brown ct SAND, litle Sit & Clay, trace (+) fm Grave, loose,
N ’\ \ \_ monst.
N NN
N Q NN 2 08 | 40
NN NY
NN NY
NN N-
j h S Q_—*O 3 00 | 27
NN N \: 4 03 100
NN NN _
NN NS | s LI I .y B T
NN\ M oA BEFUSE , }
N N 8 05 | 7 [\BAL w/ FILL, tire, plastic, wood, paper, giass, sight odor, wet.
N NN X
: § s :J—ZO 7 0.4 20 AAAA @ 20" Saturateq.
o Al
NN NIY 8 08 | s4 Pab
NN NN Wy
N NYes LAl
NN NN 9 00 | 8 W&
NN NY 0 02 | 28 PaB
N N
N \\\ Q N30 | o to | 2 'Q;° 00
N N " 4 ILL .
N Q N © 08 [ 24 5% Grayish-brown SILT & Clay and cf Sana, littie mf Gravel m
N L } o q gense, moist.
N § N Q'_‘35 3 oo | 28 I° :°c
E \ \ QJE 14 18 24 :Jogc giz7£' Grayish—Drown fc SAND, little f Gravey, trace (=)
N NF 0 .00 v
4 :
: :- s 3 2 . 400 -~ Permanent 6 steel
e o | 2 Gray fc SAND, ittle () fm Gravel, trace (+) Sit, m dense, | Soura 10 483
s S R ay. Augers to 4" casng @
=] H45 7 10 7 @ 445 Becomes moist. ar,
= r 0r | 25
= : - 2 | 27
é _—50 20 09 24 : o??t'aecornes Grayish-brown f SAND and Silt, m dense,
Bt 2 18 | 2
Bt 22 20 | 39
= = 550°
i 23 R GLACIQUACUSTRINE DEPOSIT
SrowrrGlayey-Siei-Hile--Sont-dense-nontrocturoted:
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///l)' Wehran EnviroTech BORING/WELL NO. PW~(3

SHEET 2 of 2
PROECT: COLESVILE LF Remedia Desin ' PROUECT NO: 02260HG 65 ELEV: 06251t
CLIENT: BROOME COUNTY/GAF N-S COORD: /5846254
CONTRACTOR: EMPIRE SOILS RIG. CME-75 E-W COORD: 769640.70
WELL . Eolw o
CONSTRUCT | z_ | W [Ww S| =2 w FIELD DESCRIPTION REMARKS
=8| ¥8 §: 28| s @ | & (Moatied Burmister)
8= | 32 |0 #=| =2 | S | 35
1L 24 v s ==
j: —60 25 1.4 9 |- } 8 80'becomes Brown lamnated SILT and t Sand, soft.
I 28 13| so =]
1 F 27 6 | 19 | = - @ 64" Brown f SAND and Silt grading to Light Green~-brown
| 65 - SILT ana t Sand. w/ t Sand partings.
I 28 5 | s2 (=
. S
1L 29 15 | 39 |= g
-1 =10 30 13 P it @ 70" Brown SILT and t Sand, sott, dense, layeredq,
1k e w/<0.25" Clay seam @ 715'.
1T 3 14 | 28 |-
: | -
: t—75 . ° | P t’j
OC 33 Y 39 ==
Ak - @ 78.0'Green~brown SILT, some (+) f Sand. soft, w/ 0.75"
ok 34 1 53 —_'_"':J ',ReaClayseamG 79.5.
:'80 " 80.0°
L | @ 80° End Of Boring.
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//)i Wehran EnvireTech BORING/WELL NO. PW-12

K/l / /7 7/ 77

SHEET 101 2
PROECT: COLESVILE LF Remedial Design PROECT NO: 02260H5 GS ELEV: 1058. dft.
CONTRACTOR: EMPIRE SOILS RIG: CME-850 E~W COORD: 759, 177. 32
GROUNDWATER DATA (feet) CASING | SAMALE TUBE coRe | "\ REF ELEY: 0604211,
Y | HSA/steet] S5 BATE STARTER: V/6/92
QAIE  GADEPIH  GHELEY INIAE — ~ > DATE FIMISED: 4/10/92
OPERATOR S. Sr2805
HEIGHT alld GEQLOGIST: | Gibert
FALL 30"
WELL < x " o
CONSTRUCT | o~ | B [Bwl 2= | 2 o FIELD DESCRIPTION REMARKS
a8 = Z > 8 ¢ > o | S {Modified Burmister)
8= | 32 P3| =] =z |23
‘ L .y IQPSQU/SONl FIIL
NEN S AAAA Brown SILT, some (+} tmc Sand. littie (=) fm suban
\ \ NL bAAj Gravet, organc, wet :
N A
A
Q Q\:ﬁ 2 o5 | 25 [l 50
N NY o REFUSE |
\ N bAAA Plastics, wood, odorous, wet.
Q N Al
\\w &Q:"O 3 o | ® @Aig
- 4 13 | 28 PR .
N N} o 120
NEN s o o Rer grown Clayey SILT. some (<) fmc Gravel, ittie tmc | 2065700
N N E° | s BN AL Sand. dense. ary to GamD, Permanent Casng set
N N - ) 00 15.0' Brown Clayey SILT and (~) fmc Gravel, some (=) fmc | from 4" Augers to 4"
h b{ [ 0 4 Sand, plasticity, loose, chemical odor, wet. casng @ M'.
) G0
N\ \ 20 8 14 a4 06003 @ 20" m aense.
M 5
N N [ [o i
NEM 2R o | s %
N N E 0,
N N N 00
\l \ © o9 .
NN [—30 8 08 | 8 )op © 30.0° Brown Clayey SILT, some (+) fmc Gravei, some (~)
o 4 fmc Sand, wet.
NN o3
i A
NINEED )
N N [ a | a2 [ 380
\ N C 0 3 [ 3 | a Brown cmt SAND, trace (+) Sitt, trace tm Gravel, wet.
§ § -_40 11 14 24
- ) 12 | 29 |
». »- - 13 18 26 @ 43 Gray-black tmc SAND, trace (-} Graved, sl chemic;.
: o odor, wet.
45 | 12 | 28
r 00 |
-
[-50 8 05 | 38
7 18 | 22
k
r 18 | 35 |
—55 8 | 20 @ S5 Dark Gray fm SAND, some () Sit, w/ Sit sorted, wet.

e AEEER . .. SR .. S -




///‘)

BORING/WELL NO. PW-12

Wehran EnvireTecin
SHEET 2 0of 2
PROECT: COLESVILE LF Remeaal Design ' PROECT NO: 02260HG 6S ELEY: 05841,
CLIENT: BROOME COUNTY/GAF N-S COORD: /86,469,768
CONTRACTOR: EMPIRE SOILS RIG. CME-6850 E-W COORD: 769,177.32
WELL | z w -
CONSTRUCT | £ | W |Ww| ¥~ | = v FIELD OESCRIPTION REMARKS
T % €188 3 || & (Moahed Burmister)
H= | 32 |G &= z |5

- 20 20 » @ 58' Silt seams w/ Red Silty Clay seam.

r 21 1.7 26

~60

i 22 20 | 40

= 23 10 18 @ €3.0' Dark Brown t SAND, some (+) Silt, lamnated. @

- 648 Red Sity Clay seam, high dilatancy, wet.

F65 24 20 | 34

[ 25 18 | 2

- 7 4

70 | 28 3

[ 27 20 30 2 T becomes gense.

- 28 7 | 38 .

15 | 20 | e = -, 780

- GLACIOLACUSTRINE DEPOSIT
C 30 20 | 3 -_f] Briwn SILT and f Sand, dense, w/ <0.25" Red Clay seam @
= SS.

(g0 | I L g 79’ high dilatanty, wet, w/ 025" Red Sity Clay seam.

F- 32 18 a ==

[ — ~_ @ ~83' 0.5" Red Silty Clay seam w/ silt seams.

LB T 83.0'

5 2:83.0' End Of Boring.
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WEHRAN ENGINEERING TEST BORING LOG
< fucaess BORING NO. 1/.,3
PROJECT: corerv. = lgusdm SHEET NO. | OF 2
CLIENT : Syt Coon? JOB NO. o0/2232°70
B ——
BORING CONTRACTOR: .,/ 74 srsr Do s o ELEVATION /os/. ¥ :
SROUND WATER 4 CAS. | SamP T CORE | DATE STARTED .. <
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wT. /Y0 s INSPEETOR — =, -
FALL 75 . ”
- SAMPLE
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commmn §§ NO. (TYrE .:_o';..’-? CLASSIFICATION REMARKS
K ’.—:o /s £ ¢ 2LAClSe Tl
R S Med brown STe7T 4 (‘,4/ Somr e
i s 6"“"/ nAle £ -e Sand
_vL 2 P S0 S/ Fen) 6[\"/”\/(.'-'&/ Lamre Seit e (/‘y _
55 (96 37 | ##le pec Sand
10 6"9(/7 To ,”(‘.z bmwn F—C .SA”D
r J 55, ;: /Ji "v‘/ F_”, ‘,‘yg// ,f.,‘//g ‘(,,.J
.‘ / .
/
}s d ¢ ‘/
. — e (’ & ‘
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Tl
v
Gy r
e —
A N EA A o BhACLA L QUT WA SH _
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\ [ Somre S/
.V g Z
N | ¢ | PS5 0 Fime i
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d 8 N
AN ! ' )
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S >
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WERAN ENGINEERING
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WEHRAN ENGINERING TEST BORING LOG
BORING NO. ...,
WMOJECT © ColFsurftE s AnMPFILL SHEET NO. | OF 2
: aly 8 _NO. 32
'ORING CONTRACTOR: wvorrisrav Jrijlint. Zwe ELEVATION /0<£9.2.0
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APPENDIX C
STORMWATER DRAINAGE DESIGN
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Figure 3-1.—Average velocities for ¢stimating ;ravei time for shallow concentrated flow.
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Exhibit 10.1
New York Rainfall Maps for Different Rainfall Frequencies

New York Guidelines for Urban Page 1030 October 1991 - Third Printing
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Exhibit 10.1 (cont'd) =
New York Rainfall Maps for Different Ralnfall Frequencies
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" Exhibit10.1 (cont'd)
New York Rainfall Maps for leferent Rainfall Freqyencies
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By#jé Date:_[[32/¢23

Chk: 2 Date: - 25-92

GRASS LINED CHANNEL/DIVERSION DESIGN

Channel ID: __RC~- [~
Peak Flow,Q=_3 CFS
Ave. Slope,s=_06: S %

Select Basic Channel Geometry

-/_’——d—_——“—\[
@ar, bottom width =gD

or :
Trapazoidal, bottom width = _____

Channel Side Slope (z:1), 7. = 32

Determine Required Linin

‘Max. Velocity for Grass Only = 3 _¥¢$
Max. Velocity for Jute Lining = rA-
Max. Velocity for IErosion Control Mat = _~4

<
From Table D at t1e given slope and flow, Velocity = }e ¥rs
Therefore use: G.@luw, or Erosion Control Mat (circle one)
h

Determine Channel Depth:

- For Max. Velociry using T;able D
Q=48 atv=_1%andd=_I3
- For Max. Capacity using [Table C

a=3.6av=,0%andd=_~.5

o

Therefore set Total Depth == 2. © inc. Freeboard and Settlement
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TR-55 GRAPHICAL DISCHARGE METHOD VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: };&‘4 Date: _)/e2)83
Subtitle: CHANNEL DC-1-1

Data: Drainage Area 1.3 * Acres

Runoff Curve Number : 80 *

Time of Concentration: 0.46 * Hours

Rainfall Type : II

Pond and Swamp Area : NONE
Storm Number 1 2 3 4 5 6
Frequency (yrs) 2 5 10 25 50 100
24-Hr Rainfall (in) 2.8 3.5 4.3 4.9 5.3 5.9
Ia/P Ratio 0.18 0.14 0.12 0.10 0.09 0.08

Used 0.18 0.14 0.12 0.10 0.10 0.10

Runoff (in) 1.10 1.64 2.29 2.81 3.16 3.69

Unit Peak Discharge 0.806 |0.832 |0.851 |0.861 |0.863 |0.863
(cfs/acre/in)

Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00
0.0% Ponds Used

Peak Discharge (cfs) 1 2 3 3 4 4

* - Value(s) provided from TR-55 system routines



TR-55 Tc and ‘Tt THRU SUBAREA COMPUTATION VERSION 1.11 ,

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: ¢ Date: ; p2/¢3
Subtitle: CHANNEL DC-1-1 )% ’
-
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time
rain (ft) (Et/ft) code (sq/ft) (ft) (ft/sec) (hr) w
Sheet © 2.8 190 .01  E 0.364
Open Channel 400 1.2 0.093
Time of Concentration = 0.46%
—=--= Sheet Flow Surface Codes --- -
A Smooth Surface F Grass, Dense --- Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda -—= Surface Codes -—=
. C Cultivated < 20 % Res. H Woods, Light P Paved -
D Cultivated > 20 % Res. I Woods, Dense U Unpaved
E Grass-Range, Short '
* - Generated for use by GRAPHIC method
-
-
-
-
-
L
-
-
-
-
-
-



TR-55 CURVE NUMBER COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: Date: L (2215
Subtitle: CHANNEL DC-1-1 ); ;

Hydrologic Soil Group
COVER DESCRIPTION A B c D
Acres (CN)
FULLY DEVELOPED URBAN AREAS (Veg Estab.)
Open space (Lawns,parks etc.)

Good condition; grass cover > 75% - - - 1.3(80)
Total Area (by Hydrologic Soil Group) 1.3
TOTAL DRAINAGE AREA: 1.3 Acres WEIGHTED CURVE NUMBER:80%*

* — Generated for use by GRAPHIC method
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By ATY vemz dhiely

cA% ¥R Dare 4lalqy
DIVERSION CHANNEL DESIGN — RIP—RAP LINING JOB NO. 02260 CS
COLESVILLE LANDFILL
CHANNEL DC-1A
|-————————— ———- INPUT - —- —_——————————— - |
I I
| DESIGN PEAKDISCHARGE, Q (CFS) .... e 3.0 |
| CHANNEL SLOPE, S (FT/FT) .. ottt 0.136 |
| CHANNEL SIDESLOPE — LEFT SIDE (HORIZ/VERT) ... ............... 3.0 |
| CHANNEL SIDESLOPE — RIGHT SIDE (HORIZ/VERT) ... ... ..... 3.0 |
| CHANNEL BOTTOM WIDTH, B (FT) oot i 0.0 |
| MANNING’S ROUGHNESS COEFFICIENT, n .. .. .ooiiiiiiieiie e 0.040 |
| FREEBOARD (FT) . ittt ittt ettt m e a e e e, 0.5 |
I
| BEGIN CALCULATIONS AT CHANNELDEPTH (FT) ..... .. ............. 0.0 |
I I
[~————- - B I
CHANNEL X-SECT TOP HYDRAULIC FROUDE
DEPTH AREA WIDTH RADIUS DISCHARGE VELOCITY NUMBER
(FT) (SQFT) (FT) (FT (CFS) (FPS) Nf
0.0 0.0 0.0 0.00 0.0 0.0 0.00
0.1 0.0 0.6 0.05 0.1 1.8 1.42
0.2 0.1 1.2 0.09 0.3 2.9 1.59
0.3 0.3 1.8 0.14 1.0 3.7 1.70
04 0.5 24 0.19 22 4.5 1.79
0.5 0.8 3.0 0.24 3.9 53 1.85
0.6 1.1 3.6 0.28 6.4 5.9 1.91
0.7 1.5 4.2 0.33 9.7 6.6 1.96
0.8 1.9 4.8 0.38 13.8 7.2 2.01
0.9 24 54 0.43 18.9 7.8 2.05
1.0 3.0 6.0 0.47 25.1 8.4 2.08
DESIGN DEPTH OF FLOW,D (FT).  ............ 0.5
VELOCITY,V(FPS) . ... . i, 5.3
TOTAL DEPTH INCLUDING FREEBOARD (FT) . . 1.0
RIP-RAPSIZE,dSO(IN).... ............ 4.0



By% Date:_(/23/¢3

Chk: ¥ pate: 1-25-9%

GRASS LINED CHANNEL/DIVERSION DESIGN

Channel ID: __ BC = [ =
Peak Flow, Q=_ £ ©cF¢

Ave. Slope, s = _3.$ 9,

Select Basic Channel Geomet

Triangular, bottom width =0 ft

or Y
(Trapazoidal, bottam with D

Y

Channel Side Slope (z:1), 2. = 3
Determine Required Lining

Max. Velocity for Grass Ony = _5_FS

Max. Velocity for Jute Lining = _A#&

Max. Velocity for Erosion Control Mat NA

<
From Table D at the given ylope and flow, Velocity = 2.8 Pey
Therefore use: Jute, or Erosion Control Mat  (circle one)

Determine Channel Depth:
- For Max. Velocity usiﬁg T'éble D
Q=_&iatv=,&£andd=ﬁ€
- For Max. Capac:ty using Table C

a=_¢4 atvV=2:®andd= 6.7

1
Therefore set Total Depth =: é inc. Freeboard and Settlement
Ls
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TR-55 GRAPHICAL DISCHARGE METHOD VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: : Date: ,[;p[!}
Subtitle: CHANNEL DC-1-2

Data: Drainage Area 2.3 * Acres

Runoff Curve Number : 80 *

Time of Concentration: 0.48 * Hours

Rainfall Type ¢ II

Pond and Swamp Area : NONE
Storm Number 1 2 3 4 5 6
Frequency (yrs) ‘ 2 5 10 25 50 100
24-Hr Rainfall (in) 2.8 3.5 4.3 4.5 5.3 5.9
Ia/P Ratio 0.18 0.14 0.12 0.11 0.09 0.08

Used 0.18 0.14 0.12 0.11 0.10 0.10

Runoff (in) 1.10 | 1.64 | 2.29 | 2.46 | 3.16 | 3.69

Unit Peak Discharge 0.788 |0.814 (0.833 |0.836 [(0.844 |0.844
(cfs/acre/in)

Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00
0.0% Ponds Used

Peak Discharge (cfs) 2 3 4 5 6 7

* - Value(s) provided from TR-55 system routines



TR-55 Tc and Tt THRY SUBAREA COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State:; NY Checked: 5 Date: j/22/¢3
Subtitle: CHANNEL DC-1-2 ﬁP' .
—————————————————————————————— D D L T — —— e — —— - S D S S e —— - G — —— — .~ ——— - T W ———— - —— -
Flow Type 2 year Length $lope Surface n  Area Wp Velocity Time
rain (ft) (£t/£ft) code (sa/ft) (ft) (ft/sec) (hr)
—————————————————————————————— D 4 e e e D S D e e e e e D D D - e e
Sheet 2.8 190 .01 E 0.364
Open Channel 270 3.0 0.025¢
Open Channel 400 1.2 0.0934_
Time of Concentration = 0.48%
——- Sheet Flow Surface Codes —--- -
A Smooth Surface F Grags, Dense --- Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda -—- Surface Codes —-—-
C Cultivated < 20 % Res. H Woods, Light P Paved -
D Cultivated > 20 % Res. I Wooids, Dense U Unpaved
E Grass-Range, Short
* - Generated for use by GRAPHIC metinod -
-
-
-
-
-
-
-
-
-
-
-



TR-55 CURVE NUMBER COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: 4. Date: ))22)¢3
Subtitle: CHANNEL DC-1-2
Hydrologic Soil Group
COVER DESCRIPTION A B C D
Acres (CN)

FULLY DEVELOPED URBAN AREAS (Veg Estab.)
Open space (Lawns,parks etc.)

Good condition; grass cover > 75% - - - 2.3(80)
Total Area (by Hydrologic Soil Group) 2.3
TOTAL DRAINAGE AREA: 2.3 Acres WEIGHTED CURVE NUMBER:80%*

* — Generated for use by GRAPHIC method



Byl%’ézDate Mﬂlf} chkd. KPH Date r-22-°3

-
DIVERSION CHANNEL DESIGN - RIP-RAP LINING JOB NO. 02260 CS
ww
COLESVILLE LANDFILL
CHANNEL DC-1-3
-
-------------------- e -1 T
DESIGN PEAK DISCHARGE, Q [(CFS) . « « « « v« « v o o « « . 28.0 pw
CHANNEL SLOPE, S (FT/FT) « v « o o o o o o o o o o « o . 0.051
CHANNEL SIDESLOPE - LEFT SIDE (HORIZ/VERT) . . . . . . . 3.0
CHANNEL SIDESLOPE - RIGHT SIDE (HORIZ/VERT) . . . . . . . 3.0 k,
CHANNEL BOTTOM WIDTH, B (FT)- « « « = « o o « o o o« o o . 6.0
MANNING’S ROUGHNESS COEFFICIENT, N« « v « « « o o o « 0.035
FREEBOARD (FT) « « & v v o = v o o o o o o o o v o v v . 0.5
BEGIN CALCULATIONS AT CHANNEL DEPTH (FT) . . « « « . . . 0.5 r'
-
CHANNEL X~SECT TOP HYDRAULIC FROUDE
DEPTH AREA WIDTH RADIUS DISCHARGE VELOCITY NUMBER
(FT) (SQ FT) (FT) (FT) (CFS) (FPS) Nf o
0.5 3.8 9.0 0.41 19.9 5.3 1.45
0.6 4.7 9.6 0.48 27.5 5.9 1.48
0.7 5.7 10.2 0.54 36.3 6.4 1.51
0.8 6.7 10.8 0.61 46.3 6.9 1.54
0.9 7.8 11.4 0.67 57.6 7.4 1.56 w
1.0 9.0 12.0 0.73 70.2 7.8 1.59
1.1 10.2 12.6 0.79 84.0 8.2 1.61
1.2 11.5 13.2 0.85 99.2 8.6 1.62 o
1.3 12.9 13.8 0.90 115.8 9.0 1.64
1.4 14.3 14.4 0.96 133.7 9.4 1.66
1.5 15.8 15.0 ©1.02 153.1 9.7 1.67
as
-
DESIGN DEPTH OF FLOW, D (FT) . . . . . . 0.7
VELOCITY, V' (FPS) . . + « « . . .. 6.4
TOTAL DEPTH INCLUDING FREEBOARD (FT) . . 1.2 -
RIP-RAP SIZE, d5C (IN) . . . . . . . . . 6.0
-
-



Date:
Date:

Project : COLESVILLE LANDFILL User: KPH
County : BROOME State: NY Checked: :
Subtitle: CHANNEL DC-1-3
Data: Drainage Area ¢ 13.1 * Acres
Runoff Curve Number : 80 *
Time of Concentration: 0.58 * Hours
Rainfall Type ¢ II
Pond and Swamp Area : NONE
Storm Number 1 .2 3 4 5 6
Frequency (yrs) 2 5 10 25 50 100
24-Hr Rainfall (in) 2.8 3.5 4.3 4.9 5.3 5.9
Ia/P Ratio 0.18 0.14 0.12 0.10 0.09 0.08
Used 0.18 0.14 0.12 0.10 0.10 0.10
Runoff (in) 1.10 1.64 2.29 2.81 3.16 3.69
Unit Peak Discharge 0.712 |0.736 |0.754 [(0.763 |0.765 [(0.765
(cfs/acre/in)
Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00
0.0% Ponds Used
Peak Discharge (cfs) 10 16 23 28 32 37

* - Value(s) provided from TR-55 system routines

01-14-93



Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93

County BROOME State: NY Checked: y Date: ,/22/¢%
Subtitle: CHANNEL DC-1-3 ;%’ -
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time
rain (f£t) (ft/£t) code (sq/ft) (ft) (ft/sec) (hr)™
Sheet 2.8 300 .040  E 0.302
Open Channel 1470 1.47 0.278ww
Time of Concentration = 0.58%
--~ Sheet Flow Surface Codes =--- -
A Smooth Surface , F Grgss, Dense --- Shallow Concentrated ---
B Fallow (No Res.) G Grgss, Burmuda -— Surface Codes -—-
C Cultivated < 20 % Res. H Wocds, Light P Paved -
D Cultivated > 20 % Res. I Wocuds, Dense U Unpaved
E Grass-Range, Short
* - Generated for use by GRAPHIC method -
-
-
-
-
-
L4
-
-
-
-
-
-



TRAVEL TIME WORKSHEET
OPEN CHANNEL FLOW SEGMENTS
FOR USE IN DETERMINATION OF TIME OF CONCENTRATION

COLESVILLE LANDFILL
CHANNEL TIME OF CONCENTRATION
DC-4 SEGMENTS

FLOW

FLOW SEGMENT
SEGMENT FLOW SEGMENT LENGTH SLOPE VELOCITY TIME
I.D. DESCRIPTION (FT) (%) (FPS) (HR)
1 DC-4-1 200 3.000 3.00 0.019
2 DC-4-2 1,050 0.050 1.20 .~  0.243
3 DC-1-3 220 6.100 4.00 0.015
4 0.000
5 0.000
6 0.000
TOTALS = 1,470 0.277

AVERAGE VELOCITY 1.47 FPS

This worksheet is used to determine the the average velocity of flow in

a series of open channel flow segments. This is required when the time

of concentration or travel time flow path contains more than two segments,
which is the maximum accepted by the SCS TR-55 method. The average
velocity is determined using a weighted average based upon the velocity
in each flow segment and the travel time for each segment.



1

Project COLESVILLE LANDFILL User: KPH Date: 01-14-93

County : BROOME State; NY Checked: )25#7’ Date: ;/32/43

Subtitle: CHANNEL DC-1-3

Hydrologic Soil Group

COVER DESCRIPTION A B C D
Acres (CN)

FULLY DEVELOPED URBAN AREAS (Veg Est@b )
Open space (Lawns,parks etc.)

Good condition; grass cover > 75% - - - 13.1(80)
Total Area (by Hydrologic Soil Group) 13.1
TOTAL DRAINAGE AREA 13.1 Acres WEIGHTED CURVE NUMBER:80%*

* — Generated for use by GRAPHIC meuhod



By#é Date:/ [2¢{¢3

chk: KeH pate;_(-25-93

GRASS LINED CHANNEL/DIVERSION DESIGN

Channel ID: _ P€ -2
Peak Flow, Q= _26
Ave. Slope, s=_0-€'%,

Select Basic Channel Geometry

< Tfiangular, bottom ﬂcy\:_lb
or
Trapazoidal, bottom width =

VPHue Scote wrne 36 THE
Channel Side Slope (z1),Z=_ 2 SofE oF Frwac cosdR ) Atese¥. M,

THELEFOLE THis cAcc cocce BE
Determine Required Lining CoSCRVATIVL FIR Bory mAY.

CEITH o w v
Max. Velocity for Grass Only = 3 ffs A% Etlocery

Max. Velocity for Jute Lining = _&4&
Max. Velocity for Erosion Control Mat = _#/&

From Tablei@en slope and flow, Velocityé - 2.5 ¥pr

Theretore use,~GrasgAute, or Erosion Control Mat  (circle one)
Determine Channel Depth:
- For Max. Velocity using Téble D
Q=33 atv=25andd=_2/
- For Max. Capacity using Table C
Q=MatV=£andd=__LL

Therefore set Total Depth = 2-{ inc. Freeboard and Settlement
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ate: (/242D
Chk: KPH Date: -26-9%

GRASS I|INED CHANNEL/DIVERSION DESIGN

Channel ID: __PC - 2 A
Peak Flow, Q=_2.6 CF+
Ave. Slope, s=_©-S %

Select Basic Channel Giometry

Triangular, bottorn width =0 ft

(_ Trapazoidal, bottem wndth>

Channel Side Slope (z:1), Z =

Determine Required Linjng

Max. Velocity for Grass Orjly=__ 3 ¥ 73
Max. Velocity for Jute Lining = __a/4&
Max. Velocity for Erosion Control Mat = __ A4~

From Table D at the given slope and flow, Velocnty = 2 5 tpj
Therefore use: Grass, Jut2, or Erosion Control Mat (cnrcle one)

Determine Channel Depth:

- For Max. Velocity using Table D
Q=343atv=_25andd=_/ 7
- For Max. Capagity using' Table C

Q=3G2atV=ACandd=_/ &

2.5.

Therefore set Total Depth = inc. Freeboard and Settlement
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By (WK Date -4 chkd.}%fl% pate /P13

DIVERSION CHANNEL DESIGN - GABION LINING JOB NO. 00000 XX

COLESVILLE LANDFILL
CHANNEL DC-2 INLET CHANNEL

----------------------------- INPUT ==—mememm e
DESIGN PEAK DISCHARGE, Q (CFS) v v v v v « o v o o « ¢ . 26.0
CHANNEL SLOPE, S (FT/FT) - + = v o o v v movm e . 0.033
CHANNEL SIDESLOPE - LEFT SIDE (HORIZ/VERT) . . . . . . . 3.0
CHANNEL SIDESLOPE - RIGHT SIDE (HORIZ/VERT) . . . . . . . 3.0
CHANNEL BOTTOM WIDTH, B (FT). &+ v « « o o o o o o o« o o 3.0
MANNING’S ROUGHNESS COEFFICIENT, N .+ « « « « « « « o « . 0.025
GABION MATTRESS THICKNESS, t (IN) (USE 6, 9, 12 OR 18) . 6.0
FREEBOARD (FT) « v + v o o o o o o o« o o o o o« o « o o . 0.5
BEGIN CALCULATIONS AT CHANNEL DEPTH (FT) . + +« « « « . . 0.5

CHANNEL X-SECT TOP HYDRAULIC FROUDE
DEPTH AREA WIDTH RADIUS DISCHARGE VELOCITY NUMBER
(FT) (SQ FT) (FT) (FT) (CFS) (FPS) Nf
0.5 2.3 6.0 0.37 12.4 5.5 1.59
0.6 2.9 6.6 0.42 17.6 6.1 1.63
0.7 3.6 7.2 0.48 23.7 6.6 1.66
0.8 4.3 7.8 0.54 30.9 7.1 1.69
0.9 5.1 8.4 0.59 39.1 7.6 1.72
1.0 6.0 9.0 0.64 48.4 8.1 1.74
1.1 6.9 9.6 0.70 58.9 8.5 1.76
1.2 7.9 10.2 0.75 70.6 8.9 1.78
1.3 9.0 10.8 0.80 83.6 9.3 1.80
1.4 10.1 11.4 0.85 97.9 9.7 1.82
1.5 11.3 12.0 0.90 113.6 10.1 1.84

DESIGN DEPTH OF FLOW, D (FT) . . . . .. . 0.8
VELOCITY, V (FPS) « & & v « « « o « o . 7.1
TOTAL DEPTH INCLUDING FREEBOARD (FT) . . 1.3
GABION THICKNESS, t (IN) . . . . . . . . 6.0
FILLING STONE SIZE, d50 (IN) . . . . . . 3.0



TR-55 GRAPHICAI, DISCHARGE METHOD

Project : COLESVILLE LANDFILL User: KPH
County : BROOME State: NY Checked: f%i}
Subtitle: CHANNEL DC-2
Data: Drainage Area : 11.€ * Acres
Runoff Curve Number : 80 #
Time of Concentration: 0.5% * Hours
Rainfall Type ¢ I
Pond and Swamp Area : NONE
* Storm Number 1 2 3 4 5 6
Frequency (yrs) 2 5 10 25 50 100
24-Hr Rainfall (in) 2.8 3.5 4.3 4.9 5.3 5.9
Ia/P Ratio 0.18 0.14 0.12 0.10 0.09 0.08
Used 0.18 0.14 0.12 0.10 0.10 0.10
Runoff (in) 1.10 1.64 2.29 2.81 3.16 3.69
Unit Peak Discharge 0.733 |0.757 |0.775 |(0.785 (0.787 |0.787
(cfs/acre/in)
Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00
0.0% Ponds Used
Peak Discharge (cfs) 9 14 21 26 29 34

* - Value(s) provided from TR-55 system routines

VERSION 1.11
Date:
Date:

01-14-93

[[22/¢3%



TR-55 Tc and Tt THRU SUBAREA COMPUTATION VERSION 1.11
Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93

County BROOME State: NY Checked: )ﬁ Date: ‘“&_115

Subtitle: CHANNEL DC-2

Flow Type 2 year Length Slope Surface n Area Wp Velocity Time

rain (ft) (Ft/ft)  code (sq/ft) (ft) (ft/sec) (hr)
Sheet 2.8 120 .01 E 0.252
Open Channel 1300 1.2 0.301

Time of Concentration = 0.55%

——=- Sheet Flow Surface Codes ---

A Smooth Surface F Grass, Dense -=- Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda -—- Surface Codes —-——
C Cultivated < 20 % Res. H Woods, Light P Paved

D Cultivated > 20 % Res. I Woods, Dense U Unpaved

E Grass-Range, Short
* - Generated for use by GRAPHIC method



TR-55 CURVE NUMBER COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State:: NY Checked: : Date: ltzZiQ}
Subtitle: CHANNEL DC-2 ’
o
| Hydrologic Soil Group
COVER DESCRIPTION A B C D -
Acres (CN)
FULLY DEVELOPED URBAN AREAS (Veg Est ab ) -
Open space (Lawns,parks etc.)
Good condition; grass cover > 75% - - - 11.6(80)
-y
Total Area (by Hydrologic Soil Groug) 11.6
—_———== ‘
TOTAL DRAINAGE AREA: 11.6 Acres WEIGHTED CURVE NUMBER:80* ™
* - Generated for use by GRAPHIC meﬁhod '
-
-
-
-
-
-
-
-
[
-
-



By:% Date:__(/23(13
chi: KON pater +25-97%

GRASS LINED CHANNEL/DIVERSION DESIGN

ChannelID: _2C -3
Peak Flow,Q=_% ¢} $
Ave. Slope, s=_©.§ %

Select Basic Channel Geometry

riangular, bottom width =

or
Trapazoidal, bottom width =

Channel Side Slope (z:1), Z=_2

Determine Required Lining
Max. Velocity for Grass Only = _3.¢ ¥PS
Max. Velocity for Jute Lining = _A A
Max. Velocity for Erosion Control Mat = _+/#~

From Table D at the given slope and flow, Velocityg l.o ¥rs
Therefore us. Jute, or Erosion Control Mat (circle one)

Determine Channel Depth:

- For Max. Velocity using Table D
Q=1 %av="rCandd=_[.3
- For Max. Capacity using Table C

Q= 3.Cav- _OSandd=_ -5

Therefore set Total Depth = Z- © inc. Freeboard and Settlement
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TR-55 GRAPHICAIL DISCHARGE METHOD

Project :

County : BROOME
Subtitle: CHANNEL DC-3
Data: Drainage Area

Runoff Curve Number
Time of Concentration

COLESVILLE LANDFILL

State: NY

.8 * Acres

80 %

0.14 * Hours

User:

Checked: ﬁ%

KPH

Date:

Rainfall Type II
Pond and Swamp Area NONE
Storm Number 1 2. 3 4 5 6
‘Frequency (yrs) | 2 | 5 | 10 | 25 | s0 | 100
24-Hr Rainfall (in) 2.8 3.t 4.3 4.9 5.3 5.9
Ia/P Ratio 0.18 0.14 0.12 0.10 0.09 0.08
Used 0.18 0.14 0.12 0.10 0.10 0.10
Runoff (in) 1.10 1.64 2.29 2.81 3.16 3.69
Unit Peak Discharge 1.364 |1.39C (1.409 (1.420 (1.421 j1.421
(cfs/acre/in)
Pond and Swamp Factor| 1.00 1.0¢C 1.00 1.00 1.00 1.00
0.0% Ponds Used
‘Peak Discharge (cfs) | 1| : | 3| 3| s | s

Discharge (cfs)

* - Value(s) provided from TR-55 system routines

VERSION 1.11 o
01-14-93

Date: lleZ'Z




(|

TR-55 Tc and Tt THRU SUBAREA COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL
County : BROOME
Subtitle: CHANNEL DC-3

User: KPH Date: 01-14-93

State: NY Checked: ;?-h( Date: _//(23/¢)

Flow Type 2 year Length

Slope Surface

n

rain (ft) (
Sheet 2.8 100
Open Channel 230

--=- Sheet Flow Surface
Smooth Surface
Fallow (No Res.)
Cultivated < 20 % Res.
Cultivated > 20 % Res.
Grass-Range, Short

HOOQW>

ft/ft) code
.11 E
Codes ---

F Grass, Dense
G Grass, Burmuda
H Woods, Light
I Woods, Dense

* -~ Generated for use by GRAPHIC method

Area Wp Velocity Time
(sgq/ft) (ft) (ft/sec) (hr)
0.084

1.2 0.053

Time of Concentration = 0.14%

~—-= Shallow Concentrated ---
- Surface Codes ——
P Paved
U Unpaved



TR-55 CURVE NUMBER COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: '*rr Date: _I/2%/¢3
Subtitle: CHANNEL DC-3
-
Hydrologic Soil Group
COVER DESCRIPTION A B C D -
Acres (CN)
FULLY DEVELOPED URBAN AREAS (Vieg Estab ) -
Open space (Lawns,parks etc.) 3
Good condition; grass cover > 75% - - - .8(80)
-
Total Area (by Hydrologic Soil Group) .8
—_——_—— -
TOTAL DRAINAGE AREA .8 Acres WEIGHTED CURVE NUMBER:80* "
* - Generated for use by GRAPHIC method
-
-
-
-
-
-
-
-
-
-
-



By}% Date: _[MJ}
K

chi:XPN pate: 2693

GRASS LINED CHANNEUDIVERSION DESIGN

Channel ID: __PC - 4 -/
Peak Flow, Q= _A{ CF>
Ave. Slope, s=_3¢© 7,

Select Basic Channel Geometry

Triangular, bottom width = 0 ft
or /
rapazoidal, bottom width = Z

Channel Side Slope (z:1),Z2=_3

Determine Required Lining
Max. Velocity for Grass Only = _3 F /7
Max. Velocity for Jute Lining = __&/#4
Max. Velocity for Erosion Control Mat = A/A

From Table D at the given slope and flow, Velocity§ 30
Therefore use: Grass, Jute, or Erosion Control Mat (circle one)

Determine Channel Depth:
- For Max. Velocity using Téble D
Q=_’L(atv=£andd=L‘
- For Max. Capacity using Table C

Q=_L"_°atv=__'_z_'{andd= .

Therefore set Total Depth = l* a inc. Freeboard and Settiement
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COLESVILLE LANDFILL

Project : User: KPH Date: 01-14-93
County : BROOME State: NY Checked: ‘ 3,[_-7 Date: /5y It
Subtitle: CHANNEL DC-4-1
Data: Drainage Area ©: 4.9 ,*% Acres
Runoff Curve Number : 80
Time of Concentration: 0.3Z * Hours
Rainfall Type : IT
Pond and Swamp Area : NONE
Storm Number 1 2 3 4 5 6
Frequency (yrs) 2 5 10 25 50 100
24-Hr Rainfall (in) 2.8 3.¢ 4.3 4.9 5.3 5.9
Ia/P Ratio 0.18 0.14 0.12 0.10 0.09 0.08
Used 0.18 0.1¢ 0.12 0.10 0.10 0.10
Runoff (in) 1.10 1.64 2.29 2.81 3.16 3.69
Unit Peak Discharge 0.964 [0.99z |1.013 [1.025 (1.026 |1.026
(cfs/acre/in)
Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00.
0.0% Ponds Used
Peak Discharge (cfs) 5 & 11 14 16 19

* - Value(s) provided from TR-55 system routines




Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: ﬂgg: , Date: m‘__u;
Subtitle: CHANNEL DC-4-1
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr)
Sheet 2.8 300 . 040 E 0.302
Open Channel 200 3.0 0.019
Time of Concentration = 0.32%
—--- Sheet Flow Surface Codes ---
A Smooth Surface F Grass, Dense -—-= Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda —-——- Surface Codes -—
C Cultivated < 20 % Res. H Woods, Light P Paved
D Cultivated > 20 % Res. I Woods, Dense U Unpaved
E Grass-Range, Short

* — Generated for use by GRAPHIC method
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Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93

County BROOME State: NY Checked: : Date: tar(93
Subtitle: CHANNEL DC-4-1 ,; 7
Hydrologic Soil Group
COVER DESCRIPTION A B C D
Acres (CN)
FULLY DEVELOPED URBAN AREAS (Veg Estab )
Open space (Lawns,parks etc.)
Good condition; grass cover > 75% - - - 4.9(80)
Total Area (by Hydrologic Soil Groug) 4.9
TOTAL DRAINAGE AREA 4.9 Acres WEIGHTED CURVE NUMBER:80%

—— ——————— — — — ——— T — —— — — —  — — ————— - — — — — — —— — — ——— ——— T~ —— ————— ——————— ——— ————— - — ——— t— ———————

* - Generated for use by GRAPHIC method



Byi}_%Date: 12319%
chk: KON pate; 25713

GRASS LINED CHANNEL/DIVERSION DESIGN

Channel ID: __£2€C - "/— 2_
Peak Flow,Q=_2 4 CFS
Ave. Slope, s=_«$ %

Select Basic Channel Geometry

@' E;ularl bottom width = 0 ; >

or
Trapazoidal, bottom width = ____

Channel Side Slope (z:1), Z = 3_

Determine Required Lining
Max. Velocity for Grass Only = 3.0
Max. Velocity for Jute Lining = __ &~ A~
Max. Velocity for Erosion Control Mat = _4/#4~

<
From Table D at the given slope and flow, Velocity = 2.5 p" S
Therefore use: @Jute, or Erosion Control Mat (circle one)

Determine Channel Depth:
- For Max. Velocity using Table D
Q=£}atv=££andd=i{
- For Max. Capacity using Table C
Q=2$_‘{atv=££handd=£'

Therefore set Total Depth = Z (inc. Freeboard and Settlement
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COLESVILLE LANDFILL

Date:
Date:

Project : User: KPH
County : BROOME State: NY Checked: 1
Subtitle: CHANNEL DC-4-2
Data: Drainage Area : 10.9 * Acres
Runoff Curve Number : 80 #
Time of Concentration: 0.5€é * Hours
Rainfall Type : II
Pond and Swamp Area : NONE
Storm Number 1 2 3 4 5 6
Frequency (yrs) 2 5 10 25 50 100
24-Hr Rainfall (in) 2.8 3.5 4.3 4.9 5.3 5.9
Ia/P Ratio 0.18 0.14 0.12 0.10 0.09 0.08
Used 0.18 0.14 0.12 0.10 0.10 0.10
Runoff (in) 1.10 1.64 2.29 2.81 3.16 3.69
Unit Peak Discharge 0.726 |(0.75C |0.768 |0.778 |0.779 [(0.779
(cfs/acre/in)
Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00
0.0% Ponds Used
Peak Discharge (cfs) 9 1z 19 24 27 31

* - Value(s) provided from TR-55 sysitem routines

01-14-93



Project : COLESVILLE LANDFILL User: KPH Date:
County : BROOME ' State: NY Checked: . Date: 122493
Subtitle: CHANNEL DC-4-2 j? ﬁ
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr)
Sheet 2.8 300 .04 E 0.302
Open Channel 200 3.0 0.019
Open Channel 1050 1.2 0.243
' Time of Concentration = 0.56%*
--- Sheet Flow Surface Codes ---
A Smooth Surface F Grass, Dense -=-= Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda —— Surface Codes ———
C Cultivated < 20 % Res. H Woods, Light P Paved
D Cultivated > 20 % Res. I Woods, Dense U Unpaved
E Grass-Range, Short

* - Generated for use by GRAPHIC method



COLESVILLE LANDFILL User: KPH Date: 01-14-93

Project :
County : BROOME State: NY Checked: ﬂ]a Date: [[;._:.‘13
Subtitle: CHANNEL DC-4-2

Hydrologic Soil Group
COVER DESCRIPTION A B C D
Acres (CN)

—— " e e O T D o S e e B () S G o S T (. S A W T . T - - -

FULLY DEVELOPED URBAN AREAS (Viag Estab.)
Open space (Lawns,parks etc.)

Good condition; grass cover > 75% - - - 10.9(80)
Total Area (by Hydrologic Soil Group) 10.9
TOTAL DRAINAGE‘AREA 10.9 Acres WEIGHTED CURVE NUMBER:80*

* — Generated for use by GRAPHEC meqhod



By: Date: 2 /22/¢3

Chk: /PN Date: =25~ 73

GRASS LINED CHANNEL/DIVERSION DESIGN

Channel ID: 2C - 6
Peak Flow,Q=_32 CPJ
Ave. Slope, s=__©+S Pp

Select Basic Channel Geometf

or
Trapazoidal, bottom width=____

Channel Side Stope (z:1),Z = i

Determine Required Lining
Max. Velocity for Grass Only = 3.0 ‘Fﬁ
Max. Velocity for Jute Lining = _ #/#&
Max. Velocity for Erosion Control Mat = _ AZ#"

From Table D at the given slope and flow, Velocitys 25 fes
Therefore use: Grass, Jute, or Erosion Control Mat  (circle one)

Determine Channel Depth:

- For Max. Velocity ﬁsing Table D
Q =3_3QatV=2'_{and d=_&[
- For Max. Capacity using Table C
Q=1‘~_’{atV=1£andd=_£5

Therefore set Total Depth = ;' © inc. Freeboard and Settlement
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By KPN  Date t-214%

DIVERSION CHANNEL DESIGN - GABION LINING

COLESVILLE LANDFILL
CHANNEL DC-6 INLET CHANNEL

DESIGN PEAK DISCHARGE, Q (CFS) .+« « « « « « . .
CHANNEL SLOPE, S (FT/FT) « v v « o o « « « « .
CHANNEL SIDESLOPE ~ LEFT SIDE (HORIZ/VERT) . .
CHANNEL SIDESLOPE - RIGHY SIDE (HORIZ/VERT) . .
CHANNEL BOTTOM WIDTH, B |FT). . . . « « « « . .
MANNING’S ROUGHNESS COEFFICIENT, n . . . . .

-
Chkd. H‘ l_,’ pate /f22/1’

JOB NO. 00000 XX

[ % Y

o
OO\SUUUQN
MOULLOOOWO

— —t —

GABION MATTRESS THICKNESS, t (IN) (USE 6, 9, 12 OR 18) .
FREEBOARD (FT) « o « o « o o o o o o o o o« o o o o o o
BEGIN CALCULATIONS AT CHUNNEL DEPTH (FT) . . . . . . . . 0.5
-
CHANNEL X-SECT TOP HYDRAULIC FROUDE
DEPTH AREA WIDTH RADIUS DISCHARGE VELOCITY NUMBERw
(FT) (SQ FT) (FT) (FT) (CFS) (FPS) Nf
-
0.5 2.3 5.0 0.37 12.4 5.5 1.59
0.6 2.9 5.6 0.42 17.6 6.1 1.63
0.7 3.6 W2 0.48 23.7 6.6 1.66
0.8 4.3 7.8 0.54 30.9 7.1 1.69 =
0.9 5.1 3.4 0.59 39.1 7.6 1.72
1.0 6.0 9.0 0.64 48.4 8.1 1.74
1.1 6.9 9.6 0.70 58.9 8.5 1.76 o
1.2 7.9 19.2 0.75 70.6 8.9 1.78
1.3 9.0 17.8 0.80 83.6 9.3 1.80
1.4 10.1 11.4 0.85 97.9 9.7 1.82
1.5 11.3 12.0 0.90 113.6 10.1 1.84 ™
-
DESIGN DEPTH OF FLOW, D (FT) . . . . . 0.9
VELOCITY, ¥ (FPS) . . . . . 7.6 -
TOTAL DEPTH INCLJDING FREEBOARD (FT) . 1.4
GABION THICKNESS, t (IN) . . . . . . 6.0
FILLING STONE SIZE, 450 (IN) . . . . 3.0
-
-



TR-55 GRAPHICAIL. DISCHARGE METHOD VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: - Date: zbiéii
Subtitle: CHANNEL DC-6 t% 7

Data: Drainage Area 17.7 * Acres

Runoff Curve Number : 79 *

Time of Concentration: 0.73 * Hours

Rainfall Type ¢ II

Pond and Swamp Area : NONE
Storm Number 1 2 3 4 5 6
Frequency (yrs) 2 5 10 25 50 100
24-Hr Rainfall (in) 2.8 3.5 4.3 4.9 5.3 5.9
Ia/P Ratio 0.19 0.15 0.12 0.11 0.10 0.09

Used 0.19 0.15 0.12 0.11 0.10 0.10

Runoff (in) 1.04 1.57 2.21 2.72 3.06 3.59

Unit Peak Discharge 0.619 |0.642 (0.659 |0.668 (0.673 |0.673
(cfs/acre/in)

Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00
0.0% Ponds Used

Peak Discharge (cfs) 11 18 26 32 36 43

* - Value(s) provided from TR-55 system routines



TR-55 Tc and Tt THRU SUBAREA COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93 -
County : BROOME State: NY Checked: '%b Date: )Jis/¢3
Subtitle: CHANNEL DC-6
[
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr)e
Sheet 2.8 300 .25 I 0.584
Shallow Concent’d 1210 .25 U 0.042
Open Channel 430 : 1.2 0.100
Time of Concentration = 0.73%*
-
--- Sheet Flow Surface Codes ---
A Smooth Surface ' F Grgss, Dense —--- Shallow Concentrated ---
. B Fallow (No Res.) G Grgss, Burmuda -—- Surface Codes T -
C Cultivated < 20 % Res. H Wouds, Light P Paved
D Cultivated > 20 % Res. I Wouds, Dense’ U Unpaved
E Grass-Range, Short
* - Generated for use by GRAPHIC method -
-
-
-
-
-
-
-
-
-
-
-



TR-55 CURVE NUMBER COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: - Date: /22/43

Subtitle: CHANNEL DC-6

Hydrologic Soil Group

COVER DESCRIPTION A B C D
Acres (CN)
OTHER AGRICULTURAL LANDS
Woods fair - : - - 17.7(79)
Total Area (by Hydrologic Soil Group) 17.7
TOTAL DRAINAGE AREA: 17.7 Acres WEIGHTED CURVE NUMBER:79%*

* - Generated for use by GRAPHIC method
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e e eewns W 4G NENO MATTESS AUS 10 fill
movement. The vaiues in table 2 are gervea
frorn Moael tests conauctsd in 1982:83
{Hydraulics Lacoratory Enginesning Rese-
arch Center. Coiorado State University - Fort
Collins - U.S.A.) wnich are descnbed later.
This research has aiso quantfied the
advantages that denve from containment of
the fill marena! by mesn when compared
with l100s@ np rap protsction. .

it has been snown that Reno manress
linings have doundie the stability ot rip rap ot
the same stone grading against bed
tractuons. Furthermore. it was venfiad that.
for a Qiven veiocity of flow. the Reno
manress neeas onty be 1 310 1.4 as thick as
a np rap lining.

Tab. 2 - indicative Aeno Mattress and
gabion thicknesses in reiation to water
velocities

ment. Gu revetement ces berges.
La vitesss Crioque. element ce cCane tAdIe.
23t 8018 & ia Vitesse que e revetament peut
SUDQOITEr en toute secunte $ans Mouve-
ment de ia pierre a i'inténeur cu matmiay
Reno: 12 witesse iimite correspond 4 ia
vitesse accespable mais entrzinant qe
légeres aéformanans gu masias Reno dues
au tassement de ia pierre.

Les acnnees de ia table 2 decoulent des
eS38i3 SUr Maguene cawnt ae 1982-1983 et
executés par Mydraulics Laborawry Engi-
neenng Research Center Coioraco State
University - Fort Collins - U.S.A.

Ces essais ssront decrits par |3 suits.
L'étude que nous venons de citer 3 enuve
autre penmis de quanufier ies avanages ae
laction de retenton du materiay de
remplissage exercee par le gnilage. par
rAPPOrt SUX rEeVEiBMents en SNrocnNemMents.
il a été démontré que ie ravétement en
mateias Reno est stable en presence de
charmnage de fond dont les tensions sont

Tab. 2 - Epaisseurs aoproximatives des
revétements en matetas Aeno et en
gabions en foncton de ia vitesse au
courant

o0 e OIA £ YEUGE DATR 108 revestuTwe
de fondo pero con—buena ADTOXWNR
1amoien oara aguelios oe las onilas.
En e3la mbia por-wvelocidad critica:
entiende ia qQuUe - puede SODPOTTr
rOVesuMIentio Con Saguridad sin movir
oS de piadras en ef interior del coic

Causacas por ¢! movimient de la pe
Los vaiores ae ia tatia 2 derivan de prue
efectuagas soors moaeio en 19827
(Hydrautica Laborswry Enginesnng
Searcn Canter Colorado State Univers:
Fort Collins - USA) que seran descr:
mas aceiants.

Esta busqueaa na cuamtificado ademsas.
venizias que defivarr.de: ia . accion
COMaNCION SIOrCItAtE:pOr i3 red-meth

Tab. 2 - Espssores-indicativos de los
revestimientos en coichones Reno v &
gaviones en funcida-de s velocidad d
la cormants

! Filling stones .
Thickness Pierraille de remonssage | Critical velocity: Umit velocity
. Type Egaisseur Pedrisco ge reileno \)ﬂtu_u critque - | Vitesse um
I Type Espesor Stone size elocidtad cntica - |  Velocidad
i Tipo Granuiometrie
i Dimensiones dyo
: m TN mm " mws coe m/s co
! : 70 - 100 0.085 ! 35 2
| 0.1§ - 0.17
: L 70 - 150 0110 o 42 g 45
' Reno matress 70 - 100 0085 38  \p 55 \¢
Mateias Reno 0.23-0.25
Coichones Reno 70 - 150 0120 ¢ 45 < 81 3¢
: , 030 70-120 ! 0.100 4 | 2 4 55 ¢
) I R
- ‘ 12 100 - 150 0125 o | 50 64 3
Gabions 100 - 200 0.150 58 76 3¢
Gabions 0.50 l =2 l -2
- . Gaviones \% 120-250 ! 0190 g 6.4 80 g

Fig. 15-U.S.A « Now Yorn - Sank prowcucn rear Sulle
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Job No.

: - Sheet No. of
SIZE OF RIPRAP TiO BE USED DOWNSTREAM FROM STILLING BASINS 209
48
NOTE
|- The riprap should be composed of o [ — 5000
L well graded misture but most of |
| the stones shouid be of the size /
indicated by the curve.Riprap should 4000
02 — be placed over o filter blanket or
%_ bedding of graded gravel in g layer | - 3500 —
1.5 times (or more) os thick os the ] ' —
i , . . (@)
largest stane dlameteo{. | 1000 E
- J Q
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36 T 3
55/ ‘ —~ 2000
a
/ 2
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0 / 3
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}1 NOTES 250 @
Curve shaws minimum size| ,,, &
L stones necessary to Q
resist movement. ~ 150§
3sl /] SF Curve is tentative and S
2 Oap | subject to change 0s @ [— 100 @
450 ' result of futher tests |- 75 &
MV or operating experiences.
7 11 F points are prototype [~ %° &
i riprap installations @
which failed. -3
S points gre satisfactory —
5 A Ty installations. koo
- 5
’ -
/
74
)
-
0 . o
0 s 1) 15 20 2%

BOTTOM VELOCITY IN FEET PER SECOND

Fioure 185.—Curve (o d«(lermim mazimum etone size in riprap mizture,

Source: Hydraulic Design of $tilling |Basins and Energy Dissipators



Date:
Date:

Project : COLESVILLE LANDFILL User: KPH
County : BROOME State: NY Checked: 4
Subtitle: NORTH CREEK DOWNCHUTE ;; 7
Data: Drainage Area : 13.9 * Acres
Runoff Curve Number : 80 *
Time of Concentration: 0.59 * Hours
Rainfall Type ¢ II
Pond and Swamp Area : NONE
Storm Number 1 2 3 4 5 6
Frequency (yrs) 2 5 10 25 - 50 100
24-Hr Rainfall (in) 2.8 3.5 4.3 4.9 5.3 5.9
Ia/P Ratio 0.18 0.14 0.12 0.10 0.09 0.08
Used 0.18 0.14 0.12 0.10 0.10 0.10
Runoff (in) 1.10 1.64 2.29 2.81 3.16 3.69
Unit Peak Discharge 0.705 |0.729 |0.747 |0.756 (0.758 |0.758
(cfs/acre/in)
Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00
0.0% Ponds Used
Peak Discharge (cfs) 11 17 24 29 33 39

* - Value(s) provided from TR-55 system routines

01-14-93
e



Project COLESVILLE LANDFILL User: KPH Date: 01-14-93

County : BROOME State: NY Checked: 1?ahy Date: _(fsr(3
Subtitle: NORTH CREEK DOWNCHUTE

| Hydrologic Soil Group
COVER DESCRIPTION A B C D
Acres (CN)
FULLY DEVELOPED URBAN AREAS (Veg Est ab )
Open space (Lawns,parks etc.)
Good condition; grass cover > 75% - - - 13.9(80)
Total Area (by Hydrologic Soil Group) 13.9
TOTAL DRAINAGE AREA 13.9 Acres WEIGHTED CURVE NUMBER:80%*

e e e e e e e e s e e e e e | ¢ L = e e e e e o — — — — ——— — ———

* - Generated for use by GRAPHIC method



Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: iﬂﬁf' Date: tl;;{gg
Subtitle: NORTH CREEK DOWNCHUTE
Flow Type 2 year Length Slope Surface Area Wp Velocity Time
' rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr)
Sheet 2.8 300 .04 E 0.302
Open Channel 180 8.0 0.006
Open Channel 1470 1.47 0.278
' Time of Concentration = 0.59%
-=-= Sheet Flow Surface Codes ---
A Smooth Surface F Grass, Dense --- Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda -——- Surface Codes -—
C Cultivated < 20 % Res. H Woods, Light P Paved
D Cultivated > 20 % Res. I Woods, Dense U Unpaved
E Grass—-Range, Short

* - Generated for use by GRAPHIC method
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TABLE 12 - ENTRANCE LOSS COEFFICIENTS

Outlet Control, Full or Partly Full Entrance head loss

H,= k, y3
28
Type of Structure and Design of Entrance : Coefficient k,
Bipe,_Concrete
Projecting from fill, socket end (groove-end) e e e e e 0.2
Projecting from fill, sq. cut end e e e e e e e e 0.5
Headwall or headwall and wingwalls
Socket end of pipe (groove-end) e e e e e e e e 0.2
Square-edge . e e e e e e e e 0.5
Rounded (radius = l/lZD) e e e e e e e e e e 0.2
Mitered to conform to fill slope e e e e e e e e 0.7
®*End-Section conforming to [ill slope e e e e e e 0.5
Beveled edges, 33.7° or 45° bevels v e e e e e e e e 0.2
Side-or slope-tapered inlct e e e e e e e e e e 0.2
Bi Pipe-Arch. C | Metal
Projecting from fill (no headwall) . . . e e e e e 0.9
Headwall or headwall and wingwalls square-edge e e e e e 0.5
Mitered to conform to fill slope, paved or unpaved slope ... 0.7
*End-Section conforming to fill slope e e e e e e e e 0.5
Beveled edges, 33.7° or 45° bevels C e e e e e e e e 0.2
Side-or slope-tapered inlet R 0.2
Box, Reinforced Concrete
Headwall parallel to embankment (no wingwalls)
Square-edged on 3 edges . . e e e e e e 0.5
Rounded on 3 edges to radius of 1/ 12 barrel _
dimension, or beveled edges on 3 sides e e e e e e 0.2
Wingwalls at 30° to 75° to barrel
-‘Square-edged at crown . . e e e e e 0.4
Crown edge rounded to radius of 1/12 barrel
dimemsion, or beveledtopedge . . . . . . . . . . 0.2
Wingwall at 10° to 25° to barrel
Square-edged at crown . . e e e e e e e e e 0.5
Wingwalls parallel (extension of sndes) '
Square-edged atcrown . . . . . . . . . . e . e 0.7
Side-or slope-tapered inlet e e e e e e e e e e e e 0.2

*Note: "End Section conforming to fill slope,” made of ecither metal or concrete,
are the sections commonly available from manufacturers. From limited hydrau-
lic tests they are equivalent in operation to a headwall in both jiplet and
8‘“’"’“ control. Some end sections, incorporatin taper 1o their

esign have a superior hydnuhc performance. ese atter secnons can be

179



FEET

CRITICAL DEPTH-d

[+

3 | i P i :
| ‘ | =7
2
'
l 1 dc CANNOT EXCEED TOP OF PIPE
0]
-4 TH i
|
° 0 20 30 je0 yese ~80 T 7o 80 %0 100
PISCHARGE-Q-CFS
[ ] L4 '
| Z
L) "4 7
D //& ]
AN | oy | ——> | E
4 / Fﬁ y " [] -
%% Zill -
¥ l h
//'/ ’ de CANNOT EXCEED TOP OF PiPE z
3 //L.?' ! ——— o
s \ e
-
2 Did. ; g
100 200 300 ¢00 %00 600 700 800 %00 1000 2
PISCHARGE-Q-CFS g
(&
6 y
1- /%
12 '
A ﬂ;
10 ’ E-
72
b
] Z o
’
o 1 d¢ CANNOT EXCEED TOP OF PIPE
V4 ’
' Y
. ' DIA
) 1000/ ‘ 2000 3000 _ 4000
VISCHARGE - Q- CFS \
BUREAU OF PUBLIC RCADS .
san 1964 CRITICAL DEPTH
CIRCULAR PIPE
184



CHART 1
)

- 168 8,000 EXAMPLE (1 (2) &)
- 156 Os &g inehen (3.5 feen) o
" s :'g 00120 ete - - n a §.
peee |} ' =
L 4,000 - 6. L 8,
132 S - . . F
i 3,000 mn t.s s - 3. E ’ E Y
- 120 - 4] . 7.4 i -
108 2,000 m 2.2 7.7 —a — 3 3
"D e tem C = - 3.
L 9 1,000 '-' 3 B -
s ' - R B
800 R
- L
72 [re r -
M Y - [
g L E t = ..s - ‘.s
z ~ 60 g : .8 %
z - L !
- w
S -5 g F - -
[ o
« | 2=
A = S
3 _// a i .0 1.0
‘t ) ol . .
& ENTRaNGE 8| o i
e TYPE « - "
w - —9 -
- Savere odee with ; r
| heodwell 2 - .9 =
< Qroove oad wi <
Qe :‘ﬂll - g - .8 b .8
» Sreeve ond - .8 .
. projesting B 3
10 B ,
® = ' T.
L To soe ssele (B) or (3} preject - X
) horizentelly to sesle (1), thee L
. wse atrelght inslined line through
PmOuun,umuu . L_. L‘
3 illestreted. =N | .
¢ I - |
1.0 - 5 -
- it HEADWATER DEPTH FOR

weaowaren scaes 203 CONCRETE PIPE CULVERTS
REVISED MAY 1964 WITH INLET CONTROL

181

SUREAU OF PUBLIC ROADS Jak €3



DISCHARGE (Q) IN CFS

\

(D) IN INCHES

DIAMETE

TURNING

120
=108

F“

== 1

=72
66

-

Ftl

BURCAY OF PUBLK ROADS Jan. 43

LINE

O

CHART 5

e

Siepe So=w

jusmgrato OUTLET CULVERT AOWNG FuLL

{u-lmmmm.—-ﬂ“w
FO* aaeritd & Me Gesign ressdwre

185

HEAD FOR
CONCRETE PIPE CULVERTS

FLOWING FULL
n=0.012

=\ —
L]
-
. Ny
g~

HEAD (H) IN FEET




TR-55 GRAPHICAL DISCHARGE METHOD

Project : COLESVILLE LANDFILL User: KPH
County : BROOME State: NY Checked: :
Subtitle: BY-PASS CULVERT
Data: Drainage Area : 58.1 * Acres
Runoff Curve Number : 79 *
Time of Concentration: 0.87 * Hours
Rainfall Type : II
Pond and Swamp Area : NONE
Storm Number 1 2 3 4 5 6
Frequency (yrs) 2 5 10 25 50 100
24-Hr Rainfall (in) 2.8 3.5 4.3 4.9 5.3 5.9
Ia/P Ratio 0.19 0.15 0.12 0.11 0.10 0.09
Used 0.19 0.15 0.12 0.11 0.10 0.10
Runoff (in) 1.04 1.57 2.21 2.72 3.06 3.59
Unit Peak Discharge 0.558 |0.579 (0.595 |0.603 |0.607 (]0.608
(cfs/acre/in)
Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00
0.0% Ponds Used
Peak Discharge (cfs) 34 53 76 95 108 127

* - Value(s) provided from TR-55 system routines

VERSION 1.11
Date:
Date:

01-14-93



TR~-55 Tc and 't THRU SUBAREA COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: ¢ Date: dwl‘!}
Subtitle: BY-PASS CULVERT
-
Flow Type 2 year Length Slope  Surface n Area Wp Velocity Time
rain (ft) (Et/ft) code (sq/ft) (ft) (ft/sec) (hr) =
Sheet 2.8 300 .25 I 0.584
Shallow Concent’d 884 .25 U 0.030
Open Channel 884 1.2 0.205
Open Channel 940 ' 5.0 0.052
Time of Concentration = 0.87%*
’ =====
--- Sheet Flow Surface Codes ---
A Smooth Surface F Grgss, Dense —-~- Shallow Concentrated --- .
B Fallow (No Res.) G Gragss, Burmuda -—- Surface Codes —-——
C Cultivated < 20 % Res. H Wogds, Light P Paved
D Cultivated > 20 % Res. I Wocds, Dense U Unpaved
E Grass-Range, Short -
* - Generated for use by GRAPHIC method
-
-
-
-
-
-
-
-
L
L
-



TR-55 CURVE NUMBER COMPUTATION VERSION 1.11
Project COLESVILLE LANDFILL User: KPH Date: 01-14-93

County BROOME State: NY Checked: . Date: llleg}
Subtitle: BY-PASS CULVERT F? !

Hydrologic Soil Group

COVER DESCRIPTION A B C D
Acres (CN)
OTHER AGRICULTURAL LANDS
Woods fair - - - 58.1(79)
Total Area (by Hydrologic Soil Group) 58.1
TOTAL DRAINAGE AREA: 58.1 Acres WEIGHTED CURVE NUMBER:79%*

* - Generated for use by GRAPHIC method
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TABLE 12 - ENTRANCE LOSS COEFFICIENTS
Outlet Coatral, Full o' Partly Full Entrance head loss

H. - k. ;i’
8

Type of Structure and Design o€ Entraace Cocfficient k,
Ripe, Concrete

Projecting from fill, socket end (gyo0ve-end) e e e e e 0.2
Projecting from fill, sq. cut end e e e e e e e e 0.5
Headwall or headwall and wingwajlls '
Socket end of pipe (groove-end) . . . . . . . . . . . 02
Square-edge . . . . . e e e e e e e 0.5
Rounded (radius = 1/12D) . . . . . . . . . . . . . 0.2
Mitered to conform to fill slope e e e e e e e e e 0.7
*End-Section conforming to fill slope Ce e e e e e e e 0.5
Beveled edges, 33.7° or 45" bevels e e e e e e e e e e 02
Side-or slope-tapered inley e e e e e e e e e 0.2
Pi Pipe-Arch, C { Metal
Projecting from fill (no headwall) e e e e e e 0.9
Headwall or headwall and wingwylls square-edge . . . . . . . 0.5
Mitered to conform to fil| slope, yaved or unpaved slope e 0.7
®End-Section conforming to fillslgpe . . . . . . . . . . 0.5
Beveled edges, 33.7° or 45° bevels e e e e e e e e 0.2
Side-or siope-tapered inlex e e e e e e e e 02
Box, Reinforced Concrete
Headwall parallel to embankment (no wingwalls)
Square-edgedon 3edges . . . . . . . . . . . . . 0.5
Rounded on 3 edges to radius,of 1/12 barrei .
dimension, or beveled edges on 3 sides e e e e e e 0.2
Wingwalls at 30° to 75° t» barrel
Square-edged atcrowa . . . . . . . . . . . . . . 0.4
Crown edge rounded to radiu: of 1/12 barrel
dimeasion, or beveled topuedge . . . . . . . . . . 0.2
Wingwall st 10° to 25° tq barrel
Square-edgedatcrown . . . . . . . . . . . . . . 0.5
Wingwalls parallel (extension of gides)
Square-edged atcrown . . . . . . . . . . . . . . 0.7
Side-or slope-tapered inlet e e e e e e e e e e e e 0.2

*Note: “"End Section conforming to fill slope," made of either metal or concrete,
are the sections comamonly yvailable from manufacturers. From limited hydrau-
lic tests they are equivalgnt in operation to a headwall in both jplci and

control. Some encl sections, xncorporanqxgh 1 ﬁlg;g,d taper in their
esign have a superior hydraulic performance. ese istter sections can be

179



TR-55 GRAPHICAL DISCHARGE METHOD VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: : Date: Il‘blfi
Subtitle: CHANNEL DC-1-2 ,; ?

Data: Drainage Area 2.3 * Acres

Runoff Curve Number : 80 *

Time of Concentration: 0.48 * Hours

Rainfall Type : II

Pond and Swamp Area : NONE
Storm Number 1 2 3 4 5 6
Frequency (yrs) 2 5 10 25 50 100
24-Hr Rainfall (in) 2.8 3.5 4.3 4.5 5.3 5.9
Ia/P Ratio 0.18 0.14 0.12 0.11 0.09 0.08

Used 0.18 0.14 0.12 0.11 0.10 0.10

Runoff (in) 1.10 1.64 2.29 2.46 3.16 3.69

Unit Peak Discharge 0.788 |[0.814 |0.833 |0.836 |0.844 |0.844
(cfs/acre/in)

Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00
0.0% Ponds Used

Peak Discharge (cfs) 2 3 4 5 6 7

* - Value(s) provided from TR-55 system routines



TR-55 Tc and Tt THRU SUBAREA COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: ps Date: j/22/43
Subtitle: CHANNEL DC-1-2 #I
—————————————————————————————— Y —— — — ) ——— — ———— t—— — —— — — —— — ——— — —— Tt — — ———— —— -
Flow Type 2 year Length Slope ;Surface n Area Wp Velocity Time
rain (ft) (Bt/£ft) code (sq/ft) (ft) (ft/sec) (hr)
______________________________ ————— i ————————— e ——————————— .
Sheet 2.8 190 .01 E 0.364
Open Channel 270 3.0 0.025¢
Open Channel 400 1.2 0.0934_
Time of Concentration = 0.48%
—--— Sheet Flow Surface Codes --- ' : -
A Smooth Surface F Grags, Dense --- Shallow Concentrated ---
B Fallow (No Res.) G Grags, Burmuda - Surface Codes -—
C Cultivated < 20 % Res. H Woogqls, Light P Paved -
D Cultivated > 20 % Res. I Woods, Dense U Unpaved
E Grass-Range, Short
* - Generated for use by GRAPHIC method
-y
-
-
-
-
-
-
-
-
-
-
-



TR-55 CURVE NUMBER COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: . Date: )j2z)¢3
Subtitle: CHANNEL DC-1-2 t2 }
Hydrologic Soil Group
COVER DESCRIPTION A B C D
Acres (CN)

FULLY DEVELOPED URBAN AREAS (Veg Estab.)
Open space (Lawns,parks etc.)

Good condition; grass cover > 75% - - - 2.3(80)
Total Area (by Hydrologic Soil Group) 2.3
TOTAL DRAINAGE AREA: 2.3 Acres WEIGHTED CURVE NUMBER:80%*

* - Generated for use by GRAPHIC method
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BY: DATE: CHK: DATE:___

DIVERSION CHANNEL DESIGN — GABION LINING JOB NO. 02260 CS

COLESVILLE LANDFILL CLOSURE
.SEDIMENT BASIN SPILLWAY

DESIGN PEAK DISCHARGE, Q (CFS) 107.0
CHANNEL SLOPE, S (FT/FT) 0.330
CHANNEL SIDESLOPE — LEFT SIDE (HORIZ/VERT) 2.0
CHANNEL SIDESLOPE - RIGHT SIDE (HORIZ/VERT) 2.0
CHANNEL BOTTOM WIDTH, B (FT) : 12.0
MANNING'S ROUGHNESS COEFFICIENT, n 0.030
GABION MATTRESS THICKNESS, t (IN) (USE 6, 9, 12 OR 18) 18.0
FREEBOARD (FT) 1.0
BEGIN CALCULATIONS AT CHANNEL DEPTH (FT) 0.0
CHANNEL X-SECT TOP HYDRAULIC FROUDE
DEPTH AREA WIDTH RADIUS DISCHARGE | VELOCITY | NUMBER
(FT) (SQFT) (FT) (FT) (CFS) (FPS) Nf
0.0 0.0 12.0 0.00 0.0 0.0 0.00
0.1 1.2 12.4 0.10 74 6.1 3.40
0.2 25 12.8 0.19 23.6 9.5 3.80
0.3 3.8 13.2 0.28 46.5 12.3 4.05
04 5.1 13.6 0.37 75.4 14.7 4.23
0.5 6.5 14.0 0.46 109.9 16.9 4.37
0.6 7.9 14.4 0.54 149.7 18.9 4.49
0.7 9.4 14.8 0.62 194.5 20.7 4.59
0.8 10.9 15.2 0.70 244.3 225 4.68
0.9 12.4 15.6 0.78 299.0 241 4.75
1.0 14.0 16.0 0.85 358.4 25.6 4.82
DESIGN DEPTH OF FLOW, D (FT) 0.5
VELOCITY, V (FPS) 16.9
TOTAL DEPTH INCLUDING FREEBOARD (FT) 1.5
GABION THICKNESS, t (IN) 18.0

FILLING STONE SIZE, d50 (IN) 6.0



S/N: 88020972

COLESVILLE LANDFILL
SEDIMENT POND VOLUME

CALCULATED 01-22-1993 16:25:46
DISK FILE : B:COLEVILL.VOL

Planimeter scale: 1 inch = 50 ft.

*

Elevation Planimeter Area Al+A2+sqr (A1*A2) Volume Volume Sum

(ft) (sg.in.) (acres) (acres) (acre-ft) (acre-ft)
1,050.00 5.26 0.30 0.00 0.00 0.00
1,052.00 *T* 0.37 1.01 0.67 0.67
1,054.00 *T* 0.45 1.12 1.50 1.50
1,054.40 *T* 0.47 1.15 1.68 (734180 GF) 1.68
1,058.00 11.00 0.€3 1.37 3.65 3.65

*I* —--> Interpolated area from closest two planimeter readings.

2

+

IA = (sqg.rt(Areal) ((Ei-El1)/(E2-El)) *(sq.rt (Area2)-sq.rt (Areal)))

where: E1, E2 Closest ‘two elevations with planimeter data

Ei = Elevaticn at which to interpolate area
Areal,Area2 = Areas cc¢mputed for E1, E2, respectively
IA = Interpolated area for Ei

* Incremental volume computed ky the Conic Method for Reservoir Volumes.
Volume = (1/3) * (EL2-EL1l) * (Areal + Area2 + sq.rt.(Areal*Area2))
where: EL1, EL2

Areal,Area?2
Volume

Lower &znd upper elevations of the increment
Areas computed for EL1, EL2, respectively
Incremental volume between EL1 and EL2



TR-55 GRAPHICAL DISCHARGE METHOD VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: s Date: Léklﬂg
Subtitle: SEDIMENT BASIN )’355
Data: Drainage Area : 39.7 * Acres
Runoff Curve Number : 83 *
Time of Concentration: 0.73 * Hours
Rainfall Type : II
Pond and Swamp Area : NONE
Storm Number ‘ 1 2 3 4 5 6
Frequency (yrs) 2 5 10 25 50 100
24-Hr Rainfall (in) 2.8 3.5 4.3 4.9 5.3 5.9
Ia/P Ratio 0.15 0.12 0.10 0.08 0.08 0.07
Used 0.15 0.12 0.10 0.10 0.10 0.10
Runoff (in) 1.29 | 1.86 2.55 3.08 3.45 4.00

Unit Peak Discharge 0.645 |0.663 |0.673 (0.673 (0.673 |0.673
(cfs/acre/in)

Pond and Swamp Factor| 1.00 1.00 1.00 1.00 1.00 1.00
0.0% Ponds Used

Peak Discharge (cfs) 33 49 68 82 92 107

* - Value(s) provided from TR-55 system routines



TR-55 Tc and 7t THRJ SUBAREA COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME Statez NY Checked: Date: 11229
Subtitle: SEDIMENT BASIN
-
Flow Type 2 year Length 8lope Surface n Area Wp Velocity Time
rain (ft) (£t/ft) code (sq/ft) (ft) (ft/sec) (hr) ws
Sheet 2.8 300 .25 I 0.584
Shallow Concent’d 1210 .25 U 0.042
Open Channel 430 1.2 0.100
Time of Concentration = 0.73%
————— -
—-- Sheet Flow Surface Codes ---
A Smooth Surface F Gragss, Dense ~-~ Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda -—- Surface Codes - -
C Cultivated < 20 % Res. H Woods, Light P Paved
D Cultivated > 20 % Res. I Woods, Dense U Unpaved
E Grass-Range, Short
* - Generated for use by GRAPHIC method -
-
-
-
-
L
-
-
-
-
-
L]



TR~-55 CURVE NUMBER COMPUTATION VERSION 1.11

Project : COLESVILLE LANDFILL User: KPH Date: 01-14-93
County : BROOME State: NY Checked: 'Pi.hf Date: ]‘n [
Subtitle: SEDIMENT BASIN

Hydrologic Soil Group
COVER DESCRIPTION A B C D
Acres (CN)
FULLY DEVELOPED URBAN AREAS (Veg Estab.)
Open space (Lawns,parks etc.)
Poor condition; grass cover < 50% - - - 16.6(89)
Good condition; grass cover > 75% - - - 11.6(80)

OTHER AGRICULTURAL LANDS

Woods fair - - - 11.5(79)
Total Area (by Hydrologic Soil Group) 39.7
TOTAL DRAINAGE AREA: 39.7 Acres WEIGHTED CURVE NUMBER:83%*

* - Generated for use by GRAPHIC method
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HYDRAULIC DESIGN OF STILLING BASINS AND ENERGY DISSIPATORS
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Frauns 7.—Length of jump in terms of Dy (Bosin D).

the Federal Institute of Technology, Zurich,
Switzerland, on a flume 0.6 of a meter wide and
7 meters long. The curve numbers are the same
as the reference numbers in the ‘‘Bibliography"
which refer to the work.

As can be observed from Figure 7, the test re-
sults from Flumes B, C, D, E, and F plot suffi-
ciently well to establish a single curve. The five
points from Flume A, denoted by squares, sppear
somewhat erratic and plot to the right of the
general curve. Henceforth, reference to Figure 7
will concern only the recommended curve, which
is considered applicable for general use.

Energy Absorption in Jump

With the experimental iniormation available,
the energy absorbed in the jump may be com-
puted. Columns 14 through 18, Table 1, list the

computations, and the symbols may be defined by
consulting the specific energy diagram in Figure 4.
Column 14 lists the total energy, E,, entering the
jump at Section 1 for each test. This is simply
the depth of flow, D,, plus the velocity head
computed at the point of measurement. The
energy leaving the jump, which is the depth of
flow plus the velocity head at Section 2, is tabu-
lated in Column 15. The differences in the
values of Columns 14 and 15 constitute the loss
of energy, in feet of water, attributed to the
conversion, Column 16. Column 18 lists the
percentage of energy lost in the jump, E,, to the
total energy entering the jump, E,. This per-
centage is plotted with respect to the Froude
number and is shown as the curve to the left on
Figure 8. For a Froude number of 2.0, which
would correspond to a relatively thick jet entering
the jump at low velocity, the curve shows the
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Table B.3 (cont'd)
Approximated K Values for Some Representative Soils -:n

Construction Sites in New York
Depositional Unit, Erodibility Class & K Values
Family Textural Class K Values™*
and Representative Series Horizon! Ingnx.:z Class Range Lo
1. Glacial Till (cond’t)
Cazenovia A sil High 037-0.49 043
Bt sicl High 037-0.49 0.43
C gsi Medium 024032 028
Nunda Ap ch sl High 037-049 043
B2 ch ail High 037-0.49 049
B2t gcl Medium 024032 028
c g Medium 0.24-032 028
FINE _
Hornell A sil Medium 0.24-032 028
B sic High 037049 043
o sh gic Medium 024032 028
R Shale bedrock 20 to 40" below surface.
Remsen A sic| High 0.37-0.49 043
Bt c Medium 0.24-0.32 0.28
C c High 037049 043
Churchville A sil High 0.37-0.49 043
Bt sic Medium 0.24-0.32 0.28
oc g Medium 0.24-032 028
COARSE LOAMY, NO PAN
Chariton A fsl Low 0.10-0.20 017
B fil High 037-0.49 043
o gl Medium 0.24-032 028
Nellis A 1 Medium 0.24-032 028
B 1 High 0.37-0.49 0.43
C g Medium 0.24-032 028
Pittsfield A | Medium 024032 028
B giil Low 0.10-0.20 0.17
C gl High 0.37-0.49 0.43
COARSE LOAMY/SANDY or SANDY SKELETAL,
Canton A fsl Medium 024-0.32 028
B fsl Very High 0.55-0.78 0.64
i (o vels Low 0.10-0.20 017
COARSE SILTY w/PAN
Canaseraga A sil High 037049 0.43
B A sil Very High 055-0.78 0.46
IBx& C ch High - 037-0.49 0.43
New York Guidelines for Urban |Page BS October 1991 - Third Printing
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Table B.4
Slope-Effect Table

(z99L0° = %€S° + 9L°) X T A = (ST)

C°61 | £€°E1 | 8°01 | 1°6 y°L | 8°€ vy | vrte | 1z | €01 L0 0001

I°92 | s*41 | 6°11 | 976 1°8 L°9 | 1°S 6°t 8°C | 6°1 | Z°1 9° 008

6°0Z | 1°cl | €°01 | €°8 0°L L°6 | S°Y vt $°t | L°1jo°t s* 009

T°sT | 1°61 | B°ET | ¥°6 9°L Y9 TS | 1y 1°¢ Tt | s°1] 6 1 00¢$

9°2¢ | 1LV | 21 | ¥°8 0°9 0°s L°y | 9°¢ 8°t 0°Z | ¥°1 | 8° v 00Y

6°9T | S°61 | 8°91 | L°O1 ] €°L 6°S 0°¢ 0°y | T°¢ L A L*v e oL v* (11]

%°0T | 6°S1 | 1°21 | L°8 6°S 0°¢ 0°y €°c | 9°¢t 0°¢ y*1rjotyto € 00z

8°1Z( »°w1 | €°11 | 6°8 °9 LA S°t 8°C £€°z | 8°1 LAl ot | ¢ 9° [ 001
6°91] 11 | L8 9°9 8y £°t L'z (A4 g°1 | %1 11 8° 1 £ A 09
yegtf 701 | 0°8 0°9 vy 0°¢ L A4 0°t L°r] e 01 L 1 € [ 0s
8°tl| 16 1°¢ VALY 6°¢t L°c °t 8°1 st et o._ 9° " £ [ oY
6°71 m.o L9 1°s L°E §°2 |/ L1 LAR N R | 8° 9° A A 1° 117
9°wyl6°11| 6°L 1°9 Ly v°E 14 6°1 9°1 €1 | 0°1 8° 15 LA A 1 0t
Lrovl60l} 2°¢ 9°¢ £y 't 1°2 L LA A B I N L 1% € [N 1 11
ve9t]L*6 | ¥°9 0°$ 8°t 8°¢ 6°1 9°1 €°1 S°T | 8" 9* 9° € ez [ 0z
soi1e)v-8 .w.m vy £°t vz 9°1 %1 11 6° L 1 LA £ [ 1 Sl
ﬂhmm m“mW 9°% 9t L°c 0°¢ €1 [} 6° L 9° y* £ [ | 1° o1

001 | 0% g oY 111 ot 1Y ot 81 91 vl (4! o1 8 9 / 4 (D

38834 Uy
(s)adois g 438u9] edogys
aniep §1
2 3 5 5 3 | 3 | | s B

New York Guidelines for Urban

Page B.13

October 1991 - Third Printing

Erosion and Sediment Control

Section 11



Table B.3 (cont'd)

Approximated K Values for Some Representative Solis on -
Construction Sites in New York
-
Depositional Unit, Erodibility Class & K Values
Family Textural Class K Values®*
and Representative Series Hprizon' Texture? Class Range Norm_ -
1. Glacial Till (cond’t)
LOAMY SKELETAL -
Manlius A sh Medium 024-032 028
B vsh sil Low 0.10-020 017 -
C fract'd Low 0.10-020 0.17
shales w/ silty fines
R Shale bedrock 20 to 40° below surface. -
FINE LOAMY w/PAN
Volusia A chsil Low 0.10-020 0.17
Bx chsil High 037-0.49 0.43 -
C vchl Medium 024-032 028
FINE LOAMY, NO PAN
Kendaia A sil Medium 024-032 028 -
B gsil Medium 0.24-032 0.28
C g Medium 024-032 028
IL Giacial Qutwash and Water Woaked Morsinic Deposits -
SANDY SKELETAL
Hinckley A Is Low 0.10-0.20 017
B gls Low 010020 017 -
C Ve Low 0.10-0.20 017
SANDY - _ -
Colonie A Ifs Medium 024-032 028
B fs Low 0.10-020 017
C fs Low 0.10-0.20 017 -
LOAMY SKELETAL .
Chenango A gl Low 0.10-020 017
B vl Low 0.10-020 017 -
C gls Low 0.10-0.20 0.17
FINE LOAMY/SANDY or SANDY SKELETAL
Palmyra A gl Low 0.10-0.20 0.17 -
] gl Medium 024-032 028
MC g&s Low 0.10-0.20 0.17
LOAMY SKELETAL/CLAYEY -
Varysburg A gl Low 0.10-0.20 0.17
B2t val Low 0.10-0.20 0.17 -
B2t sic Medum 0.24-032 028
i (o layered High 037-0.49 043
sic,sil sicl -
October 1991 - Third Printing o Page B9 New York Guidelines for Urban o
Erosion and Sediment Control
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GRAIN

(f

IZE DISTRIBUTION TEST REPORT
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— 14200
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PERCENT FINER

30
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20— T T \
10 |l
oL TR | HIE !

200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm

T

5. #/%+75m % GRAVEL X SAND % SILT %X CLAY
® 0.0 0.0 44 2 853.2 2.6

LL PI | Das Dgo Oso Dag D45 D4g Ce Cy
° 0.14 0.08 0.07 [ 0.044 [0.0272 |0.0207 | 1.18 3.9

_—

——

MATERIAL DESCRIPTIGN ASTM BUFIMISTER?- AASHTO
@ BROWN ML
Sandy silt

A-=4 (Q)

Praject Na.: 02260.HG Date: 3-27-392 Performed by: D.L.
Praject: COLESVILLE LF Entered by: J.R.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: PW-1 S-4 6-8' Sample No.: Remarks:

MOISTURE CONTENT= 22 . 0%

WEHRAN ENGINEERING Figure No.




5

Silty gravel with sand

GRAIN SIZE DISTRIBUTION TEST REPORT
| Y
= £ £33 S w vo o o o Q ? 8
100 _e Hmw.'.i:; 3 S S | s 8
50 |t —\- —
80
70 f
o : z
] - z
Z 60 : —t
Z 50 ? :
m e ;
Q : !
W 40 e |1
CIERE
30 : Zu \J a1k
2 I N
T
10 : : ST
ol i —L —LL AN E 'Hfh“ T—
200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm
#]%+75 na % GRAVEL " % SAND % SILT % CLAY
° 0.0 45 .6 3B.9 11.2 4.3
LL PI Das Ogo Eﬂso D3ap D45 Dy0 Ce Cu
° 14.20 | 5.75 | 3.98 | 0.569 |0.0653 |0.0275| 2.04 | 208.9
= — ==
MATERIAL DESCRIPTION ASTM | BURMISTER | AASHTO
e BROWN ' GM A-1-p

Project:
Client:
® sample:

Project No.:
CCLESVILLE LF
BROOME COUNTY

02260 .HG

PW-1 S-10 18-20'

———

—
Date: 3-27-92

Sample Na.:

WEHRAN ENGINEERING

Figure No.

Performed by: D.L.
Entered by: J.R.
Checked by: R.S.A.
Remarks:
MOISTURE CONTENT=7 9%




GRAIN SI N TEST REPORT
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c e e N C© o o
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1 ~ N - - o - Vo] -
100 o M O = e m = m - » » - L]
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—1
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p—
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70

SO fe \

40

PERCENT FINER

30

20

10

o L MELLE L E UL IR M.,
200 1Q0 10.0 1.0 0.1 0.014 0.001
GRAIN SIZE - mm

B, #lx+75am % GRAVEL % SAND % SILT % CLAY
o 0.0 0.0 86.7 11.7 1.6

LL PI Das Og0 Dso Dap D45 Di0 Ce Cy
° 0.51 0.38 0.30 [ 0.201 [0.0868 |0.0587 | 1.93 6.1

MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
e DARK BROWN SM A-2-4 (0)
Silty sand

pm—.

Project No.: 02260.HG Date: 3-27-92 Performed by: D.L.
Project: COLESVILLE LF Entered by: J.R.
Client: BROOME COUNTY Checked by: R.S.A.

® Sample: Pw-2 S$-3 7-9° Sample No.: Remarks:

MOISTURE CONTENT= 20 . 3%

WEHRAN ENGINEEHING Figure No.

—_— —— —  ———— — — |
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GRAIN SIZE DQISTRIBUTION TEST REPORT
f. S s ¢
= SS7free . 2 g g8 I8
100 = 2 > -~ — = i-w——-‘—-&——‘-\‘uf
90 : Al
: : Lk \
70 T N
[ndg : : .
2 | N\
= 60 :
- L N :
Ssol [EIELTE
w . : : s )
2 : S Sk
w 40 ;
o N
30 L
20 i
E
10 :
200 100 10.0 1.0 0.1 0.01 0.001
SRAIN SIZE - mm
S. #|%+7Smm % GRAVEL " % SAND % SILT % CLAY
* 0.0 0.0 17 .3 81.0 1.7
LL PI Ogs Oso ' Osg EY) D15 D40 Ce Cy
° 0.08 ¢.04 0.031 [0.0180 [0.0131 | 1.43 3.9
MATERIAL DESCAIPTION ASTM | BURMISTER | AASHTO
e BROWN ’ ML A-4 (0)
Silt with sand

Date: 3-27-92

Praoject No.: 02260.HG
Pr~ject: COLESVILLE LF
Client: BROOME COUNTY

® Sample: PW-2 S-10 18-20° Sample No.:

Performed by: D.L.
Entered by: J.R.

Checked by: R.S.A.
Remarks:

MOISTURE CONTENT = 21 5%

TINEERINE

WEHRAN ENG

,==ﬂ;

Figure No.




DISTRIBUTION TEST REPORT

30

c
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. ~N ) - e

[ e &N € o o

- S e em e w WO o o o Q « O

1 NN N - - I} < @ - &

100 ") M = - - m » » » - » - »

.80

60

S0

so WL TN

PERCENT FINER

10

200 100 10.0 1.0

0.1 0.01 0.001

GRAIN SIZE - mm

#|X+75 on % GRAVEL X _SAND

% SILT X CLAY

45 .7 40.8

B.2 5.3

LL PI Dgs Dso Dsg B30

045 D4o Ce Cy

® 11.18 5.83 3.95 1.194

0.1052 |0.0481 | 5.00 123.3

MATERIAL DESCRIPTION

ASTM | BURMISTER AASHTD

o DBROWN
Silty gravel with sand

GM A-1-a

Date: 3-27-92

Praoject No.: 02260.HG
Project: COLESVILLE LF
Client: BROOME COUNTY

® Sample: PwW-3 $-3 4-6° Sample No.:

Performed by: O.L.
Entered by: J.R.
Checked by: R.S.A.
Remarks:

MOISTURE CONTENT = 5 2%

WEHRAN ENGINEEFING

Figure No.




L]

GRAIN SIZE DISTRIBUTION TEST

REPORT

Silt with sang

[
-
1 ~ ~ N - - N s [7.3 -
iOO 7. (2] N o - -"ﬂ » Y ™ - b S » W
: — 2t _ : 4
! : i~. ,
: i f |
30 : — !
| |
80 : 1
a
70 — _—
o ; 1
2 : |
%60 1
Z 50 | ;
W : L
e |
w 40 — — |
30 —
5T§
20 ;
10 :
I
k
o : A . Mk | ‘ | T
200 100 10.0 1.0 0.1 0.04 0.001
GRAIN SIZE - mm
S. #|%+7Saal % GRAVEL " % SAND X SILT % CLAY |
) 0.0 0.0 27 .3 66.8 5.9
LL PI Des Deo Dso Dag D4s D40 Ce Cy
o 0.10 0/05 | 0.028 |0.0130 [0.0092 | 1.52 5.3
MATERIAL DESCRIPTION ASTM | BURMISTER | AASHTO
e BROWN ‘ ML A=4 (0)

Project:
Client:
® Sample:

Project No.:

02260 .HG

COLESVILLE LF

BROOME COUNTY

PW-3 S-9 16-18°

Date: 3-27-92

Sample No.:

WEHAAN ENGINEERING

¢=

Figure Nao.

Performed by: D.L.
Entered by: J.R.
Checked by: R.S.A.
Remarks:
MOISTURE CONTENT = 21 9%




1TT
GRAIN SIZE DISTRIBUTICON TEST REPORT
S o
. V) . - - -
S S SFfiyee . 2 g2 g g Y8
100 a m o~ - @ = A a -1- P4 2 - 2 -
90 | ; l i ‘ i l
| N | |
80 | : : ) |
70 ‘ | :
[aeg : -
- 89 — :
Z 50 5
w :
2 3
w 40 ;
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30
g N
20 : Hk
10 : \
: E
200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm
S. #|/%+75mm % GRAVEL X SAND % SILT % CLAY
° 0.0 0.0 4.2 74.9 23.9
LL PI Das Dso Dso Dap 045 D40 Ce Cy
° 0.02 0.009 |0.0018
MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
e BROWN ML A-4(0)
Silt
Praject No.: 02260.HG Date: 3-27-92 Performed by: D.L.
Project: COLESVILLE LF Entered by: J.R.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: PwW-3 S-~17B 32-34’ Sample No.: Remarks:
MOISTURE CONTENT = 22 0%
WEHRAN ENGINEERING Figure No.
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1/2 1n.

3/8 in.

DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm

0.01 0.001

S. #|%+75ea % GRAVEL

% SAND

% SILT X CLAY

o 0.0 0

.0

"50.4

47 .3 2.3

LL PL

Das

Dso

Dso Dag D4s D40 Ce Cy

° Q.18

0.09

0.0" [ 0.052 |0.0335 |0.025¢ | 1.21 3.5

_

b ———
e ———e——————

MATERIAL DESCRIPTION

ASTM | BURMISTER AASHTO

o BROWN
Silty sana

—
—

orve———

——

SM A-4 (Q)

Project No.: 02260.HG

Client: BROOME COUNTY

Project: COLESVILLE LF

® Sample: PW-4 S-3 10-12°

o

Date: 3-27-g92

Samplg No.:

Performed by: D.L.
Entered by: J.R.

Checked by: R.S.A.
Remarks:

MOISTURE CONTENT = 13.7%

Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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T

0 L : I : : : : 111
200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm

5. #/X+75m X _GRAVEL % SAND % SILT %X CLAY
® 0.0 0.0 : 33.9 61.8 4.3

LL PI Das Deo Dso -Dag D45 D4g Ce Cy
° 0.10 0.06 | 0.039 |[0.0251[|0.0170| 1.386 3.9

_—

—.

MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO

e BROWN _ MU A-4 (0)
Sandy silt

— —_— —
Praject No.: 02260.HG Date: 3-27-92 Performed by: D.L.
Project: COLESVILLE LF Entered by: J.R.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: Pw-4 S-9 22-24° Sample No.: Remarks:

MOISTURE CONTENT = 20 . 3%

WEHRAN ENSINEEHING Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT

s ,
c ¢ ¢
B . ~Q=« -t - o o
s £ £2 S e wo » o o o v~ 9
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PERCENT FINER
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20 | % d_? %

200 1Q0 10.0 1.0 0.1 0.0t 0.001
GRAIN SIZE - mm

S. #{%+7Sma % GRAVEL X SAND % SILT X CLAY
. 0.0 69.6 ~ 21.2 5.4 2.8

LL PI Das Dso | Dso Dag D45 D40 Ce Cy
° 28.77 | 18.07 | 14.35 | 4.592 |0.5212 |0.0895 | 13.03 | 201.8

— fne —

MATERIAL DESCZRIPTI(N ASTM | BURMISTER AASHTO
@ BROWN WITH DARK GRAY GRAVEL ' GP-GM A-1-2a
Poorly graded gravel with silt ancd sand

—

Project No.: 02260.HG Date: 3-27-92 Performed by: D.L.
Praject: COLESVILLE LF Entered by: J.R.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: Pw-5 S§-2 5-7° Sample No.: Remarks:

MOISTURE CONTENT = §.BX

WEHFAN ENGINEERING Figure No.

m




GRAIN SIZE

DISTRIBUTION TEST REPORT
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200 100 10.0 1.0 0.1 0.01 0.001
GARAIN SIZE - mm
5. #|%+75m % GRAVEL X SAND % SILT % CLAY
® 0.0 0.0 0.7 go0.8 8.5
LL PI Das Dgo Dsg Dag D45 D40 Ce Cy
® 0.04 | 0.025 [0.0129 |0.0093 | 1.47 4.9
I -l N D S
MATERIAL DESCRIPTION ASTM | BURMISTER | AASHTO
@ GRAYISH BROWN ML A-4 (0)

Silt

Project No.: 02260.HG
Project: COLESVILLE LF
Client: BROOME COUNTY

® sample: PW-5 S-11 23-25°

e

Date: 3-27-92 Performed by: D.L.
Entered by: D.L.
Checked by: R.S.A.
Sample No.: Remarks:

MOISTURE CONTENT= 22 . 1%

Figure No.




|

GRAIN SIZE DISTRIBUTION TEST REPORT
Y
c e e ¥ g7 o= e a
S £S5 Syye . 2 g g3 P28
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200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm
5. #|%+75= % GRAVEL " % SAND % SILT % CLAY
° 0.0 0.0 5.8 76.4 17 .8
|
|
LL PI Des Ceo | Dso Dao Dss D1o Ce Cy
° .02 [0.011 [0.0033]0.0045| 3.01 19.1
—l—— — - — —
MATERIAL DESCRIPTION ASTM | BURMISTER | AASHTO
e BROWN " ML A=4 (0)
Silt
— —
Praject No.: 02260.HG Dete: 3-27-92 Perfarmed by: D.L.
Project: COLESVILLE LF Entered by: D.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: PwW-5 S-15 31-33° Sample No.: Remarks:
: MOISTURE CONTENT= 23.3%
-
MEHRAN ENGINEERING Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
. e g g
£ g £ & N - o o o o e 8
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Q0 : f 1 !
z
80 : :
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= 80 ; i
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2 -
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t 1N
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—
200 100 10.0 1.0 0.1 0.04 0.001
GRAIN SIZE - mm
5. #|%+75umml % GRAVEL % SAND %X SILT % CLAY
® 0.0 0.0 59.6 22 .3 11.1
LL PI Dags Og0 D50 D3g D45 D40 Ce Cy
) 0.17 0.11 0.098 0.043 |0.011410.0035 4 .66 32.5
1 MATERIAL DESCRIPTION ASTM | BURMISTER | AASHTO
e BROWN SM A-4 (Q)
8ilty sand
Project No.: 02260.H6 Date: 3-27-92 Performed by: D.L.
Project: COLESVILLE LF Entered by: D.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample; PW-6 5-12 34-36° Sample No.: Remarks:
MOISTURE CONTENT= 10.2%
WEHRAN ENSINEERING Figure No.
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o L : P ok : : E 11 i
200 100 10.0 ..0 0.1 0.01 0.001
GRAIN SIZE - mm
S. #|%+7Ssal % GRAVEL % SAND X SILT % CLAY
® 0.0 0.0 42 .2 47 .8 10.0
LL PI Das ) Wso | Dag Dss Dyp Ce Cy
° 0.12 0.08 0.96 [ 0.037 [0.0134 [0.0049 | 3.62 15.9
L
= ﬁ'l__— —F
MATERIAL DESCRIPTION ASTM | BUAMISTER | AASHTO
e BROWN ' ML ‘A-4 (0)
Gravelly silt
e ——y
Praject No.: 02260.HG Datg: 3-27-92 Performed by: D.L.
Project: COLESVILLE LF Entered by: D.L.
Client: BROOME COUNTY ) Checked by: R.S.A.
® Sample: PwW-6 S-29 68-70° Sample No.: Remarks:
MOISTURE CONTENT= 16 0%
MEHAAN ENGINEERING Figure No.
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GRAIN SIZE DISTRIBUTION TEEST REPORT
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200 1Q0 10.0 1.0 0.1 0.04 0.001
GRAIN SIZE - mm
5. #|%+75ml % GRAVEL % SAND % SILT % CLAY
() 0.0 0.0 53.3 35.7 11.0
LL PI Das Dao Dso Dag D45 D40 Ce Cy
) 0.15 0.10 0.08 0.040 {0.01111]0.0025 | 6.92 38.9
MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
e BROWN SM A=4 (0)
Silty sandg
———
Project No.: 02260.HG Date: 3-27-92 Performed by: D.L.
Project: COLESVILLE LF ‘ Entered by: D.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: PW-6 S-33 76-78° Sample No.: Remanrks:
MOISTURE CONTENT= 17 . 5X
MEHRAN ENSINEERING Figure NO.




T

GRAIN SIZE DISTRIBUTION TEST REPQORT W -
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200 100 10.0 1.0 0.1 0.01 0.001
GRLIN SIZE - mm
. -
#| %+7Sem| % GRAVEL % SAND % SILT % CLAY
Y 0.0 53.5 '33.9 8.6 4.0
-
LL PI Das Ogo Dsjo Dag D45 D4p Ce Cy -
Y 20 .80 9 .28 5.8;4 1.704 |0.1764 |0.0459 6.84 201 .8
-
———— —— — — — R I EBESSSSEm.,
MATERIAL DESCRIFTION ASTM | BURMISTER AASHTO
e LIGHT BROWN - GM A-1-a -
Silty gravel with sand
-
Prgject No.: 02260.HE Date: 3-27-92 Performed by: D.L. -
Project: COLESVILLE LF Entered by: D.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: Pw-7 S-3 10-12° Sample No.: Remarks:
MOISTURE CONTENT= 1.6X -
MEHAAN ENGINEENING Figure NoO.
-
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4 GRAIN SIZE DISTRIBUTION TEST REPORT
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200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE -~ mm
E. #|%+75usl % GRAVEL % SAND X SILT X CLAY
® 0.0 0.0 77 .8 15.6 6.9
LL PI Das Dgo Dso Dap 045 Dso Ce Cy
) 0.50 Q.32 Q.27 0.156 10.0234 |0.0118 6.37 27 .3
MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
e BROWN SM A-2-4 {0)
Silty sand
Project No.: 02260.HB Date: 3-27-92 Performeg by: D.L.
Project: COLESVILLE LF Entered by: D.L.
Client: BROOME COUNTY » Checked by: R.S.A.
® Sample: PW-7 S-7B 23-24° Sample No.: Remarks:

“ WEHRAN ENGINEERING Figure No.

MOISTURE CONTENT= 7 3X
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GRAIN SIZE DISTRIBUTION TEST REPORT
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200 100 10.0 1.0 0.1 0.014 0.001
GHAIN SIZE - mm
5. #|X%+75se X GRAVEL _% SAND % SILT % CLAY
° 0.0 0.0 ' B0.2 37.3 2.5
¥
LL PI Dgs Dsg [so Dap Dss Dyo Cc Cy
® 0.17 0.11% 0.78 [ 0.056 [0.0321[0.0244 | 1.21 4.4
'
— —; — —
MATERIAL DESCRIPTION ASTM BUHMISTﬁ AASHTO
e BROWN ' SM ‘A=4 (0)
Silty sand
T ——
Project No.: 02260.HG Date: 3-27-892 Performea by: D.L.
Project: COLESVILLE LF Entered by: O.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: PW-7 S-20 48-50' Sample No.: Remarks:
MOISTURE CONTENT= 20 8%
¥
” WEHAAN ENGINEEHRING Figure No.
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GRAIN SIZE DISTRIBUTION TEST REPORT
.. .m .5 EE |
] £ 82 S e vo - o ° o o e 8
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200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm
E. #{%+75ml % GRAVEL % SAND % SILT % CLAY
) 0.0 0.0 40.3 57.3 2.4
Ll PI Das Ogo Dso D3p D4s D4g Ce Cy
[ ] 0.12 0.06 0.037 |0.0246 |0.0147 | 1.25 5.0
l L — S _—
MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
o BROWN ML A-4 (0)
Sandy silt
o w
Project No.: 02260.HE Date: 3-27-92 Perfarmed by: DO.L.
Project: COLESVILLE LF Entered by: D.L.
Client: BROOME COUNTY Checked by: R.S.A.
® sample: PW-7 S-28 B4-66' Sample No.: Remarks:
MOISTURE CONTENT= 21 . 7%
WEHRAN ENGINEERING Figure No.
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MATERIAL DESCRIRT

ION

ASTM

——

BURMISTER

—

AASHTO

e Light Gray .
Silty sand with gravel

Praject:

® Sample:

Project No.:

— o —

02260 H6
COLESVILLE LANDFILL

Client: BROOME COUNTY

Pw-8 S-4 15-17°

y—

SM

A=-2-4 (0)

Date; 3-30-

Sambye No.:

92

S5-4

=

| WEHAAN ENSINEEHMING

Performed by: D.L.
Entered by: K.H.
Checked by: R.S5.A.
Remarks:
MOISTURE CONTENT = 3 1%

Figure No.




GRATN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm

0.001

. | X+T7Seel % GRAVEL % SAND % SILT % CLAY
®E-11]| 0.0 0.0 78 .7 16.9 4.4

L PI Ogs ) Dso Bap D45 D4o Ce Cy
. 0.35 0.286 0.22 | 0.147 |0.0448 [0.0191 | 4.40 13 .4

e—. —

MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
A-2-4 (D)

@ Dark Brown SM
Silty sandg

Project No.: 02260 HG Date: 3-30-92 Performed by: OD.L.
Project: COLESVILLE LANDFILL Entered by: K.H.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: Pw-8 S-11 32-34° Sample No.: S-t1 Remarks:

MOISTURE CONTENT = 10.0X

ll WEHRAN ENGINEERING Figure No.
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GRAIN SIZE - mm
5. #|%+7Sasl % GRAVEL X SAND % SILT % CLAY
i
eS-28| 0.0 0.0 45 .9 51.0 3.1
LL PL Dgs Dso. Diso Bap D45 B1p Ce Cy
. 0.16 0.09 0.7 [ 0.038 [0.0194 [0.0127 | 1.35 6.8
b
:
MATERIAL DESCRIPTION ASTM | BURMISTER AA&O
e Brown ML A=-4 (Q)
Sandy silt
e ——— —_— =
Praject No.: 02260 HG Date: 3-30-92 Performed by: D.L.
Project: COLESVILLE LANOFILL Entereda by: K.H.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: Pw-8 S-28 56-68° Sampjle No.: S-28 Remarks:
MOISTURE CONTENT = 20.9%
ﬁ .
WEHRAN ENGINEEHING Figure No.
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200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE ~ mm
5. #/X+75m % GRAVEL % SAND % SILT % CLAY
®]|S-4 0.0 45 .8 3g.2 g.9 5.4
LL PI Dags Dgo Dsq Dap D15 Dip Ce Cy
) 25.94 6.07 3.88 1.148 |0.0689 |0.0223 9.23 272.3
|| S —
MATERIAL DESCRIPTIGN ASTM | BURMISTER AASHTO
e Lignt Gray GM A-1-a
Silty gravel with sand
Project No.: 02260 HG Date: 3-30-92 Performed by: D.L.
Project: COLESVILLE LANDFILL Entered by: K.H.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: PW-9 S-4 15-17° Sample No.: S-4 Remarks:
MOISTURE CONTENT = 3.7%
MEHRAN ENGINEERING Figure No.
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Project: COLESVILLE LANDFILL
Client: BROOME COUNTY
® sample: PwW-9 S-7 24-2B°

Sample No.: S-7

Checked by:
Remarks:

MEHAAN ENSINEEAING

Figure No.
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200 100 10.0 L.O 0.1 Q.01 0.0014
GFAIN SIZE - mm
5. #][%+75ml % GRAVEL _% SAND % SILT % CLAY
®|S-71) 0.0 18.8 B5.8 10 .9 4.4
LL PI Des Dsg Bso D30 Dss Dso Ce Cy
° 7 .00 1.83 1.30 0.507 [0.0716 |0.0339 | 3.94 56.9
MATERIAL DESCRIPTION ASTM [ BURMISTER AASHTO
e Brown _ SM A-1-0
Silty sand with gravel
e — e . -
Project No.: 02260 HG Date: 3-30-92

Perfarmed by: D.L.
Entered by: K.H.
A.S.A.

MOISTURE CONTENT = 6. 5%




GRAIN SIZE DISTRIBUTION TEST REPORT
e L is
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200 100 10.0 1.0 0.4 0.01 0.001
GRAIN SIZE -~ mm
5. #/%+75m % GRAVEL % SAND % SILT % CLAY
eE~17! 0.0 0.0 B56.6 25.4 8.0
LL PI Das Oso0 Ds0 Dag D15 D40 Ce Cy
[ 0.30 0.19 Q.16 0.060 |0.0138 |0.0068 2.6% 28 .0
T MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
e Brown SM A-2-4 (0)
Silty sanag
T — — ‘m—ﬁ —
Project No.: 02260 HG Date: 3-30-92 Performed by: D.L.
Project: COLESVILLE LANDFILL : Entered by: K.H.
Client: BROOME COUNTY Checked by: RA.S.A.
® Sample: PW-9 S-17 44-46' Sample No.: S-17 Remarks:
MOISTURE CONTENT = 14.0%
WEHRAN ENEINEERING Figure No.
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200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm
E. #[%+75s % GRAVEL % SAND % SILT % CLAY
es5-32( 0.0 0.0 27.6 65.4 7.0
LL PL Des Dsg Bso Dao D1s Do Ce Cu
° 0.11 0.¢04 | 0.020 [0.0104 [0.0074 | 4.10 6.6
MATERIAL DESCRIPTION ASTM | BURMISTER | AASHTO
@ Brown ML A-4 (Q)
Silt with sand
——. ———
Praject Na.: 02260 HG Date: 3-30-92 Performed by: D.L.
Project: COLESVILLE LANDFILL Entered Dy: K.H.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: PwW-9 S-32 74-76° Sample No.: S-32 Remarks:
MOISTURE CONTENT = 19 5%
WEHAAN ENGINEEFING Figure No.




Project: COLESVILLE LANDFILL
Client: BROOME COUNTY
® Sample: PW-10 S-5 20-22°

sample No.: S-5

GRAIN SIZE DISTRIBUTION TEST REPORT
c
. L oLw S £5
£ £ £33 sS4 e
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200 100 10.0 1.0 0.1 0.0t 0.001
GRAIN SIZE - mm
¥ %+75ml % GRAVEL % SAND X SILT % CLAY
®|S-5] 0.0 32.3 35.8 22 .8 9.1
LL PL Dgs Oso Oso Dap Dys Do Ce Cy
* 11.75 | 2.48 1.11 [ 0.082 |0.0111 |0.0058| 0.27 | 431.5
B B I |
MATERIAL DESCRIPTION ASTM | BURMISTER | AASHTO
e Yellowisn Brown SM A=-2-4 (0)
Silty sand with gravel
Project No.: 02260 HB Date: 3-30-g2

Performed by: D.L.
Entered by: K.H.
Checked by: R.S.A.
Remarks:

MOISTURE CONTENT = §.5%

WEHRAN ENGINEEHING

Figure No.




T

100

30

80

70

80

850

40

PERCENT FINER

30

20

10

¢

200

GRAIN SI1

in.
in.
2 in.

-
-»

o
-

13

“]1-1/2 In

M ERLE
~13/4 in
‘1172 in

3™——13/8 in

\

—~J #20

- 440

60

7E DISTRIBUTION TEST

~ 49140
4 9200

REPORT

100

10.

1.0

0.4

GR@IN SIZE - mm

.01

0.001

#

%+75 aal

%X GRAVEL

X

SAND

%X SILT

X

CLAY

5118

0.0

0.0

s

18.9

74.7

6.8

LL

PI

Das

Dso

D$°

O03p

D45

-

D40

0.08

o.o?

0.025

0.0120

0.0080

i1.42

———

—

MATERIAL DESCRIRTION

ASTM

—

BURMISTER

AASHTO

Silt

e Brawn

with sanad

Praject No.: 02260 HG

Project: COLESVILLE LANDFILL
Client: BFOOME COUNTY
® Sample: Pw-10 S-11B 42-43°

Date:

3-30-92

s——

ML

A=4 (Q)

Samp e No.: S11B

“ WS AN ENGINEERING Figure No.

Perfaormed by: D.L.
Entered by: K.H.

Checked by: R.S.A.
Remanrks:
MOISTURE CONTENT = 17 7%
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MATERIAL DESCRIPTION

ASTM

BURMISTER

v——

AASHTO

e Brawn
Silty sand

Project Na.:

02260 HG
Project: COLESVILLE LANOFILL
Client: BROOME COUNTY
® Sample: Pw-10 S-24 67-69°

Date:

3-30-92

Sample No.:

5-24

SM A-2~-4 (D)

Pertormed by: DO.L.
Entered by: K.H.
Checked by: AR.S.A.
Remarks:

MOISTURE CONTENT = 7.0%

WEHRAN ENGINEEHING

Figure No.
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GF/AIN SIZE - mm

0.1 0.01 0.

S. #|%+75mal X GRAVEL _% SAND

X SILT X CLAY

] 0.0 0.0 28.5

60.8 10.7

LL PI Das Dai Dag

D45 D10 Ce Cy

(] 0.11 0.018

0.0083 |0.0043 | 1.75 11.7

s—

——.

ASTM | BURMISTER AASHTO

MATERIAL DESCRIPTION
e BROWN '
Silt with sand

——

ML A-4 (Q)

¢
Project No.. 02260-HG Date: 3-30-92
Project: COLESVILLE LANDFILL

Client: BROOME COUNTY

® Sample: Pw-10 S-31 81-83° Sample No.:

Performed by: D.L.
Entered by: D.L.
Checked by: R.S.A.
Remarks:

MOISTURE CONTENT= 17 BX

WEHRAN ENGINEERING

Figure No.
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GRAIN SIZE DISTRIBUTION TeEST REPORT
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200 100 10.0 1.0 0.1 0.01 0.004
GAAIN SIZE - mm
S. #|%+75m % GRAVEL % SAND % SILT % CLAY
® 0.0 45 .1 33.0 14.1 7.8
LL PI Das Deo Os0 Dap D15 Dyo Ce Cy
® 16.03 6.24 3.35 0.313 |0.0272 |0.0093 1.68 668.3
—— —
'MATERIAL DESCRIPTION ASTM | BURMISTER | AASHTO
e BROWN GM A-1-D
Silty gravel with sand
— — —— 4@
Project No.: 02260~-HG Date: 3-3u~-w=c Per formeda by: D.L.

Project: COLESVILLE LANDFILL
Client: BROOME COUNTY

® Sample: PW-11 S-5 20-22° Sample No.:

Entered by: D.L.
Checked by: R.S.A.
Remarks:

MOISTURE CONTENT= 5§ 3%

Figure No.
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GRAIN SIZE [ﬁSTﬁIBUTION TEST REPORT
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GRAIN SIZE - mm

S. #|%+75em) %X GRAVEL % SAND % SILT % CLAY
Y 0.0 0.0 T 73.4 21.0 5.6

LL PI Das g0 ‘D5g Dag D45 Dyo Ce Cy
. 0.44 | 0.26 | 0.21 | 0.096 |0.0268 |0.0110 | 3.21 | 23.6

p—

MATERIAL DESCHIPTION1 ASTM | BURMISTER AASHTO

e BROWN SM A-2-4 (0)
Silty sand

— ——
Project No.: 02260-HG Daﬁe: 3-30-92 Performed by: D.L.
Project: COLESVILLE LANDFILL Entered by: D.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: Pw-11 S-17 48-50°' Sawpple No.: Remarks:

MOISTURE CONTENT= 13 1%

MEHRAN ENGINEERING Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm

S. #|%+7Smm %X GRAVEL % SAND %X SILT % CLAY
o 0.0 - 0.0 B2.0 42 . ¢ 5.9
LL PI Das Ds0 Dso Da3p D45 D4o Ce Cy
® 0.15 0.09 0.08 0.045 |0.0234)10.01142 1.986 8.3
MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
e BROWN SM A=4 (0)
Silty sand
e
Project No.: 02250-HG Date: 3-30-92 Performed by: D.L.
Project: COLESVILLE LANDFILL Entered by: D.L.
Client: BROOME COUNTY Checked by: H.S.A.
® Sample: PW-11 S5-2B 69-71° Sample No.: Remarks:

MOISTURE CONTENT= 18 .B6X

W wian ENGINEERING Figure No.
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DISTRIBUTION TEST REPORT
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200 100 10.0 n.0 0.1 0.01 0.001
GIAAIN SIZE - mm
S. #|%+75m % GRAVEL I %X SAND X% SILT % CLAY
) 0.0 43 .5 37.2 11.9 7.4
LL PI Das Deo Pso Dag D45 D4o Ce Cy
® ' 14 .62 5.85 3.35 0.708 |0.0335 |0.01085 8.61 530.9
—_— —
MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
e BROWN _ ! GM A-1-p
Silty gravel with sand
:
Project No.: 02260-HG Date: 3-30-92 Performed by: D.L.
Project: COLESVILLE LANOFILL Entered by: D.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: PW-12 S-6 20-22° Saniple No.: Remarks:
MOISTURE CONTENT= 8 2%
WEHRAN ENGINEERING Figure No.




GRAIN SIZE DISTRIBUTION TEST REPORT
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200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE - mm
5. #/%+75eal X GRAVEL % SAND % SILT % CLAY
® 0.0 0.0 72.0 22.9 5.1
LL PI Das Dso Dso Dag D45 D40 Ce Cy
] 0.30 0.20 0.18 0.084 |0.0376 |0.0126 2.75 16.2
MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
e BROWN SM A-2-4 (0)
Silty sand
_ _
Praject Na.: 02260-HG Date: 3-30-82 Performed by: D.L.
Praject: COLESVILLE LANDFILL Entered by: D.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: PW-12 S-49 55-57° Sample No.: Remarks:
. MOISTURE CONTENT= 19 .9%
WEHRAN ENGINEERING Figure No.
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200 100 10.0 1.0 0.1 0.01% 0.001
|GRAIN SIZE - mm
S. #/%+75m %X GRAVEL ' % SAND % SILT X CLAY
) 0.0 0.0 22.1 67.9 10.0
LL PI Das beo | Dso D3ag D15 D40 Ce Cy
® 0.10 0.03 0.019 |0.0089 |0.0049 1.76 9.0
= {
MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
@ BROWN _ " ML A~4(0)
Silt with sand
H
Project No.: 02260-HG Date: 3-30-92 Per formed by: D.L.
Project: COLESVILLE LANOFILL Entered by: O.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: PwW-12 S-29 75-77° Sample No.: Remarks:
MOISTURE CONTENT= 22.4%




DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm
4] %+75 na| % GRAVEL % SAND % SILT % CLAY
® 0.0 0.8 68.4 22.0 8.8
LL PI Das Os0 Ds0 Oa3p 045 010 Ce Cy
® 0.36 0.20 0.17 0.069 |0.0146 |0.0064 | 3.67 31.3
MATERIAL DESCRIPTION ASTM | BURMISTER AASHTO
@ BROWN SM A-2-4 (0)
Silty sand
Praoject Na.: 02260-HG Date: 3-30-92 Performed by: D.L.
Project: COLESVILLE LANOFILL Entered by: D.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample; PwW-13 S-20 50-52° Sample No.: Remarks:
MOISTURE CONTENT= 17 5%
WEHRAN ENGINEERING Figure No.
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DISTRIBUTION TEST
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SRAAIN SIZE - mm
S. #|%+75mal % GRAVEL " %X SAND % SILT % CLAY
0.0 0.0 13.5 81.2 5.3
LL PI Das Deo Dso Dag D15 Dyo Ce Cy
° 0.04 | 0.029 [0.0197 [0.0127 | 1.46 3.6
— MATERIAL DESCRIPTION ASTM | BURMISTER | AASHTO
e BROWN ' ML A-4 (0)
Silt
— 7
Project No.: 02260-HG Date: 3-30-92 Performed by: D.L.
Praject: COLESVILLE LANDFILL Entered by: D.L.
Client: BROOME COUNTY Checked by: R.S.A.
® Sample: Pw-13 S-33 76-78° Sample No.: Remarks:
MOISTURE CONTENT= 24 1%
WEHRAN ENGINEERING Figure No.




APPENDIX E
PERMIT APPLICATION AND VARIANCE APPLICATION



B L VT )

DEPARTMENT OF ENVIRONMENT AL CUNSERVATION PROTECT NO. DATE RECEIVED

APPLICATION FOR VARIANCE FROM & NYCRR 360

DEPARTMENT ACTION DATE
SEE APPLICATION INSTRUCTIONS ON REVERSE SIDE *  — Aoovroves T Disapproved
; T, OWNER’S NAME . <« ADDRESS (Street, v, state, Zio odge} 3. Telephone No.
'~ Broome County ' P.O. Box 1766, Binghamton, NY 13902 (607)-778-2482
<. OPERATOR’S NAME \ 5. ADDRESS (Street, City, State, Zip Coge) 6. Telephone No.
Broome County i P.O. Box 1766, Binghamton, NY 13902 (607)-778-2482
7. ENGINEER’S NAME . !5 ADDRESS (Street, City, State, Zip Code) 9. Telepnone No.
Wehran-New York, Inc. __: 666 East Main Street, Middletown, NY 10940 (914)-343-0660

. PROJECT/FACILITY NAME

Colesville Landfill

1

—

. PROJECT STATUS 12. COUNTY IN WHICH FACILITY 1S LOCATED 13. ENVIRONMENTAL CONSERVATION REGION

XPublic () Private [ Proposed (J Existing Broome County

14.

DESCRIBE SPECIFIC LOCATION OF FACILITY

The Colesville Landfill is located on a 117-acre parcel of land owned by the County of Broome on
East Windsor Road, 150 feet east of the intersection of Dyer Flat Road.

. TYPE OF PROJECT FACILITIES: (J Composung (J Transter (] Shredding [ Baling  XJ Sanitary Landfill ] Incineration (] Pyrolysis

1 Resource Recoverv-knergy [ Resource Recovery-Materials  Other

16.

BRIEFLY DESCRIBE THE PROJECT INCLUDING THE BASIC PROCESS AND MAJOR COMPONENTS
The proposed construction includes the installation of landfill final cover over the entire 31-acre site in

accordance with 6NYCRR Part 360 Regulations. Additionally, a 17-acre borrow area will be developed to
provide final cover soils within the 117-acre parcel.

17,

SPECIFIC PROVISION OF 6 NYCRR 360 FROM WHICH A VARIANCE S REQUESTED: Section Paragrapn Vanance Request No.
- 360-2.13 | (P)oNp) |

18

. BRIEFLY DESCRIBE PROPOSED VARIANCE

The proposed gas venting layer will consist of either 6 inches of sand’ with 2 x 10~3 cm/sec permeability
or a geocorposite drain, with 12-inch collection trenches in eich alternative instead of the required

12-inch layer. The proposed alternatives have equivalent or better venting capabilities while providing
sufficient protection to the overlying flexible membrane liner.

Refer to the Final Engineering Design Report Appendix G for Gas Venting Layer Equivalency Calculations.

. IMPACTS QF VARIANCE APPROVAL OR DISAPPROVAL:

a. Environmental Impact:

No environmental impact is associated with the variance. Each alternative has been shown to be
equivalent with the required gas venting layer.

b. Economic impact: . - .pe
The economic impact of the variance is significant. Use of either alternative significantly reduces the
cost of the gas venting layer.

20.

CERTIFICATION: ‘ o
| hereby affirm under penaity of perqury that informatton provided on this form and attached statements and exhibits is true to the best of my knowiedge and
belief. False statements made nerein are punishabie as a Class A mlsdemmnor pursuant to Section 210.45 of the Penal Law.

N | 1004 S\ Nwde, Y€
N g iR ]

Date ﬁﬂ N Signature and Title

17=19-5 (6/77)

Pl ] - e deem -
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DEPARTMENT OF ENVIRONMENTAL CONSERVATION PROIECT NO. DATE RECEIVED
APPLICATION FOR VARIANCE FROM 6 NYCRR 360
‘ DEPARTMENT ACTION DATE
SEE APPUCATION INSTRUCTIONS ON REVERSE SIDE | T Aporovea 1~ Disaooroved
1. OWNER'S NAME 2. ADDRESS (Street, City, State, Zip Code) 3?Te]ephone NoO.
: Broome County . P.O. Box 1766, Binghamton, NY 13902 (607)-778-2482
3. OPERATOR’S NAME 5. ADDRESS (Street, City, State, Zip Code) 6. Telephone No.
Broome County P.O. Box 1766, Binghamton, NY 13902 (607)-778-2482
7. ENGINEER'S NAME 8. ADDRESS (Street, City, State, Zip Code) 9. Telephone No.
Wehran-New _York, Inc. | 666 East Main Street, Middletown, NY 10940 914)-343-0660

£10. PROJECT/FACILITY NAME

Colesville Landfill
"11. PROJECT STATUS 12. COUNTY IN WHICH FACILITY IS LOCATED 13. ENVIRONMENTAL CONSERVATION REGION
; R Public [J Private [] Proposed [ Existing Broome County
"7a. DESCRIBE SPECIFIC LOCATION OF FACILITY
' The Colesville Landfill is located on a 117-acre parcel of land owned by the County of Broome on
East Windsor Road, 150 feet east of the intersection of Dyer Flat Road.

5. TYPE OF PROJECT FACILITIES: ] Composung [ Transter (] Shredding [ Baling XX Sanitary Landtill ] Incineration  [] Pyrolysis
] Resource Recoverv«Energy [ Resource Recovery-Materials ] Other
16. BRIEFLY DESCRIBE THE PROJECT INCLUDING THE BASIC PROCESS AND MA JOR COMPONENTS
The proposed construction includes the installation of landfill final cover over the entire 31-acre site in
accordance with 6NYCRR Part 360 Regulations. Additionally, a 17-acre borrow area will be developed t«
provide final cover soils within the 117-acre parcel.

. 17, SPECIFIC PROVISION OF 6 NYCRR 360 FROM WHICH A VARIANCE 1S REQUESTED: ifé“glh 13 I(FRQW) ' Variance REQI.ESI No.

18. BRIEFLY DESCRIBE PROPOSED VARIANCE
The minimum final cover slope will be two percent instead of the required four percent. The proposed
shallower slopes are utilized in order to prevent excavation of the in—place waste and minimize
development of an off-site borrow area to fill over the existing slopes to achieve four percent slopes.
Additionally, since the site has not received waste since 1984; only minor setiement is expected in
localized areas at the site.

Refer to the Final Engineering Design Report Appendix B for landfill Settlement Evaluation.

19. IMPACTS OF VARIANCE APPROVAL OR DISAPPROVAL:
a. Environmental impact:

Limited environmental impact is expected with the variance. Analysis of the site predicts only minimal
amounts of settlements will occur after final closure of the site. To minimize the potential for adverse
impact, regular inspections of the site will be performed to effect early indication of settlement and its
potential impact to the site. Additionally, a maintenance program will be implemented to address any
deficiencies identified during inspections of the final cover and rapidly restore landfill grade and
drainage. Disapproval of the variance will result in significant environmental impacts due to either
relocation of the in—place waste or the need to further develop the on-site borrow area and import soil
from off site.

b. Economic impact:

The economic impact fo the variance is significant to excavation of the in-place v_vaste or overfil]_ing )
the existing grades will require significant increase in construction effort and environmental monitoring.

20. CERTIFICATION:
I hereby affirm under penaity of perjury that information provided on this form and attached statements and exhibits is true to the best of my knowiedge anc
belief. False statements made herein are punishable as a Class A misdemKt pursuant to Section 210.45 of the Penaj Law.
1,
1

A D Signature and Title
17-19-5 (6/77) L e 8 s e e mem o -




47-18-2 (11/89)—10e

e NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION
— DIVISION OF SOLID WASTE
APPLICATION FOR A SOLID WASTE MANAGEMENT FACILITY

PERMIT

Please read all instructions betore compieting this application

Please TYPE or PRINT clearly

DEPARTMENT USE ONLY

DEC APPLICATION

NUMBER

FACILITY CODE

1. TYPE OF APPLICATION (Check Ali Appiicable Boxes):

D Initial (New)
D Subsequent Stage (New)

[;_;] Permit to Construct
(] permit to Operate

D Renewal
[ Modification

2. APPLICANT IS THE:

[E Facility Owner

IE] Faciiity Operator

3. FAGILITY OWNER’'S NAME

Broome County Broome County

4. FACILITY OPERATOR'S NAME

5. ENGINEER'S NAME AND P.E. LICENSE NO.
Barry J. Cheney P.E. #54349

Address Address Firm Name
P.O. Box 1766 P.O. Box 1766 Wehran-New York, Inc.
City City Address )
Binghamton Binghamton 666 East Main Street

State/Zip Code
New York 13902

State/Zip Code
New York 13902

City/State/Zip Code

Middletown, NY 10940

Telephone Number Telephone Number

( 607 ) 778-2482 (607 ,778-2482

Telephone Number

914

343-0660

FACILITY NAME AND LOCATION (Attach USGS Topo Map showing exact tocation)
Colesville Landfill

Name

7. SITE OWNER'S NAME

Broome County

Street .
East Windsor Road

Address

P.O. Box 1766

City, State, Zip Cod Cit A

1. State. £lp Gode Y Binghamton

Town County State/Zip Code
Colesville Broome New York 13902

Coordinates Telephone

NyTM—E 170000 NYTM—N _ 189000 607 ) 778-2482

. TYPE OF FACILITY (Check all appiicable boxes)
[ Landtill (Specify categoryy _Superfund

D Research, Development and Demonstration
D Transfer Station
E] Medical Waste

E] Land Application
D Solid Waste Incineration

9. IS APPLICATION BEING FILED BY OR
ON BEHALF OF A MUNICIPALITY?

Yes E] No

It yes, name.

Broome County

10. FEE AMOUNT
ENCLOSED

$

D Refuse Derived Fuel Processing D Waste Tire Storage

D Composting [:] Landfill Gas Recovery

11. NAME(S) OF ALL MUNICIPALITIES SERVED

Site closed

D Recyclables Handling and Recovery [:] Waste Oil
D Other (Describe)
12. SOLID WASTE HANDLED 13. PROVIDE THE FOLLOWING INFORMATION WHERE APPLICABLE
a. List wastes to be accepted N/A a. Facility area proposed in the application M__ acres
) ) 31.0
b. Facility area ultimately pianned ———— . acres
c. Ultimate facility height above existing ground leve! _N/_A___ foet
b. Quantity (Specity Units) N/A
Existing “approved design capacity” d. Total site area 1170  acres
Proposed “‘approved design capacity” N/A e. Existing landfill area on this site and adjacent properties _M_ acres

14. IS A VARIANCE REQUESTED FROM ANY PROVISION OF 6 NYCRR PART 23607

@ Yes D No

It yes, cite the specific provision(s)

1. 360-2.13(P)(2)Xi)

2. 360-2.13(r)(2)(ii)

15. CERTIFICATION:

| hereby affirm under penaity of perjury that information provided on this form and attached statements and exhibits was prepared by me or
under my supervision and direction and is true to the best of my knowiedge and belief, and that t{ have the authority or am authorized as

(title) of

(Entity)

to sign this application pursuant to 6 NYCRR Part 360. | am aware that any false statement made herein is punishable as a Class A misdemeanar

pursuant to Section 210.45 of the Penal Law.

Date Signature

Print Name

YECICHAL DRA COPY




SOURCE:
TOPOGRAPHY TAKEN FROM

19587 AFTON, N.Y.

] U.S5.G.S. QUADRANGLE

7.5 MINUTE SERIES

SCALE: 1* = 2000°

FIGURE 2-1

SITE LOCATION MAP
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APPENDIX F
EMERGENCY CONTACT LISTING



EMERGENCY RESPONSE AGENCIES AND CONTACTS

Regulatory Agencies - (Mandatory Within 2 Hours After Spill)

New York State Department of Environmental

Conservation

Oil and Hazardous Materiai Ciean-up Contractors (if required)

IT Corporation, Stratford, CT
Hitchcock, Bridgeport, CT
Clean Harbors, Albany, NY

Local Agencies (if required)

Broome County Sheriff, Binghamton, NY
New York State Police, Binghamton, NY
Local Police, Harpursville, NY

Fire Department, Harpursville, NY

Lourdes Hospital, Binghamton, NY
Ambulance/Rescue Squad, Harpursville, NY

Broome County (within 24 hours)

Deputy for Engineering Services
* (Mike McElhare, Director)

F-1

(800) 457-7362

(203) 386-0100
(203) 334-2161

'(518) 434-0149

-(607) 778-1911

(607) 775-1241
(607) 772-1010
(607) 772-1010
(607) 798-5231
(607) 772-1010

(607) 778-2482

10.7/94.02260.CS



APPENDIX G
GAS VENTING LAYER EQUIVALENCY
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APPENDIX H
VLDPE CHEMICAL RESISTANCE



- MDPE/VLDPE MATERIALS DEVELOPMENT

A. NICHOLAS, J.I. APSE, W.A. HOFFMAN, W.M. SONG
Union Carbide Chemicals and Plastics Company Inc.
1 Riverview Drive '
Somerset, New Jersey 08875

ABSTRACT

Medium density polyethylenes (MDPE) and very low
density polyolefins (VLDPE) are becoming the materials of
choice in a wide range of geomembrane applications.
Excellent inherent properties in chemical resistance and

‘mechanical strength make MDPE the preferred material for

TP-33

demanding chemical environments. VLDPE’s unique combination
of toughness and flexibility enables the design of systems
that can provide outstanding durability even under extreme
climatic conditions. This paper describes key material
properties of MDPEs and VLDPEs and discusses their
influence on field performance.

INTRODUCTION

Over the last ten yeafs, the use of geomembranes has
experienced rapid growth in waste containment applications.
Synthetic, flexible membrane lining systems are
increasingly proving to be one of the most cost effective
and environmentally sound options for efficient waste
management and for the conservation of natural resources.
In 1990, approximately SOOMM £t? of geomembranes are
projected to be installed, a 66% increase over 1987 (1, 2].

In parallel with this growth, the industry has
aggressively pursued the development of products and
services to meet current and emerging performance
requirements. With the emphasis on durability and with the

=239~



-
leadership of the EPA, industry members are individually
and collectively working to advance the state of techno
and ensure system integrity throughout the designed life
an installation. ;An integral part of this effort is the
development of analytical and testing tools that will
enable the industry to more quantitatively predict fielcd
performance. This technology will play a key role in -
continually fimproving our products and services as well a:
addressing pwublic concerns for long-term environmental -
protection. )

The wide acceptance of MDPE, and more recently of
VLDPE, in geymembrane applications is largely the result™
their cutstanding inherent properties. Understanding th :
properties and their effects on field performance enabless
designers anc. installers to select and utilize materials
that best fulfill the requirements of the application. T
paper discusses MDPEs and VLDPEs relative to key material
properties and their influence on field performance.

MEDIUM DENSITY POLYETHYLENES (MDPE)

The initial MDPE product technology for geomembranes
was derived from the pipe industry where these materials _
have been suc¢essfully utilized for over 30 years. More
recently, the technology and field experience accumulated
in pipe is pryviding the geomembrane industry with the
foundation to better quantify the durability of geomembra ¢
installations. At the same time, the unique requirements @
geomembrane anplications are becoming increasingly evident
and are resulting in the development of advanced resins a’
compounds specifically tailored for geomembranes.

MDPE' geomembranes, which are erroneously being callmd-
HDPE geomembranes, are based on medium density polyethylene
with densities up to 0.940 g/cc. Most commercial grades
range from 0.936 to 0.939 g/cc. These resins are
manufactured by a number of different processes utilizing
various cgatalysts, comonomers and operating conditions. -
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Although all MDPEs have similar, linear molecular
structures, their properties can vary significantly
depending on the specifi¢ combination of the above
manufacturing variables. Overall, MDPEs offer high
mechanical strength with excellent environmental
resistance. Formulated with the appropriate type,
concentration and dispersion of carbon black, MDPEs also
provide superior resistance to ultraviolet (UV) light.

However, MDPE’s key inherent advantage is its
outstanding resistance to a broad range of chemicale. The
absence of polar functional groups, in conjunction with
about 60% crystallinity, results in very low permeability
to water and to aqueous solutions of acids, bases and
salts, as well as most organic chemicals. Although some
chemical compounds, such as aromatics and halocarbons, can
swell the polymer structure and increase permeability, the
MDPE polymer chains themselves are not degraded [3].

The stress crack resistance of MDPE and its potential
influence on the durability of an installation is one of
the technology areas receiving increased attention. Several
accelerated tests designed to project field performance
(e.g. pipe hydrostatic burst test, compressed ring test,
etc.) have been developed and are widely used in the pipe
industry. In geomembranes, the Constant Tensile Load (CTL)
test appears to be the leading candidate. Programs are
underway at GRI, ASTM (D35), UCC&P and other industry
members to define test procedures and conditions. This is a
much needed tool for assessing long-term product |
performance as well as setting improved standards for new
product development.

The stress crack resistance of polyethflenes is a
strong function of density. It is also dependent on a
number of other variables controlled by the manufacturing
process. These include molecular weight, molecular weight
distribution, branching distribution and comonomer type and
concentration. Collectively, these variables can
substantially affect stress crack resistance even at
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constant dengity. ¥igure 1 presents the relative
performance of different MDPEs under CTL conditions.

+

300 Test: CTL

200

100

Crack Propagation (Time)

MDPE Resin

Figure 1. Relative Crack Propagation for Different MDPEs

The test measures the crack propagation time required for a
notched specimen to fail in a brittle mode at elevated
temperatures (usmally 50°C) and sub-yield stresses (30 to
80%). The test rgsults show that for seemingly similar
resins (equivalent densities), the crack propagation
resistance can vary significantly by an order of magnitude
or higher. Similar results have been previously reported
with both MDPE and HDPE [4]. Therefore, selecting a resin
by convenient irdex properties (e.g. density, MI, etc.)
alone, will likely be insufficient for assessing stress
crack performange under sustained, low stress levels. CTL
is one of the preferred, available tools for evaluating the

effect of these low :ield stresses. Inclusion of such data -

in the material selection process will further enhance the
industry’s excelllent field experience with MDPE.
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VERY 1OW DENSITY POLYOLEFINS (VLDPE)

VLDPE is the most retent olefinic entry into the
geomembranes market where it is experiencing wide
acceptance in a variety of applications including canals,
leach pads, tunnel linings and landfill caps. It represents
a new class of ethylene copolymers that have bridged the
gap between the tough polyethylenes and the flexible

rubbers (Figure 2).

PP Homopolymer

HDPE Homopolymer

HDPE/MDPE
LLDPE

1000

PP Random
Copolymers

Tensile Modulus (x103 kPa)

100 —
VLDPE
10
B PR
N -+
| L I

100% CaH,4 5§0/50 0% CiHs

0% C;Hg 100% C;Hg
(or other comonomer) Monomers

Figure 2. Olefln Polymers

VLDPE is manufactured in a process similar to that used for
MDPE and, as with MDPE, has a linear molecular structure
and short chain branching. Through comonomer incorporation,
the branching frequency is increased while density and
crystallinity are substantially decreased. VLDPE densities
range from 0.880 to 0.915 g/cc and crystallinities from
about 10 to 30 %. ‘

It is the combined effect of the non-polar,
molecule, the low crystallinity and the higher alpha olefin

linear



comonomer(s) that results in VLDPE'’s unique balance of
properties in toughness, chemical resistance, low
temperature flexibility, elongational behavior, stress
crack resistance and mechanical strength. Figure 3
illustrates the strength-density envelope for

FLEXOMER™ gas phase VLDPEs. The high tensile

strengths attained are equivalent to or higher than those
of existing materials, such as CPE, CSPE and PVC, and
competitive with MDPE. This enables the designer to utilize
the performance advantages of VLDPEs without compromising
mechanical strength.
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Figure 3. Strength-Density Envelope for FLEXOMERTM VLDPEs

During amd aftgsr installation, many, geomembrane systems
are exposed to extreme environmental conditions that could
limit the utility and performance of a material. Figure 4
presents the dynamic elastic modulus of three commercial
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grade polymers, VLDPE, PVC and MDPE, as a function of

temperature.

-—h

o
-
-

—O— MDPE

—&— VLDPE
—x— PVC

T T rrrTe

Frequency: 1 Hz
Strain rate: 0.05%

108 e —
-40 -20 0 20 40

Temperature (°C)

L — L M b ]

Elastic Modulus (dynes/cm**2)

Figure 4. VLDPE/MDPE/PVC Dynamic Elastic Modulus (DMA)

With PVC, the data show that stiffness will change
dramatically as ambient temperatures change from cold to
hot. As temperature approaches 0°C (32°F), PVC rapidly
becomes stiffer and more brittle due to its high glass
transition temperature. At high temperatures, conversely,
the high plasticizer content substantiaily reduces PVC’s
modulus and results in low dimensional rigidity. With
VLDPE, however, modulus changes are small and gradual.
VILDPE’s low glass transition temperature, low crystallinity
and absence of plasticizer result in a product that is more
flexible at low temperatures and has higher dimensional
rigidity at high temperatures. Relative to MDPE, VLDPE at
-20°C is still more flexible than MDPE at 25°C.
Consequently, VLDPE geomembranes can be readily installed
throughout the year under extreme climatic conditions and
without the risk of failures due to brittleness.

For applications where subsidence of underlying
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material(s) is posgible ,e.g. landfill caps) the
deformation characteristjics of the polymer are essential.
Figqure 5 presents the unﬁaxiai elongation of commgrcial
VLDPE, .PVC and HDPE as a function of temperature.

1000

Elongation (%)

‘ Material
Figure 5. VLDPE/MDPE/PVC Elongation vs Temperature

At ambient conditions all three materials have sufficient
elongation to sustain substantial subsidence. At ~18°C
(0°F), however, the €longation of VLDPE remains essentially
the same while that ¢f PVC is reduced by more than 75%.
Although the field deformation process will likely be
three-dimensional, the data illustrate VLDPE’s outstanding
elongational performgncg at temperatures frequently
encountered in geomembrane installations.

The stress crack resistance of VLDPE has also been
evaluated with excellent results. In the constant strain,
bent strip ESCR test (ASTM D 1693), no stress cracking of
VLDPE has occurred. Likewise, in ongoing CTL tests, the
crack propagation rgsistance of VLDPE is already several
times higher than of the best commercial MDPEs. It appears
that, largely due to the low crystallinity and high



branching frequency, the stress crack resistance of VLDPEs
is outstanding. Work in this area is continuing.
Nonetheless, our data -strpongly suggest that VLDPEs will
enable the designer to engineer systems that have superior
long-term resistance to cracking.

As with all polyolefins, VLDPE can be formulated to
provide UV resistance. Partly due to the higher branching
frequency, however, VLDPE has different stabilization
requirements than MDPE. Stabilization systems to further
enhance VLDPE’s UV vwerformance have been identified and
long~term verification testing is in progress. In the
interim, VLDPEs are recommended for geomembranes that have
limited exposure to sunlight.

Finally, VLDPE shares the same alkane chemistry (inert,
non-polar) and structure (linear) that gives MDPE its
outstanding chemical resistance. It is nearly impermeable
to water and to aqueous solutions of inorganics, though,
due to its lower crystallinity, VLDPE shows higher swell
‘and permeability to organics. Relative to PVC, VLDPE offers
improved overall resistance to a wide range of chemicals
(Table 1). Material selection for a given application,

" however, should be based on direct evaluations with the
involved chemical solution, as recommended by the EPA.

Table 1
Chemical Exposure Data

PERMEABILITY (ASTM E_96)

VLDPE PVC
Methane 23 59
(cc-mil/m2-24hrs-atm)
H20 (MVT) 16 S0
(g-mil/m2-24hrs-atm)

% Weight Chan D 54

YLDPE BYC
Methy! Ethyl Ketone +3.2 dissolved
Motor OIl +4.3 -8.2
10% NaOH (aq.) -0.2 -0.3
Gasoline +41.4 -27.1

95% H,SO, (aq.) -0.1 +2.5



CONCLUSTIONS
The broad chemicyl resistance of MDPE, coupled with its
high mechanical strepgth and weathering resistance, makes it
a material that prov,des excellent field performance.
The stress crack resistance of seemingly “equivalent"
MDPEs can vary significantly. Thus, material selection should

not rely on index pryoperties alone.
Accelerated tests, such as the CTL, should be developed

and implemented to mpre gquantitatively predict the long-term
performance of geomembranes and help direct new product
developnment.

VLDPE represents a new class of high performance
materials that are both tough and flexible. VLDPE’s
outstanding low temperature properties, stress crack
resistance and elongational characteristics facilitate
geomembrane installation and substantially improve system

durability.
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THE DURABILITY OF POLYETHYLENE, IN PARTICULAR VERY LOW DENSITY
POLYETHYLENE (VLDPE)

Polyethylene has become the material of choice for applications
requiring durability. This is hecause of its appropriate blend of
chemical resistance, ultraviolet 1light resistance, biological
resistance, and stress crack res.stance. As such it has become the
material of choice for undersea telephone cables, gas transmission
plpellnes, agriculture and househ¢ld chemical sales, modern automotive
gasoline tanks, low level radlpactive waste disposal drums, and
hazardous waste containment.

Chemical Resistance

Polyethylene is naturally ijnert to a wide range of different
chemlcals, including acids, bases, heavy metals, hydrocarbons,
inorganic salts, detergents, natural fats and olls, chlorinated
hydrocarbons, and others. Its chemical resistance is proven by a
1arge amount of testing in many dlfferent industries. Therefore, its
use in many different chemical contalnment applications is unmatched.

Biological Resistance

Many liners contain plasticizers and other soluble constituents
which impart flexibility and proeessabzllty to the material. O0Oils or
plast1c1zers are extractable materials which tend to 1leach out,
causing stiffening and brittleness of the membrane. This extractlon
process occurs in the presence ¢f common household solvents and even
in normal soil. The embrittled jmaterial can then result in cracking
of the liner.

Plasticized liners are knowvn to be eaten or gnawed through by
rodents in addition to beimg able to support funqgus and microorganism
growth. Microorganisms can alsp cause embrlttllng of the 1liner as
they feed on the plasticizers. Polyethylene is inherently flexible
and, therefore, contains no plasticizer additives. It consequently
w111 not lose its flexibility due to extraction of the additives over
time. The fact that 3t has no plast;c;zers and is made of
polyethylene means that VLDPE tends to be resistant to rodents and
does not support m1croorganlsms, Rodents have been shown to avoid
polyethylene membranes positioned so as to directly obstruct their
burrowing.

Stress Crac esistanc
Modern polyethylene resins have excellent resistance to stress

cracking. VLDPE is extremely ductile and is therefore not susceptible
to brittle failures such as environmental stress cracking.
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CHEMIC CE O

REAGENT

Acetaldehyde

Acetic acid, 1-80%

Acetic acid, 80-100%

Acetic acid, glacial

Acetic anhydride

Acetone

Acetphenetidine

Acetophenone

Acrylic emulsions

Allyl alcohol

Allyl chloride

Aluminum bromide, sat. sol.
Aluminum chloride, dil. sol.
Aluminum chloride, conc. sol.
Aluminum fluoride, conc. sol.
Aluminum hydroxide

Aluminum

sulfate, concl. sol.

Alums (all types) conc. sol.

Ammonia,
Ammonium
Ammonium
Ammonium
Ammonium
Ammonium
Ammonium
Ammonium
Ammonium
Ammonium
Ammonium
Ammonium
Ammonium

100% dry gas
carbonate

chloride, sat. sol.
fluoride, 20%
hydroxide
metaphosphate, sat. sol.
nitrate, sat. sol.
oxalate

parsulfate, sat. sol.
phosphate, 75%
sulfate, sat. sol.
sulfide, sat. sol.
thiocyanate, sat. sol.

Amyl acetate, 100%
Anyl alcohol, 100%
Amyl chloride, 100%

Aniline,
Antimony

100%
chloride

Apple juice
Aqua regia

Argyrol

Arsenic acid, 100%

Aspirin
Atabrine

Automotive oil

Barium carbonate, sat. sol.
Barium chloride, sat. sol.
Barium hydroxide

Barium sulfate, sat. sol.
Barium sulfide, sat. sol.

:
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REAGENT

Beer

Benzaldehyde

Benzene

Benzene sulfonic acid
Benzoic aciad

Benzyl alcohol
Bismuth carbonate, sat. sol.
Bleach lye

Black liquor

Borax, cold, sat. sal.
Boric acid, sol.
Brake fluid

Brandy

Bromic acid, 10%
Bromine, 1lig.

Bromine water
Bromobenzene
Butanedoil, 1-100%
Butter

Butyl acetate

Butyl alcohol, 100%
n-Butylanine
Butyraldehyde
Bulyfic acid

Calcium bisulfide

Calcium carbonate, sat. sol.
Calcium chlorate, sat. sol.
Calcium chloride, sat. sol.
Calcium hydroxide o
Calcium hypochlorite, bleach sol.
Calcium nitrate, 50%
Calcium sulfate

Camphor oil

Carbon dioxide, 100% dry
Carbon dioxide, 100% wet
Carbon dioxide, cold, sat. sol.
Carbon disulfide

Carbon monoxide

Carbon tetrachloriie
Carbonic acid

Castor oil, conc.

Cetane

Cheese

Chloracetic acid

Chlorine, 100% dry gas
Chlorine, moist gas
Chlorine, 1liq.
Chlorobenzene

Chloroform

Chlorosulfonic acid, 10p%
Chocolate syrup

Chrome alum. sat.

E
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REAGENT

Chromic acid, 1-50%

Chronic acid + sulfuric acid
(cleaning solution)

Cider

" Ccitric acid, sat. sol.

Clove o0il

Coconut oil alcohols

Cola concentrates

Copper chloride, sat. sol.

Copper cyanide, sat. sol.

Copper fluoride, 2%

Copper nitrate, sat. sol.

Copper sulfate, dil. sol.

Corn seed oil

Cottonseed oil

Cresol

Cresylic acids, 50%

Cuprous chloride, sat. sol.

Cyclohexane

Cyclohexanol

Cyclohexanone

Cyclohexylamine

Decahydronaphthalene
n-~Decane

Decyl alcohol ‘
Detergents, synthetic
Developers, photographic
Dextrin, sat. sol.
Dextrose, sat. sol.
Diazo salts
Di-n-butylamine
Di-n-butylether
Dibutyl phthalate
Dichloroethylene
Diethylene glycol
Diethyl uther
Dighycolic acid
Dihydronaphthalene
Disobutylene
Disopropyl ketone
Dimethylamine
Dipermine
Disinfectant (pine)
Disinfectant eucalyptus
Disodium phosphate

E
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Ethyl acetate

Ethyl alcohol, 35%
Ethyl alcohol, 100%
Ethyl aniline

Ethyl butyrate
Ethyl chloride
Ethylether

Ethylene

Ethylene chlorohydrin
Ethylene dichloride
Ethylene glycol

Fabric conditioner
Ferric chloride, sat. sol.
Ferric nitrate, sat, sol.
Ferric sulfate

Ferrous chloride, sat. so]l.
Ferrus sulfate

Fish solubles

Fluoboric acid

Fluorine

Fluosilicic acid, 32%
Fluosilicic acid, conc.
Formaldehyde, 40$
Formamide

Formic acid, 0-20%
Formic acid, 20-50%
Formic acid, 100%
Frutcose, sat. sol.
Fruit pulp

Fuel o0il

Furfural

Furfuryl alcohol

Gallic acid, sat. sol.
Gasoline

Gin

Glucose

Glycerine

Glycol

Glycolic acid, 30%
Grape juice

Grape syrup

Hair shampoo
Hand creams
Heptane
Hexachlorophene
tart-Hexanol

;
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REAGENT

Honey

Hydrazine hydrate
Hydrobromic acid, 50%
Hydrochloric acid, 10%
Hydrochloric acid, 35%
Hydrochloric acid, conc.
Hydrochloric acid, sat. sol.
Hydrofluoric acid, 40%
Hydrofluoric acid, 60%
Hydrofluoric acid, 75%
Hydrogen, 100%

Hydrogen chloride, gas, dry
Hydrogen peroxide, 30%
Hydrogen peroxide, 9$0%
Hydrogen phosphide, 100%
Hydroquinone

Hydrogen sulfide, dry gas
Hypochlorous acid, conc.

Inks
Iodine, potassium iodide sol. conc.

Iodine tincture
Jams and jellies
Kerosene

Lactic acid, 10-90%
Latex

Lard

Lauryl alcohol
Lauryl sulfate

Lead acetate, sat. sol.
Lemon syrup
Linseed o0il
Ligqueur

Lube o0il

Lysol

Magnesiunm carbonate, sat. sol.
Magnesium chloride, sat. sol.
Magnesium hydroxide, sat. sol.
Magnesium nitrate, sat. sol.
Magnesium sulfate, sat. sol.
Margarine

Malsic acid

Mercuric chloride, sat. sol.
Mercuric cyanide, sat. sol.
Mercurous nitrate, sat. sol.
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REAGENT

Mercury

Methallyl chloride
Methane

Methyl alcohol, 100%
Methylated spirits
Methyl bromide
Methyl chloride
Methylene chloride
Methyl ethyl ketone
Methyl formate
Methyl Isobutyl ketcne
Methyl salicylate
Methylsulfuric acid
Milk

Mineral oils
Molasses

Naphtha

Naphthalene

Nickel chloride, sat. sol.
Nickel nitrate, conc. sol.
Nickel sulfate, sat. sol.

. Nicotine, dil. sol.

Nicotinic acid
Nitric acid, 0-30%
Nitric acid, 30-50%
Nitric acid, 70%
Nitric acid, 95-98%
Nitric acid, fuming
Nitrobenzene

- Nitroethane

Nitromethane

Octyl alcohol

octyl cresol

Oleic acid

Oleum

Olive oil

Orange extract

Orange syrup

Oxalic acid, sat. sol.
Ozone, 100%

Paper mill liquors
Peanut oil

n-Pentane

Perchloric acid, 10%
Petrol’

Petroleum ether
Phosphoric acid, 30%
Phosphoric acid, 90%

;

manudddddaddaadnddn

danthrnidaddd nndddnnnnnuhnhadd

nnddudgin



REAGENT

Phosphorus, yellow, 100%

Phosphorus oxychloride

Phosphorus pentoxide

Phosphorus trichloride

Photographic solutions

Pickling baths (H2S04, HC1)

Picric acid

Pineapple juice

Pine oil

Plating solutions (brass, cadmium,
copper, gold, indium, lead, nickel,
silver tin, zinc)

Plating solutions (chromium)

Plumbing cleaner
Potato chips

Potassium bicarbonate, sat. sol.
Potassium borate, 1%

Potassium bromate, 10%
Potassium bromide, sat. sol.
Potassium carbonate

Potassium chlorate, sat. sol.

Potassium
Potassiunm
Potassium
Potassium
Potassium
Potassium
Potassium
Potassiunm
Potassium
Potassiunm
Potassium
Potassium
Potassium
Potassiunm
Potassium
Propargyl

chloride, sat. sol.
chromate, 40%
cyanide, sat. sol.
dichromate, 40%
fluoride

hydroxide, dil. sol.
hydroxide, conc. sol.
nitrate, sat. sol.
perborate, sat. sol.
perchlorate, 10%
permanganate, 20%
persulfide, sat. sol.
sulfate, conc. sol.
sulfide, conc. sol.
sulfite, conc. sol.
alcohol

Propyl alcohol

Propylene
Propylene

dichloride
glycol

Rayon coagulating bath

Runm

Sea water

Selenic aciad
Shortening

Silicic acid
Silicone oil

Silver nitrate sol.
Soap sol., all conc.

-Sodium acetate,

sat. sol.

E
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AGE

Sodium benzoate, 35%

Sodium bicarbonate, sat. scl.
Soidum bisulfate, sat. sol.
Sodium bisulfite, sat. sol.
Sodium borate

Sodium bromide, dil. sol.
Sodium carbonate, conc. sol.
Sodium carbonate

Sodium chlorate, sat. sol.
Sodium chloride, sat. sol.
Sodium cyanide

Sodium dichromate, sat. sol

Sodium ferricyanide, sat. sol.
Sodium ferrocyanide, sat. sol.

Sodium fluoride, sat. sol.
Sodium hydroxide, dil. sol.
Sodium hydroxide, conc. scl.
Sodium Hyperchlorite
Sodium hypochlorite, 20%
Sodium nitrate

Sodium nitrite

Sodium sulfate

Sodium sulfide, 25%

Sodium sulfite, sat., sol.
Soy bean oil

Stannic chloride, sat. sol.
Stannous chloride, sat. sp»l.
Starch solution, sat. sol.
Stearic acid, 100%

Sugar sol., 50%

Sulfur

Sulfuric acid, 0-50%
Sulfuric acid, 80%
Sulfuric acid, 98%
Sulfuric acid, fuming
Sulfurous acid

sulfur dioxide

Sulfur trioxide

Sulfuryl chloride

Tallow

Tannic acid, 10%
Tanning extracts, comn.
Tartaric acid

Tea

Tetrachloroethane
Tetrachlorethylene
Tetrahydrofurane
Tetrahydronaphthalene
Toluene

Tomato sauce
Transformer oil
Trichlorobenzene

;
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REAGENT

Trichloroethylene
Triethanolamine

Trisodium phosphate, sat. sol.
Turpentine

Urea, D-30%
Urine

non angqga
=
td

Vegetable oil
Vinegar, comn.
Vanilla extract

nndg

Water

Wax

Whiskey

Wines

Wine vinegar
Worchestershire sauce

cdanounn

c

Xylene

Yeast

Zinc chloride, sat. sol.
Zinc fluoride
Zinc sulfate, sat. sol.

nnm

KEY TO RATING:

S - Satisfactory
D - Limited recommendation (many applications possible

depending on mil thickness, temperature and package

design.
U - Unsatisfactory
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™ v combining {lexibility and
" strength in a linear, nonpolar pol-
B ymer. very Jow-densin polvethyl-
ene (VLDPE) fills the long-existing gap
berween low-modulus, low-densirv eth-
viene propviene rubber (EPR) and
high-modulus. low-densiry polyethyl-
ene (LDPE) (Table 1). VLDPE's linear
strucwure and molecular weight—ihe
kev 10 the resin’s low densiry and phys-
ical propenies—are achieved through a
polvmerization process similar to ghat
of linear low-densiry polvethviene
(LLDPE) (see the Bux, page 39).
Through the choice of caualvsts, sup-
pliers can alter molecular weight distri-
bution 10 produce changes in physical
propenties. VLDPE's nonpolar nature—
the result of an exclusively hvdrocarbon
composition—means resisance 10 po-

Table 1. Properties of representative
nonpoiar polysthyieas resing.

Deasity. srams Secast

por cubic mossies;
Resis contimster 1092k
HDPE 0.94100.97 8010175
LLDPE 091510093 301059
LDPE 091510093 2010 30
VLDPE 0900100906 111017
EPR* 0875 051010
* One-peicem elongauion
® E:niene propviene rubbers

RABSTICS

rvmnoorarn /Conrormher

‘RS

piugs a gap in
PE’s density spectrum

BVery low-density polyethylene is coming in as a cost-effective
nonpolar replacement for pclar resiys such as PVC, EVA, and
thermaoplastic polyvuretbanes ir; such applications as film, sbeet, and
tubing. Going for VLDPE is a combination of flexibility, toughness,
bigh use temperatures, and re.ative processing ease.

lar sivents (like water) and good ten-
sile groperty values. Two VLDPE grades
are now on the market (more are fonth-
coming): both have me1 with excellent
resuls, Already. thev are being used in
applications ranging from gaskets to soft
films, displacing ethylene vinyl acetate
copglvmers (EVA), PVC, and thermo-
plastic polvurethanes—polar polymers
that pave long benefited from the den-

Materials

sitv/modulus void now piugged by
VLDPE. :

Structure and properties

For VLDPE—as with 3l polymers—the
arrangement of molecules into various
structures and configurations deter-
mines the resin’s propenies. which in
turn affeqr its processing charaaeristics
and ultimately its end uses.

Polymerization and molecular weight

The linear strucrure and Jack of long-
cpain branching in both LLDPE and
VLDPE arise from their similar poly-
nerization mechanismes. In the low-pres-
sare polymerization of LLDPE, the
random incorporation of alpha olefin
¢pmonomers produces sufficient short-
chain branching to yield densities in the
range of 0.915 to 0.930 gram-per cubic
gentimeter. The even lower densities of
YLDPE resins are achieved by adding
tpore comonomer (which produces more
ghort-chain branching than occurs in

LLDPE, and thus a lower Jevel of
crystallinity) and using proprietary cat-
alysts and reactor technology. No exter-
nal plasticizers are used in the produc-
tion of VLDPE. Catalysts are available
to produce VLDPE of both narrow
molecular weight distribution (MWD =
4) as well as broader molecular weight
distribution (MWD = 8). Molecular
weight valves and trade designatione
for the resins used in this analysic are
given in the Talle below. u

| Moleculsr weight and distribution for

Trade 10-* number  10°* weight Distri-

| Notstion designation average average bution
LDPE DYNH-9 0.235 212 9.0
LLDPE GREN-7047 0.275 1.14 4.1
VLDPE-1 DFDA-1137 0.311 1.37 4.4
VLDFE-2 DFDA-1138 0.187 1.55 8.3

*Ali resins made by Unaor. Caroide Corp.

| Resins’ mnesees———— Molecular welght values sse—

VLOPE grades and related resins.
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Table 2. Typical moiding and extrusion properties of YLDPE grades and other

ethylene-based resins.

‘ll.l R a0

Preperty methed  VIDPE-1- VLDPE-22 LOPE LLDPE EVA*
Structure. VLDPE can be character- | Density. grams per D1505 0906  0.900 0920 0920 0.930

ized as a linear polvmer (vinualiv no cubic centimeter
long-chain branching) with 2 narrow | Melt index, gramsper D1238 0.8 04 20 0.8 20
molecular weight distribution. The 10 minutes :
amount of shon.-chain branching, be- | Tensile strength, D638 28 2.4 20 23 25
cause it exceeds that of LLDPE. vields a 10 psi
lower level of crysuallinity. giving rise, | Ultimate elongation. D638 900 800 600 800 800
10 densities below 0915 gram per percent -
cubic centimeter—less than that of 5“%{‘;’ ?;OdU'US- D638 1° 13 21 30 13
LIDPE and even LDPE (Jable I). Environmemal stress D1693 0 0 1000 0 75

The molecular weight distribution of
VLDPE (and of LLDPE )—narrower than
that of LDPE (Fig. 7)—combined with

crack resistance
afier 500 hours,
percent failure

its linear structure gives rise to different | 500, e re Noter 1.2 4.0 001 05 0=
ervsualline structures and different de- 100 veless ; - ) ' ' '

grees of enuanglements than are found | Tensile impact resis- Note' 9 10 4 9 —
in [DPE. The presence of numerous tance. 10* foot-

shon-chain branches in VLDPE dimin- pounds per cubic

ishes the formation of crsulline re- inche

gions in the backbone of the polvmer. | Briulenessat ~100°C. D746 0 0 50 0 50"
Where crysulline regions are formed, percent failure ’

they are distoned (made imperfect) by | Melting point. *C Noter 118 116 108 120 96

the presence of the branching. The
* Ali reuins made by U'nion Catbide: wade designauons  * 0.5 by 0.0%.inch specimens. Neaed 180 degrees. wened

longer chains of LDPE create even and molecular-weight values sppear in the Bax. page 59 r M0 cvcles per minute ;m room iemperature.
greater cr)‘stal diSlOﬂiO_n. Al the same ;cna:c con:;nm:vm «.:Icm o(\lo ptr‘c’e:xnn. i 'xlnr?o:r mnpe::m '

level of crvstallinity, the crysualline | * One percent ebongauon. YA =80 C. ’

€ 2¢: hout tes: ime. ‘AL=95°C

structures of VLDPE and LDPE are suf-
ficientlv different so asto vield distinctly
different physical propenies in the fin-

i
1.0 1 ] T T 1 5 =T T — 1 T 5
. = =Melting point
VLDP\E-Z <«——— VLDFE ' - =Secant moculus
N ’ V20 [~ 1
08— - - -4
} =4 N .
2 : ’ LDPE %
3 . c
§ O w5 5
€ os[- - £ VLDPE 1T os
S a =
< s T (E-avt% 16 g
2 PE- £ 2
3 LLDPE = percent) £
< 04t . LDPE - ] 2 =
] - 2 £
3 105 &
8 @
© y (2]
= 42k
02 - 100 -1
\ i EVA
Y : (4 10 15 percent) ——»
0 L N Qes | : i | N 0
RO o 10* 10* 10t 100 10t Lee 2 ¢ c:=1 2.6z X - X -
Molecular weight Deps = 2WEME 06T LS TINiTister :
Fisare 1. The molecular weight distribution of both \1DPE grades :s Flgete 2. Tiw ‘eures ivmt evicCinonis 30 VETH E S Cmnlilen se SImiesitire
narrower than that of LDPE. Differences in the distribiion of iin DAY s Bph IR DO SN g Y WS JEMIET W e Vit e

S8 ime

e g aa

VIDPE resins are largely due 1o 1he choice of catahst used diuring
polymerization \1DE s narrou molecular weight. combiricd wiih iis :
linear struciure. give rise 10 different crysiaiiine sivuctures and  modulus s i a rége
different degrees of entanglements than are found yth LDPE vienes
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Srructure. VLDPE can be characier-
ized as 2 linear polymer (vinually no
long-chain branching) with 2 narrow
molecular weight distribution. The
amount of shon-chain branching, be-
cause it exceeds that of LLDPE. vields a

lower leve) of cryvsuallinity, giving rise,

to densities below 0.915 gram per
cubic centimeter—less than that of
LLIDPE and even LDPE (7able I).
The molecular weight distribution of
VLDPE (and of LLDPE )—narrower than
that of LDPE (Fig. 1)—combined with
its linear structure gives rise to different
anvsulline structures and different de-
grees of entanglements than are found
in LDPE. The presence of numerous
shori-chain branches in VLDPE dimin-
ishes the formation of crysulline re-
gions in the backbone of the polvmer.
Where crysulline regions are formed,
they are distoned (made imperfect) by
the presence of the branching. The
longer chains of LDPE create even
greater cnysual distonion. At the same
level of crysullinity, the crvsulline
structures of VLDPE and LDPE are suf-
ficiently different so as 10 vield distinallv
different physical properties in the fin-

.
Table 2. Yypical moiding and sxtrasion groperties s! VLDPE grades and other
ethylene-bysed resing,
Tost Resins HEEASEE
Proaperty method  VLDPE-1- VIDPE-2 LOPE LLDPE EWA
Density, grams per D1505 0.906 0.900 0926 0920 0.930
cubic centimeter
Melt index, grams per D1238 0.8 04 20 0.8 20
10 mingtes +
Tensile syength, D638 2.8 24 20 23 25
10° psi ’
Uhimate ¢longation D638 900 800 600 800 800
percenu
Secant modulus, D638 17 13 21 30 13
10¢ psie
Environmenual stres;s D1693 0 0 1000 O 75
crack resistance .
after 5Q0 hours,
perceny failure
Flexural failure, Notes 1.2 4.0 001 05 0.7
10t cvcles
Tensile iynpact resis- Nowe 9 10 4 9 —_
ance, 10 foot-
pound; per cubic
inchs
Brivlenegsat—~100'C, D746 O 0 50 0 50
percent failure
Melting point, *C Note 118 116 108 120 96
. s -L proy Aomei i . i
A.II Tesins mdeb\ tnm muna:e“:r ro’%obe\:&s;hwmm:uﬁm:wmm
‘Ezhﬁtm wM scoune of LDPE, vimd Unuon Cartude ten method.
el ST
°20 ho;';’ :qmume 4 a1 ~95°C

1 ] 1

tir weight disiribution

cU

02

VLDPE-2 . < VLDPE-

100 10 10

10t 10
Molecuiar weight Tl

VLDPE

== =zMelting point

/ = =Secant modulus |’
4

LDPE
~

EVA
{41018
percent)

EVA
oL (41015 Dercem)___..
" gs |
© 080 0.3 0.21 osz oe

Densey Jreme Der Sub.l Coatimeter

Fisurs \. Toe maolecular weight distribution of botb VIDPE grades :s
narrouer than 1bat of LDPE. Differences in the distribistion of 1i:
VIDPE resins are largely due 10 the choice of catahst used durimyg
polymerizaiion VIDE s narrou molecular ueight. comtmed uith iss
linear structure, give rise 10 different cnswaliine sraciures angd
differen: degrees of entanglements than are found with LDPE.

80
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Figure 3. The melt shear characlerisiics of both \LDPE grades fall between those of 1 and 2
melt index LLDPE resins, i 1he range normally encounttered 1u film extrusion. V1DPE can
thus be processed on extrusion equipmen: designed for LLDPE with only minor modifications
of processing parameters 4: moderate rates. \LDPE can even be processed on equipment

nol designed for LLDPE.
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Zable 3. Typica! flim properties of YLDPE versas those for competitive materials.
Test Res|n I
Preperty method VLDPE-1+ VLDPE-2» LDPE: LLDPE EVA*
Material propernties
Density. grams per D1505 0906 0900 0918 0.918 0930
cubic centimeter
Melt index, grams per D1238 08 04 20 10 25
10 minutes
Film Properties
Average gage, mils — 1.2 1.3 1.2 13 14
Tensile sirength. 10° psi D882
Machine direction 4.3 4.6 29 a3 33
Transverse direction 4.0 35 27 40 35
Elongation, percent D832
Machine direction 560 590 300 600 370
Transverse direction &40 700 500 600 550
Tensile impact resistance.  Note*
10° foot-pounds per
cubic inch
Machine direction 1] 15 3 9 —
Transverse direction 8 13 65 - —
Dan drop impact D1709 350 370 90 100 —
resislance, grams
Elmendorf tear srength.  D1922
grams per mi}
Machine diraction 130 60 260 90 80
Transverse direction 320 340 160 340 105
Secant modulus, 10° psi* DS82
Machine direction 15 11 19 24 11
Transverse direction 14 13 241 29 11
Puncture resistance. inch-  Note* 16 16 8 10 —_
pounds per mil
* All resins made v Union Caride. trade desgnaiions and molecular weight values appear in the Box. pape 40
® Eihviene vinvi acetate coponmers of LDPE. wath vinvi acewie comonome? comen of 10 percent
‘Biomup ue 210) .
¢ Lmon Carbide tes methud
¢ One-percent elongation

ished products (as seen in the process.
ing and film propenies listed in Tables
2and 3.

Differences in the degree of cnsul-
liniry. in crysal ‘size, and the number
and kinds of imperfections affect the
melting point of the polvmer. The fewer
significant imperfections in the crvstal-
line swructure of the shon-chain
branched VLDPE compared to that of
the long-chain branched LDPE, for in-
sunce. result in the former's higher
mehing poin?® (Fig. 2). The consider-
ablv higher melting point of VLDPE
compared 1o that of EVA copolymers
(whose side groups also distort the cryvs-
ullire structure) translates into higher
use temperawures for products made
from \LDPE resins.

Modulus. Structure (and density) also
affect. modulus. as shown in Fig. 2,
where secam modulus as a function of
density is plotted for 2 resin with shon-
chain branches (VLDPEI. a resin with
long-chain branches (LDPE), and EVA
(copolymers of LDPE .with 2 vinvl ace-
ate comonomer content of 4 to 18 per-
cent). The modulus versus density
curve for VLDPE is in 2 range not pre-
viously available with 2 nonpolar poly-
ethvlene material.

Rbeology. As with other narrow mo-
lecular weight distribution polvmers,
VLDPE 1ends to resist shear and exhibit
a higher viscosity than the broad molec-
ular weight distribution, long-chain
branched resins it seeks 10 replace, but
the melt is free of their strong strain-
hardening behavior (resistance 1o
stretching). The meht shear characteris.
tics of 1 meh index, narrow molecular
weight distribution VLDPE-1 and 04
melt index, broader molecular weight
distribution VLDPE-2, for instance, fall
berween those of 1 and 2 melt index
LLDPE resins (Fig. 3) in the shear rate
range normally encountered in film ex-
trusion. Figure 3 also indicates that.
since VLDPE's rheulogical profile falls
within LLDPE's range. LDPE can be
accommodated in LLDPE extrusion
equipmen:. At moderate rates, VLDPE
resins can even be processed on exiru-
sion equipment not designed for LLDPE
resins.

VLDPE resins exhibit higher exten-
sional viscosity than LLDPE resins ( Fig.
4). which roughly translates into higher
melt tension and bener blown-film fab-
rication sability. Still. since VLDPE melt
does not strain-harden in the mel,
blown-film processing technology ap-
propriate for LLDPE works well with
VLDPE.

Otber properties. Being nonpolar.
VLDPE polvmers are tougher and more

* As determined th difierentiai scanning & lonmetny
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chemically resisant than their polar
competitors like PV'C. EVA, and ethyl.
ene ethyl acrylate. As for optical prop-
erties, gloss increases and haze de-
creases with narrowing molecular
weight distribution: conua clarinv—
good regardless of molecular weight
distribution—improves further with de-
creasing densitv. VLDPE either equals
or exceeds LLDPE, LDPE, and EVA in
low-temperature performance, environ-
mental stress crack resisaance. flexural
life, and tensile strength. (Molding and
exuusion properties for VLDPE and re-
lated materials are given in Table 2.
Table 3 compares film propenies of
VLDPE to those of various competitive
resins.)

Processing parameters

With marked rheological similarity o
LLDPE. it's no surprise that VLDPE can
be processed in most machines being
used for other polvethyvlenes (ex-
truders, small-pant injection-molding
machines, and blowmolding ma-
chines). Film exurusion characteristics
for 'LDPE are similarto those for 2 melt
index LLDPE or 0.5 melt index LDPE.
‘Melt temperatures of 205 10 235°C have
been found 10 vield the most optimal
properties.

VLDPE's pumping efficiency is very
good. Output per screw: revolution is in
fact greater than for LDPE, although
screw torque is higher (but still gene:-
ally within the operating range of most
commercial equipment). For an LLDPE-
compatible screw., the barrel tempera-
ture profile when extruding VLDPE
should begin with 2 175°C feed zone,
increasing 10 210°C at the screw tip.

" The transfer line and die should be
roughly 215°C.

For blown-film processing, low-pres-
sure-drop dies with die gaps of 0.035 10
0.040 inch are preferred. Blowup ratios
of 2 10 1 or greater vield optimal prop-
enies. Dual-lip air rings vield up to 0.54
kilogram per hour-centimeter more out-
put, the result of better bubble stabiliry.
The use of suabilizer bars and cages also
contributes to higher blown-film proc-
essing rates.

* For large-pan exuusion-blowmold-
ing and for tubing extrusion, a meh
" temperawre of 235 10 250°C is pre-
ferred. for injection molding and injec-
tion-blowmolding. 2 minimum stock
temperature of 275 C is suggested. Ow-
ing 10 its low crysuajlinity. VLDPE mold

-

Jemperature= VLDPE-2
\
i
' Ve — -
ey - - T
42, _ - ==" 7 woren -
A - 2 S

“Viscosity,

10 —_—

1 Il

1101, 10

N TP I &
R N T

T Time, seconds -

oo o, W0 1000

v

Flgurs &, The bigher yxtensional viscosity of VI.DPE resins compared 10 that of LLDPE transiates
inio bigher melr terysion and bener bloun-film fabrication s:ability. Since VLDPE does not
strain-byrden in the meli, bloun-film processing tecbnology appropriate for LLDPE works

well wity VLDPE.

shrinkage is about one-half that of 0.92-
densitv. LLDPE «r LDPE. Changes in
mold design andsize may thus be nec-
essary. Longer molding cvcles are also
needed 1o obuin sufficient shrinkage
for ejection of the VLDPE pan from the
mold.

Applications ant, pricing
In many cases, jignificant cost saving
can be obrained py using VLDPE. A1 62
cents per pound (hopper car price),
VLDPE is a strong candidate 10 replace
or is competitive with thermoplastic
polyvurethanes (rpoughly §1 per pound),
EVA (anywhere yrom 45 to 75 cents per
pounc), and other resins in such appli-
cations as squewze tubes and boules,
liners for drums, boxes, and canons,
caps. ¢ap liners, and closures, and sheet
and profile. VLDPE is also replacing
medical-grade FVC (roughly 80 cents
per pound) in figxible tubing and other
applications in which PVC tends to em-
briule with timie. VLDPE also vields
more volume per pound than the much
denser PVC, an additional bonus.
VLDPE is replacing other polyethyienes
(as well as PV) in a2 wide range of
shrink and strei¢h wraps and in wire and
cable: appliauqns. Other uses include
moncfilaments,tovs, gaskets, and pond
liners; other applications are under
studyw.

VLDPE-1 anc. VLDPE-2 are the two

fully commercialized grades of the
resins. In the sample stage are rwo more
VLDPEs: one with an even lower densit:
(0.890 gram per cubic centimeter) is
expectied 10 carry 2 premium price; the
other is of even higher melt index than
VLDPE-1 and has a density of 0.900 gram
per cubic centimeter. Also forthcoming
are coextruded film and blend combi-
nations that will synergistically produce
propenies beuter than either of the com-
penent resins exhibit alone. Blends of
VLDPE with either polvpropvlene.
HDPE, or LLDPE hold the greates:
promise. [ |

Seminar information

Now is the time to review your
goals and plan your continuing
education with SPE seminars.
Whether you are a novice inter-
ested in entry-level training or an
experienced practitioner looking to
expand your know-how, SPE semi-
nars can satisfy your needs. Topics
covered include: applications. man-
agement, materials, processing,
and theory and technologv. For
more information contact Vincent
McEhone (Programs Department)
8t (203) 775-0471 or (212) 931-1230.

.
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Solid Waste

Chemical compatibility testing
of geomembranes and piping materials
exposed to landfill leachate

Bruce E. Dudzik, Daniel E. Oman, and Keith A. Bowden

Wil leachate from a landfill chemically degrade geomembranes and piping?

In the pulp and paper industry, landfflls have been used
to dispose of mill wastes for many yezrs. In the past, the
disposal areas may not have been engineered ﬁuilitiw.
Current regulations not only requir: that ladfills be
engineered, but usually they specify the use of yomposite
liners of clay and geomembrane (plastic).

The New York State Department; of Envirpnmental
Control has regulatory authority for the design, construc-
tion, and operation of industrial soli¢-waste fagilities as
detailed in Title 6 of Part 360 of the New York Conpilation
of Rules and Regulations (7). Among other items, Part 360
now requires the following:

o Municipal solid-waste facilities must have a double-
composite liner, with each liner having a migimum of
a 60-mil geomembrane in combination with ¢ primary
liner of 45.7 ¢cm (18 in.) or a secondary liner ¢f 61.0 cm
(24 in.) of compacted, low-permeabi ity soils.

o All industrial landfills must have at;least one vomposite
liner and a leachate collection system to itransport
leachate out of the landfill cell and m;nimize the quantity
of liquid allowed to collect on the landfill liner.

¢ Documentation must be submitted ‘o demonstrate that
the geomembrane and leachate ¢ollection pipe are
chemically compatible with the leachate expected to be
generated in the landfill.

The following three tests are commonly periormed on
geomembranes and piping used in landfill liner
applications:

¢ Conformance testing demonstrates that the geomem-
brane liner meets the specifications of the svlid waste
facility.

¢ Chemical compatibility testing determines wpether the

I. Major constituents in Deferiet Landfill leachate

Parameter

Alkalinity, mg/L as CaCO,

COD, mg/L

Chloride, mg/L

Conductivity, umhos/cm at 25°C

Total hardness, mg/L as CaCO,

Ofl and grease, mg/L [

Solids,mg/L. .~ -
Total dissolved -
Total suspended

Sulfate, mg/L

TOC, mg/L

BODs, mg/L

pH

Calcium, mg/L

iron, mg/L.

Magnesaum. mg/L

Mangane§e. mg/L

Potassium, mg/L

Sodium, mg/L -

Acetone, ug/L

2-butanone, ug/L

Toluene, ng/L

Phenol, ug/L
2-methylphenol, ug/L

4-methyliphenol, ug/L

Onlymmconsmemsmmmdtormamcparmw“m
parameters with detectable quantities are listed.

Dudzik is senior project engineer and{Oman is »Lrice-
president/program manager, RMT, Inc., 744 Heartland
Trail, P.O. Box 8923, Madison, Wis. 53708-8923. Bowden
is manager, safety and environmenta!, Champiyn
International Corp., Anderson Ave., Deferiet, N.Y.
13628.
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geomembrane is compatible with the leachate expect:ed
to be generated.

o Quality assurance/quality control testing (QA/QC)
assures that the installation of the liner meets all
specifications and regulatory requirements.



Il. Tests performed on HDPE geomembranes

ASTM = American Society for Testing and Materials.

Test
Test method Comments
Carbon black content ASTM D1603 vee
Carbon black dispersion ASTM D3015 Appendix At
Crystallinity (DSC) ASTM E793 20°C/min scan rate
Dimensional changes Method 9090 Section 7.6
Extractables ASTM D432t
Gauge thickness ASTM D374 Method C _
Hardness ASTM D2240 Shore Durometer Type D
Infrared spectroscopy KBr peliet sampling method Tm'le-layer microtome of sample, 12-min scan
Mass (water absomption) Method 9090 Section 7.6 .
Melt index ASTM D1238 Condition E : N
Modulus of elasticity ASTM D638 Type IV specimen and 2 in./min extension rate
Mullen burst ASTM D3787 ’ RV L S
Oxidative induction temperature (OIT) Using a Perkin-Elmer DSC-4, 20°C/min scan
rate, 30-psi air atmosphere e
Puncture resistance FTMS 101C Method 2065
Seam peel strength ASTM D413
Seam shear strength ASTM D882
Specific gravity ASTM D792
Tear resistance ASTM D1004
Tensile propertties ASTM D638 Type [V specimen and 2 in./min extension rate
Thermal gravimetric analysis (TGA) Method in Eamest (6) 40°C/min scan rate and a 30-psi nitrogen

atmosphere

Thermal gravimetric anlaysis (TGA)

Thickness

Method in Eamest (6)

ASTM D374C

FMTS = Federal Test Method Standard.
. Tests for PVC piping samples
Test

Test method Comments

Dimensions and mass Method 9090 Section 7.6

Infrared spectroscopy KBr pellet sampling method Thin-layer microtome of sample, 12-min scan

Oxidative induction temperature (OIT) Using a Perkin-Elmer DSC-4, 20°C/min scan
rate, 30-psi air atmosphere

Pipe joint strength NSF No. 54 Appendix A, modified version of ASTM D4437.
Transverse dogbone specimens of joint are
tested using ASTM D638 with a crosshead
speed of 2 in/min

Stifiness ASTM D2412

40°C/min scan rate and a 30-psi nitogen
atmosphere
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Material selection

The three geomembranes tested in this progrim were
manufactured from polyethylene, a semicrystalline
polymer that has been used in geomembrines for
approximately 30 years because of its excellent vhemical
resistance.

Originally, we considered only high—density;polyeth-
ylene (HDPE) as the material for the piping in a leachate
collection system. Because HDPE geomembranes are
similar in material composition to HDPE piping, no
compatibility testing of HDPE piping was performed.

A cost evaluation indicated, however, that the use of
polyvinyl chloride (PVC) pipe could substantially reduce
the installation cost of the leachate collection syst¢m. Since
pure PVC is a rigid, amorphous (no crystalline siructure)
plastic with chemical resistance properties that sre better
than average, it was considered suitable for use as; a piping
material and was added to the compatibility testing
program. Because the quantity of leachate was, limited,
only one manufacturer’s product could be tested.

The compatibility testing of the geomembranes and
piping was conducted using leachate obtained from the
existing solid-waste disposal facility at Deferiet Mill. This
facility is approximately 12 miles frem the new facility
constructed in the Town of LeRay, New York.

Approximately 375 L of leachate was collected and
shipped to the testing laboratory. The program of detailed
inorganic and organic testing conducied on the leachate
encompassed the entire priority pollutant list.

Detailed leachate characterization data are presented
in Table I. These characterization data compgpred weil
with previous leachate testing at the Deferiet Mill (2) and
with studies of the New York paper irdustry (8.

Solid Waste

Compatibility testing procedures

The objective of chemical compatibility tesging is to
simulate in the laboratory the exposure to leachate that
geomembranes would reasonably be expected to expe-
rience during the operation of a landfill and after it is
closed. Therefore, compatibility testing re¢quires a
reproducible method for exposing geomembryne speci-
mens to leachate and a way to assess the long-term effects
of that exposure.

Both of these requirements have been met in an EPA
test method commonly referred to gs Method 9090 (),
published in 1986. Method 9090 first defines a procedure
for conducting the immersion of geamembrane samples
in representative leachate. Second, to assess thejlong-term
use of the geomembranes, Method 9030 specifiys that the
testing be conducted at normal ambient teynperature
(23°C) and at 50°C. The testing temperature of, 50°C was
chosen to simulate 20 years of leachate exposare under
average conditions. Third, Method 9090 defines the tests
to assess geomembrane performznce and, the time
intervals for conducting the tests. Performance s assessed

y observing trends in test results ¢conducted, over time
including the results obtained on unexposed sagnples.

. Method 9090 involves immersing geomemhrane sam-
les in leachate at temperatures of 23°C and 50°C for
riods of 30, 60, 90, and 120 days. After each exposure
riod, samples are removed and tested. The method
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specifies the type of immersion vessel, its size, and the
degree of mixing required to ensure that the leachate
completely immerses each sample throughout the testing
periods. In addition, Method 9090 also recommends that
the leachate in each immersion cell be drained and
replaced after each 30-day exposure to ensure against the
loss of volatile organics.

The EPA method also specifies sample preparation and
the physical and mechanical tests to be performed. The fol-
lowing tests were run on the geomembranes in the Deferiet
program. The first two are specified in Method 9090, and
the third was recommended by the project consultant:

e Physical tests: “nondestructive” tests that measure
physical properties of the sample, such as thickness and
dimensional stability

e Mechanical tests: “destructive” tests that measure the
strength properties of the sample, such as tear resistance

¢ Chemical tests: tests that measure chemical properties
of the sample by techniques such as infrared spectros-
copy, differential scanning calorimetry (DSC), and
thermal gravimetric analysis (TGA).

It is beyond our scope here to describe the test procedures
or how their results are interpreted. The Deferiet
Materials Conformance and Compatibility Test Report
contains a more detailed description of the tests (5).

Table II lists the tests performed on the three HDPE
geomembranes. Table II1 lists the tests performed on the
PVC leachate collection piping.

Geomembrane test results

Variations in test results on exposed and unexposed
samples can be due to either material degradation or
material variability. However, in evaluating the results
of Method 9090 testing, the Environmental Protection
Agency has recognized only degradation as the cause of
variation in results. The EPA methods for interpreting
results of Method 9090 testing need to take into account
the variability of the material. Careful interpretation,
analysis, and comparison of results of nondestructive,
destructive, and chemical tests can be used to differentiate
between changes caused by material variation and those
caused by degradation.

In interpreting the results of Method 9090 testing, the
general practice in industry and regulatory agencies is to
conclude that changes of less than 50% in the results of
physical and mechanical testing indicate that no degra-
dation of the material occurred as a result of leachate
exposure. When changes in physical and mechanical
properties exceed 50%, then problems with the material
could be experienced as the result of material variability
or degradation, or a combination of the two. For chemical
testing results (expressed in °C), values within £20°C are
generally considered to be within normal ranges.

Only five of the 22 tests in Table II are discussed here,
because they are the most useful ones in making the
distinction between material variability and degradation.

Differential scanning calorimetry

Tests performed by DSC are used to assess a material’s
molecular structure and resistance to oxidation. Table




V. DSC resuits for geomembranes from Manufacturers A, B, and C

V. Resutts of tensile properties tests on unexposed geomembranes

After 120 days
Property initial 23°C 50°C
Manufacturer A
Crystallinity, % 48.3 426 444
Max. energy absorption, °C 1252 124.4 124.7
Oxidative induction temp.
(om, °C 264.7 263.8 2604
Onset of endotherm, °C 1176 1170 1182
Manutfacturer B
Crystallinity, % 479 444 440
Max. energy absorption, °C 124.6 1253 1252
Onxidative induction temp.
{om, °C 263.3 267.1 268.2
Onset of endotherm, °C 1174 1180 175
Manufacturer C
Crystallinity, % 456 455 458
Max. energy absorption, °C 126.8 1262 1267
Oxidative induction temp.
{om), °C 262.1 2620 262.3
Onset of endotherm, °C 118.3 1189 1193

Manufacturer
Test A B C

Machine direction

Yield strength, MPa 174 174 174
Yield elongation, % 148 175 165
Break strength, MPa 281 252 272
Break elongation, % 1126 1130 1194
Cross direction
Yield strength, MPa 184 184 18.1
Yield elongation, % 151 153 162
Break strength, MPa 318 26.0 305
Break elongation, % 1286 1224 1280

1. MD vield strengths for geomembranes from Manufacturers A, B,
and C at 23°C and 50°C

2. MD yield elongation for ggomembranes from Manufacturers A, B,
and C at 23°C and 50°C

10
23°C

CHANGE, %
)

-10

10
50°C

CHANGE, %
o

&

EXPOSURE TIME, days

30
23°C
20F
/\/A
210l :
8
z o SNl -~ ~C
: ~— \\\..
-
Cqf - P
20
-30 30 60 80 120
30
50°C
20 =
A
/
R0
w e o}
\\
g 0 T - ‘\\ B
x o
© 0t - B
20F
-30 30 60 90 120
EXPOSURE TIME, days

147

October 1991 Tappi Journal



e

i
i
i
i

Solid Waste

3. MD break strength for geomembranes from Manufagturers A, B,
and C at 23°C and 50°C ‘

4. MD break elongation for geomembranes from Manufacturers A,
B. and C at 23°C and 50°C
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IV summarizes all of the testing performed by DSC. For
each of the three HDPE geomembranes, q,lata were
collected on crystallinity, tempergture at jnaximum
energy absorption. oxidative induction ternperature
(OIT), and the temperature of the onset of endotherm.
Table IV includes the data for both the 23°C and 50°C
immersion temperatures. ‘

The results of tests performed on exposed yamples at
120 days and on unexposed samples are very consistent,
with the exception of the crystallinity values batween the
geomembrane samples for Manufacsurers A ;nd B. For
these two geomembranes, the reductions in crystallinity
values compared with those of the initial, unexposed
samples are an indication of manuflacturing variability,
not of material degradation from leachate expogure. (Note
that the crystallinity for Manufacturer C does npt change.)

Infrared spectroscopy
Infrared spectroscopy is used to assess the struqture of the
polymer, including the presence of additives. The method
is used to identify specific degradation processes, which
would be identifiable by the presence of new speytral bands
in the samples exposed for 120 days. A principal
degradation process would be oxidation of the polymer,
which would be indicated by the presence of ar. O-H bond
peak in the IR scan in the wavelengti range of 1600-1800
em™. On the IR scans after 120 days, no new I?ands were
present, including even no new O-H bands.

The comparison of the results fer the three 120-day
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V1. Moduli of elasticity of unexposed membranes

Manufac- Modulus of elasticity, MPa
turer Average Minimum <550*
A 560 464 3
B- 39 328 .5
Cc” 403 354 5
Cross-machine direction
A 544 459 2
B 444 415 5
C 428 358 5

“Number of specimens below 550 MPa.

samples with the results of the unexposed samples is
important. The comparison shows, in combination with the
OIT results, that no degradation of the geomembranes has
taken place in the Method 9090 tests. In addition, the IR
results indicate that leachate organic constituents have not
been absorbed into the geomembrane polymer matrices.

Tensile properties
Tensile properties define the mechanical strength of fin-
ished products. As defined by ASTM D638, tensile prop-



§. MD modulus of elasticity for geomembranes from Manutacturers
A, B, and C at 23°C and 50°C

6. Piping stiffness at 23°C and 50°C for deflection values of 5%, 10%,
and 30%
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erties of geomembranes are defined by the following tests:

o Yield stress, MPa

o Yield elongation, %

o Break stress, MPa

o Break elongation, %

e Modulus of elasticity, psi.

Stress and elongation at yield and at break. Yield
stress is specifically defined as the stress corresponding
to the first point on the stress-strain curve at which there
is a large increase in strain for no increase in stress (7).
The elongation at yield is the stretched length of the
specimen at the yield point and is measured as a
percentage of original specimen length. Break stress is the
force required to break or rupture the specimen, and the
break elongation is the length at the break point as a
percentage of original length.

Table V summarizes the results of the tests for tensile
properties of unexposed samples. The values tabulated are
mean values based on the results of ten tests—five
replications at each of the two immersion temperatures.
Samples were tested in both the machine direction and
the cross-machine direction.

National Sanitation Foundation, Standard No. 54 (8)
requires that 60-mil HDPE geomembranes have a yield
strength of at least 13.8 MPa, a yield elongation of at least
10%, a minimum break stress of 20.7 MPa, and a minimum
break elongation of 500%.

The results for the three HDPE geomembranes are
summarized below, based on the average values calculated
for each test (from Table V):

e All of these test values for tensile strength at yield are
above the minimum of 13.8 MPa.

e All of the test values for elongation at yield are above
the minimum 10% value. The unexposed values for
Manufacturer A are low, whereas test results through-
out the 120-day exposure testing are more typical of the
product. The low values for unexposed samples com-
bined with normal values during the immersion testing
account for all of the large percent changes in Fig. 4.

o All of the test values for tensile strength at break are
above the minimum of 20.7 MPa.

o All of the test values for elongation at break are above
the minimum 500% value.

e The three geomembranes are functionally equivalent in
terms of their relative merits, based on the tensile
properties tests.

e No trends with respect to either time or temperature
were noted in the compatibility test results.

Figures 1-4 present the test results in terms of percent
change over the 120-day leachate exposure period for yield
strength, yield elongation, break strength, and break
elongation in the machine direction (MD).

Modulus of elasticity. The modulus of elasticity is the
ratio of stress change to the corresponding strain change.
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It is defined as the slope of the initial linear portion of
the uniaxial stress-strain curve. It is a constant fyr a given
material and is a measure of the material’s stifyness. The
modulus of elasticity was determined by using the tangent
method of ASTM D638, which requires five replicate
samples per direction per geomembrane.

Table VI summarizes the modulus-vf-elasticity data for
both the machine and cross-machine direations for
unexposed samples of the three geomembranes., NSF No.
54 specifies a value of 550 MPa as the minimum acceptable
value for modulus of elasticity. The geomembyane from
Manufacturer A is the only product tested thyt had an
average modulus of elasticity above this val'{,xe in the
machine direction.

Normally, the modulus test (and any othe test for
measuring strength) will have lower :-esults for, the cross
direction than for the machine directign. While this is true
for Manufacturer A’s geomembrane, both of jthe other
geomembranes exhibited the opposite results. The moduli
of elasticity for Manufacturers B and C indicate, along
with melt flow index and specific gravity, tha they are
manufactured from a resin of lower density thar, that used
by Manufacturer A.

Figure 5 graphs the machine-direction results for the
120-day compatibility testing. The graphs show no clear
time-dependent trends for any of the three geomgmbranes,
further substantiating that no degradation of the; materials
is taking place from leachate exposure.

Thermogravimetric analysis

Thermogravimetric analysis (TGA) defines the composi-
tion on a percent-by-weight basis, and it is, useful in
assessing the thermal properties of finished products.
None of the TGA compositional dats show the presence
of two or more polymer fractions for the geomgmbranes.
The presence of two or more polymer fractiqns can be
indicative of the manufacturer’s use of regrind (grinding
off-spec product and adding it back into the extruder to
make new product). This practice often leads;to higher-
than-average molecular weight distributions in the
manufactured product.

In addition to percent composition, results are¢ presented
for the onset-of-decomposition temperatur-,'e and the
temperature at the maximum rate of weight loss.
Significant changes in these two payameters yre helpful
in assessing structural changes of the geomembprane.

Overall, the results of the TGA analysis, inqluding the
data for percent composition and the onset-of-
decomposition temperature, were that all three geomem-
branes showed little change in compgsition after 120 days
of immersion in leachate. These results are alsc consistent
with those obtained from the DSC analyses. Geomem-
branes A and C showed little change in both composition
and decomposition temperatures. However, the geomem-
brane from Manufacturer B did exhibit some: reduction
in the onset-of-decomposition temperature and the
temperature of the rate of maximum,decompogition. Such
changes are more likely associated with material varia-
bility than with material degradation.
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VII. PVC piping DSC and TGA results

Unexpossd 120-day exposure
Test sample 23°C 50°C
DSC
Oxidative induction
temperature, °C 286.39 286.35 286.00
TGA .
Composition, %
" Volatiles 052
Polymer 1 57.70
Polymer 2 23.03
Residue 18.74
Onset-of-decomposition
temp., °C 271.35
Temp. at max. rate o
of weight loss, °C 285.00

7. Results of the wall thickness tests at immersion cell temperatures
of 23°C and 50°C
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Piping test results

Compressive strength (stiffness)

ASTM D2412 is the test method used to determine the
compressive strength (stiffness) of the pipe and is thus
analogous to the tensile properties test performed on the
geomembrane. This method is based on determining the
pipe stiffness in megapascals at 5%, 10%, and 30%
deflection. The stiffness is used to assess the ability of the
pipe to withstand the load imposed by the weight of the
wastes stored in the landfill cell.

Compressive strengths are expressed in megapasecals,
which are the units obtained by dividing the load
(kilograms) by the cross-sectional area normal to the load.
The cross-sectional area is the specimen length times
deflection. The ratio of loads required to go from one
deflection to a greater deflection (in percent) is almost
always less than the ratios of the respective deflections.
Therefore, the resulting strengths in MPa at 10%
deflection, for example, will be less than those at 5%
deflection. The same analysis applies to values obtained
at 30% deflection.



Figure 6 shows the consistency of the stiffness results
throughout the 120-day period for both the 23°C and 50°C
tests. The results show larger percent decreases occurring
at the 120-day interval for all three deflection values at
both temperatures. However, the magnitude of the
changes is well below the values usually considered to
indicate actual changes in piping material properties.

Differential scanning calorimetry

Oxidative induction temperature data are presented in
Table VII for both the 23°C and 50°C immersion samples.
The results are consistent throughout the immersion
periods and show no indication of polymer degradation.

Infrared spectroscopy

A comparison of results for unexposed and 120-day
samples shows, in conjunction with the OIT results, that
the pipe has not been degraded from leachate exposure.
In addition, the IR results indicate that organic constit-
uents of the leachate have not been absorbed into the piping
polymer matrix.

Thermogravimetric analysis

The TGA data in Table VII show excellent consistency
in all three tests conducted (composition, onset-of-
decomposition temperature, and temperature at the
maximum rate of weight loss). The presence of two
polymer fractions in the PVC piping is normal. The onset-
of-decomposition temperatures are consistent with those
obtained for oxidative induction temperature, showing
insignificant decomposition or interaction with leachate.

Wall thickness

Wall thickness is a nondestructive test to determine if
swelling or shrinkage of the material is occurring from
exposure to leachate. This test is the counterpart of the
dimensional change test on the geomembranes.

Results of the test are shown in Fig. 7. The changes are
less than +5%, which places them within the range of
precision and bias of the tests. Therefore, the changes in
this figure are statistically insignificant, and the data show
no apparent trends for the two immersion cell tempera-
tures in the Method 9090 testing. In addition, the changes
in Fig. 7 are not as extreme in range as those shown for
the destructive piping stiffness test in Fig. 6.

Conclusions

The results of the conformance and compatibility testing
indicate that the geomembranes and the PVC piping
tested would be suitable for use in the Deferiet solid-waste
management facility. In addition, the geomembranes all
met the minimum requirements as specified in NSF
Standard No. 54.

These conclusions are supported by the evidence that
exposure to leachate did not cause material degradation.
Changes in test results were found to be caused by material
variability, not degradation, for the following reasons:

o The results of the IR spectroscopy and OIT tests show
that after immersion in the leachate for 120 days,
oxidation or absorption of leachate constituents into the
samples did not occur.

e The results of the crystallinity test, in combination with
those for specific gravity, hardness, and tensile strength,
showed that plasticization or crosslinking of the
polyethylene geomembranes did not occur.

e None of the physical, mechanical, or chemical test
results showed any trends over the 120 days of leachate
exposure.

o The results for piping stiffness (where material
differences and degradation are variables) were
compared with the results for wall thickness (where
material degradation is the only variable). This
comparison emphasized that changes in the Method
9090 test results for both the geomembrane and piping
materials were attributable to material variations.
These variations arise from differences in the raw resins
used to manufacture the material or from the manu-
facturing processes themselves.

The results of the compatibility testing of the HDPE
geomembranes also showed their suitability for use in the
landfill leachate collection pipe. The testing of both HDPE
and PVC leachate collection pipe allowed Champion to
choose between the two, solely on the basis of cost.

It is recommended that chemical testing (IR, DSC, and
TGA) be incorporated into any compatibility testing
program to provide direct evaluation of degradation
mechanisms that affect materials. The use of chemical
testing will help evaluate Method 9090 test results to
identify changes caused by material variability and those
caused by degradation from leachate exposure.
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