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Mzr. Steven J. Donohue

United States Environmental Protectlon Agency

Region 3

1650 Arch Street

Philadelphia, PA 19103-2029

RE:  Tonolli Corporation Superfund Site ~ -
Landfill Cap Re-Design Package =~~~ =

Dear Steve:

Enclosed please find the final package for the Tonolli landfill cap re-design. This final package
responds to the USEPA, USACE, and PADEP conifients to the July 29, 1998 cap re-design
submission and includes a discussion of pertinent design issues, revised spec1ficat1ons drawings,
and calculations associated with the re-design of the landﬁll cap The USEPA, USACE, and
PADEP comments were addressed as follows:
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The proposed site fence along the eastern portion of the Site has been re-located to
the base of the landfill embankment. The proposed fence allgnment is shown on
Sheet 14. S :

The GCL to be placed over the western and northern portions of the landfill
embankment will extend from the proposed cap anchor trench to the toe of the
embankment. -

The Final Construction Specifications were reviewed for completeness with the
design changes. Only Section 02751 (Cap Drainage Layer) and Section 02756
(Geosynthetlc Clay Layer) requlred revision. These revised specifications are
enclosed.

Three landfill settlement monuments will be placed on the cap following completion
of the cap construction. The proposed locations are shown on Sheet 14.

Compaction equipment and procedures for soil and waste placement in the landfill
are included in Section 02209 (SoLl and Waste Removal/Handhng/P]acement) of'the
Final Construction Specifications.

The cap bench/drainage swale was designed based on a rainfall intensity of 8.2
inches/hour for a 5 minute period, which generated a higher peak runoff rate thana
15 minute storm. _

AGC does not anticipate any significant differenfial settlement to occur across the

10-foot wide cap bench/drainage swales. The bends of the cap bench/swales were
modified to lessen the degree of curvature.
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The final elevation of the waste will be dependent upon final excavation volumes.
The waste will be placed at a 20% slope from the edge of the existing liner anchor
french until excavations at the Site are complete. Benches will be constructed as
waste is placed at every 20 feet of rise in the cap. The top of the cap will be graded
no flatter than 5%. The need for additional benches will be evaluated after all waste
is placed in the landfill and the final height 1 18 established.

The rip rap down slope drain protection shown on Sheet 14A was continued about
20 feet up the cap bench/drainage swales.

The cap bench/drainage swale was realigned so that the southern landfill manhole is
outside of the swale.

The gradation of the rip rap for the drainage channeis was modified to include a
range of 3 inch to 9 inch aggregate. . :

The width of the 2% portion of the cap bench/drainage swale subgrade has been
provided on Sheet 15. .

The cap bench/drainage swale capacity calculations were evaluated assuming runoff
coefficients for the pre-vegetation condition. Based on these calculations, the
drainage swales are capable of handling a 100-year storm évent for the pre-vegetation
condition. AGC believes that a slope of 2 to 3% for the cap anchor trench is
excessive and that the specified 0.5% is adequate. A 2 to 3% slope‘is not practical
with a flat top of berm and would result in exXcessively deep anchor trenches or
numerous outlet pipes. ! -~

Sheet 15A does not show a plan view. However, the details on this sheet clearly
reference the location of the GCL anchor and GCL end from the proposed cap anchor
trench. The plan view of the proposed cap anchor trench is shown on Sheet 11.

As requested by Joseph Mueller (USACE), the followmg additional cap stability
calculations were performed.

I. A factor of safety against sliding between the 60 mil LLDPE and the GCL
was calculated. Based on the interface friction testing performed for the re-
design, the interface between the LLDPE and GCL has the lowest interface
friction.

2. .The internal shear strength of the GCL to be placed on the northermn and
western embankment slopes was check against the overburden stress carried
through the geosynthetic components of the cap.

Summarized below are changes resulting from the re-design of the cap to a 20% maximum slope:
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The volume now provided above the current top of landfill embankment (EL. 1024)
will be on the order 0f 90,500 cubic yards.
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'The drainage layer component of the cap has been changed. The drainage layer shall
now be a HDPE. geonet with a geotextile bonded to both sides of the geonet.
MACTEC has submitted a composite drainage layer manufactured by Evergreen
Technologies. The double-sided geonet manufactured by Evergreen Technologies
shall mclude the following:

1. The geotextile shall be TG 700, a U.V. stabilized, spunbonded, continuous

filament, needlepunched, non-woven, polypropylene geotextile bonded to
both sides of the geonet.

2. The geonet shall be Drainage Composite DC3205.

The geosynthetic clay Iayer (GCL) ‘has® been changed ‘to Bentomat DN as
manufactured by CETCO. - '

Benches in the Iandfill cap have been added at every 20 foot rise in the waste
elevation.

A GCL will be placed on the northern and western embankment slope in areas where
contaminated materials are left in-place.

The revised specifications, drawings and calculations include the following:

Specifications

Drawings

Calculations
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Section 02751 (Cap Drainage Layer)
Section 02756 (Geosynthetic Clay Layer)

Landfill Preparation and Top of Waste Plan (Sheet 11)
Landfill Final Grading Plan (Sheet 14)

Landfill Erosion and Sed1ment Control Plan (Sheet 14A)
Landfill Capping Details (Sheet 15)

Western Embankment Slope Capping Details (Sheet 15A)

Cap Stability

Slope Stability

Landfill Settlement

Drainage and Erosion Control Calculations

Geonet Transmissivity Calculations -
Western Embankment Slope GCL Stability Calculations
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Discussions of pertinent design issues, revised specifications and supporting documentation for the
design calculations are enclosed. The revised drawings are attached. ' '

If you have any questions concerning this matter, please contact us at (610) 558-3300. ~ —. ... == __
Sincerely,
ADVANCED GEOSERVICES CORP. .~ .. .

Tretdh D (fdror

Todd D. Trotman, P.E.
Project Engineer

oL

1
|
III

Sz 7
Thomas M. Legel, P.E)
Project Manager

TDT:TML:1id

Enclosures : L T .

cc Jeff Leed
John Regalski
Meg Mustard
Jim Harbert
Joe Mueller
Jerry Mahares , ..
Joe D’Onofrio '
Susan Schriner : -
John Lathram
Todd Trotman
Thomas Legel
File
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TONOLLI CORPORATION SUPERFUND SITE

LANDFILL CAP RE-DESIGN

Prepared For:

TONOLLI SITE RD/RA
STEERING COMMITTEE

Prepared By:

ADVANCED GEOSERVICES CORP,
Chadds Ford, Pennsylvania

Project No. 96-248-79
July 29, 1998
(Revised August 26, 1998)
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DISCUSSION OF DESIGN ISSUES ==~ _ . o .

LANDFILL CAPPING =

The cap will comply with the requirements of the Pennsylvania Hazardous Waste Regulétions and
will consist (from top to bottom) of a 6-inch layer of topsoil; 18-inches of select soil fill; a.composite
(geotextile/geonet/geotextile) drainage layer; 2 60 mil LLDPE geomembrane; a geosynthetic clay
layer (GCL); and 6-inches of select soil fill. The composite drainage layer has been changed to a
geonet with geotextile bonded to both sides and the GCL has been changed to Bentomat DN as part
of this redesign. A 6-inch layer of lime amended remediated soils will be pl:gia_c?c_a_c_l below the select .
soil fill. The design drawings and calculations have been modified for a maximum finished cap
slope of 20%, which will provide a total capacity of 90,500 cy above the existing embankment. The

final elevation of the waste will be dependent upon final excavated soil volumes; however, the waste
will be placed at a 20% slope until excavations at the Site are complete. The top of the cap will then
be graded no {latter than 5%. Benches will be provided for every 20 feet of rise in the cap

elevation.

A detailed landfill cap evaluation was performed as part of the design process. This evaluation
included a cap stability analysis and an effectiveness evaluation using the HELP model. A
discussion of these evaluations is provided below:

HELP Model =

The HELP model evaluation was performed as part of the previous Final Design and the resuits do
not change since this evaluation assumed a 3% finished slope (slopes steeper than 3% will result in
less infiltration, resulting in a more conservative evaluation). Therefore, ‘the HELP model_

galculations have not been revised.

Cap Stability Analysis

As part of the cap stability analysis performed during the re-design process, interface friction testing
was performed on the geosynthetic cap components. This testing included the following:

AR305310
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L. Interface fricfion testiiig between the geonet and the LLDPE liner.

2. Interface friction testing between the geotextile portion of the geonet and the LLDPE

liner.

(GCL).
4, Interface friction testing between the GCL and landfill cap fill.

Cap stability calculations are attached and indicated a 20% slope can be achieved with the revised

cap components.
Transmissivity calculations for the new drainage layer have been performed and indicate that

sufficient drainage is provided by a single geonet sandwiched between two geotextiles for the

proposed application. The calculationsare attached.

SLOPE STABILITY e

3. Interface friction testing between the LLDPE liner and the geocomposite clay liner -

As presented in the Final Design, the existing landfill embankment slopes will be filled/regraded

to achieve a 3:1 final slope. Therefore, no changes to the gabion wall or embankment grading as

presented in the Final Design have been performed. Stability calculations for both the static and
dynamic loading conditions have been revised for the 3:1 embankiment slope and the gabion wall
conﬁguratio’ns assuming & 20% c&p slope. The calculations demonstrate that the required factor of
safety of 1.5 has been achieved for both loading conditions’and are attached. As requested by the

USACE, the slope stability calculations include the minimum factors of safety for both the 3:1 .

embankment slope and gabion wall configuration, as well as several other slip surfacés that pass
through the landfill cap and embankment. = ' '

LANDFILL SETTLEMENT . . 7 7. .7 .7 . -

A detailed analysis of the potential landfill settlement during and following closure activities was
performed as part of the Final Design and has been modified to account for the additional waste that
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AR3065311




R
; Q:‘l ™

may be placed in the landfill. The analysis of potential settlements during and following landfill .

closure was performed for the following two conditions: ___ |

1. The removal of the standing landfill liquid.
2. The placement of additional waste and site soils.

The results of the settlement analysis for these two conditions are summarized below. The
settlement calculations are attached.

Settlement Resultine from the Removal of T andfill Ligﬁid S T

When the liquid (i.e., 30 feet of liquid) is removed from the waste within the existing landfil], the
waste will experience an increase in stress equivalent to about 0.94 tons per square foot (isf) due to
the removal of the buoyancy effect of the liquid. The settlement due to this increased Joad is
estimated to be a maximum of about 5-inches using Schmertmann's method for granular soils. Due

to the granular nature of the waste materials, this settlement will occur during the removal of the

liquid.

The majority of the liquid will be removed prior to and/or concurrent with waste placerent. .The
foundation materials beneath the liner will experience a relaxation in overburden stresses equal to
about 0.94 tsf resulting from the removal of liquid above the liner. Therefore, there will be no

settlement of foundation materials caused by the removal of landfill liguids.

Seitlement Due to the Placement of Additional Waste ,4 R

Based on a 20% final cap slope, a maximum of about 37 feet of material (i.e., waste, site soils, and
cap) at the landfill's highest point may be placed during closure activities. Based on Schmertmann's
method, it is estimated that the settlement of the existing waste materials caused by this additional
load could range from 0 inches to 12 inches. However, due to the granular nature of the existing

waste, this settlement will occur during fill placement activities.

F OFICEAGCPROJECTS\FILES 96- 248\LETTERS\Capping wpd 3
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Settlement of Material Beneath Landfil =

T

The average load of this additional material (i.e., 18.5 ft. x 120 psf) will be on the order of 1.1 tsf.
Therefore, the net load (the difference between the relaxation of stress caused by the removal of the
impounded liquid and the increase in stress caused by the placement of additional material) on the
foundation materials beneath the landfill will be on the order of 0.16 tsf (representing a negligible
increase in load). If some water is still in the landfill at the completién of waste placement, the
increased load will be no greater than 0.30 tsf. Due to the competency of the foundation material,

foundation settiement will be negligible for either of these conditions.

- DRAINAGE CALCULATIONS .. = °

Increasing the cap slope to 20% will increase the surface water runoff from the cap. To handle this
runoff, a bench at the base of the cap (top of landfill embankment) as well as on the cap slope at
each 20 foot rise in elevation will be constructed. These benches will be grassed-lined, will have
a width of 10 feet, a depth of 0.5 feet and will be sloped at a 1% (minimum) longitudinal grade. The

capacity of these benches/swales is greater than the runoff produced from a 100-year storm event

for both the pre-vegetation and post-vegetation condition. Swales carrying surface water from the
the design of these benches/swales are attached. ) o -

Storm routing for Basis 2 and 3 were also re-calculated. The results of the storm routing are very

similar to those presented in the Final Design. Therefore, no changes to the basins are necessary.

NORTHERN AND WESTERN EMBANKMENT SLOPE CAPPING |

The potential exists for soil containing lead to be present in the excavation sidewalls along the
northern and western portion of the landfill embankment, and the removal of these materials may
endanger the stability of the existing landfill. Therefore, the following excavation and capping
procedures along the northern and western face of the landfill embankment are proposed, if sidewall

samples contain lead at greater than 1,000 mg/kg.

FAOFICEAGCPROJECTS\FILES\6-248\, ETTERS\Capping.wpd 4.
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/
. Excavate the soil removal areas.along the northern and western embankment using

sheeting and shoring, to be proposed by MACTEC and approved by AGC, as

required.

. If soil with total lead concentrations above 1,000 mg/kg is encountered. along the
face of the embankment, no additional excavation will be performed into the landfill
embankment unless AGC believes that the additional excavations will not
jeopardized the stability of the landfill embankment. All other portions of the soil
removal areas will be excavated to the required clean-up level of 1,000 mg/kg total
lead.

. In areas where soil with lead concentrations above 1,000 mg/kg remain within the
embankment, a GCL will be placed on the embankment slope. The GCL will be
anchored in a trench constructed on the top of the landfill embankment and rolled
down the slope. Placement of the GCL will be in accordance with Section 02756 -

of the Construction Specifications.

Details regarding the placement of the GCL are provided on Sheet 15A. Calculations regarding the
stability of the GCL on the 3:1 slope are enclosed.
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REVISED SPECIFICATIONS
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SECTION 02756 . .

GEOSYNTHETIC CLAY LAYER

PART 1: GENERAL

1.1  Description e L

This work shall include fisrnishing all materials, labor and equipment necessary to install a
geotextile/bentonite, Feotextiia composite liner (GCL) in accordance with the contract docurnents

and as directed by the Resident Engineer.

1.2 Related Sections

Section 01050 - Field Engitieering
Section 01300 - Submittals

O 0w p

Section 02755 - Geomembrane

1.3  References _ = _

ASTM D5084 - Test Method for Measurement of Hydraulic Conductivity of

Saturated Porous Materials Using a Flexible Wall Parameter

1.4 Submittals

The Contractor shall submit to the Steering Commuittee and Resident Engineer a document, with
sketches as appropriate, describing the method of placement and joining the proposed materials in

the field in conformance with manufacturers recommended installation procedures.
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The Contractor shall also submit ﬁ;amples of the materials proposed for use on the project, and
sufficient information demonstrating that these materials comply with the applicable provisions of
this Specification, including a certification from the manufacturer that the GCL meets the

requirements for permeability.
1.5  Storage 7
The GCL rolls delivered to the project site shall be stored in their original, unopened wrapping in
a dry area and protected from precipitation and the direct heat of the sun, especially when stored for
a long period of time. The materials shall be stored above the ground surface and beneath a roof or

shall be stored above the ground surface and beneath a roof or other protective covering. Care shall

be taken to keep the GCL clean and free from debris prior to installation.

PART 2: PRODUCTS . .. . . ... . .

2.1 Geosynthetic Clay Liner(GC1) =~ = =~

PR o e A T

O 0t the equivalent)! The material shall have a minimum bentonite content

of ﬁi pound per square foot. The GCL shall also have a typical permeability of 5 x 10-9 em/sec,

as determined by ASTM D5084. A certification from the manufacturer verifying the permeability
of the material shall be obtained and submitted to the QA Official prior to installation.

PART 3: EXECUTION

3.1 Subbase Preparation

The Contractor shall be responsible for inspection of the GCL upon delivery to the job site. Should
any of these materials show damage, they shall be identified by the Contractor and shall not be used.

During installation of the GCL, the QA Official shall carry out visual inspections of all materials.

0275 6"2 F. ,0'FICEAGC\PRO:JE-CTS\FILES\%-Q48\R£PORTSYSPECS\SPEC2756.WPD
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Any defects in materials shall be repaired or replaced, as approved by the Resident Engineer.

The Coniractor will be responsible for preparation of all surfaces prior to instaliation of the GCL.

The soil subbase shall be rolled and compacted prior to GCL placement so as to be free of -

irregularities, protrusions, loose soil, and abrupt changes in grade. Compaction shall be performed

as detailed in the Earthwork Specification. S

The 6-inch subbase shall not contain sharp stones or protruding objects. If sharp or protruding
objects are detected ruing subbase inspection, they shall be removed and any resultant voids shall
be backfilled.

The Resident Engineerand Installer shall approve the subbase prior to GCL placement. The Installer
shall certify in writing that the surface on which each section of GCL will be installed is acceptable.
These certificates of acceptance shall be given by the Installer to the Resident Engineer prior to

commencement of panel placement.

At any time prior to or during GCL placement, the Resident Engineer may indicate to the Contractor
locations of uncovered subbase areas which may not provide adequate support for the GCL and
which will require corrective action prior to GCL in'staﬁation. The Contractor shall then perform

the appropriate corrective action. , . ' —

3.2 Installation

recommendations. The materials shall be placed and aligned from the top of the slope towards lower

grade. - ) : . . - e

The layout of all materials shall be designed to minimize the number and length of overlap seams,
consistent with Manufacturer's recommended method of installation. Seams shall be minimized, and

whenever possible, run parallel to the direction of the slope if the slope is steeper than 3%.
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. Travel on the materials shall be controlled to prevént -tracking, rutting or failure of materials or

foundation, ' -
Track equipment shall not be allowed to travel directly on top of the installed GCL.

The GCL shall not be installed when it is raining or when rain is pending. The GCL.must be dry
when installed and must be dry when covered. The overlying geomembrane shall be placed
immediately over the installed GCL. No portion of the GCL shall be left uncovered ovemight, or
during periods of work stoppage. The leading edge of the GCL shall be secured at all times with
sand bags or other means sufficient to hold it down during bigh_winds. GCL that becomes wet shall

be removed and replaced at the Contractor's expense.

Damaged areas shall be repaired by patching with pieces of GCL cut to overlap the perimeter of the
damaged area by a minimum of twelve inches. l?gt_chésr shall be held in place by completely

éovering_them with sand bags, or as approved by the Resident Engineer.

The GCL ‘shall be installed in a relaxed condition and shall be free of tensiGi or stress upon
completion of the installation. Stretching of the GCL. fo it will not be allowed. The GCL shall be
adjusted to smooth out creases or irregularities.

After the first 161l has been laid, adjoining rolls shall be laid with a twelve inch overlap. All dirt
shall be removed from the overlap area of the mat. Field seams shall be made as per the

Manufacturer's recommendations., . . .

All seams shall be protected agéjgst movement and wind damage during construction and until

placement of overlying materials.

All dverlapping of the GCL shall be inspected by the QA Officjal and Contractor to insure that the
minimum overlap exists. In addition, the GCL.shall be inspected by the Contractor for any tears or

. punctures and shall be repaired or replaced as deemed necessary by the Resident Engineer.
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PART 4: MEASUREMENT AND PAYMENT - —

4.1 Measurement = L N o L - T

Measurement for payment shall be based on the actual number of square yards of surface area of in- - L
place GCL. "~ ~ - - B '

The price shall include, but will not be limited to, submittals; material manufacture, packaging,

delivery, and storage; GCL deployment, seams, overlaps, and repairs; and clean up.
No additional payment shall be made for removing approved GCL material which is rendered

unsuitable due to adverse weather conditions. Damaged material shall also be removed at no

additional cost. . ) , o
4.2 Payment - S L
The completed work as measured for GCL shall be paid for according to the unit price schedule.

PAY ITEM ) .. - BPAYUNIT . .. __

P

Geosynthetic Clay Liner Square feet

02756-5 F OFICEAGCEROECTSTFILESIS6. 248 REPORTS\SPECS'SPEC2756 WED
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SECTION 02751

CAP DRAINAGE LAYER

PART 1: GENERAL G e e

1.1 Description ™~~~ 7T T

The work covered by this section includes installation of the cap drainage layer for the final closure
cap systerns. This includes manufacture, fabrication, packaging, delivery, and installation of all

components. ~ Specific components include the composite drainage layer

geotextiles.

1.2 Related Sections

Section 01050 - Field Engineering
Section 01300 - Submittals
~ Section 02210 - Earthwork

U w

_Section 02755 - Geomeémbrane.

1.3 Refefences =~ 7 Tl el -0

ASTM D422 - - —-Test Method for Particle-size Analysis of Soils

ASTM D1682 . - . .Test Method for Strip Tensile Strength

ASTM D2487 - -Procedure for Classification of Soils for Engineering Purposes

ASTM D4354 - Standard Practice for Sampling of Geosynthetics for Testing

ASTM D4533 - - Test Method for Trapezoid Tearing Strength of Geotextiles

ASTM D4595 = .-. . ..TestMethod for Tensile Properties of Geotextiles by the Wide Width
Strip Method

FADFICEAGO\PROJECTS\FILES\Y6-248\REPORTS\SPECS\SPEC2751.WPD 0275 1_1 U
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ASTM D4632 . - - TestMethod for Breaking Load and Elongation of Geotextiles (Grab

Method)

ASTM D4716 - Test Method for Constant and Hydraulic Transmissivity of
Geotextiles and Geotextile Related Products

ASTM D4751 - Test Method for Determining Apparent Opening Size of a Geotextile

ASTM D4759 - - Standard Practice for Determining the Specification Conformance of
Geosynthetics

ASTM D4833 - Test Method for Index Puncture of Geotextiles, Geomembranes and
Related Products : ==

1.4 Submittals

The Contractor shall submit Manufacturer’s literature and specification for perforated piping to the
Resident Engineer for @pproval. The Contractor shall submit Manufacturer’s specifications and
physical property information for the composite drainage layer to the Resident Engineer for

approval.

1.5 Storage

The composite drainage layer rolls delivered to the project site shall be stored in their original,
unopened wrapping in a dry area and protected from precipitation and the direct heat of the sun,
especially when stored for a long period of time. The materials shall be stored above the ground

surface and beneath a roof or other protective covering.

1.6  Quality Assurance . .

Quality assurance of geosynthetic installation shall be performed in accordance with the

Construction Quality Assurance Plan.
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PART 2: PRODUCTS = .

21 Geomet . o T TTT

The geonet shall be a high density polyethylene (HDPE) material with intersecting material strands

creating a three dimensional structure which supports planner water flow. The geonet shall conform

Contractorshall provide conformance testing as required by Construction Quality Assurance Plan.
2.2 Pipe
The pipe used within the perimeter cap drainage system (where required) shall be 4 inch perforated
corrugated polyethylene tubing (Class 2 Perforations) meeting the requirements of AASHTO

M?25-94. The pipe shall include all appropriate connections and end protection recommended by the

manufacturer and as shown on the design drawings.

2.3 Geotextile
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alentl Geotextile shall be heat bonded to the geonet and extend a

minimum distance of 6-inches beyond the geonet at either end,
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The geotextile wrap used for the cap edge drains shall meet the same requirements but will not be

bonded to the geonet.

24  Grapular Fill , R
Granular fill shall be used as drainage material around the piping system for the perimeter cap drain
and the cap edge drain. Granular fill shall be clean, rounded material with particles not larger than
1-1/2-inch in diameter and no greater than 5 percent fines and shall be AASHTO #57 gradation.
PART 3: EXECUTION

31 eral

The work shall be coordinated with placement of the LLDPE geomembrane and anchor trench

backfill. The cap drainage layer shall be placed directly above the LLDPE geomembrane.
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Prior to placement of the cap drainage layer, the portion of the geomembrane to be covered by the

[Ejgeonet/ geotextile compos1te shall have all required documentation complete. The surface -

of the geomembrane shall not contain stones or excessive dust that could cause damage. -

The composite drainage layer shall be cut, if necessary, using an Resident Erigineer approved cutter.

Care must be taken to protect underlylng geomembrane if the geonét or geotextile is bemg cut in

place. ~ - o o

Equipment used to deploy the composite drainage layer shall not damage the materials or the

underlying geomembrane.

3.2  Composite Drainage Laver

3.2.1 Placement

The Contractor shall keep the composite drainage layer clean and free from debris. Soils and debris
shall be cleaned by the Contractor just priorto installation, as determined by the Resident Engineer.
The Installer shall handle all rolls in a manner to ensure they are not damaged in any way. To
prevent folds and wrinkles, tension should be kept on the materials. Materials shall not be placed

across side slopes. Geotextile side of the composite shall be placed facing up.

In the presence of winds, the composite drainage layer shall be weighted with sandbags, as

necessary. The Installer shall be responsible for damage caused by wind.

3.42 Connectiénis =~ 7T

inspection. Metallic ties shall not be allowed. The__l_:l_ead_s___of the,, ties must fit completely into the

geonet channel space so that the head of the tie does not intrude into or against the primary liner.

FAQFICEAGCPROIECTS\FILES WS 248\ REPORTS\SPECS'SPECIVSLWPD Q275 1-5 )
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Adjacent pieces of composite drainage layer shall have their geotextile components lystered together

after the geonet is connected and accepted by QA Official.

Horizontal seams shall not be placed on side slopes greater than 3% unless approved by the Resident

Engineer in the panel placement plan.

3.4.3 Repair

Patching of the composite shall be used to repair holes, tears, and defects. Patches shall provide 6"
of overlap around the repaired area and shall be held in place with plastic ties. Composite shall be
removed if areas with large defects are observed. The Resident Engineer shall determine the

acceptability of the composite drainage layer.

3.5 DrginageLayér Edee Drain = . A o L

The 4-inch diameter perforated polyethylene pipe shall be placed in the anchor trench following
placement of the cap geomembrane and geotextile wrap. The Contractor shall place the pipe in a
manner which ensures underlying materials are not damaged. Endcaps shall be placed on the

upsiope end of the perforated pipe. Details of the pipe layout can be seen in the Drawings.

Granular fill shall be placed around the pipe for drainage. Granular fill shall be placed by the
Contractor in a manner which ensures surrounding materials are not damaged. Granular fill shall
be placed to provide proper support for the overlying trench backfill. The Resident Engineer shall

monitor fill placement.

3.6 Cap Drainage Laver Acceptance

The Contractor shall retain all ownership and responsibilities for the cap drainage layer until

acceptance by the Steering Committee. The Steering Committee will accept the cap drainage layer

when:

FAOFICEAGC P ROTECT SFILESW- 24 NREFORTISPECS\SPECTS [ WD 0275 1 "6
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1. All required documentation from the Manufacturer and Installer has been received

and approved. : - C

2. . The installation is complete.

PART 4: MEASUREMENT AND PAYMENT

4.1 Measurement

Measurement for payment for the composite drainage layer will be based on the actual number of

square yards of covered surface area in-place.

The cap drainage layer edge drain shall be measured as lineal feet in-place and shall include required

granular fill, perforated pipe, pipe fittings, and geotextile.
Gramilar fill will not be measured and will be considered incidental to pipe placement.

42  Payment ... . ..

All prices shall include, but will not be limited to, submittals; material manufacture, packaging,

delivery, and storage; deployment, patches, seams, overlaps, repairs; and cleanup.

All work associated with furnishing and hauling material will not be paid separately but shall be

included in the work required, or as approved by the Resident Engineer.
No additional payment will be made forrerhoving approved matenials which are rendered unsuitable

after placement or replacement or for removal, hauling, disposal and replacement of objectionable

materials. : - oo -
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The completed work as measured for the cap drainage layer shall be paid for according to the unit

price schedule.

AY ITEM

Composite Drainage Layer

—-"Edge Drain (complete)

~ PAY T _ L
Square yard

Linear foot
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SMOOTH VFPE (LLDPE) GEOMEMBRANE

POLY.FLEX

POLYETHYLENE GEOMEMEBRANES . DATA SHEET
* 4 . hoA .
Minimum Average Values
Property ~ TestMethod  260Mil0 30Mil 40Mil 60 Mil 80 Ml
Thickness, mils ASTM D 1593 18 27 36 54 72
Resin Density, g/cc ~- - ASTM D 1505 0915 0915 0915 0915 0915
Carbon Black Content, % ASTM D 1603 2-3 23. 23 2-3 .23
Carbon Black Dispersion ASTM D 3015 Al A2, Bl Al,A2 Bl Al A2 B1 Al A2B1 Al A2BI
or ASTM D 5596 . CAT1or2 CAT1or2 CATl1or2 CALTor2 CATlor2
Tensile Properties .. . .AsIMDe3g
(Type IV Specimen @ 2 ipm) _
1. Tensile Strength at Yield, ppi 30 45 60 94 125
2. Elongation at Yield, % B 13 i3 13 13 13
3. Tensile Strength at Break, ppi o . T 170 340
" 4 Elongation at Break, (2.0" G.L) % o 800 800 800 800 800
~ (2.5" G.L) % ; - 640 640 640 640 640
Tear Strength, bs. . .. ... _ASTMD 1004 11 17 22 33 44
puncture Resistance, Ibs.. . . FTMS 101 -2065 . C 26 39 s2 78 104
. ASTM D 4833 - 34 51 68 102 136
. Seam Properties . R ASTM D 4437 e -
1. Shear Strength, ppi Co 29 44 58 S0 i20
2. Peel Strength, ppi 23&FIB 37 &FIB SO&FTB 75&FIB 100 & FIB

Minimum average values, unless otherwise specified, are the average values of the required number of test specimens.

This data is provided far informational purposes only and is not interided as a waranty or guaraniee.

Poly-Flex, Inc. assumnes na rasponsibility in connection with the use of this data. These values are subject to change without notice.
NA - Not applicable. . . ) )

REV. 7/97 e e : IR

AR309351 7




TR 404bm
Revised 3/98

COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY : " - .

TECHNICAL DATA SHEET

BENTOMAT “DN” CERTIFIED PROPERTIES -

MATERIAL TEST TEST FREQUENCY, |JREQUIRED VALUES
PROPERTY METHOD ft (m?)

Bentonite Swell Index” |ASTM D 5890 |1 per 50 tonnes - 24 mL/2g min.
Bentonite Fluid Loss' |ASTM D 5891 |1 per 50 tonnes . 18 mL max.

Bentonite Mass/Area® |ASTM D 5993 40,000 f* (4,000 m%) = | 0.75 Ib/ft* (3.6 kg/m°®)
GCL Grab Strength® ASTM D 4632 (200,000 f* (20,000 m?) | 150 Ibs (660 N)
GCL Peel Strengih® ASTM D 4632 [40,000 £ (4,000 m%) 15 |bs (65 N)

GCL index Flux* ASTM D 5887 |Weekly 1 x 10" m*m%sec

GCL Permeability* ASTM D 5084 |Weekly - 5 x 10” cm/sec

GCL Hydrated Infernal JASTM D 5321  |Periodic 500.psf (24 kPa) typical

Shear Strength®
Bentomat “DN” Is a reinforced GCL consisting of a layer of sodium bentonite betweern two gédtextiles
which are needlepunched together. : .
Notes: s '

! Bentonite property tasts perfarmed at CETCO's bentonite processing facility before shspment to CETCO's GCL production facilities,

2: Bentonite mass/area reported at 0 percent moisture content..

? All tensile tasting Is performed in the machine direction, with results as minimum average rol! values unless otherwise indicated.

“ index flux and pemeab‘i'ty testing with deaired distilled/deionized water at 80 psi ( 551 kPa) cell pressure, 77 psi ( 531 kPa) headwater
pressura and 75 psi gS‘lT kPa) tailwater pressure. Reported value is equivalent to 925 gal/acre/day. This flux value is equivalent to a
permesbility of 5x107™ cm/fsec for typical GCL thickness. This flux value should not be used for equivalency calculations unless the
gradients used represent field conditions. A flux test using gradients that represent field conditions must be performed to determine
equivalency, The last 20 weekly values prior the end of the production date of the supplied GCL may be provided.

* peak value measured at 200 psf (30 kPa) nommal stress. Site-specific materials, GCL products, and test conditions must be used to verify

internal and interface strength of the proposed design.

1350 W. Shura Drive » Arington Heights, IL 60004 « USA « (847) 392-5800 « FAX (847) 506-5195
A wholly owned subsidiary of AMCOL, International

The information and data contained herein are believed to be acturate and reliable, CETCO makes no warranty .. I ;
responsibility for the results obtained through applicafion of this information. 3. R 3 O 5 3 5 2
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“Engineering for the Environment”™

/& ApVANCED GEOSERVICES CORP.
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ANCNDE Avrench s, onthe Southoen | slo
Connegt D Cubic oot paﬂ '

(2.1 Wlaag{F ?,-‘;,‘-:”9 SQ%) omsau-ac/oxaj/s%%

Convtk ko Gadllons \a’.achzﬁ e saft
(0.175 cocft [ela Y%%fi) - 13 jai/dﬁj/&@-(:t
Corweet: a_/sz@mS f@zcﬂ&_zj ,Deff-f"-tw\dﬁho{:s \:‘
EI B:ﬁdbf{dgg 9_50 —H,) 225 3&\/5(0:3/%

SQ“H IO ) oo
covrees o Saubtcw& P@Q 7277 Pe;e ~Fm>'t

(325 gol Az /7‘-6)( 7470 7min) © 0.2 225 ja/‘-/f??f/?/‘F&

/Ae /Of‘vf?affcg ﬂ/‘a/rzaie. Com/aao‘f//[c .DC 320_"9

bas’ A  Trans mirssovity. oF . = #x0"Y m? Sec
CSee_ attached /araa"w:f' Curve aJL /2 kPa..

Y¥/07*mP 1076 TR, [ Frudt 74@4 6O sec

=l

Ses m= F"?"3 m:'n /?-3 7&4’/970: [
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m ADVANCED GEOSERVICES COrRP,
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S Cover Soll is e Sand& '/oa/;z # Samc? G/a/—/squ. |
/Qeﬂmaé //7? /3 ezc/acc?{’cﬁ 7 e o He order o
/0% C'/’?)'/Sc,c_ S Fhow #arn Foc cap S/ Couvld be !

- ‘
/‘:C /O < 77 x ! fﬂ K //:r- /P?’md% (O Sec 48
SEC 25% cm 12 rn % % ",737{ % 7 __ﬂ

Y% 250 Fr of S-Io(:re.; l-ef\?{-gv =. 0 37 jc-g/mm/ﬁ
(é{ssumgj G\.j/“dwg/:en?‘ o l>
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7’7 &
Evcrgrccn Technologies  5775-B Glenridge Dr.. Suite 450, Atlanta, GA 30328-5363
h-m

®
FAX | | e 7/27/98

Nuriber of pages including cover sheetr: & 5

Brenda Reynolds
Sales Coordinator
Phone: - Phone: 404-250-!2_99 o
Fax phone: {af 0~ 55 - e Fax phone: 404-705-9650
ce: _ - -

REMARKS: [0 Urgent [] Foryourrsview [J Reply ASAP 71 Please comment

Todd, ' R

| Enclosed. i5+hy DCAIDS /TG 700 transmisst w'fy CLLIRC_
ard. MPDS . DC 3205 transmissivity irdfor-matone

| jsonly avadable for b oz, texhle. Transmissivty
for- TG00 Should be Similayr 4o +h's data.

| Please call i you have any other guastions.
Thanks!

HR309356
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FILE No. 462 0727 *98 11:33 ID:EVERGREEN TECHNDLOGIES . 404 705 9650 | PAGE 4

EVERGREEN TECHNOLOGIES, INC. GEOCOMPOSITE DC4205 - DOUBLE-SIDED WITH TG700 GEOTEXTILES

Grocomposite DCA205 shall consist of ETI NS1405 geanet bonded on Both sikies 0 B 0. non-woven nolypropyions gaotexties {comtinuous fiament). The
geecompoais shsll have & high Compressive stength in order to ensuie mMuximum fow capacity under high continiag pressumes. The bonding prooess shall not
Intraduce sdhesives or othor faraign products. The geocomposie shall be reastant & #il foune of biclogical or chemicsl dogradation normally Sncolmted I B
ol svvironmant. Thé geacamposiite snall ba mude from the peanat and pectextia products wices Proparty requinements arm kmod bolow. The resin uesd in
the producticn of the gaonet shall bé » minimum $7% virgin polysthyians win & mekt flow Tangs betwsen 0.1 10 1.0 grame/ 10 min (per ASTM D1238) and &

density mnge of 0.832 t 0.983 gramales (per ASTM D782 or D1505). The guocomposite ik defivered to the job site in il form with sach roll harving unious
identification and QA tsceebiiity.

BA CERTIFIED TEST PARAMESERS — o ‘ e
= GEOTEXTILE PROPERTIES .
T Girab Tonsie Shengh RETH D 4632 W 966 MAEV
, ] ) (215 .
TTROS ASTID 4754 mm 0315 MARV Per ASTM D475%
- . (USSH. Sieve) __ (7T0)
©  Mass/Unit Arsa ASTM D 52681 oim® 27 MARV
(or ASTM D 3776) (ozisy} {8.0)
S Water Permaabiity ASTH D 4481 anvaec a3 MARY
Water Fiow Rate ASTM D 4491 mifeecim: 0.07 MARV |

*  UV.Resistanace RSTH D 4358

(@pve®)_____(100)
% 70

CORE NETPROPERTIES (87% minimum virgin polysthyisne resin with 2.3% carbon black}

<MD Uitimato Tensile Strength ASTM D 3036 kN/m 84 MARV
- {eph {48 50,000 SF
+  Thicknoss ASTM D 5199 mm -1 MARY
I s . {in} {200}
- Garbon Black AZTM D 4218 ) (% weight) 2.0 MARV

— (ORASTMD1603)

FINIGHED GECCOMPOSITE PROPERTIES

- Pedl Adhesion ' - ASTMF 904 gin 454 MARV 50.000 SF
. . {modifiad)® _
Transmzeivity® ASTM D 4716 mélsac (E-04) 1.0 MARV 200,000 SF
narmel prassure = 15000pst; i=1.0 malat plate/compasite/metal plate {or per projoct req.)
- Geotexiile ovarlzp at edges snd unbonded area ) mm 75 minimum
' in} 2.0 A
*  Rofll Langth : R Cm 68.5 minimum Each rofl
. U {9 (225)
4 ROl Width : m 4.0 minknum
13.0
{PRODUCT INFORMATION ]
»  Rof Weigid *g T3 typical
. i {ibs) (015}
*  Rol Olameter : m a8 typica
: {in) (31)
- ComlD. I o i mm 100 nominal NZA,
. — (i} {# :
- Black polysthylans bag securad with nylon ties. Bag mi&mu mm 0.12 nomina
{miie) {&.0)
- m Product code,gaotextiie typa. roill dimansiong, finished product Lat and roll numbor.

'Whnmuﬂm.ﬂﬂﬂ?ﬁ%mﬁmhmﬂmmmmm
(mean -3 ) It rmp YR T fIRreTaTy wie voll o8 ¢ anch apetsfic tesl

3 pasl sctasion ASTM F B04; K Inch wite arip. Reporiad valus e SpEcHTan Ls eversge of S Righesl pescs.

1 Tranuni HosUrts 19pord by ET1 are basad on tencart INCeX Mt CINAony. ACZosl DIROMance i SEpendent Lpon ate Evargresn Techmologles, Inc.
SPACIC GOSN, PISASS CITRACt Evoerprean Techrasogies, (G10r S mmﬂmm 57758 Glenridga Drive, Sulls 450
Atisnta, Georgia 30328-5353

: 1-800-084-R734

AR305357
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o | ®
Transmissivity Curves

The Tensar Corporation

Geocomposite
Product, DC4205E88
Net: 1405
Geotextile - Top: 8 oz, Bottom:8 oz
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“Engineering for the Environment”™

CTYPICAL  CROSS — SEcTion

PASSIVE

CB=9.97°

WEIGCHT oF cenikhc 2onE  (we)

We = L Ay = -3_5'_' (2.9(/30,“1‘) q/00 /%-r:avl.ﬁfé

)

DRivirve  Forc€ () |
pc, = W, s/v g = qt oo /_sf-lﬂhf-'r‘) (s.m /?"f? 2873 /Frmlré

‘ACTN/&’ o cE = /:;'q R

-+ 2 , q=sin @ o |-sm 26"
’Zﬂq 3’# %_q -'7/-1“5”1/?‘ ->l+$/ 2{ - %?

Bi= +S(32)130(2)% = 1014 Sipuiira

FPASSIvE FolCE =Fp

_ Sﬂod . /7"’5/'??" =
Fpethp T h*. . Ap= By 5 25

FF = 5'(2 5-5) I'So,,gf(zc) €5 ¢ /}{‘a‘wrif"’;
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SLOPE STABILITY ANALYSIS

1.0 INTRODUCTION

Presented herein is the slope stability analyses performed on the 3:1 (horizontal:vertical) final
embankment slopes proposed for the closure of the existing landfill at a maximum cap slope 0£20%.
This analysis includes both the static and dynamic loading conditions. Slope stability calculations
included in the Final Design demonstrated that the proposed 3:1 embankment slopes and the gabion
wall with a maximum cap slope of 10% achieved the require 1.5 factor of safety for both the static

and dynamic loading conditions. These analyses were modified to include a 20% cap slope.
Previous slope stability analyses were performed as part of the Technical Memorandum and
Preliminary Design Report which were submitted to"the Regulatory Agencies for review and

comment. The results of these previous analyses are discussed briefly below.

1.1  Technical Memorandum

An analysis of the stability of the existing conditions of the landfill embankments was included in
the Technical Memorandum submitted as a draft on October 4, 1996. This analysis concluded that

the existing exterior slopes of the landfill along the east side, the south side, and the southern portion

of the west side will require modifications to comply with the minimum factors of safety (FS = 1.5
Static and Dynamic) reqiired by the Pennsylvania hazardous wa,é;te regulations. The existing slopes

are as steep as 1.5:1 (horizontal:vertical).

1.2 Preliminary Design

Exterior embankment slopes of4:1 (horizontal:vertical) with geogrid reinforcement wete proposed
for the closure of the landfill in the Preliminary Design Report, dated February 3, 1997. The slope
stability analysis of this embankment design was performed for both the static and dynamic loading

conditions considering the highest exterior slope which occurs;at the south end of the landfill. In
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addition, an analysis was performed to determine the effect of a hypothetical high groundwater
“condition on embankment stability. The proposed 4:1 slope (with and without the high groundwater
condition) achieved the minimum factors of safety for both Static and Dynamic Conditions as
required by the Pennsylvania hazardous waste regulations, but would encroach on the existing

railroad right-of-way along the southern portion of the Site.

Committee, and AGC, the issues of slope stability and the feasibility of filling within the existing
railroad right-of-way were discussed. The 4:1 embankment slope proposed in the Preliminary
Design was primarily the result of shallow surface failures calculated during the slope stability
analysis of various émbankment slopes (2:1 to 3.5:1) under the dynamic loading condition. It was
agreed that the shallow surface failures will not pose a threat to the overall embankment stability;
and therefore, the design of steeper slopes would be investigated during the subsequent design
submissions in order to avoid filling within the existing railroad right-of-way. This would be done

by defining failure as deep soil movement penetrating the "critical zone".

2.0 DEFINITION OF CRITICAL ZONE OF SLOPE FAILURE

During the June 24, 1997 meeting with the USEPA, PADEP, USACE, Tonolli Site RD/RA Steering
Commiittee, and AGC,.AGC presented a definition of  a "critical zone" to be used for the slope
stability analysis to be performed for the Final Design. This "critical zone" was defined as the soil
mass, either embankment fill or natural subsurface soils, situated deeper than four feet beneath the
embankment surface. This "critical zone"” was approved in concept by the USEPA, PADEP, and
USACE. . __ ___ T o

The minimum four foot depth limit of the "critical zone" was selected because slip surfacés located
below this depth could result in significant embankment reconstruction if they occur. A failure of
this depth could also potentially expose the landfill materials. However, this is considered unlikely,
since a failure, if it was to dccur, will most likely be a slow gradual movement of soil (creep)

extending from the face of the slope to the liner, and not a sudden catastrophic failure. Catastrophic
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fajlures are typically associated with landslides associated with a build-up of excess pore water
pressures from excessive precipitation or a high groundwater table, from z unique geologic
condition, or from liquefaction of sands during an earthquake. These conditions are not present or
expected within the Tonolli landfill embankment. ‘

A slope failure located above the "critical zone" will cause sloughage of the soil cap materials (i.e.,
topsoil and select fill), and will only stress the liner and geosynthetic cap components within the
anchorage area. The resulting damage of such a failure will be minor and can be readily corrected

when detected.

30 ME FANALYSIS . .

The slope stability analysis was performed using:

PC-Slope, SLOPE/W Software (Version 3.02)
Copyright 1991, 1995

Geo-Slope International Ltd.

Calgary, Alberta, Canada

PC-Slope, SLOPE/W is a software product that uses the limit equilibrium theory to solve for the
factor of safety of earth and rock slopes against failure. The limit equilibrium theory involves the
cutting of slip surfaces (i.e., wedges of soil and/or rock) through an earth and/or rock slope and
determining the resisting and overturning forces, and moments on that wedge of soil/rock. These

moments and forces are compared to find factors of safety against failure.

Both the Bishop's Simplified and the Janbu's Simplified method were used for these analyses. Both
methods consider normal forces but no shear forces between soil slices., The Bishop's Simplified
calculates only moment equilibrium and the Janbu's Simplified calculates only force equilibrium.
The results of these analyses were similar, and for simplicity only, the resulis of the Bishop's

analysis are reported.
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The PC-Slope software requires the following data for the analysis of slope stability:
. Slope geometry.

. Soil properties of the slope (i.e., total unit weight, internal friction angle, and
cohesion). _ o S . . :

Other factors such as the groundwater table, pore water pressures, seismic loads, anchor loads (such
as geogrid reinforcement), and applied loads can also be entered into the software to model the

subsurface conditions.
40  CAP'AND EMBANKMENT GEOMETRY ASSUMPTIONS

The slope stability analyses were performed on the proposed 3:1 (horizontal:vertical) outer slope
embankment geometry where the propos_ed slope will be the highest. The existing embankment
slope is approximately 1.5:1 (horizontal:vertical). Filling will be performed along the outer slope
to achieve the proposed 3:1 slope. The construction of a gabion wall will be performed along a

portion of the sonthern embankment to prevent filling within the existing railroad right-of-way.

Based on available topographical data and the proposed design, this critical slope will occur at the
southeast corner of the existing landfill. Summarized below are assumptions used in the analyses

regarding the landfill geometry. A cross-section of the existing landfill and proposed cap are shown

1. The as-built construction drawings indicate tha‘_nfthe_:, interior buried slopes of the
southern embankment are 3 (horizontal): 1 (vertical). A sensitivity analysis was
performed using the PC-Slope software by varying the slope of this interior face
between a 3:1 and 1:1 in order to detenmine the effect of this slope on the stability
calculations. No effect was observed. This is reasonable since the interior face isno

longer acting as a slope, because the 1andf111_ is filled to about elevation 1022.

2. .. _Thesouthem embankment is composed of two distinct fill materials: a reddish brown
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silty coarse to fine sand with gravel, cobbles, and trace to some clay; and a black silty

coarse to fine sand with gravel (mine spoils) underlain by natural soils. The
delineation of these soil strata in and beneath the southern embankment (i.e., fill,
mine spoil fill, and natural soils) is based on the test borings performed on top, and
around the base of the land#ill embankment during the Pre-Design Investigation. The
presence of these two fill materials is consistent with the fact that the landfill was
constructed in two phases. The test borings suggest that the liner at the bottom of the
landfill is supported on less than 3 feet of mine spoil fill. However, to simplify
modeling, it was assumed that the bottom of the landfill is supported on natural soils.
This simplifying assumption does not affect the slope stability calculations since the

critical failure plane does not extend to the bottom of the landfill.

3. To simplify the computer modeling, the future fill which will be placed along the
exterior slopes was assumed to be the same as the existing embankment materials

(i.e., the two fill strata were extended outward until a 3:1 slope was achieved). The

mimmum physical properties that were specified in the Contract Documents for the
future fill material were, at a minimum, similar to those of the existing embankment
fill {described below). The future fill will ge ;taenched into the existing slope, will be
placed in a controlled/compacted condition, and will likely have strength parameters

in excess of those assigned to the existing embankment materials.

4. The final landfill cap will be graded down toward the embankments with a maximum’
slope of 20%.

5. The groundwater table in the analytical mode] are the elevations of observed

groundwater in December, 1996. o

5.0 SOIL PROPERTIES . . T o e

The following physical properties were assigned to the five soils shown on Figure 1 included in
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Attachment 1. These physical properties are based on correlations of grain-size analysis, moisture '
content, Standard Penetration Resistance (SPR) data from the test boring sampling, and accepted
engineering references. The test boring logs and the result of the grain size analyses are included

in Attachment 2. L U

The pre-design field investigation program originally proposed in the RD Work Plan included the
retrieval of relatively undisturbed samples of the embankment materials via shelby tubes, if possible.
Triaxial tests were proposed to be performed on these undisturbed samples to determine unit weight
and shear strength parameters (i.e., internal friction angle and cohesion) for input into the PC-Slope
© software. However, due to the cobbles and Boulders in the upper embankment material and the

granular nature of the mine spoils, undisturbed samples could not be obtained.

5.1 Cap and Additional Waste Materials. =,

Soil Classification: =~~~ SM-SC =~~~

Total Unit Weight = 120 pef

Internal _Fﬁé'tion'Aﬁ:gl_'éf =300 Lo
Coheston RS-t | R S -

(from Navac, DM-7.2, 1982 and Simplified Design of Building Foundations included
in Attachment 3). ‘ ' '

SM - SC soils are commonly specified for cap construction and the on-site soils to be placed in the
landfill have been classified as SM soils based on grain size analysis performed during the Pre-
Design Investigation. The cap and additional waste soils will be placed in a controlled compacted
manner; therefore the unit weight and friction angle of the dense fill will be on the higher end of the
range shown on Table 1, Typical Properties of Compacte.d Soils (Navac, DM-7.2, 1982, page 7.2-
39) and in Table 2.5 of Simplified Design of Building Foundations.
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5.2  Existing Waste T ‘.
Soil Properties:
Total Unit Weight = 110 pef o - . _
Internal Friction Angle = -18° T - ‘ |
Cohesion = Q0 . - . -

These physical properties were assigned based on geotechnical knowledge of similar waste

materials. They represent relatively conservative properties.

33 Embankment Fill

Soil Classification: SM - SC with cobbles and boulders:

Total Unit Weight =- -—-— 125 pef B
Intemnal Friction Angle = . 0320 -
Cohesion = - 200 psf

(from Navac, DM-7.2, 1982 and Simplified Design of Building Foundations included in
Attachment 3).

The above properties are based on Standard Penetration Resistance (SPR) values in conjunction with
field classification, moistire content, and grain size analysis. These soils were placed in a controlled
compacted manner; therefore the unit weight and friction angle will be on the higher end of the range
as shown on Table 1, Typical Properties of Compacted Soils (Navac, DM-7.2, 1982, page 7.2-39).
The SPR values of this material are generally between 10 bpf and 30 bpf. Based on the Simplified
Design of Building Foundations, the dry unit weight of SM - SC soil at this consjstency is typically

onthe order of 115 pef. Laboratory testing performed during the Pre-Design Investigatibn indicates

that the moisture content of this material is on the order of 10 percent. Therefore the total unit

weight is on the order of 125 pcf.
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. 54 Existing Mine Spoil Fill

Soil Classification: GM

Total Unit Weight = - 135pcf
—Internal Friction Angle @ = - .34° T
Cohesion - =

(from Navac, DM-7.2, 1982 and Simplified Design of Building Foundations included in
Attachment 3).

The above properties are based on Standard Penetration Reéistance (SPR) values in conjunction with
field classification, moisture content, and grain size analysis. These soils were placed in a controlled
compacted manner; therefore the unit weight and friction angle will be on the higher end of therange
as shown on Table 1, Typical Properties of Compacted Soils (Navac, DM-7.2, 1982, page 7.2-39).
The SPR values of this material are generally between 10 bpf and 30 bpf. Based on the Simplified
. Design of Building Foundations, the dry unit weight of GM soil at this consistency is typically on
the order of 115 pcf. Laboratory testing performed during the Pre-Design Investigation indicates
that the moisture content of this maferial is on the order of 17 percent. Therefore the total unit

weight is on the order of 135 pef. =

S5 T Natural Soils .

Soil Classification: 'SM ~'SCWith cobbles and boulders

Total Unit Weight ~—  =-—-= 132 pef
" Internal Friction Angle .= .- 33°,
Cohesion = = 200 psf

(Simplified Design of Building Foundations included in Attachment 3).
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These properties are based on Standard Penetration Resistance (SPR) values in conjunction with
field classification and grain size analysis. The SPR values of this material are well over 30 bpf.
Based on the Simplified Design of Building Foundations, the dry unit weight of SM - SC soil at this
consistency is typically on the order of 120 pcf. Due to the groundwater table, the moisture content
of this material will likely vary. Assuming a natural moisture content df 10 percent, (same moisture
content of these soils which were used for embankment fill), the total unit weight of this material

is likely about 132 pcf.
6.0 YNAMIC LOADING

The dynamic condition evaluates slope stability under a horizpntal force created by seismic or

garthquake accelerations. The PC-Slope software models these effects by defining a seisiiiic

coefficient. The software applies a horizontal force at the centroid of each slip surface equal to the

slice weight multiplied by the user-defined seismic coefficient. .

The seismic coefficient entered into PC-Slope is analogous to the Effective Peak Velocity-Related
Acceleration (gfg!) assigned to seismic zones in the United States. A seismi;_rcqefﬁ'c{fe‘ﬁt Qf 0.1 was
used for the stability analysis and was obtained from the BOCA National Building Code/1990. The
map of seismic zones atid Effective Peak Velocity-Related Acceleration (A,,j, for the contiguous 48
states is provided in Attachment 3. . , S

7.0  FINDINGS AND CONCLUSIONS o

Results for the static and dynamic loading condition are provided on Figures 2 through 9 of
Attachment 1. For each condition, multiple radii within the landfill embankment and natural soils
were analyzed at each grid node (a total of 4,096 radii) to determine the slip surface with the lowest
factor of safety. The radius with the minimum factor of safety for each grid node was determined.
The minimum slip surface (identified by node coordinate and radii) are shown in the figures
provided to aid in our discussion of results which is provided below. Additional slip surfaces

through the proposed cap are also provided for the landfill embankment and gabion wall.
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7.1 3:1 Embankment Slope 7~ __ .

7.1.1 Static Condition =~ __ " o -

A minimum Factor of Safety 6f 2.1 (2.124 rounded off {6 the nearest ténth) was calculated for static

condition as'shown on Figure 2.

7.1.2 Dynamic Condition = .

A minimum Factof of Safety 6f 1.6 (1.584 rounded off o the nearest tenth) was calculated for the
dynamic condition as shown on Figure 3. Additional slip surfaces through the landfill are provided

for the dynamic condition on Figures 4 and 5, 7 .
72 .. Gabion Wall Desien . = . . .. . .. _

A global slope stability analysis using PC-Slope, SLOPEW Software for the proposed landfill
embankment that includes the pl;oposed 3:1 slope and the highest proposed section of the wall was
performed. As recommended in the October 15, 1997 c;m%ents to the Pre-Final Design Report,
the soil parameters for the mine spoil fill located beneath the proposed gabion wall were reduced to
more conservative values. The following soil parameters weré tiséd for the mine spoil fill beneath
the gabion wall. The physical property parameters used in the analysis for all other soils are those

described in Section 5.0, "Soil Properties".

Total Unit Weight

= 130 pef -
Internal Friction Angle == 30
Cohesion = 0

The results of these analyses are described briefly below. —
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7.2.1 Static Condition _

A minimum Factor of Safety of 1.9 (1.865 rounded off to the nearest tenth) was calculated for static

condition as shown on Figure 6.

7.2.2 Dyvnamic Condifion

A minimum Factor of Safety of 1.5 (1.474 rounded off to the nearest tenth) was calculated for the
dynamic condition as shown on Figure 7. Additional slip surfaceés through the landfill are provided
for the dynamic condition on Figures 8 and 9. ‘ '
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GENERAL CROSS SECTION GEOMETRY (3:1 FINAL SLOPE)
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GENERAL CROSS SECTION GEOMETRY (3:1 FINAL SLOPES)

DYNAMIC CONDITION
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GENERAL CROSS SECTION GEOMETRY (3:1 FINAL SLOPES)

G?BION WALL STATIC CONDITION
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GENERAL CROSS SECTION GEOMETRY (3:1 FINAL SLOPES)

GABION WALL DYNAMIC CONDITION
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GENERAL CROSS SECTION GEOMETRY (3:1 FINAL SLOPES)
GABION WALL DYNAMIC CONDITION
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LOG OF TEST BORING

TEST BORING MW-20

1 paTE: 502006 - - . S
" PROJECT: Tonolli Superfund Site * " PROJECT NO.: 96-248-25

BORING LOCATION: See Sheel? SURFACE ELEVATION: 1007.6 ft.
| DRILLING METHOD: 6" OD Hollow Stem Auger CHECKED BY: TDT '
DRILLING COMPANY: Advanced Drilling, Inc. : DRILLER: Jerry Malack ]
WATER ENCOUNTERED AT: 15.0 ft. © ' INSPECTOR: C. Voct !
l' ELEVATION / SOIL SYMBOLS B ] o 7 lept [ Moisture ' Other
DEPTH | BLOWS PLR & INCHES Soil Descrlpt'c’?_ IR Tests
T {° | Mecium compact black sitty coarse to fink SAND, 19678| 4
I some fine gravel. (MINE SPOIL)
_ 1005 - 8
o ,
-5
e’;ll -- 8
_‘ 1000 -
'f T BRE
. o |10
_r 995 — 10
ol
\T A b
—15
g 8
950
e . ®
B R o e e R R ] v'?'ﬂaﬁrfe'::?-"v—;lpsége
8 3 20 Compsct orange to gray clayey SILT, some coarse 9884
| K to fine sand and gravel. (RESIDUAL SOIL) 15
- B 49
TR 985 ~
f. T U VTSRO =X L 9 Tg|
125 Weathered sandstone. ST el
T 3
|
R T Wi
™ i e : .
| 1 e _ _ 3ap
, 575~ : END OF BORING, WATER AT 15.0 FT., NO PID 97558
% J‘ HITS, WELL SET AT 32 FT. L )
s L , | Completion Depth = 32 feet "
I
: s
970'-—-

P




\ DATE: 572196 0 e
" PROJECT: Tonolli Superfund Site _
,BORING LOCATION: See Shect 3 .
| DRILLING METHOD: 6" OD Hollow Stem; Auger
ILLING COMPANY: Advanced Drilling, Inc.

LOG OF TEST BORING
~TTEST BORING 1B-1

" PROJECT NO.: 96-248-25
SURFACE ELEVATION: 997.6 fi-
CHECKED BY: TDT

DRILLER: Jerry Malack

TER ENCOUNTERED AT: 10.0 ft.

INSPECTOR: C. Voci

1" [ELEVATION / SOIL SYMBOLS .
l SAMPLER SYMBOLS Soil Description | Meshre Qther
: DEPTH BLOWS PER 6 INCHES -
| "Medium compact to compact biack silty coarse to 9976 26
fine SAND, some fine graval. {MINE SPOIL)
28
17
15
13
10
B g PO - 1
—{-Brown orgariic clayey SILT. (FORMER TOPSQIL)  9845| 11
Very compact SAND and GRAVEL. (RESIDUAL — “4k4i} 51
SOIL) i - o
B 1651150
END OF BORING, WATER AT 10.0 FT., NO FID 8811
HITS, BORING BACKFILLED WITH DRILLING
. _ | SPOIES o L :
: - : : Completion Depth =. 16.5 feet
T __20 I T
T 975 ——: .
25 _ .
. 970 -  — -
T30 R
965 - - - B
T T35 -
T ool

..ADVANCED GEOSERVICES CORP.

— AR305389




_ B

1.OG OF TEST BORING
[’- 7 TEST BORING TB-2 7
. DATE: 5/21/96 . 7 , T - ; - B . Lo . :
PROJECT: Tonolli Superfund Site © PROJECT NO.: 96-248-25 )
_BORING LOCATION: See. Biext 3 : SURFACE ELEVATION: 1010.8 ft.
| DRILLING METHOD: 6" OD Hollow Stem Auger CHECKED BY: TDT _
DRILLING COMPANY: Advanced Drilling, Inc. ' DRILLER: Jerry Malack
WATER ENCOUNTERED AT: 17.5 ft. : ~_INSPECTOR: C.Voci -~ ()
T TioN SOIL SYMBOLS T = o T
[ {ELEVATION / SAMPLER SYMBOLS Soil Description ‘ - 9;,':;" M"(‘f,{f;"e Other
: DEPFTH BLOWS PER 6 INCHES -
“f mw_—" o 208 | Light brown SILT. (TOPSOIL) —  + —TERET0E) 7
H - ,J v 5 6 e mE R R o RE W e R T RN A W P LN P e e ATy A e f 4w T e e v = 2,:9,.
J i sk ’11552 | Compact to very compact black silty cosrse to . 1008.8| 34
* - | HEE 117 /6 fine SAND with sandstone fragments. [FILL)
| - HHE SE0eL :
i dHEuH EE 26
<5 igw Wis/s
sl D
Pl e |26
: T 3306 T Wiadim compact biack sty conret I fink SAND, 16638
. 0 ;gfg some fine gravel. (MINE SPOJL) ; |18 9.5
T 1 1576
o 9/6
—70 5r¢ 13 | 16.4 |Grain Size
1000 ~ 46
+ ] 17
6/6 . |11 ] 17.3
: 4 576 :
. i, ~
gT ; . 5]6 . 3 18.0
Z
" 995 . 3 f ¢ 12
T .. TS 2/6 b AR E AL AL LIRS R ] TarEaT = 4 L T o e e S L T e T 1?;:5:
-r + = [l 248 Medium compact to compact light brown silty . 0943 14 .
4 HiHHE coarse to fine SAND, litle fine gravel anif clay. :
" {RESIDUAL SOIL) ‘
20
i 76
990 ~.
| _ o - 22.0
= ] END OF BORING, WATER AT 17.5 FT., NO PIp 9888
i T HITS, BORING BACKFILLED WITH DRILLING co
. T SPOILS s
4 s ___ __ iCompletion Depth = 22 feet :
l 985 —L
| ~30
v 98¢ —. ~
I
'5 T
.4 -
| 135
* 975 —
2

1 -1" : ,
i = == B Ec il T TLE L T = B ;."‘ -
vl .

] ADVANCED GEOSERVICES CORP.

TR3N05390




. . : : :
' : - LOG OF TEST BORING
- . _TEST BORING TB-3
3 DATE: 5/22796 = =~ T T ,
PROJECT: Tonolli Superfundﬁﬂe o T ' "PROJECT NOQ.: 96-248-25
_BORING LOCATION: See Rnwexld o , o - SURFACE ELEVATION: 1020.3 fi.
| DRILLING METHOD: 6" OD Hollow. Stem Auger . CHECKED BY: TDT
ILLING COMPANY: Advanced Drilling, Inc. DRILLER: Jerry Malack
TER ENCOUNTERED AT: None EncOuntered o ~ 7 T INSPECTOQR: C. Voci
‘| [ELEvATION £ SOIL SYMEOLS ‘ o T o SPT | Moisture Other
i DEPTH B?_g%ZFEER?;mZ%LE% _ ‘So’l Discr'pm” _ | e Touts
T 1020 © | Medium compact black sifty coarse to fine SAND, 10203| 35
. I some coarse to fine gravel. (MINE SPOIL)-
; iy 30
1 5
o -
‘ I 10
T + &
1010 10 5]
T 1 ’
: T e e s oo, 185 20
Tms“ 15 Orange silty CLAY. (FORMER TOPSOIL) 10058
- 1 | Compact to very compact fight brown silty coarse 1004 31
T. . to fine SANL), some coarse fine gravel,
. 4 {RESIDUAL S01L) L i 138
l 20 e e e 20.0
T 1000 END OF TEST BORING, DRY AT COMPLETION, ~ 1000.3
I NO PID HITS, BORING BACKFILLED WITH
L DRILLING SPOILS. .. . . .. .. . .
::'I& — 77 777 | Completion Depth = 20 feet
B R A TR LR
| +
I 99 30 —
| :—35
L ses—S e

L . -ADVANCED GEOSERVICES CORP. AR 30 53 g1




ﬁi e
LOG OF TEST BORING
TEST BORING TB-6

1
| pATE: 5/22/96 o | e
PROJECT: Tonolli Superfund Site * PROJECT NO.: 96-248-25 . ~

_BORING LOCATION: See. Shect 3 . SURFACE ELEVATION: 1024.9 ft,
| DRILLING METHOD: 6" OD Hollow Stem Auger N - CHECKED BY: TDT :
DRILLING COMPANY: Advanced Drilling, Inc. - - DRILLER: Jerry Malack =~
WATER ENCOUNTERED AT: None Encountered  INSPECTOR: C. Voci o
ELEVATION / SQIL SYMBOLS /. T " Tser | wor other |
! DEPTH | BLOWEPER & INCHES Soil Descnpgon | oy Tests
f Je 10/6 | Medium compact reddish brown siity medium to 10228 17
T ;‘,‘[’ 6 fine SAND, some coarse to fine gravel, trace to
4 |66 little clay with boulders. (FILL) . 16
17/6 :
B b od 8/6 -
| A 3/6
‘ 7 :
1020 3 z.’/r ¢
- o 11/6 65
I .l Ef’f’s Boulder encountered at 6.5', boring offset 5' to .
the east.
T 2 19/6 o .
£ 4. a1f6 : ;|88
7/6 -
1015 —-10 £ S OO DO 11 Fc -
i o ?i_j'}['g Battery casing fragments, piastic, ash. fFlLL) T TivTaE
T 1 14]6 11
10/6
T 6'/6 e Rl A e R e L L L L L L AL Rt R XL R R A i et - o= LRl Tl D R _-_w__v._':]us__—:-?:
-+ 252 Loose to medium compact black sifty coarse fo 10114 5
T 1010 =15 %52 fine SAND, little fine gravel. (MINE SPOIL) '
] 56 f
] s,{'e : 19
-+ 966
1676 0
f + 976 - ——e _7_8'. .
, 976 END OF BORING, DRY AT COMPLETION, NO PID 19063
T HITS, BORING BACKFILLED WITH DRILL%NG ) R
Zf 1005 —~—20 . SPOILS :
1 Completion Depth = 18 feet -~
1000 ~1-25
T 1
P 995 —~-30
ﬁrii T :
T
| -1
: .
‘] 990 ——35 R
%‘r 1 - -
T
} - - —— — f.




¢
VpaTE: 52206
PROJECT: Tonolli Supe

rfund Site . T

LOG OF TEST BORING
~ TEST BORING TB-7

'BORING LOCATION: See Shced 3 L
| DRILLING METHOD: 6" OD Hollow Stem Auger -
ILLING COMPANY: Advanced Drilling, Inc.

IATER ENCOUNTERED/AT: Not Encountered =~ .~

CHECKED BY: TDT

. DRILLER: Jerry Malack
INSPECTOR: C. Voci

" PROJECT NO.: 96-248-25 ~—
SURFACE ELEVATION: 1024.6 ft.

| ELEVATION / SOIL SYMBOLS , SPT | Mo o
SAMPLER SYMBOLS Soil Description ) olsture ther
l DEPTH BLOWS PER 6 INCHES _ ' P Sl I Tests
T - J0 - 3/6° | Compact reddish brown sifty coarse to fine 1024810
T ' o SAND, some coarse ta find gravel, little clay.
h ] yg (FILL) - 20
. - 8£6
. e
1020 7 /é 10
. . 2%
| il sfs 14
| i 8/6
o i
. - 9/4 16
T o
10 976
1 " /6 19
. 1076
r . 1176
4 8/8 8
i 776
_ 6/6
i 2 8
T 10101 45 7/6
} T B 8
- . 5/6
® re
{ o , 19| 20
= 1005~ 7/6 Compact black silty coarse to fine SAND, some . 10058
7/6 ,
T ™ 7y fine gravel. (MINE SPOIL) S 34
- 1276
. 1 13’42 22.0
= e END OF BORING, DRY AT COMPLETION, NO PID 1002.6
T - 1776 HITS, BORING BACKFILLED WITH DRILLING
.1 21/6 seoits B
11000 ¢ | Completion Depth = 22 feet 7 7 :
: 995 . )
=
|55 TlEs 0 R sl
! .
| -
g ! =
J - ADVANCED GEOSERVICES CORP. MR3INS5393




“

LOG OF TEST BORING
Is TEST BORING TB-8 : L ,
DATE: 5/23/96 . - : : o
PROJECT: Tonolli Superfund Site _ PROJECT NO.: 96-248-25 . =
'BORING LOCATION: Sec -Bhedd SURFACE ELEVATION: 1024.4 ft.
| DRILLING METHOD: 6" OD Hollow Stem Auger CHECKED BY: TDT
DRILLING COMPANY: Advanced Drilling, Inc. ‘DRILLER: Jerry Malack
WATER ENCOUNTERED AT: Not Encotntered ! INSPECTOR: C. Voci @
> = !d— A m— . — - —
| |ELEVATION | PLER SYMBOLS Soil Déscription (SR |Meisture | Other
DEPTH BLOWS PER 6 INCHES 7 ¢ ; _
|- e "1 Compact to very compact reddish brown Clayey | 10284 | 22
I SILT, some coarse to fine sand and gravel, trace
; + cobbles and boulders. (FILL) LT |38
roq ,
- 1020 - 113
-5
. )
o 16
R
! 7
i][ 4 34
1015 : 10.0
=10 e e T LT P .,A,,éwy.g,-_-?rs--;;q--...-----.,,-'-w
- Medium compact black silty coarse to fine SAND, 1012414
_f . little fine gravel. (MINE SPOIL} .~ | ... _ i
1 10
o1 - 7
ff 1 0—|,-_‘15
iF | 10
R . @
1005 —
'F _"20 28
1000 — 9
—25
oo
I 17
x - _hro
995 ottt e s o v e oy s -l
130 No sample recovery. (RESIDUAL SOy 9946 | 57
LF 1 o : 320
. END OF BORING, DRY AT COMPLETION, NO PiD 9524
g HITS, BORING BACKFILLED WITH DRILLING
b L SPOILS _
T 9% '_35 Completion Depth = 32 feet E -
o ADVANCED GEOSERVICES CORP. ;QR 3 U 5 3 9 L




LOG OF TEST BORING
PORNGTB .

Y CTEST

\ DATE: 5723/96 = T
PROJECT: Tonolli Superfund Site
.BORING LOCATION: See.Sh<ct3

I DRILLING METHOD: 6" OD Hollow Stem Auger
ILLING COMPANY: Advanced Drilling, Inc.

WWATER ENCOUNTERED AT: Not Encountered

" PROJECT NOQ.: 96-248-25

SURFACE ELEVATION: 1023.3.ft.

CHECKED BY: TDT
DRILLER: Jerry Malack

INSPECTOR: C. Voci

[ ELEVATION / SOIL SYMBOLS _ / .
$AMPLER SYMBOLS Soil Description™ - |SPT | Maisture Other
DEPTH BLOWS PER 6 INCHES" - ] Lffi?_mn (N} | (%) Tests
| "Medium compact dark reddish brown clayey SILT, 1023.3| 10
same coarse to fine sand and gravel.
{Intermittent Seams of Coarse Gravel) (FILL) 8 9'9
5 10.2
7 | 10.5 | Grain Size
14
10
11 7.8
a5
{Concrete rubble encountered at 15.5'. Boring
offset 10" to the west). (FILL). 24
22 -
8
e a2 254 A % 7 A et e SOt et 8 2 m e em e 2N 2D,
Compact to very compact black siflty coarse to 1001.8| 45
fine SAND, some firie gravel. (MINE SPOIL)
16
45
210
29.5
END OF BOB:’NG, DRY AT CQMPLETION, NO PID 993.8
HITS, BORING BACKFILLED WITH DRILLING
SPOILS T TR T T
.| Comptetion Depth = 29.5 feet
| 35 o
: 5 - - T
_ - ADVANCED GEQSERVICES CORP. AR305395




LOG OF TEST BORING
TEST BORING TB-10

| pATE: 5/23/96

PROJECT: Tonolli Superfund Sité, a 7' “PROJECT NO.: 96-248-25 -
BORING LOCATION: See Sesl 3 SURFACE ELEVATION: 1025.1 ft.
, DRILLING METHOD: 6" OD Hollow _Stem Aunger CHECKED BY: TDT
DRILLING COMPANY: Advanced Drilling, Inc. ' DRILLER: Jerry Malack ]
WATER ENCOUNTERED AT: NotEncountered /. . _INSPECTOR: C.voci ()
]'ELEVAT]ON/ SOIL SYMBOLS i . A s [ Moisture Gther
DEPTH | BLOWS PER & INGHES SoilDescription A Tests.
T 102570 | Medium compact to very compact light brown to 102511 40
T fight reddish brown silty coarse to fine SAND,
RS some coarse to fine gravel, trace clay. - 20
. | {Intermittent Very Compact Gravel Seams) (FILL)
I < 56
1020 —~5
[' T 48
.T g 45
¢ 1015 =10 7 23
o4 2
T T 15.0 7
1070 —+—15 B EOR R R T LR PR P L TR R PP S LR ,n,..ﬂ._;_f._f,.,_..i.,,,___--.,,q,:.,;;_.-,-._.,,ﬁ;?
| Medium compact to compact black silty coarse to wio.
: T fine SAND, some fine gravel. {MINE SPOIL) 33
T 1 . ®
! 4
r 1005 —-—20 - 27
%IE :: 3
b B
_ 1000 —L-ES
[ 128
r + 110
L 995 ~—30 — 300
' END OF BORING, DRY AT COMPLETION, NO PID 9981
fT + HITS, BORING BACKFILLED WITH DRILLING _
L SPOILS i
' 1 Cornpletion Depth = 30 feet j -
T 990 35 —

. -t
, - 7 - - : - ‘ - 7'
.

ADVANCED GEOSERVICES CORP. .. AR 305396

I




[ baTE: 5124196 .
“"PROJECT: Tonolli Su

BORING LOCATION: See. Shecl ]
I DRILLING METHOD: 6" OD Hollow g
1 DRILLING COMPANY: Advanced Drilling, Inc.

TER ENCOUNTERED AT: Not Encountered o

perfund Site

~ LOG OF TEST BORING

NG TB-11

o TEST BO Rl

'Stcmiﬁﬁé%ér h

~ PROJECT NO.: 96-248-25

X  SURFACE ELEVATION: 1025.04 fi
CHECKED BY: TDT '

DRILLER: Jerry Malack

INSPECTOR: C. Voci

| |ELEVATION /
‘| DEPTH

SOIL SYMBOLS ;
SAMPLER SYMBOLS
BLOWS PER 6 INCHES
f

Soil Description

SPT
(N}

Moisture
{%)

Othser
Tests

02570

)

"Compact reddish brown clayey SILT, some coarse192504
to fine sand and gravel, fimtermittent Seams of
Gravel-Size Sandstone Fragments) (FILL)

OO O 1134
Loose to mediurm compact black silty medium ta 100704
fine SAND. (MINE SPOIL)

24.0

18

10

81

17

34

i8

29

53

13

["END OF TEST BORING, DRY AT COMPLETION, 100104

N PID HITS, BORING BACKFILLED
DRILLING SPOILS.. :

WITH
Completion Depth = 24 feet h

- ADVANCED GEOSERVICES CORP.

AR3035397




VALLEY : o
FORGE | o
[LABORATORIES, INC.

e | Engineering Consultants Sj._.E

f
i

'SoTL, LABORATORY TEST REPORT 6-2

Project No. 94104 . N
June 18, 1336 C o
Geotechnical ) N R h
Engincering - Gl
Attention: Mzr. Todd D. Trotman, P.E.
advanced GeoServices Corp.
Chadds Ford Business Campus R )
o Res. 202 & 1, Brandywine Gne - _Suite 202
Construction Chadds Foxd, PA 19317 ' -
Quality Control
Re: Tonolli Supexfund Site, AG #96-248-25... -
Soil Samples for Laboratory Analysis _ - -
Laboratacy Sampleé Received: 10 Jars delivered on 6/11/96. ,
Testing . ’ R - et o ‘ )
Testing Completed: B B _
Test : _ _ " ‘standard ‘.
N A eices  Natural Watex Ccontent D2216 -

Particle-Size Analysis (sieve Only) D422 . -

Resulbts: _

Rescarch and The results of the moisture contents are shown in Table

Special Studies 1. The results of the particle-size analysis . are graphically

depicted on the attached Grain Size Distribution Curves. IL
you have any guestions about this test repert, please call.

Sincerely,

Env:xmnn_:cnul /
ngincering .
ol W La——

]
3

Ji59rey W. Rosengarten co

Geotechnical Engineer o
JWR:lcw ; oo
(F )
Transportation =
and Traffic ™
Enginecring o
®

(G1M E88.8577 s 6 Berkeley Road, Devor, PA 19333-1397 . ¢ | FAX (610) 688-8143




e D??Eb__(ft-l o Moisture Content (%)

777777777777777777777777 5.0 10.5 -
- | -10.0 7.76

AR305398




UNIFIED SOIL CLA.SSIFICATIO\J

GRAVEL _ SAND '
COBBLES [Tonr | FNE  [coarse]  MEDIM I SILT OR CLAY )
U.S. SEVE SIZE B INCHES U.S. STANDARD SIEVE No. . HYDROMETER .
} s  8/48/8 4 10 20 40 60 140 200 .. . )
100 = 0

\ 20

80 X
=] -
= )
CE T NE
m 60 - 40
W
E il
(95
w2
= !
- P ) i
Z 40 - - — : 60
]
- O
- | \ |
20 - - - \D\ — 80
\\
o
0 1
T 5 & . 1] lili.i. 1 + TLL e 1 T T ‘llfllli L3 ] rli- * T ln||k 1 L]
o 107 10* 10 i 1o 10* BRI
, GRAIN SIZE IN MILLIMETER o
) S
—
» DEPTH L
SYMBOL BORING fft) B 8 ) DESCRIPTION ) =
O T8-2/S-6  10.0 BLACK F’OORLY-—GRAD'-'D SAND 'wrrH SILT (SP-SM) ;?_.

Remark : NAT. WATER CONTENT 16. 4 . . .
Project No. 94104 TONOLLI SUPERFUND SITE -

Valley Forge | puTN SIZE DISTRIBUTION 6/19/96

Te2boratories, Inc.

e e __—-_'.‘.ﬁﬂ
——ETTT T . i L A E e ] ~ . o
T A WY R L = ) =
LR s i EEEL i




L .,, ; 1 ]

= T TN Ee BEE RN R - RTTEECC L TR S gy = - e ———
UN[FIED SOIL C‘LASSIFICATION : :
e e GRAVEL " SAND
COBBLES... COARSE [ FE comssj MEowM | Ane SILT OR CLAY ‘J
US. SEVE SIZE IN mcﬁmsm o s, "STANDARD SEVE Xo. KEYDROMETER l
: . 877 84378 4 10 20 40 B0 140 200. '
100 — T 0
80 - \¥ 20
= £
t - =
= T
g \ =
M-
o : .
o g0 \ £0 =
< £
. =
= R =
) _ \ g.
£ 40 - 60 £
9 - \ £
o ' \ £
R %)
20 e 80
: S
0 100
”ﬂ“ T 1 _',, "Sil T r 1 T Jrsr v _r“'l_i L L] = ‘”-Iﬁ T 4 T F ;Tliz- T
10 S 102 .10 i 10 10 c
G-RAIN SIZE IN MILLIMETER '5 :
=
>
SYMBOL BORING (ft) ﬁ:ﬁ_ (F % DESCRIPTION e
O 8-9/5—-4 6.0 TAN su:r‘f CLAYEY SANE WITH GRAVEL (SM—SC) =
' T

Rernark : NAT. WATER CONTENT 105 .

Project No. 94104

TONQILI SUPERFUND SITE

Valley Forge"
Laboratories, Inc.

GRAIN SIZE DISTRIBUTION &/15/95

SRR (T ey S S ﬁw—nmreu—.ml&.—'




ATTACHMENT3 . . . ... L
TO L
STOPE STABILITY CALCULATIONS

' P ICEAGCWROIECTRFILES Yo HALETTERSUandeap. wpd




SIMPLIFIED DESIGN
OF BUILDING
FOUNDATIONS

JAMES AMBROSE
Professor of Archizzcture
University of Southers: California
Los Angeles, Cailfornia
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Apvancep GeEoServices Core.
“Engineering for the Environment™™

. .

SETTLEMENT CALCULATIONS FOR ADDIT/IONAL
.. _FleL MATER/AL :

THE PURPOSE OF THIS CALCULATION ™ |5 TO ESTIAATE
SEWEEMEFT WHICH Wiee OCcul AT THE
PLAcement oF 37 FEET

. PURPOSE-
THE mTHC

ToroLily SITE Foteowt

OF. Fret (THIS //ELUDES THE Car)
THIS CALCULATION |5 LorE WS THE SCHMERT MARNS
K -I

METHOP A3 DESCRIBED /av PESIGp MAN U A
ThHIS 1METHel 75 APPROPRIATE IFoR PETER Parpe tree

SETLEMERNT oF EFRartrupt [PATTERIAL

eN THE LANWDF/ILL.

TOTAL SETTLEMENT 75 ESTImATED USINNG THE

2. METHOD -
Fottow G FORMULA,

us_]_‘

AH = c,c, A,oz =
wWhHeRE 3

¢, = I-'O,S'(’oyaf)j c,205

C = 1+0.2 Lo (l02)
Po = OVERBURDE N FRESsSupe @ Foun DATIon LEVES

L=

Af;= NET Founbption PEESSURE [MCREASE

X = ECAFRSED TI/MeE 0 YEARS

SHEET_Z"OF_2 _ - PROJECTNO.Z-ZY¥-P/ PROJECT NAME _TOMoLLY.

BY CTR L U UDATEl-2 %L DESCRIPTION SETLET IR T CALL

cHRBY_ TImL | DATE(0-%-9¢ _ . _._ . - »
AR30SL I
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ADVANCED GEOSERVICES CORP.

“Engineering for the Environment”™

—®

e —

3. S/TE CorOfionS -

LANMOFRC MATERIALS ARE KiowwN T BE BATTERY CAS/rG-S,
SLUDGE, AVE SAMD . IRFORIATION REGCARDING THE fIVSITU
TPENSITY SR BLow CoumTs OF THESE MAITERIALS WAS NOT
AVAHLABLE FROM SITE /MVESTICATIONS » How EveR, 1T 1S
KNOWN THESCE MATERALS WERE PoACED AND TRACKEO-IN®
WITH A BULL DORER , FOR PURPOSES OF THrIs CALCULATION
A Blows CournT PER Foor (N VALkE ) OF V3¢ hat Beew
AsSsurg o, MATERIALS BENEATH THE LANMERFILL ARE
BELIEVED TO BE RESIOUAL Solt Avp Rock.

200" ——
| 7 |
‘ 37 MNEw FrLe I B= 200"
| ‘* l 28= %0’
% = (oo’
300 M3 ®
_MNTS.

= © (rMew Fred)

AP = 37’(!20:%(9:: 4,4 0pst or 2.2ZTSF  (hssurmg son F 120'},’_,9

[~
¢ T /—as% =/

C; ¥ 1402 los [/02') =/€ (Assure 7= r‘feayfa)
SHEET._OF % PROJECT NO..76-2%%-2( PROJECT NAME _70/M0oEt] , L .1
BY____CT & ... . DATE t0=2-%6  DESCRIPTION SEFLEr1enT_c AL, .

CHK. BY 77 . *'*
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ApvANCED GEOSERVICES CoORP.

“Engineering for the Environment”™™

" DEPTH oF
by

%:Iao

o . %)

0] (2 ® @ (5) (& @ T2 a5
LAYER D.Z(m) .Y "/W " Es(TsF) ¢ Iz £s

i 3p"=360" 3 s 1z - g0" ~o.tl 2,3

Lras T
bLH =G C, a,OZ o

1(1.6) 2275 ( 3-3) < /1¢"==1.0"

1IAY VARY FRO o” 70 127,

SHEET_2_OF __3 PROJECT NO.Z6-2%7-0)  PROJEGTNAME IOA@&et
BY <TAR . en ~DATEID-2 94  DESCRIPTION $E77LEM G- Cht ¢
CHK.BY 77Nl .. . DATEJO~Y-8¢ . :

iiR 305413
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/& ADVANCED GEOSERVICES CORP.

“Engineering for the Environment”™

SETTLEMENT CALCULATIONS - —  REMOVAL O©OF
LarvpDFree Lilyio. . .. . .

. PURPOSE — THE PURFPOSE OF THIS CALCUlATION 15 Ta ESTIMATE THE
SETILEMENNT WHICH Witt SCcul . tiv THE -EXISTING

LAND Frit WASTE DURING THE REMOVAL 0 F THE
IMPOUN DEL LIQUID. THIS CALCULATION WAS PERFormeD

USIVG THE SCHMERTMAMN'S METHOD AS ESCRIACER
e DESIE N MAvuA. 7.01 « THIS METHOD 15 APPRoPRIATE
EFoR PETERPUMING SETTLEMENT OF ERAnal AR MATEXIAC.

2. FRop THE FoRMULE ESTBALISHED FRomM THE DETER rairATiON o SETTLEMERT
DUING THE PLACEMERT OFF ARRITIONNE. MATERIAC -

Lp= (307 oﬁwnm)(ﬁz tfpcf) L372Z psf = 0.94TsF
I?. 3 341

A K :@(/.g)(o.cmrs}y( 3,3‘) = S'fo”or o4’
SETTLE MEN T DUE TO WATER Rersolac MAY UARy FRom o 1o §°°

TUTAL SETREMENT OF EXISTIVG UasTE May RaWGe FRert 0770 77
OUE TO BoT7H THE IMCKEASE [N Losl AD Rerwuvae OF tepTer,

SHEET_£ _OF_4 PROJECTNO.Z6-24 ¢  PROJECT NAME 7220k ¢!
BY <TK DATE_L?:i'_‘!__ DESCRIPTION smeﬂ"m" T cace

g

CHK. BY YL - DATE_[(-30-97__ . e e
“AR3054L 14




DATA REQUIRED:

1. A profile of standard.péne;ration'resistance N (blows/ft) versus depth,
from the proposed foundation level to a depth of 2B, or to boundary of an
incompressible layer, whichever occurs first. Value of soil modulus Eg
is established using the following relationships.

Soil Type | Eg/N

Silts, sands silts, slightly cohesive ’
silt—-sand mixtuyres . 4

Clean, fine to med, sands & slightly

silty sands o 7
Coarse sands & sands with little gravel 10
Sandy gravels and gravel, e - .12

2. lLeast width of foundation = B, depth of embedment = D, and proposedaverage
contact pressure = P.

3. ApproxXimate unit weights of surcharge solls, and position of water table 1f
within D.

4., If the static cone bearing value g, is measured compute E; based on
zzqc .

ANALYSTS PROCEDURE: =

b e e D e i oL s i e ae meda

Refer to table in example problem for column numbers referred to by paren—
thesis:

1. Divide the subsurface soil profile into a convenient number of layers of
any thickness, each with constant N over the depth interval O to 2B below
the foundation. : SRR

2. Prepare a table as illustrated . in the example problem, using the indicated
column headings., Fill.in columns 1, 2, 3 and 4 with the layering assigned
in Step 1. _

3. Multiply N values in column 3 by the appropriate factor E /N (col. 4) to
obtain values of E_; place values in column 5.

4. Draw an assumed 2B-0.6.triangular distribution for the strair influence
factor I,, along a scaled depth of 0 to 2B below the foundation. Locete
the depth of the mid~height of each of the layers assumed in Step 2, and
place. in column 6. From this construction, determine the I, value at.tne
mid-height of each layer, and place In column 7.

FIGURE 7
Settlement of Footings Over Granular Soils: Example Computation
Using Sclmertmann's Method

7.1-220
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= e a] pr e N

5. Calculate (Iz/Eg) AZ, and place in column 8. Determine the sum, of -

all values In column 8. _ ! .
6. Total settlement = A}_i = Claz-lAp %B‘(%——)AZ, .
where C] = 1 - 0.5 (po/4p); C[_g 0.5 embedment correction factor
Cp =1+ 0.2 _:Log {10t) ~ creep correction factor ‘

—wm-- -~ —- p, = overburden pressure at-foundation level

AP = net foundation pressure increase

t = elaspesed time in vears.

EXAMPLE PROBLEM:
GIVEN THE FOLLOWING SCIL SYSTEM AND CORRESPONDING STANDARD PENETRATION
TEST (SPT)DATA , DETERMINE THE AMOUNT OF ULTIMATE SETTLEMENT UNDER
A GIVEN FOOTING AND FOOTING LOAD: I .

m‘d" v ;"h:"

. o
LA ’-éﬁ.lg : ;
N s A _ E
= 0 -
t,/ @ ] e
2 @ fe—=> g ®
o
SS ©)] e 25 .
E @ / ; _z
@ 12 4 ~ ASSUMED w
2p-08 &
- STRESS .
20 DISTRIBUTION
d 1o ‘ - :
= 7 8
= T T Y T T = -
Y 0! 02 O3 04 05 06 32
b w STRAIN INFLUENCE FACTOR, I,
<
s ] 1 4 | 1 b
L] 0 1] 20 25 30

-— - STANDARD - PENETRATION TEST VALUE (N)

FIGURE 7 (continued)
Settlement of Footings Over Granular Scils:
Example Computatilorn Using Schmertmann's Method

7.1-221
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q&iug Details: .. . - . .. o
ooting width: 6.0 ft. (min.) by 8.0 ft. (max-) )

Depth of Embedment: 2.0 ft. Load (Dead + Live): 120 tons

Soil Properties: o

Depth Below Depth Below Base Unit Wt. (pef)

Surface (ft.) of Footing (ft.) " Moist Sat. So:l.l Description
0-5 <5 95 105 Eine sandy silt
5-1C 3-8 105 120 | Fine to medium sand
10 - 17 . 8 -15 . bgo,wxf;;Lsoi, Coarse sand

Solutien: L
Layer AZ - N Eg Ze 1, | I, AZ

| (ins) Eg/N | (s£) | (in.) ——{in./tsf)
(1) (2) (3) 4) | (5 (6 (7) Es (8)
1 24 L 10 4 40 12 .20 0.120
2 26 b 16 4 64 36 .60 0.225
3 12 ! 25 &4 100 54 .50 0.060
|. 4 12 \:| 25 7 175 66 .43 0.029
5 24 T 12 7 84 84 .33 0.0%4
6 24t 20 7 140 108 . .20 0.034
7 26 ¥ 26 10 260 132 .07 0.006
T= 0,568
po = (2.0 £EY(95 pef) = 190 psf = 0.095 tsf
Ap = 120 tons/(6 ft. )(8 ft.) = 2.50 tsf’ S
at £ =1 yr,
Cy = 1 + 0.2 log (10)(1) = 120 .
AH = (0.981)(1.20)(2.50)(0.568) = L.67 in.

FIGURE 7 (continued)

Settlement of Foatings Over Granulaf Soils.
Fxample Computation Using Schmertmann's Method

7.1-222
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“Engineering for the Environment”™

/@ ADvANCED GEOSERVICES CORP.

DRAINAGE AREA #> (04#3)

- EXISTING Cor DiTions

- TOTAL AREA =[[.O acres.

IMpERviotS AREA = T EG acres.
BARE sote aer = 3.3 geess,

* RUNOET coeFFicienTs (c)

Trpervpes AREA: € = 0.0
BARE sott AZeA. ¢ < O.%0

» COMPosiTE Ruprwrr Co€FFicterT ( Ceomp)

C = (0.90X7.65) +( O.¢g)( 3.3%)
. Comgp ; T /

Ceomp= 0,75

- Tire OF concintriiion (to)

THE ASPHMT FPORTION OF THS DRPIFAGCE AREA MAKET ap THE
LARGCERT FoRTichis OF THIS ORAINAGE AREA , THERE ForRE, THE
TRAve Firag FRom THE FrRTHEST FPoueT oF JHE ASMfacT AREA
7o rme rEAmesT IMCET (L) THE LonGERT PIFE TIRAVEL TImE
AlD gurerlar © Fcay) Wite pe DETRRMwEY BY Botd THE
KIRPIE ApD Faa METHOOS .,

L= 450’ at- [.0%

A TRAVEL TIrE ofF 2. MINATER Wit BE APPED [onr
PIFE Frow. '

SHEET_L_OF_Sh _ PROJECT NO.Z{Z¥%-62 . PROJECT NAME T21ZCL!

BY TD7_ ce e e DATE f=o) .DESCRIPTION _S 722 M tkrz?~ c A *

CHK.BY 7 /7t~ . ..- . DATE__F/2.1 R |
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Reservoir Report

Page 1

Reservoir No. 2

Basin#2 { _ . -

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [A] Bl €]
Rise (in) = 24 0 0 Crestlen(ft) = 250 0.0 0.0
Span (in) = 24 0 0 CrestEL(ff) = 100900 0.00 10.00
No.Barrels = 1 0 0o WeirCoeff. = 3.00 300 300
InvertEL (ft) = 100450 0.00 0.00 Eqn, Exp. = 1.50 1.50 1.60
Length (ft} = 160.0 0.0 0.0 Multi-Stage = No No No’
Slope (%) = 9.00 0.00 0.00
N-Value = 013 013 013
Orif. Coeff. = 0.60 D.80 0.60 _
Muiti-Stage = — No No Tailwater Elevation = 0.00 ft

Nota: All outliows heve boon analyzed under inlet and outist contref,

Stage / Storage / Discharge Table

Stage Storage Elevation Culv.A Culv.B Culv.C WeirA WeirB WeirC Discharge

(ft) {cuft) {ft) (cfs) (cfs) {cfs) (cfs) {cfs) {cts) (cfs)
0.0 co 1004.50 0.00 — —_ 0.00 — — 0.00 .
0.1 207 1004.55 2239 — — . 0.00 —_ —_ 2.39
0.1 414 1004.60 3.38 —_ —_— -0.00 - -— 3.38
0.2 621 1004.85 4.14 — — -~ 0.00 — —— 414
0.2 828 1004.70 478 -— - 0.00 — e 478
03 1,035 1004.75 5.35 — — - 0.00 —_ — 5.35
0.3 1,242 1004.80 586 —_ —- . .0.00 —_ — 5.88
04 1,449 1004.85 6.33 — — --0.00 — —_— 6.33
0.4 1,656 1004.20 &6.76 —_ — --0.00 — —_— 6.76
0.5 1,863 1004.95 747 — — 0.00 — — 717
a5 2,070 1005.00 756 — — 0.00 —_ 7.56
06 3,088 1005.10 8.29 — 20,00 —_ e 8.29
0.7 4,108 1005.20 8.85 — -0.00 —_ 8.95
D.B 5,126 1005.30 9.57 — -— 0.00 - — 9.57
0.9 6,145 100540 10.15 — --0.00 — — 10.15
1.0 7,164 1005.50 10.70 — — -0.00 —-— —_— 10.70
1.1 8,183 1005.60 1122 — —  -.-0.00 — —_ 11.22
1.2 8,202 1005.70 M72 — — --0.00 — — 172
1.3 10,220 1005.80 12.19 -— — -0.00 — —_ - 1219
1.4 11,239 1005.80 12.65 —_ — 0.00 — — 12.65
1.5 12,258 1006.00 13.10 —_ —_ =0.00 . — L —_ 13.10
1.7 18,520 1008.20 13.95 — — -0.00 -— —_ -13.95
1.9 18,781 1006.40 1474 — — - 0,00 — — 14.74
241 22,043 1006.60 15.86 — — 0.00 — 15.86
23 25,304 1006.80 17.25 - — 0.00 — —_ - 17.25
25 28,566 1007.00 1852 — — - .- 000 — —_ 18.52

Continues on next page...
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Basiz

Stage / Storage / Discharge Table

‘tage Storage

{ft) (cuft)
27 31,828
29 35089
34 38351
33 41612
35 _ 44874
37 46926
39 48978
41 51,030
43 53,082
45 55134
47 57,186
49 58,238
51 61,290
53 63342
55 65394

Elevation

(ft)

1007.20
1007 .40
1007.60
1007.80
1008.00

.1008.20

1008.40
1008.80
1008.80
1009.00
1009.20
1009.40
1009.60

1009.80

1010.00

(cts}

19.72
20.85
21.82
2294
23.91
2485
25.76
26.63
27.48
28.30
28.08
29.87
30.63
31.36
32.08

(cts)

T T O O I A O I O O

IR

(cfs)

(cfs)
0.00

. 0.00

0.00

- -0.00 .
- 0.00
-~ 0.00

0.00
0.00
- 0.00

. 0.00

6.71
18.98
-34.87

. ._.53.68

75.00

Culv.A Culv.B Culv.C WeirA WeirB Weir C

{cfs)  (cfs)

Frrrr et
EEREEEREREERER

AR305L27

Page 2

Discharge
(cfs)

19.72
20.85
21.92
2294
23.91
24.85
25.76
'26.63
27.48
28.30
35.81
48.85
65.49
85.04
107.08

7 <€ A3
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Reservoir Report

Page 1

Reservoir No. 1

Basin#3 .

Culvert ! Orifice Structures Weir Structures .
[A] [B] [C] [A] [B] [C]

Rise (in) = 24 0 0 Crestlen(ft) = 00 ° 0.0 Y

Span (in) = 24 0 0 CrestEL(ft) = 0.0Q 000 | 0.00

No.Barrels = 1 0 0 Weir Coeff. = 3.00 3.00 3.00

Invert EL {ft) 100460 0.00 0.00 Eqn. Exp. = 1.50 1.50 1.50

Length (ft) 688.0 00 0.0 Mutti-Stage =  No No No

Slope (%) = 2.10 0.00 0.00

N-Value = 013 013 013

Orif.Coeff. = 0.60 0.80 0.60

Multi-Stage = — No No Tailwater Elevation = 0.00 ft

Nota: All outflows have been anatyzed under inlet and sulet contmi,

Stage / Storage / Discharge Table

Stage Storage

(ft) (cuft)
00 00

02 2,951
04 5902
08 8853
08 11,804
1.0 14,755
12 17,708
14 20657
16 23,608
18 26559
20 29510
22 37331
24 45152
26 52,973
28 60,794
3.0 68615
32 76436
34 84257
36 92,078
38 99,899
40 107,720
42 119,447
44 131,174
48 142,901
48 154,628
50 166,355

Elevation

(ft}

1004.60
1004.80
1005.00
1005.20
1005.40
1005.60
1005.80
1006.00
1006.20
1006.40
1006.80
1006.80
1007.00
1007.20
1007.40
1007.60
1007.80
1008.00
1008.20
1008.40
1008.60
1008.80
1009.00

"1008.20

1009.40
1009.60

(cfs)

0.00

478

8.77

828

8.57

10.70
11.72
1268
13.53
14.35
15.12
16.57
17.90
18.13
20.28
21.39
2243
23.43
24.39
25.31
25.20
27.06
27.89
28.70
29.48
30.25

(cfs)

1 T I O O O

CE T et ettt

{cfs) (cfs) {cfs)

ERRERRRRNNER
| |

i

AR305430

Culv.A Culv.B Culv.C WeirA WeirBE WeirC Discharge

{cfs) {cfs) .

—_—— - 0.00

e e 478
— . 877
~— . . B29

— 9.57
- — . .1070
e . 1172

C— 1266

e o 1353

rme o~ —17.90

-14.35
--15.12
18.57

~19.13

20.29
- 21.39
~-22.43

—— 2343

— . 2620

e -24.39

2531

2708
27.89

e—— . 2870

~ 2948

. _3gos .

Continues on next page...
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Basinid

Stage / Storage / Discharge Table

Stage
(ft)

Storage
(cuft)

178,082

189,809
201,536
213,263
224,990
320,020
415,070
510,110
805,150
700,180
795,230
890,270
685,310
1,080,350
1,175,380

Elevation

{ft)

1009.80
1010.00
1010.20
1010.40
1010.60
1011.60
1012.60
1013.60
1014.60
1015.60
1016.60
1017.60
1018.60
1019.60
1020.60

Culv.A Culv.B Culv.C

(cfs)

31.00
31.73
3244
33.14
33.82
35.20
36.10
36.97
37.82
38.65
3947
40.27
41.05
41.82
42.58

{(cfs)

T U O O I O A

{cfs)

WeirA WeirB WeirC
(cfs) {cfs)

P

IRRRRENARRRRER

AR30543Y

ERER

{cfs)

T O O

Page 2

{cfs)

31.00
31.73
3244
33.14
33.82
3520
36.10

3697

37.82
38.65
39.47
40.27
41.05
41.82
42.58

13

L

Discharge
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< - Reservoir - 100 Yr - Max. El. = 1004.97 ft
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REGIONAL RAINFALL INTENSITY-DURATION-FREQUENCY _ -
CURVES FOR PENNSYLVANIA! /
. Gert Aron, David J. Wall, Elizabeth L. White, and Christopher N. Dunr® o
ABSTRACT: A statistical anaiysis of all available continuous hourly contours mdefesﬂﬁitq some rainfall amounts bf ;'norc than
pmitiy]

and 15-minute d

W&W
, ot this study, Pennsylvania was divided into five homogencous

riinfall replons and 2 set of nainfall intensity-duration carves developed
for exch region, for return perfods of 1 to 100 yexzrs and durations
rnging from 5 minuies to 24 hoorr The PDTIDF curves were
judged to be 2z better representation of Pennsylvanix minfall than
the nationwide TP-40 maps, particolarly for storm events of 10-years
and Jower retumn periods.

The averape time distribution of 24-hour storms in Pennsylvania
was found to be well represented by the SCS Type I distribution.

* The Cotps of Engineers SPS 24-hour distribution was found to differ

appreciably from both the SCS Type I and the Pennsyivaniz 24-hour
stort distribution, For storm durations between 15 and 90 minutes
the standard Yarnell intensity-duration curves clossly resemble Pen-
nsylvanis storm distributions.

XEY TERMS: design rainfall; Pennsylraniz; regional rainfall analysis; -

storm duration; storm frequency; storm intensity: meteoroiogy.)

INTRODUCTION

The dumation, qrantity, and intensity of rainfall have major
tifects on highway drainage and inundation problems. For
my hydrologic analysis or design, ranging from the simplest
Rtional formuia flow rate estimate to the most sophisticated
Htonmwater runoff simulation, reliable rainfall estimates are
ncce;sm—y_

The most widely used source of design rainfall depths for
Yricus return periods and durations is the US. Weather
Bureau Technical Paper No. 40 (Hershfield, 1961) commonly

~mferred to as TP40. This rainfall atlas contains 49 rainfall

ontour maps of the United States for durations varying from
30 minutes to 24 hours and retumn periods from 2 to 100
Yeats, 1t js simple to use and I, in general, representative
of regional rainfall. However, the maps, which comprise the
atlas, Jack the resolution needed to recognize local areas of
CIl-‘iracu:ristically low or high rainfall. For example, Kerr,
& al (1970, pg. 20) have shown that for some Jocations in
einsylvania along a line stretching from Dauphin County
Northeastward to Pike County (see Figure 1), the TP 40

T

20 percent while overestimating others in different parts of
the state,’ :

In 1977, the TP-40 manual was supplemented by the
NOAA (National Oceznographic and Atmospheric Adminis-
tration) Technical Memorandum, HYDRO-35 (NOAA, 1977).
HYDRO-35 includes maps that cover the eastern United
States and indicate rainfall depth contours of 15-, 30-, and
60-minute durations for 2-, 10-, and 100-year return periods;
equations for interpolation are also’ provided. ' These maps
provide 2 means for estimating design rainfalls having short
durations, but they still Jack adequate resolution, because
they were generated from a small network of rainfall stations
widely distributed over 2 large area.

In 1970, 2 more detailed sst of rainfall maps for Pennsyl-
vania was developed by Kerr, er ol (1970), for the Pennsyl-
vania Department of Environmental Resources. These maps

contzin more detall than does TP-40, but many users fowb

the procedure for determining the magnitude of a design ral
fall to be somewhat tedious, resuiting in its Hmited use, in
addition, more than 15 years of rainfall data have become
available since the Kerr study to further justify another at-
tempt to improve estimates of design rainfall for Pennsyl-
vania. ’ )

In January 1985, an agreement was reached between the

Pennsylvania Department of Transportation and The Pennsyl-.

vania State University to conduct a statistical analysis of all
available continuousrecord rainfall data in Pennsylvania.
The primary objective of the study was 1o develop z set of
regional rainfall intensity-duration-frequency curves, later
referred to 2s the PDT—IDF curves, representative of the

rainfail variations in Pennsylvania. A secondary objective was

to compare the temporal distribution of Pennsylvania storms
with those represented by *standard” distributions such as
the Soil Conservation Service (SCS) Type II and the Corps
of Engineers Standard Project Storm (SFS).

R ] " . )
h. zi’-‘vpcr No. 86101 of the Warer Resources Bullerin, Discussions are open unti! February 1, 1988, . . _ .
' “Respectively, Professor of Civil Engineering, Assistant Professor of Civil Engincering, Senfor Research Associate, and Graduate Assistant, Depart-

™Ment of Civil Engineering, and the Environmental Resdurces Research Institute, The Pennsylvania $tate University, University Park, Pennsylvania 168
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Aron, Wall, White, and Dunn

;rr-'onssr '
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Fizure 1. Delineated Regions With Uniform Rainfall

-RAINFALL DATA

The primary source of data for this study was the Na-
tional Chmatic Data Center (NCDC) located in Asheville,
North Carolina. The data base included over three million
pieces of hourly-station rainfall data, measured in 0.01-inch
increments, from 252 stations uniformiy distributed through-

out the state with varying rccord Iengths cuﬂec:cd between

1938 and 1983, = 777 ) - -

Because it is generally acccpted that more t.han 10 yczrs- "

of rainfall records should be available for statistical analysis,
stations with less than 10 years of record were omitted from
further study. The records of some stations (approximately
35) were combined in order to increase the record length
per station; combinations were considered justified when 2
station was moved only 2 short distance or teplaced at the
same location.

Data having a 15-minute sampling interval and 0.01-inch
depth increment were also availzble from the National Ch-
matic Data Center for 121 of the 252 stations. From these

data, rainfall events of 15, 30, 45, 60, 90, zand 120-minute
durations were extracted.

RAINFALL FREQUENCY ANALYSIS

Extraction of Significant Rainjall Data
..As a first step in the analysis, independent events, defined

' as those storms separated by at least 24 hours of zero rain-

fall, were identified. Each independent event was then
scanned to determine the maximum 1, 2, 3, 6, 12, and 24-
hour rainfall amounts and then evaluated for significance. A
rainfall amount was considered significant if its value was at
least as high as the threshold values of 0.6, 0.75, 0.9, 1.1,
1.3, and 1.5 inches, respectively, for the six durations shown
above. These threshold values were chosen because they have
a 90-percent exceedence probability in any one year, s extra-
polated from the results of the study by Ketr, ef al (1970,
pp. 20-35). The significant rainfall amounts for each of the
six durations were’ then extracted for statistical frequency

WATER RESOURCES BULLETIN

N of 2T

~AR305435




TI g meeim A

_ RAINFALL INTENSITY, IN/HR

REGION 2
10 RN A XYY I I W N
a8
S-"“"\\
. \\L§ =
SN .
FRASNANY :
MEINN\\N s
I.DE : \.§\}‘% E
oa SRR
Q'G" N \\\%\?\ -
oak NN\
- \\\k\b\ X
N\E
= ‘V\V\\zs Return 3
= AN 10 Period,D
3 o Peres.
N
= (AL AR IR I A
5 10 2030 &€Q 2 3 6 12 24

MINUTES HOURS

RAINFALL DURATION

Figure 3. Region 2 Rainfal] Intensity-DusationFrequency Curves.

5

AAINFALL MMTENSITY, IN/HR

" REGION 4
to % v ] 0§ RSVl 1 T 4 [ ] [
a g F
[,
s N -
RSN | :
S
J£ RIS s
§ N %
o NRNR%R :
LN N
foX:] AT AN
SN
o = AYANHAN ;
oof AN :
N N \E\Sx\ 100 §
- 5Q 3
K NN
= i Q 3
] \“\\ 5 Returm 3
e 2 Perlod, 7
I yeors T
0.1~ 1 -
r rheeqeed el v g b ¢ v v g -
5 10 2030 80 2 3 & 12 24
RINUTES HOURS

Figure 5. Region 4 Rainfall Intensity-D

RAINFALL OURATION

uration-Frequency Curves.

482

RAINFALL INTENSITY, IN/HR

RAINFALL INTENSITY, IN/HR

REGION 3

'O IR AR 1] L] 3 ) N1
a8
Y o 1
PN 2\ - ]
-t %2\\‘:\\ .:
- \ 3
= \ N 3
- o
= Q\\ X 3
. Lo Y by
o8 AN AN §§
AN -
asE ALY 3
oaf RANNANY
n N R
\\\ R .
- 10Q ]
NNERE
= \\\ 0 Retyen
- Pericd, 3
= Q 5 yeors I
o.1 - 2 3
AT NI RER IS NEA] "
5 0 2030 €Q 2 3 6 12 24
MINUTES HOURS

RAINFALL DURATION

Figure 4. Region 3 Rainfzll Intensity-Deration-Frequency Curves.

| REGION 5

IO L] IR XLl 4 Iy T ™ -
a
A 7
S "::‘\ by
AN NN —
Rl N ‘{h\ .
RS I NN ]
= ] \J\ \\\\\ =
of NN 3
LO A O =
8 35 ALY
- CROTES
Qe NSIRSN
SNNRNN -
0.4 AN \\\ -
i INNNNNEE
2 \\Q 25 =
0-2— \ . 10 ;
3 5 Return J
- 2 PEfiﬂd, =
= V' years
o.iF 3
T EL ‘ (BN AL TTE S A N ] .
S 10 . 2030 60 2 3 6 12 24 -
MINUTES HOURS 3
BAINFALL ODURATION . _;
- ¥

e T T O
Figure 6. Région 5 Rainfall Intensity-Duration-Frequency Curves. 7

WATER Reéi;uacés BULLETIN
. | 1% ¢ TL 2
ARIUSL36




C K
=

3. Time of Concentration (TC) 15 min. {given)

4. Determine Rainfall Intensity Factor (i)
(i) = 4.9 in/hr - (from Plate 5-3)

5. 0Q = C[i)(A)
Q = .43(4.9)(80) = 168.56 cfs
Table 5-2
VALUES OF RUNOFF COEFFICIENT (C) FOR RATIONAL FORMULA
‘égpd use C . Land use c
Business: Lawns:
Jowntown areas 0.70-0.95 Sandy soil, flat, 2% 0.05-0.10
Neighborhood areas 0.50-0.70 Sandy soil, average, 2-72 0.10-0.15
‘ Sandy soil, steep, 7% 0.15-0.20
Residential: Heavy soil, flat, 2% 0.13-0.17
Single~family areas 0.30-0.50 Heavy soil, average, 2-7% 0,18-0.22
Multi units, detached 0.40-0.60 Heavy soil, steep, 7 % 0.25-0.35
Multi units, attached 0.60-0.75 .
Suburban 0.25-0.40 Agricultural land:
Bare packed soii
Industrial: S : © . Smooth 0.30-0.60
Light areas - 0.50-0.80 Rough 0.20-0.50
Heavy areas 0.60-0.90 Cultivated rows .
Heavy soil no crop 0.30-0.60
} Parks, cemeteries 0.10-0.25 _.Heavy so0il with crop 0.20-0.50
* Sandy soi) no crop 0.20-0.40 -
Playgrounds - 0.20-0.35 .. _Sapdy soil with crop ~ 0.10-0.25
Pasture .
Railroad yard areas - 0.20-0.40_ . Heavy soil 0.15-0.45 . -
Sandy soil D.05-0.25
Unimproved areas 0.10-0.30 Woodlands 0.05-0,.25
Streets: e L -
Asphaltic - —0,70-0.95
Concrete 0.80-0.95%
8rick 0.70-0.85
Drives and walks 0.75-0.85
Roofs - 0.75-0.95
Note: The designer must use judgement to select the appropriate C value within the
range. Generally, larger areas with permeable soils, flat slopes and dense
vegetation should have Jowest (C)} values. Smaller areas with dense soils,
moderate to steep slopes. and sparce vegetation should be assigned highest
{c) values. L . T e :
- Source:..American Society’of Civil Engineers .~ . ' I oo
N '
GBeneral Guidline: ol
C=.%0 " Impervious surfaces (Bituminous or concrete pavement,
roofs, etc.)—
€C=.50 PartiaITy 1mperv1ous surfaces (Crushed stone, .loosely Taid
- . .brick)
-‘L C= .30  Lawns or Grassy areas; sandy soils

I -5
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3. Time of Concentrétiaﬁ-ffciné 15 min. (given)

4. Determine Rainfall Intensity Factor (i)
(i) = 4.9 in/hr - (from Plate 5-3)

5. Q = C{i}{A)
Q = .43(4.9)(B0) = 168.56 cfs
Table 5-2
VALUES OF RUNOFF COEFFICIENT (C) FOR RATIONAL FORMULA
Land use C Land use C
Business: T " "Lawns:
Downtown areas 0.70-0.95 ) Sandy s0il, flat, 2% 0.05-0.190
Neighborhood areas 8.50-0.70 Sandy soil, average, 2-7% 0.10-0.15
Sandy soil, steep, 7% 0.15-0.20
Residential: L Heavy soil, flat, 2% 0.13-0.17
Single-family areas 0.30-0.50 Heavy soil, average, 2-7%2 0.18-0.22
Mylti units, detached - 0.40-0.60 Heavy soil, steep, 7 % 0.25-0.35
Mylti units, attached 0.60-0.75 ' i T
Suburban 0,25-0.40 Agricultural land:
Bare packed soil
Indystrial: . Smooth 0.30-9.60
Light areas 0.50-0.80 Rough 0.20-0.50
Heavy areas 0.60-0.90 .. . _ Cultivated rows
: " Heavy spil no crop 0.30-0.60
_{ Parks, cemeteries 0.1¢-0.25 Heavy soil with crop 0.20-0.50
‘ © Sandy soil no crop 0.20-0.40 o
-| Flaygrounds ,0.20-0.35 ) Sandy soil with crop + 0.10-0.25 _
- TR e e —Pasturs .
Railroad vard areas » 0.20-0.4Q . . Heavy soil 0.15-0.45
Sandy soil 0.05-0.2%
Unimproved areas G.10-0.30 Woodlands 0.05-0.25
Streets: - : :
Asphaltic ) : 8.20-5.95
Concrete 0.80-0.9%"
8rick .70-0.85
Orives and walks ’ 0.75-0.85
Roafs 6.75-0.95
Note: The designer myst use judgement to select the approprizte C value within the
range. Generally, larger aresas with permeable soils, flat slopes and dense
vegetation should have Towest (C) values. Smaller areas with dense sails,
?E?era%e to steep slopas, and sparce vegetation should be assigned highest
values, )

Source: . American Society of Civil-Engineers

AN
General Guidline:
€= .90 Impé&rvious surfaces (Bituminaus er concrete pavement,
roofs, etc.)
C=.50 Partially impervious surfaces (Crushed stone, loosely laid
brick)
€=.30  Lawns or Grassy areas; Séﬁdy'éﬁ?is
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DEVELOPMENT OF UNIFORM FLOW CONCEPTS

127

weeds

ﬁ;mcl and description Minimum Normal Maximum
7. On good excavated . ,
rock 0.017 0.020
2. On irregular
excavated rock 0.022 0.027
d. Concrete bottom foat
finished with sides of
1. Dressed stone in
mortar 0.015 0.017 0.020
1. Random stone in
mortar 0.017 0.020 0.024
3. Cement rubble
masonry, plastered 0.016 0.020 0.024
4. Cement rubble
masonry 0.020 0.025 0.030
5. Dry rubble or riprap 0.020 0.030 0.035
e. Gravel bottom with
sides of
1. Formed concrete 0.017 0.020 0.025
2. Random stone In’ o
mortar 0.020 0.023 0.026
3. Dry rubble or riprap 0.023 0.033 0.036
. Brick )
1. Glazed 0.011 0.013 0.015
2. Tn cement mortar 0.012 0.015 “0.018
£ Masonry ) .
1. Camented rubble 0.017 0.025 0.030
2. Dry rubble 0.023 0.032 0,035
h. Dressed ashlar 0.013 0.015 0.017
{, Asphalt
1. Smooth 0.013 0.013
j. Vegetsal lining 0.030 0.500
C. Excavated or dredged
a. Earth, straight and
uniform
1. Clean, recently . o
completed 0.016 0.018 0.020
2. Clean, after - .
weathering 0.018 0.022 0.025 .
3. Gravel, uniform T
gection, clean 0.022 0.025 0.030
% 4. With short grass, few .
0.022 @ 0.033

t
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Type of chennel and description

. 3. Clean, winding, some
pools and shoals
. Same as above, but
some weeds and
stones
. Same as ahove, lower
stages, more
ineffective slopes and
sections
Samie s no. 4, more
stones
. Sluggish reaches,
. weedy, deep pools
. Very weedy, reaches,
deep pools, or
floodways with heavy
-~ stand of timber and
~ underbrush B 7
4. Mountain streams, no
~ vegetation in channel
banks usually steep,
trees and brush along
banks submerged at
high stages 7
L. Bottom: gravels,
cobbles, and few
boulders
2. Bottom: cobbles with
large boulders

D-2. Flood plains
a. Pasture, no brush
1, Short grass
2. High grass
. Cultivated greas
1. No erop 7
2. Mature row crops
3. Mature field crops
¢. Brush
1. Scattered brush,
- heavy weeds
2. Light brush and
trees, in winter
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RECOMKENDED ENGINERRING METHODS & PROCEDURRES

APRIL, 1990

TARTE 4.7c Maximmm Permissible Velocities for
Rock Lined Channels and Riprap

_Graded Rock Size {In.)

Permissible

|

[NSA NO. [ Dsoﬁ_Tf Min. | velocity fps* I
A i 1.5 ) .75 | No. 8 | 2.5 |

] R-2 ] 3 }Jaiso | 1 ] 4.5 ]

| rR-3 | s | 3 1 2 | 6.5 |

[ -4 [ 122 | 8 | 3./ 3.0 i
-] R-5 | 18 | 9 | 5 | 11.5 |
| R-6 | 24 | 12 | .7 | 13.0 [

! =7 } 30 } 15 | 12 | 14.5 |

* Permissible velocities based on rock at 165 lbs. per cubic
foot. 2Adjust velocities for other rock weights used. See

Figure 4.6
TABLE 4.7d Maximum Permissible Velocities for
Reno Mattress and Gabions | e

Thickness | Rock fill | Permissible*

Type inches Gradation-in.| Velocity-fps
| .025 | 6 | 3-6 | 13.5 {

Renoc

Mattress I .025 { L | 3 - S 16.0 !
| 025 | 12 | 4 ~ 6 | 18.0 ]
[ Gabion | .027 | 18 + | 5~9 | 22.0 |

* Permissible velocities may be increased
sand mastic grout. Refer to manufacturers
recommendations/specifications for permissible veloc1tles.

Pace 4.
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