
ADVANCED GEOSERVICES CORP. «Engineeringfor the Environment*

Chadds Ford Business Campus" - • - - - • • =-=•--••• « Toll-Free: (888) 824-3992
Rts. 202 & 1, Brandywine One - Suite 202 ' Email: agc@agcinfo.com
Chadds Ford, PA 19317-9676 ' ' ' " . . . . Web Site: http://www.agcinfo.com

» Voice: (610)558-3300 Fax:(610)558-2620

August26, 1998 ."_...: "'_:":__„ _.." , '," ..-.[•.. ~^L.-"_,. I ... 96-248-79

Mr. Steven J. Dbnbhue ...
United States Environmental Protection Agency
RegionS i. . ",_" ; ... _.V7' ^..
1650 Arch Street " -------
Philadelphia, PA 19103-2029 "" :'.'" ' —"":"™ .—— ' ~ '

RE: .Tonolli Corporation Sup'erfund 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 comments tolEe July 29, 1998 cap re-design
submission and includes a discussion of pertinent design issues, revised specifications, drawings,
and calculations associated with the re-design of the landfill cap. The USEPA, USAGE, and
PADEP comments were addressed as follows: ' _ __: _

• 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 alignment is shown on
Sheet 14. = , . . . . ..... : ...... . . . . . . .

• 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,:. Qnly Section 02751 (Cap Drainage Layer) and Section 02756
(Geosynthetic Clay Layer) required 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'"(Soil and Waste Removal/Handling/Placement) 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 than a
15 minute storm.

• AGCdoes not anticipate any significant differential 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.

wpd'"' " ------
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Page2of4 . „._..__ - ; " "

• 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
trench 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 is 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 channels 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 stoTm event 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 excessively 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 tteproposed cap anchor
trench. The plan view of the proposed cap anchor trench is shown on Sheet 11.

• As requested by Joseph Mueller (USAGE), the following, additional cap stability
calculations were performed.

1. 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 LLDPJE arid GCLMs ihe lowest interface
friction.

2. .The internal shear strength of the GCL to be placed on the northern 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:

• The volume now provided above the current top of landfill embankment (EL. 1024)
will be on the order of 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 Jo both sides of the geonet.
MACTEC has submitted a composite drainage layer manufactured by Evergreen
Technologies. The double-sided geonet manufactured by Evergreen Technologies
shah1 include 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 layer (GCL) has been changed to Bentomat DN as
manufactured by CETCO. ._" " '.'.' ~'~~~'. •••;"""

• Benches in the landfill 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 iri-place.

The revised specifications, drawings and calculations include the following:

Specifications

Drawings

Calculations

Sectiori'02751 (CapT)rainage~Layer)
Section 02756. (Geos'yhthetic'Clay Layer)

Landfill Preparation and Top of Waste Plan (Sheet 11)
Landfill Final Grading Plan (Sheet 14)
Landfill Erosion and Sediment 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 Transmissivitŷ 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. ... '.. . .. _: ::̂ ___: L^ : ; _

0
Todd D, Trotman, P.E.
Project Engineer

Tftomas M. Legel, P.3
Project Manager

TDT:TML:lId

Enclosures

cc; JeffLeed
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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DISCUSSION OF DESIGN ISSUES

LANDFILL CAPPING

The cap will comply with the requirements of the Pennsylvania Hazardous Waste Regulations 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; a 60 mil LLDPE geomembrane; a gepsynthetic 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 Bentpmat DN as part
of this redesign, A 6-inch layer of lime amended remediated soils will be placed 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 corriplete. The top of the cap will then
be graded no flatter 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 results 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
calculations have not been revised.

Cap Stability Analysis

As part of the cap stability analysis performed during the re-desigji process, interface friction testing
was performed on the geosynthetic cap components. This testing included the following:
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1. Interface friction testing between the geonet'and the LLDPE liner.

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

3. Interface friction testing between the LLDPE liner and the geocomposite clay 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. ; T- . •-" :

Transmissivity calculations for the new drainage layer have been performed and indicate that
sufficient drainage is provided by a singl|__geonet sandwiched between two geotextiles for the
proposed application. The calculations are attached.

SLOPE STABILITY : . ._ _

As presented in the Final Design, the existingjandfill 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 embankment slope and the gabion wall
configurations assuming a 20% cap 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
USAGE, 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 surfaces that pass
through the landfill cap and embankment.

LANDFILL SETTLEMENT""".,.... :.._..; _ ;; .;-;: . :::"::.. .. " ..

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

2
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may be placed in the landfill. The analysis of potential settlements during and following landfill
closure was performed for the folio wing 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 Resulting from the Removal of Landfill Liquid j

When the liquid (i.e., 30 feet of liquid) is removed from the waste within the existing landfill, the
waste will experience an increase in stress equivalent to about 0.94 tons per square foot (tsf) due to
the removal of the buoyancy effect of the liquid. The settlement due to this increased load 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 placement. .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 liquids?

Settlement Due to the Placement of Additional Waste

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 ̂OFJC£AGOreOJECTS\FILES'%-24&LETTERSvCappms wpd
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Settlement of Material Beneath Landfill . ,. !_..,._,_

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 completion of waste placement, the
increased load will be no greater than 0.30 tsf. Due to the competency of the foundation material,
foundation settlement 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
bench to the base of the cap will be lined with rip rap. Hydraulic/hydrologic calculations supporting
the design of these benches/swales are attached.

Storm routing for Basics 2 and 3 werejlso.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 pfthe landfill embankment are proposed, if sidewall
samples contain lead at greater than 1,000 mg/kg.

F:\OFICEAGaPROJECTS\Fa£S\%-24S\lETTERS\Cappmg.wpd ** '
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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

PARTI: GENERAL

1-1 Description _ . _ . _ . _ . _ _ _ ! " •

This work shall include furnishing all materials, labor and equipment necessary to install a

geotextile/bentonite/î aextils composite liner (GCL) in accordance with the contract documents

and as directed by the Resident Engineer. ; _ _

1.2 Related Sections

A. Section 01050 - Field Engineering ~ •

B. Section 01300 - Submittals ;
C, Section 02210 - Earthwork . =
D. Section 02755 - Geomembrane

1.3 References

ASTM D50S4 - 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 Committee 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.

02756-1
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The Coritracfor'shall also submit samples 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 Storase

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 Geosvnthetic Clay Liner (GCL)

TT- /--/-tr - i 11- • j. .r j- • i_ .. ••* i_ *_•• 4~ ^.-1 iĴ sssrapssugsYT-iSrvTi'ŝ ^The GCL shall consist of a sodium bentomte core between two geotextiles LBentomatiDlĤ as.
TM_ * • i i_ in • • i_ * •* * *vor.thê uiyalenuj The material shall have a minimum bentomte content

ofRSJ pound per square foot. The GCL shall also have a typical permeability of 5 x 10-9 cm/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.

PARTS: 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 installationjpf the GCLrthe Q A Official shall carry out visual inspections of all materials.

02756-2 FrOFICEAGC\PRO"JECTS\FtLES\96-2'ta\REPORTSVSPECS\SPEC27S6.WPD
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Any defects in materials shall be repaired or replaced, as approved by the Resident Engineer.
The Contractor will be responsible for preparation of all surfaces prior to installation 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. ; - - -

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 Engineer and 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 installation- The Contractor shall then perform
the appropriate corrective action. . —

3,2 Installation

The GCL shall be laid out and installed by the Contractor in accordance with the Manufacturer's
recommendations. The materials shall be placed and aligned from the top of the slope towards lower
grade. _

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%.

027 J O-3 -. F.OFlCEAQC\PROJECTSMT.LESi96.248\REPORTŜ SZECS\SPEC2756,WpD
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Travel on the materials shall be controlled to prevent 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 GCt, No portion of the GCL shall be left uncovered overnight, or
during periods of work stoppage. The leading edge of the GCL shall be secured at all times with
sand bags or other means_sufficienno hold it down during high 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. Patches shall be held in place by completely
covering, 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 tensiorfbr stress upon
completion of thelnstallation. Stretching of the GCL to fit will not b̂  allowed. The GCL shall be

adjusted to smooth out creases or irregularities.

After the first roll 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 against movement and wind damage during construction and until
placement of overlying materials.

All overlapping of the GCL shaU.be inspected by the QA Official 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.

02756-4 F:OFECEAGC\PROJECTS\F1LES\96-24S\R£PORTS\SPECŜ PEC2756,WPD
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PART 4: MEASUREMENT AND PAYMENT ~

4.1 Measurement

Measurement for payment shall be based on the actual number of square yards of surface area of in-
placeGCL. " "~" " - - _ - ,.

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. . .

4.2 Payment

The completed work as measured for GCL shall be paid for according to the.unit price schedule.

PAY ITEM _ .. . ._ PAY UNIT ^ . .. ;_ ..., _ 7;

Geosynthetic Clay Liner Square feet

02756-5 F;OF[CEACO£RQffiCTSTn̂ Sy6-:«'HEPORTS\SPECS\SPEC2756 WPD
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SECTION 02751

CAP DRAINAGE LAYER

PARTI; GENERAL

1.1 Description "" " ; - ; - - - ;--_j- 1~~~"""""_". " ' ~

The work covered by this section includes installation of the cap drainage layer for the final closure

cap systems. This includes manufacture, fabrication, packaging, delivery, and installation of all

components. Specific components include the composite drainage layer

j geonet/geptextile composite), perforated anchor trench drain, granular fill, and[geoiext
geotextiles.

1.2 Related Sections

A. Section.QlQSO - Field Engineering

B. Section 01300 - Submittals

C. - Section_Q2210 - Earthwork

D, -Section 02755. - jQebmembrane.

1.3 References ""̂ ";"•;"î ',..''̂ '"":7."\'.'....... - : "!-""*"'."".. " ." 1

ASTMD422 --- — -Test Method for Particle-size Analysis of Soils

ASTMD1682 . - TestMethod 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 04533 . -. . TestMethod for Trapezoid Tearing Strength of Geotextiles

ASTMD4595 . .-.. , -,..Test: Method for Tens jle Properties of Geotextiles by the Wide Width

Strip Method

F:\OFlCEAGapROreCTS\FILES\S6-243\REPORTS\SPECS\SPEC2751.WPD . "2751-1 _____
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ASTMD4632 . - Test Method for Breaking Load and Elongation of Geotextiles (Grab
Method)

ASTMD4716 - Test Method for Constant and Hydraulic Transmissivtfy 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 approval. 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.

F-\OF[CEAGOPROJECTS\nLESW-:«SVREPORTS\SPECS\SPEC275I WPD 0275 1 -2
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PART 2: PRODUCTS

2.1 Geonet

The geonet _shallbe_a high density polyethylene (HDPE) material with intersecting material strands
creating a three dimensional structure which supports planner water flow. The geonet shall conform

to flic folio wingjequlreinents or the manufacturers' minimum published values, whichever is more
ec nTlf>I Q

tics ~~ TestMctlion

1 ransmissivit A.O livi xJ4Y lo - " :"" . ^"^ 1 .*•}• x 1 0

q-20QQpsf94.

TiVl JLJIG

ContractorshalLprovide 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
M25-94. The pipe shall include all appropriate connections and end protection recommended by the
manufacturer and "as shown on the design drawings.

2.3 Geotextile

The geotextile bonded to the. geonet
to tlic iGilowing requuciiiiii

0275 1-
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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.

2.4 Granular Fill _ -_/.... .:

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

3,1 General _ _ _ _ _ _ _

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.

F.VOFICEACCVPROJECTSVFILESV96-248VREPORTSaPECS«PEC27Sl.WPD . 0275 1~4
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Prior to placement of the cap drainage layer, the portion of the geomembrane to be covered by the
ISttfbdSfei geonet/geotextile composite 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 Engineer approved cutter.
Care must be _taj£en.tQ.protect underlying geomembrane if the geonet or geotextile is being cut in

place. : " ."• . . —- --- ; ; : : _ __-.:'.

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

3.2 Composite Drainage Layer: > . . . . . =

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 prior to 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.

3.4.2 Cb'nriecfiofis"

Adjacent geonet rolls shall be overlapped at least 6-inches and secured by plastic ties approximately
every three (3) feet'along the roll lengtĥ  Plastic ties shall bewhite or another bright color for easy

inspection. Metallic ties shall not be allowed. The heads 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.

flR305325



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 Drainage Layer Edge Drain _ . .. •

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 lhall place the pipe in a
manner which ensures underlying materials are not damaged. Endcaps shall be placed on the
upslope 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 Layer 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:

F\OFICEAGOPROJ£CT»F1LES9«.2'«»REPORTSBPECSWPEC2751,WPD 02751 -0 ,
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1. All required documentation from the.Manufacturer and Installer has been received
and approved. : _

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!coveredsurfacearea 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. __

Granular fill will not be measured and will be considered incidental to pipe placement.

4.2 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 for removing approved materials which are rendered unsuitable
after placement or replacement or for removal, hauling, disposal and replacement of objectionable
materials. ; : - . ; - . . _ .. . .. ̂ .... .

F̂ OFICEAGOPROJECTS\F[LESW6-24B\R£PQRTS\SPECS'SP?C275I.WPD U2./D1-7
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The completed work as measured for the cap drainage layer shall be paid for according to the unit

price schedule.

PAY ITEM . _ ....... PAY UNIT . s_. ......
Composite Drainage Layer Square yard

— Edge Drain (complete) Linear foot - - . :

02751-8
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CAP STABILITY CALCULATIONS
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Geomembrane (LLDPE) Vs GCL (Bentomat)10

Note: —^ —— - - . . _ •
1 Data from GeoSystems Consultants, Inc
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SMOOTH VFPE (LLDPE) GEOMEMBRANE
DATASHEET

Minimum Average Values
property " Test Method 20 Mil 30 Mil 40 Mil 60 Mil 80 Mil

Thickness, mils ASTM D1593 18 27 36 54 72
Resin Density, g/cc ASTM D1505 0.915 0.915 0.915 0.915 0.915
Carbon Black Content. % ASTM D .1603 2 -3 2-3 2 -3 2-3 2 -3
Carbon Black Dispersion ASTM D 3015 A1.A2.B1 A1,A2,B1 A1.A2.B1 A1,A2,B1 A1,AZ,B1

or ASTM D 5596 CAT.1 or 2 CAT.1 or 2 CAT.1 or 2 CAT.Tor2 CAT.1 or 2

Tensile Properties . _ . _ _ _ - . ASTM P 6 3 8 _ _
(Type IV Specimen @ 2 ipm)

1. Tensile Strength at Yield, ppi 30 45 60 ** 1"
2. Elongation at Yield, %_ . ; . 13 13 13 13
3. Tensiie Strength at Break, ppi - - - -—— ^5 128 170 |j55j 340
4.-EIongation at Break, (2.0" G.L) % ~ """*» 800 800 800 800

(2.5" C.L.) % ". ' ' fi40 640 640 640 640

Tear Strength, Ibs. _ --___ ASTMD10G4 _ 11. 17 22 33 44
Puncture Resistance, Ibs. . . FTMS 101 - 2065 - 26 39 52 78 104

ASTM D 4833 34 51 68 102 136

Seam Properties ASTM D 4437
1. Shear Strength, ppi .. ; 29 44 58 90 120
2. Peel Strength, ppi 23&FTB 37 & FTB 50 & FTB 75 & FTB 100 & FTB

Minimum average values, unless otherwise specified, are the average values of the required number of test specimens.
This data is provided for informational purposes only and is not intended as a warranty or guarantee.
Poly-Flex, Inc. assumes no responsibility in connection with the use of this data. These values are subject to change without notice.
NA - Not applicable. . ._
REV:7/97- - -- - - -— -- -..'..-.' - - - - - - - - -

flR30535l 17
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Revised 3/98

COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY

TECHNICAL DATA SHEET

BENTOMAT "DN" CERTIFIED PROPERTIES
MATERIAL
PROPERTY
Bentonite Swell Index1
Bentonite Fluid Loss1
Bentonite Mass/Area2
GCL Grab Strength3
GCL Peel Strength3
GCL index Flux4
GCL Permeability4
GCL Hydrated Internal
Shear Strength5

TEST
METHOD
ASTM D 5890
ASTM D 5891
ASTM D 5993
ASTM D 4632
ASTM D 4632
ASTM D 5887
ASTM D 5084
ASTM D 5321

TEST FREQUENCY,
tffm2)
1 per 50 tonnes
1 per 50 tonnes !
40,000 ft2 (4,000 m2)
200,000 ft2 (20,000 m2)
40,000 ft2 (4,000 m2)
Weekly
Weekly
Periodic

REQUIRED VALUES

24 mL/2g min.
18 mLmax.
0.75 Ib/ft2 (3,6 kg/m2)
150 Ibs (660 N)
1 5 Ibs (65 N)
1 x10"em3/m2/sec
5 x 1 0"9 cm/sec
j50OpSf (24 kPa) typical

Bentomat "DN" Is a reinforced GCL consisting of a layer of sodium bentonite between two'geotextiles
which are needlepunched together.

1 Bentonite property tests performed: at CETCO's bentonite processing facility before shipment to CETCO's GCL production facilities.
2'Bentonitft mass/area reported at 0 percent moisture content. ; . i
3 All tensile testing is performed in the machine direction, with results as minimum average roil values unless otherwise indicated.
* Index flux and permeability testing with deaired distilled/deionized water at 80 psi ( 551 kPa),cell pressure, 77 psi (531 kPa) headwater
pressure and 75 psi (517 kPa) tailwater pressure. Reported value is equivalent to 925 gal/acre/day. This flux value is equivalent to a
permeability of 5x10** cm/sec 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 28 weekly values prior the end of the production date of the supplied GCL may be provided,

9 Peak value measured at 200 psf (30 kPa. normal stress. Site-specific materials. GCL products, and test conditions must be used to verify
internal and interface strength of the proposed design.

1350 W. Shure Drive • Arlington Heights. IL 60004 - USA • (847) 392-58JDO • FAX (847) 506-6195
A wholly owned subsidiary of AMCOL International

Tha information and data contained herein are believed to be accurate and reliable. CETCO makes no warranty u,
responsibility for the results obtained through application of this information. "
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WESTERN EMBANKMENT SLOPE

GCL STABILITY CALCULATIONS
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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 of 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 fofboth 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 ŝ outh 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) required by the Pennsylvania hazardous waste regulations. The existing slopes
are as steep as 1.5:1 (horizontal:vertical).

1.2 Preliminary Design ;

Exterior embankment slopes of 4:1 (horizontal: vertical) with geogrid reinforcement were 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

F y3nCEAGCPROJECTS\FILEŜ «-24a'\LETTERSyandcap2 wpd 1
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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.

During a series of meetings with trie USEPA. PADEP, USAGE, Tonolli SitejRD/RA Steering
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 embankment slopes (2:1 to 3.5:1) under the dynamic loading condition. It was
agreed that the shallow surface failures wjll 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-CRITrcmTONH OF 'STUPE FAILURE

During the June 24, 1 997 meeting with the USEPA, PADEP, USAGE, Tonolli Site RD/RA Steering
Committee, 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
USAGE. :..____ ..... . . .-..: . ....,-." ; .

The minimum.four foot depth limit of the "critical zone" was selected because slip surfaces 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" occur, 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

F:\OnCEAGC\PROJECTS\nLES\9.6-2WLETTERS\landcnp2,wpd
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failures are typically associated with landslides associated with a build-up of excess pore water
pressures from excessive precipitation or a high groundwater table, from a 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.

3.0 METHOD OF ANALYSIS . .. .._.. _ ;.

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 safetŷ 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 results of the Bishop's
analysis are reported.

dcap2 wpd
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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). '. . . . . . . . . ... ..„ ..

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. '":""

4.0 CAP "AND EMBANKMENT GEOMETRY ASSUMPTIONS

The slope stability analyses were performed on the proposed 3:1 (horizontal:vertical) outer slope
embankment geometry where the proposed slope will be the highest. The existing embankment
slope is approximately 1.5:1 (horizohtal: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 southern 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
on Figure 1 located in Attachment !.__ _ _ _ _ _ _ _ _ _ _

1. The as-built construction drawings .indicate that the 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 determine the effect of this slope on the stability

calculations. No effect was observed. This is reasonable since the interior face is no
longer.acting as a slope_, because the landfill is filled to about elevation 1022.

2. — -The southern embankment is composed of two distinct fill materials: a reddish brown

FVOFICEACC\PROJECTS\F[LES\9i5-24S\LETTERS\lan~dcap2.wpd " 4 - .... -
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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 landfill embankment during the Fre-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

minimum 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 be benched 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 model are the elevations of observed
groundwater in December, 1996. . .„.. .. . . _ _ _ _ _ . . .

5.0 SOIL PROPERTIES . , _. _ ___; _

The following physical properties were assigned to the five soils shown on Figure 1 included in

f \OnCEAOOPRQJECTS\mjsS\9&.24S\l̂ TTEESllandcip2 wpd
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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. ... .... ,-..__.. .;_=.J.^ ....— ..-—... .",_-.._.. -,--.-.. ._

The pre-design field investigation program originally proposed hi 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 rnine.spoils, undisturbed samples could not be obtained.,

5.1 Cap and Additional Waste Materials , _,

Soil Classification: ; "=" SM-̂ SC" !
Total Unit Weight = 120 pcf

Internal Friction Angle"" " " ="., ~T;30° . ."...."_' ."...7.".-."" ~~
Cohesion .: '.': :r";:-" "™0 .......... . ."..._.

(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-
Desigri 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 Compacted 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 ... ....__:_ .... ,. .... _±

Soil Properties: ! _ :
Total Unit Weight = llOpcf

Internal Friction Angle = 18° \ '" " "
Cohesion = 0 • " • :

These physical properties were assigned based on geotechnical knowledge of similar waste
materials. They represent relatively conservative properties.

5.3 Embankment Fill

Soil Classification: SM - SC with cobbles and boulders, .. .., _ ,

Total Unit Weight = - - - - - - 125 pcf ; ' _ . ' " . ""
Internal Friction Angle = -.---- 32° ,
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, moisture content, and grain size analysis. These soils wereplaced 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 IQ.bpf and 30 bpf. Based on the Simplified

Design of Building Foundations, the dry unit weight of SM - SCsoil 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 material is on the order of 10. percent. Therefore the total unit

weight is on the order of 125 pcf. ;
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5.4 Existing Mine Soil Fill

Soil Classification: GM : ... . - . ."""."- .. . . .; ......
Total Unit Weight ; = - 135 pcf

""Internal Friction Angle _._._= ___34°. ."." '
Cohesion " "" ' = " " "" 0

(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, 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 the range
as shown on Table 1, Typical Properties ofTompacted 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 1 15 pcf. Laboratory testing performed during the Pre-Design Investigation indicates
that the moisture content of this material is on the order of 17 percent. Therefore the total unit
weight is on the order of 135 pcf. -•-••--•••

5.5 -'"Natural Soils -___-, .__._.._._. ' -_ — . . -.,,..„ . -. .

Soil Classification: SM - SCwith coSbleŝ and boulders
Total Unit Weight "" ;~>--^ 132:pcf
Internal Friction Angle " ".> -----; 33°! .
Cohesion := — J 200psf

(Simplified Design of Buildirig Foundationsincluded 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 s~oil 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 6f 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 DYNAMIC LOADING „. . _; ; _ . _ _ _ _ .

The dynamic condition evaluates slope stability under a horizontal force created by seismic or
earthquake accelerations. The PC-Slope software models these effects by defining a seismic

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 coefficfent entered into PC-Slope is analogous to the Effective Peak Velocity-Related
Acceleration (A-,) assigned to seismic zonesTin the United States. A seismic coefficient of 0.1 was
used for the stability analysis and was obtained from the BOC A National Building Code/1990. The
map of seismic zones and Effective Peak Velocity-Related Acceleration (AJ for the contiguous 48
states is provided in Attachment 3. .... . .._: ... _ _ _ _ _

7.0 FINDINGS AND CONCLUSIONS ~~ .

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.

F 'X)nCEAGOPROJECTS1vGLES:W-.48'a.ETTESS\landcap2.wpd -*
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7.1 3:1 Embankment Slope

7.1.1 Static Condition

A minimum Factor of Safety of 2.1 (2.124 rounded off to the nearest tenth) was calculated for static
condition as shown on Figure 2. " " : " " " • • •

7.1.2 Dynamic Condition _.__.:_L__I .. . _ _ _ _ _

A minimum Factor of SafeFy'of lT6fl".584 rounded off to 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,. _ "

7.2 -.. Gabion Wall Design ..;..._ .. \'.._.. .',..,

A global slope stability analysis using PC-Slope, SLOPEW Software for the proposed landfill

embankment that includes the proposed 3:1 slope and the highest proposed section of the wall was
performed. As recommended in the October 15, 1997 comments 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 were used 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 pcf
Internal Friction Angle - ••= 30 ." ...
Cohesion = 0

The results of these analyses are described briefly below. —

FAOFICEAGC\PROJECTŜ FILES\96.2dE\LETTE&Ŝ Siacap2,wpd ' '
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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 Dynamic Condition _ ;

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 surfaces through the landfill are provided
for the dynamic condition on Figures 8 and 9.

1 1
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GENERAL CROSS SECTION GEOMETRY.(3:1, FINAL SLOPES)

,PROPCSD3:1 FINSHED 3.M

LEGEND
(0,1041) = (Horizonloi Station, Elevation)

«R30"5378



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

• 2.124 „
„ (244,1068)

«J • • *
X^ • 1 * • •X • \ • • •r _ • • •

CAP WIATERIALSMASTE

LEGEND
(0,1041) ̂ -{Horizontal Station, Elevation)

AR305379



(0,105

D.1024I

GENERAL CROSS SECTION GEOMETRY {3:1 FINAL SLOPE^
DYNAMIC CONDITION

CAP MATERIALS/WASTE

LEGEND
(0,1041) = (Horizontal Station, Elevation)

[273,998
(273,990
(273,988

(0 g?4 ;j--a»ateaBĝ aan»̂ :̂ :g>«K--i?3*(M̂ ^ {273,974

AR305380 3



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

2.002

..l^r-j^.rr .̂:

CAP MATERIALS/WASTE
(170,1024) • . •

(200,1014)
EX ST NG WASTE

roUndwateWTabl
ESIDUADSO

(248,998)
(273,998)
(273,990)
(273,988)

,0 QJ, 3Ŝ iE®a8giĴ %*ja8gĝ ®̂ ^ /273 974}

LEGEND
(0,1041) = (Horizontal Station, Elevation)



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

1.854

1024}"""" ' *
(170,1024)CAP MATERIALS/WASTE

ŜBff&mâ sf&f̂ ^̂

.(200,1014) •
•

^ (248,998)
(273,998
(273,990.
(273,988

(273,974

LEGEND
(0,1041) = (Horizontal Station, Elevation)

AR305382



GENERAL CROSS SECTION GEOMETRY (3:1 FINAL SLOPES)
GABION WALL STATIC CONDITION

Fcû for of S

• •

• • • * • • • • • • • •

• * * • • * • • • • * •

• • • *

* • • •

• *
* •

* • • • • * •

(0,993

(0,974

LEGEND
(0,1041) = (Horizontal Station, Elevation)

• •

* * • • • *

CAP MATERIALS/WASTE

(200,1014)
(212,1010)
(213,999)

I

fiR305383 /%y



(0,102̂ ;

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

• • • • * • • •

• • • * • * * •

* • • * * • • • * • *

• * * • * • • • • • • • * • •

* • • • • » • • • • • • • * •

(0,1051 ) * • • • • • * • • • • • • * *
:"-^"""-L "'__?:" :"-.1̂474 (217,1046) * *

CAP MATERIALS/WASTE

LEGEND
(0,1041) = (Horizontal Station, Elevation)

(273.9991
(273,990)
(273,988)

^ ̂^̂ «3SS»gag%efĝ â?C.̂ ^ (273.974)

AR305381*V O U *t



(0,995)
(0

{0,974*}

GENERAL CROSS SECTION GEOMETRY (3:1 FINAL SLOPES)
GABION WALL DYNAMIC CONPITION

LEGEND
(0,1041) = (Horizontal Station, Elevation)

* • • • • • • • • • • • • •

• • * • • • • • • • • • • •
1.661• • • • * • • • £ • • • * •

• • * * • • • • * • • • • •
* • • • • • • • * • • • * • • •
• • • • • • • • • • • • • • • a

» • • • • * •
» • * • • • •

g:^i^ ._j7
' " " "'""""" " " " " ' " ' ~ ' ' " ' '

CAP MATERIALS/WASTE

flR305385
O



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

• • • *

» • • • • • * •
1.617

LEGEND
(0,1041) = (Horizontal Station, Elevation)

* * • * • * * • • • • • •
• * * * • • * • • • * * *

* •

CAP MATERIALS/WASTE

G rotind water; Tables

(273,999)
(273,990!
(273,988)

(273,974)

AR305386
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LOG OF TEST BORING
TEST BORING MW-20

DATE: 5/20/96 " ____ • -' -
PROJECT: Tonolli Superfund Site PROJECT NO.: 96-248-25
BORING LOCATION: See Shea'3 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: 15.0ft. INSPECTOR: C. Voci
ELEVATION /

DEPTH

1005-

1000-

"
•
•

995-
„
_.

»
-

990-

-

985-

-
_

_

980-

-

-

975-

-

970-

"0
*

•

"

*

-5

•
.

•

-10

-15 -

-ao

-25

•

-30

-35

SOIL SYMBOLS
SAMPLER SYMBOLS
BLOWS PER 6 INCHES

X-

<

I
<c<;>?
I$ĉ
5>|>
N<
<_^

«
<̂/*V/*•s<>>
V_/>>
VX1'V_A
T"

:

*ŷ
X
Xy
y.*•y/syA
X
y/>
X
X
X
X
X
VA
X
yA
VA
X
X
X
X
Xy"ty".yAy'X
X
X><>s

\
X
X
v-5̂
X
X
X
X
y.<>/55
15
if55
>5>
55>*f

>̂£
.

Sf̂
•$»vfiA«8L8»
i&fVfvf»8f»8fVr$Lf9r<rŜXi8f
AL8*S:W
Iyfof
:

m',L_•r

2/6
•3tA£10
2/6
3/6
4/6
4/6
4/6
5/6
5/6
4/6
3/6

3/6
4/6

5/6
4/6
5/6
6/6
9/6
6/6
5/6
5/6
6/6
7/6
5/6
5/6
7/6
/ !£.4/6
3/6
2/6
3/6
6/6
5/6
3/6
4/6 —
5/6
7/6
6/6
5/6
9/6
8/6
7/6
9/6
9/6
IT/6

[32/6
j 40/6

17/6
40/6
100/0.3

Soil Description
1

Medium compact black silty coarse to fine SAND, i°°7-e
some fine gravel. (MINE SPOIL)

•'

*

- -
s

19.2
Compact orange to gray clayey SILT, some coarse '&--•;<
to fine sand and gravel. (RESIDUAL SOIL)

24.3
Weathered sandstone. '- W33

32JD
END OF BORING, WATER AT 15.0 FT., 'NO'PID #*£*
HITS, WELL SET AT 32 FT.
Completion Depth = 32 feet

SPT
(N)

4

8

7

8

11

10

10

c
°

8

13

15

49

140

Moisture Other
Tests

m

fi._I

t

t

f

T

T

f

ADVANCED GEOSERVICES CORP. -AR;H)5388



LOG OF TEST BORING
V ——————- : -"-" -TEST BORING TB-1
I DATE: 5/21/96 : -=———-------- . .: - .-..r-..-: ...._... --- -- .._-.
' PROJECT: TonoHi Superfund Site PROJECT NO.: 96-248-25
.BORING LOCATION: See ' She<A 3 " ". " ' '. """*'" SURFACE ELEVATION: 997.6ft;
I'DRILLING METHOD: 6" OD'Hollow Stem Auger CHECKED BY: TDT

ILLING COMPANY: Advanced Drilling, Inc. DRILLER: Jerry Malack
ENCOUNTERED AT: 10.0 ft. INSPECTOR: C. Voci

ELEVATION / SOIL SYMBOLS
SAMPLER SYMBOLS

DEPTH BLOWS PER 6 INCHES.

995-

990-

~
-

985-
_

-

^

-

975-

-

970-

-

965-

-

960-
fe

~D

"

-

-5
.

.

-

•

-10 -...r-

yyvwwm
§WfAAA/888i
«£fA/S/\«SA?S?TfSAAi»vWw$s8?fiv9vfw$Lv$ŝvs8̂Ŝ/v\J«x*S8̂888fSrSÂ L̂

16/6
12/6
14/6
19/6
20/6
15/6
13/6
10/6
12/6
9/6
8/6
6/6
7/6
8/6
7/6
9/6
9/6
8/6
5/6
5/6

5/6

j-3̂  — — c:1̂

:::::»

7/6 —
6/6
5/6
4/6
17 /A

22/6 . _
2W6
4076

.. 156/5

-20 . ." ——

- - - - - - .... — .

-25 , = . . . . __._.._

— —— ----- -

-30 .. . . ..____ . . _ _ , .

.-.-.. ̂

-35 , . __._,-,:. ., .__., .__.;

Soil Description

Medium compact to compact black silty coarse to 997-6
fine S/WD, some fine grave/. (MINE SPOIL)

13,0
•.Brown organic clayey SILT. (FORMER TOPSO/L) 9J*|
i/ery compact SAND and GRAVEL '(RES/DUAL 'o&'.i
SOIL) .. :.. . .... . . . . . . . . . . .

16.5
F/VD OF BORING, WATER AT 10.0 FT., NO P/D 981-1
HlTSr BORING BACKFILLED WITH DRILLING
SPOfLS
Completion Depth =-- 16.5 feet

SPT
(N)

26

28

1/

15

1 T

10

11
51

150

Moisture Other
Tests

T

T

T

f
f
r
f
T
f
f

ADVANCED GEOSERVICES CORP. _____ r n j n c: o p q



LOG OF TEST BORING
TEST BORING TB-2

DATE: 5/21/96 - . . ; .
PROJECT: Tonolli Superfund Site • PROJECT NO.: 96-248-25
BORING LOCATION: See'.SÛ O SURFACE ELEVATION: 1010-tfi
DRILLING IVIETHOD: 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 ^

I ELEVATION/

r DEPTH

1 1010"

r .
-v- 1005 -

*

f -
1000-

J
I

s*f1
1 995 -

.
i
1 990-

•?•
1 ,

T 985-

f -
i

t* ™-

i
1
' 975-

i

r-•'
c

-

-
Uio

-15

-20

-25

-30

-35

-

SOIL SYMBOLS
SAMPLER SYMBOLS
BLOWS PER 6 INCHES

-r
~

J V .. J

f *f J •/
_• -s *t s
J •/ s/ -J

[j
h
:,
I

f
7

•V *f

1
Tw>̂wI<V>rSof>0<X<xx
WK>̂ "XX?"
SfVS
SrvS.
WS<
Sof>AAc

: :
; ;

y_d
>̂T
>f>f)L
(-f
f̂<Fi>w
>l
>f
>1>f•j

•1
:f

:W

2/6

576
10/6 —
15/6
17/6
17/6
30/6
15/6
11/6
15/6
17/6
•5OV£

15/6
11/6
10/6
15/69 it./6

17/6
7/6
6/6
5/6
7/6
6/6
5/6
4/6
2/6
2/6
1/6
2/6
2/6
5/6
7/6
8/6
5/6

7/6

38/6
38/6
40/6

-

..... . ....

Soil Description

light brown SILT. iTOPSdtL) v ""' - "IOTO.?

,. .. ..,„ ,........,„„,.....,...„.. .,„„._, .. ^ „.. . 2.0.
Compact to very compact black silty coarse to'"' ib<5s.5
fine SAND with sandstone fragments. (FILL)

7.0
Medium compact black silty coarse to fine SAND, 1-"03.8
some fine gravel. (MINE SPOIL)

V7_5
Medium compact to compact light brown silty '̂93:3
coarse to fine SAND, little fine gravel antf clay.
(RESIDUAL SOfLj

22,0
END OF BORING, WATER AT 17.5 FT., "'NO PID -̂̂
HITS, BORING BACKFILLED WITH DRILLING
SPOILS :
Completion Depth = 22 feet

SPT
(N)

7

34

VH

26

18

13

11

3

1 2

14

76

Moisture

9.5

16.4

17.3

18.0

Other
Tests

Grain Size

•

ADVANCED GEOSERVICES CORP. ____ ft R 1 fl ST 9 fl



LOG OF TEST BORING
f -TEST BORING TB-3
f DATE: 5/22796 "" '--————;————~———————— - - - •-
" PROJECT: Tonolli Superfund Site PROJECT NO.: 96-248-25
BORING LOCATION: See 3;W*A _S SURFACE ELEVATION: 1020.3ft

I DRILLING METHOD: 6" OD Hollow Stem Auger CHECKED BY: TDT
LLING COMPANY: Advanced Drilling, Inc. DRILLER: Jerry Malack
TEB ENCOUNTERED AT: None Encountered _" INSPECTOR: C. Voci

ELEVATION / SOIL SYMBOLS
SAMPLER SYMBOLS

DEPTH BLOWS PER 5 INCHES

1020-

1015-

1010-
_

-

•

1005-

1000-
-

-

995-

990-

985-

0
.

-

-
"

-5. .. ___.
-
.

-

-

-10

.

-15"

-20 .

?$9SIVvVW
ti$L
vwW$9$f999Ls88?is88̂ f/vvS*VWf8̂%£s88F888L$w*VSt-VWvwfvs8£Lvs8<wv$$flAAA*x&L8881888fXX8L>0<%
/ V -/ •/ v»

: : : : :F
: : : : :•
: : : : :•
: : : : :J

12/6
13/O
20/6
29/6
18/6
15/6
15/6
15/6
7/6
8/6
7/6
8/6
7/6
5/6
5/6 "
3/6
3/6
3/6
3/6
3/6
2/6
3/6
3/6
3/6
3/6
2/6
2/6 -
2/6
A/6
8/6
12/6
15/6
2076
14/6
17/6
19/6
24/6
60/6- "

- - - 78/6
"' •" "11 0/6

-25 . ••--:-•;:—: .-. ..::̂==

-30 - .- _. --.—--_

- - -".~:_ —

Soil Description

Medium compact black s/fty coarse to fine SAND, 1020.3
some coarse. to fine gravel. (MINE SPOIL} -

.,

•

14.5

16.3
Compact to very compact light brown silty coarse 1004
?o fine SAN&, some coarse fine gravel.
(RESIDUAL SOIL)

20.0
END OF TEST 'BORING' DRY AT'COMPLETION, 10iK>-3
NO P/D HITS, BORING BACKFILLED WITH
DRILLING SPOILS. ._ :....._...
Completion Depth = 20 feet .

SPT
(N)

35

30

15

10

6

4

20

138

Moisture Other
Tests

t
T
T
f

T(
t
'̂

f

f
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LOG OF TEST BORING
! TEST BORING TB-6
DATE: 5/22/96 r - - -»- - -
PROJECT: Tonolli Superfund Site PROJECT NO.: 96-248-25
BORING LOCATION: See -. S W<A 3 ; SURFACE ELEVATION: 1024.9 ft,
DRILLING METHOD: 6* OD̂ Hollow Stem Auger CHECKED BY: TDT
DRILLING COMPANY: Advanced Drilling, Inc. : DRILLER: Jerry Malack
WATER ENCOUNTERED AT: None Encountered / INSPECTOR: C. Voci
ELEVATION / SOIL SYMBOLS

SAMPLER SYMBOLS
DEPTH BLOWS PER 6 INCHES

1020-
"

"
_,

1015-
-
-

-
1010-

*

.,

-
1005-

-

1000-

995 -

990-

"0 j

:
•

"

-S

•

-10

<

<
-15 <

<
L <

<

i ——————

fl T
?ljr: 13 -w

1:1 :H;l:f :•

if

10/6
10/6
7/4
6/6
17/6
S/6
8/6
9/6
6/6
4/6
11/6
13/6
657.5i: 'T'U

T
: :j:|: :||

&&F'SAAJ
vs8f
>XX)Lr̂SA*iF̂/$$T
%$&i?VVW§̂ _

19/6
81/6
7/6
6/6•7 if.7/6 —
21/6ti if.14/O
14/6
10/6
6/6
5/6 -
4/6
2/6
2/6

5/6
9/6
i%6
9̂ 6

-20

-25

-30

-35

Soil Description,

Medium compact reddish brown silty medium to 1°-"4-9
fine SANDr some coarse to fine gravel, trace to
little clay with boulders. (FILL)

Boulder encountered at 5.5', boring offset 5' to
the east.

i

1CL5

Battery casing fragments, plastic, ash. 7F?LU * 16"V4.4

13.5
Loose to medium compact black s/lty coarse to ion .4
f/he S/4A/D, //«/e fine ̂ /-ave/. /VW/A/£ SPO/i/

78.0

£A/D OF BORING, DRY AT COMPLETION^ NO PID 1o08-5
H/7S. BORING BACKFILLED WITH DRILLINGSPOILS :
Completion Depth = 18 feet

. . . . . _ _

SPT

17

1 6

15

65

88

35

11

R
*H*

19

.,:..

Moisture Other
Tests

:
_
^̂

"

"~

f
f
f

f
f
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LOG OF TEST BORING
TEST BORING TB-7

DATE: 5/22/96 .. ._.....,,._. ....__............._. ..... ....... . . . . _ _ . .
PROJECT: Tonolli Superfund Site i .". :.-"T""/ .--= PROJEC f NO.: 96-248-25 "" . " "
BORING LOCATION: See She *O SURFACE ELEVATION: 1024.6ft.
DRILLING METHOD: 6" OD Hollow Stem Auger ""' CHECKED BY: TDT
^IILLING COMPANY: Advanced Drilling, Inc. DRILLER: Jerry Malack
WATER ENCOUNTERED/AT: Not Encountered INSPECTOR: C. Voci
ELEVATION / SOIL SYMBOLS!

SAMPLER SYMBOLS
DEPTH BLOWS PER 6.!N£HES

f
.

1
1
1
1
M

1

*

t

f

n

1
K

1020-

.

-

1015-
-

_

1010-
-

•

w
1005-

-

t 1

-

1

1

f

1

g

• 1000-

E

[
tI

i

i

1

-

995-
-

_

990-

-

0 :

'. --

-
.

-5

-
.

i
:

-10 ,;
.

i
i ii

-15

'I

-20 .... X>

A?
S\S

!i!|

11
•lirI

m

1 •

II
1

i
''V
>§
>§vSA?%A

3/6
4/6
6/6
7/6
7/6
8/6
12/6
14/6
7/6
5/6
5/6
5/6
8/6
7/6
7/6
9/6
6/6

9/6
11/6
10/6
11/6
8/6
7/6
6/6
5/6
4/6
7/6
3/6
3/6
5/6
7/6
7/6
4/6
4/6
7/6
7/6
8/6
12/6
14/6
li/b
17/6
17/6
21/6

-25

----- -

- 3 0 . . . _ . . . . _

-35 ^- -: . ̂.-.̂ .-̂  .--:-.-:,

Soil Description .

Compact reddish brown silty coarse to fine 1024.6
SAND, some coarse to find grave!, little clay.
(FILL) - -

'

19.0

Compact black silty coarse to fine SAND, some ioos.6
fine grave/. (MINE SPOIL) .. _ . .... .

22.0
END OF BORING, DRY AT COMPLETION, NO PID 1002-6
HITS, BORING BACKFILLED WITH DRILLING
SPOILS - . . . . . . _____ _ .
Completion Depth = 22. feet "I T" " .

SPT
IN)

10

20

10

14

1 6

19

qG1

8

8

20

34

Moisture Other
Tests

X1'
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LOG OF TEST BORING
J TEST BORING TB-8 . . . . . .
1 DATE: 5/23/96
PROJECT: Tonolli Superfund Site PROJECT NO.: 96-248-25
BORING LOCATION: Secl^tAl SURFACE ELEVATION: 1024.4ft

I'DRILLING METHOD: 6" OD'Hollow Stem Auger CHECKED BY: TDT
DRILLING COMPANY: Advanced Drilling, Inc. DRILLER: Jerry Malack
WATER ENCOUNTERED AT: Not Encountered / INSPECTOR: C. Voci

1 ELEVATION/ SOIL SYMBOLS
1 SAMPLER SYMBOLS

DEPTH BLOWS PER 6 INCHES

f

i
[

• 1020-
.

Ti
i

T" "1 1015-

f :i,
*T 1010-

r
f ",.

-
tl
f
.
.w . . .
t

1000-

T = ".
~f -

995-
^

f -
-

. k

T 990-

-°

•
•

*
-5

|
_

;-10 bS>>>
?-

-15 f

?
>

'
>
>

—20 \

-
>

—25 /
>

L;
-30

'11
111l

frF
1i :fLr
fc%iiAA?w
8.VTSAAt_

xSrwf̂SAA*
SAAfs88LOvQl?vV¥
8̂ $T8<vL8?§f
<VVTSAAJr̂S/vNM$s8f
SA?̂ .9̂ i9s?̂AA?f88eU88HFAA?fSAAf

It

10/6
12/6
10/6
12/6
11/6
16/6
22/6
7/S
8/6
6/6
7/6
8/6
23/6
7/6
9/6
9/6
16/6
17/6
1776 —
23/6
4/6
7/6
7/6
5/6
9/6
5/6
S/6
5/6
16/6
4/6
3/6
4/6
5/6
3/6
7/6
S/6
5/6
3/6
2/6
3/6
27/6
18/6
10/6
9/6
S/6
3/6
3/6
3/6
7/6
5/6
4/6
3/6
17/6

: : ::f
•f

20/6
27/6
70/6
T(Vt/ O

~307fc ~
40/6
1776

- 17/6
-35 ' - -

——————————————————— 7 '
Soil Description

'
Compact to very compact reddish brown clayey i*JS4-4'
S/Z.7, some coarse to fine sand and grave/, trace
cobbles and boulders. (FILL) \. .'."

• TO.O
Medium compact black silty coarse to fine SAtiD, i<"*-*

i

— • i '"' "

'
i

- _
29.8

A/o ssmp/e recovery. (RES/DUAL 'SOIL) . 4̂-6

32.0
£/VD OF BORING, DRY A T COMPLETION, NO PID &?>*
HITS, BORING BA CKF1LLED WITH DRILLINGSPOILS . ;
Completion Depth = 32 feet | ~

SPT
(N)

22

38

13

1 C1 b

34

14

10

7

10

5

•JO
£.0

6

9

17

170

57

Moisture Other
Tests

—— ̂k-

ADVANCED GEOSERVICES CORP. ^_ fl R .'j Q 5 3 9 U



LOG OF TEST BORING
v — TEST BORING TB-9
i DATE: 5/23/96 " " " "T7 ";--—-; --.-:;v ——:- ---_.-_--- ..-,-_
PROJECT: Tonolli Superfund Site " " " " " "PROJECT NO.: 96-248-25
-BORING LOCATION: See; Ŝ c-U SURFACE ELEVATION: 1023.3JI
| DRILLING METHOD: 6" OD Hollow Stem Auger " CHECKED BY: TDT
«JLLING COMPANY: Advanced Drilling, Inc. DRILLER: Jerry Malack

VTER ENCOUNTERED AT7: Not Encountered - r INSPECTOR: C. Voci
ELEVATION / S Of L SYMBOLS /

SAMPLER SYMBOLS '
DEPTH BLOWS PER 6 INCHES"

1020-

1015-

1010-

-
A -

ro05 —
-

_

1000-
_

~

995-
-

-
-

990-

-

0 ;

•
;

-5... ....

i. -..-. ^
. __._

-10

-
;
-15 !-

i
:

-20

~ 1
VA

§-25 —— _ X<

§v*y*y"&g_

:l

L̂
1

r

i:»'IL.Mf
i F
'lib
: :r- i
f

:I[L
ii-t-ir; ,
T: f
f

^>8?f•'SA*yNrf
^>$SF>w%••sA/W
^̂
?S>L_5̂

4/6
6/6
4/6
4/6
4/6
4/6
4/6
4/6
2/6
3/6
? if.iL/ti
4/6
3/6
4/6 "
3/6
5/6
3/6
6/6
8/6
12/6
8/6
7 If,W*3/6
a/6
7/6
4/6
4/6 "
15/6
65/6
30/.1
13/6
13/6
11/6
9/fc
11/6
15/6
7/fe '
7/6
"T / ̂  —— _3/6 —
4/6
4/6
5/6
776
23/6
18/6
17/6
7/&
9/6
15/6
33/6
17/6

-30 . _ . ,_ 32̂ 6 --
60/6
150/.3

___ -
.

-35 - -.-. . .r-_--- --:-.;

Soil Descriptron"

Medium compact dark reddish brown clayey SILT, 1°23-3
some coarse to fine sand and grave/.
(Intermittent Seams of Coarse Gravel) (FILL) ••

(Concrete rubble encountered at 15.5'. Boring
offset 10' to the west). (FILL)

21.5
Compact to very compact black silty coarse to 1001 .8
/»?e S/i/VD, some f/n£ grdv'el. '(MINE SPOIL)

29.5
END OF BORING, DRY AT COMPLETION, NO PID 993'8
tf/TS, BORING BACKFILLED WITH DRILLINGSPOILS -~; ..r:"̂ ;,: ; - - - - . — - - . - - — —... -
Completion Depth = 29.5 feet

SPT
(N)

10

5

7

14

10

11

q^w *J

24

22

32O*!-

16

45^TxJ

210

Moisture

Q QC7.1.J

10.2

10.5

7.8

Other
Tests

Grain Size

_

T
T

f
T

f

ADVANCED GEOSERVICES CORP. ______ A R 3 0 5 3 9 5



LOG OF TEST BORING
TEST BORING TB-10

DATE: 5/23/96 - - , - . _ - , -
PROJECT: Tonolli Superfund Site ! "PROJECT NO.: 96-248-25
BORING LOCATION: Seel-Sfc-^lO SURFACE ELEVATION: 1025.1ft
DRILLING METHOD: 6" OD Hollow Stem Auger CHECKED BY: TDT
DRILLING COMPANY: Advanced Drilling, Inc. DRILLER: Jerry Malack
WATER ENCOUNTERED AT: Not Encountered / . : INSPECTOR: C. Voci
ELEVATION / SOIL SYMBOLS

SAMPLER SYMBOLS
DEPTH BLOWS PER 6 INCHES

1025

1020-

1015-

-

1010-
-1
-•

1005-
-

-

1000-
,

-

*

-
995-

-

99D-

0

•
•
*

.

-
-
-10

-
15

•

•

-20
•

•

-25

•

L30

M.I .i(»! '• ̂. . i ' .
I:

,i
:

!

•

:
:
i

i

w\>AA?N/S/N.>?vVSAAi/S/V88?88?
8&?88?SAA«̂ SÂ\f"vN.AArV̂ vN.>AA?̂SAA.>A/yVS/x^VVN/SrxAAr

88?NAA.«"SArSAAiAA/̂VVxAArX/Ŝ XA?VSrSA.AArX.v8«Sool

|lO/6
f 17/6
F 23/6
• 36/6
§24/6
F 32/6
r 38/6
• 50/6
f 17/6
F 24/6
.32/6
• 30/6
f 19/6
r H6/6
-20/6
1 38/6
r 27/6
F 23/6
• 22/6
f 17/6
F 15/6
1576
8/6
8/6
14/6
14/6
8/6

5/6
18/6
9/6
8/6
12/6
14/6
19/6
22/6
11/6

llO/6
F 9/6
' 8/6
• 11/6
F 12/6

12/6
f 24/6
f 20/6
11/6
• 8/6
13/6
F 4/6
' 4/6
• |/6

' l(/6
' 17/6
20/6
.19/6
50/6
60/6
79/6

-35

SoiI'Description
f

Medium compact to very compact fight brown to io2§.i
//̂ /jf reddish brown sUty coarse to fine SANDr
some coarse to fine gravel, trace clay.
(Intermittent Very Compact Grave! Seams) (FILL)

1.5.0
Medium compact to compact black si/ty coarse to 1010-1
fine SANDf some fine grave!. (MINE SPOIL)

_ . .

3Q.Q
END OF BORING, DRY A T COMPLETION. NO PID ^^
HITS, BORING BACKFILLED WITH DRILLING
SPOILS ;
Completion Depth = 30 feet ; —

—

SPT
(N)

40

70

56

46

45•T*_J

23

22

17

33

19

27

31

8

28

110

Moisture Other
Tests

1

r

T
T
i

ri
T
i

T
i

r

t
T
tt
T

ADVANCED GEOSERVICES CORP._. „ f\ ft 3 05396



LOG OF TEST BORING
TEST ISOFilNG TB-1T

]_DATE; 5/24/96
"PROJECT: Tonolli Superfund Site PROJECT NO.: 96-248-25
BORING LOCATION: See. SW\ 3 _ , ^ SURFACE ELEVATION: 1025.04 f

I DRILLING METHOD: 6" OD Hollow Stem Aufer CHECKED BY: TDT
'J2RILLING COMPANY: Advanced Drilling, Inc. DRILLER: Jerry Malack
•ATER ENCOUNTERED/XT: Not Encountered INSPECTOR: C. Voci
ELEVATION / SOIL SYMBOLS /

SAMPLER SYMBOLS
DEPTH BLOWS PER 6 INCHES

1025"

-..._ . . ~
1020-

1015-

1010-

»;
1005-

_

1000-

-

995-

990-

0

- . -.,. - .-

-5

-10
„

-

-

"
-15

_

s>>
-20 : <*

/̂
>
Ŝ/••
>

><
X

'

f

1 =
• 1

|!
f

H

.f
1
^

•ii

10/6

W
1V6
11/6
6/6
4/6
23/6
17/6
21/6.Leo/. 2

:•

I

T-1

10/6
10/6

10/6
11/6
24/6
10/6
8/fe
12/6
11/6
7/6
14/6
125/.2

iiti-
i

if
J

£58f'SA/BvSATŜArf>9§ll>Wf>$?$?v^>AA«£>>>r'Ww><><>f

32/6
12/6
17/6
80/6
20/6
17/6
36/6
"3O.IAdo/o —
8/6
7/6
6/6
6/6-
2/6
1/6
1/6
2/6
2/6v&.\) V

1/6
-25 "---. ..- .

._. ———— =: .̂.. .- :.. _:-̂ ,̂ _̂

-30

-35-. _.. .. . . . . .__-_.

Soil Description ~

Compact reddish brown clayey S/LT, some coarse1 °25-04-
fo fine sand and gravel. (Intermittent Seams of
Gravel-Size Sandstone Fragments) (FILL)

,

18.0

Loose to medium compact black silty medium to 1007'04
fine SAND. (MINE SPOIL)

24.0

END OF TEST BORING, DRY AT COMPLETION, 1001-04
NO PID HITSf BORING BACKFILLED WITH'
DRILLING SPOILS- ..:..
Completion Depth = 24 feet ~

SPT
(N)

19

10

81

17

?4o**

18

29

53

13

2

2

Moisture Other
Tests

—

1
i.

1010--

1
1

T
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1/4LLEY
FORGE
LAB Engineering Consultants

Research and
Special Studies

SOU. LABORATORY TEST:REPORT -6_-_2

Project No.
June 18, 1996 . : /. ...„;. .. . .

,V*' '•'.

Geotcchnical
Engineering :

Attentions Mr. Todd D. .Trotman, P.E.
-At 9- ' advanced GeoServices Corp. ;

Chadds Ford Business Campus - .
^ts 202 & 1, Eranaywine One -.̂ uite 2tt2

Construction Chadds Ford, PA 19317 ;
Quality Control

p«- TonolU Superfund Site, AG £96-248-25,, ,:
M- soil Samples for Laboratory Analysis

„ S3Hffil£̂ S£̂ M= XO ,ars deUve,ed on ./11/9.. .
Testing

Testing Completed: , _. ._ . . ; . . , ._.__ ,...,
" "standard

TeSt _.___. - j _-,. . . ; . ; . . = ...... -_-_ -

D2216
Natural Water Content D4:22
Particle-Size Analyses (Sieve Oniyj; ..

Results: _. . . . , . ..._.. . . . . , , . _ _ . . . _ . .

The .esults ̂^̂ ^̂ ŜSaŜ SiSly
1. The results of the:parto.cle si ^̂ -̂  Qirves. IE
yofS anŷ îSrL̂ cnfs-est report, please .all.

Sincerely,

Environmental

J4££rey W, Rbiengarten CO
Geotechnical ...Engineer _ . _ _cn

JWRrlcw " ^

Transportation
xnd Traffic
Engineering

6 Berkeley Koad, Devon;PA 19333-1397 • ; FAX (610) 688-8143



Mn-ist-.ur-e Content (%)
•Sample

:,=-... : - - -'.. - . - , - - ; _ - 3 Q
TB-2/S-S ' - - - - - . - T - H - .̂ --̂ -:~-- -- -

/c < .TB-2/S-6 , ;. .; .
........ .____....._._.._._..._____._.._ ...12.0 ., . ' 17.3

TB-2/S-7 - -----: .-.-—:——. -j"
14.0 • 18-.Q

TB-2/S-8 .. . .

. - • - " " • • 2.0TB-9/S-2 -: - -, . l ,- -V -; _. _.

^TB-2/S-4
= c eTB-9/S-6

6.0 ----- - 10-5

AR305399



UNIFIED SOIL CLASSIFICATION
SILT OR CLAY

HYDR01GTSR

COBBLES

U.S. SEVE SIZE IN INCHES U.S. STANDARD SIEVE No.

3/4 3/8 4 10 £0 40 60 140 200

1'CT1 *'«* in~310 * - c=>
GRAIN SIZE IN MILLIMETER . . £

-a-
LO

SYMBOL POKING
O Ta-2/S-6 10.0

BLACK POORLY-GRADED

Remark : NAT. WATER CONTENT 16.4

JProject No, 94104 TONOLLI SUPERFUND SITE

Valley Forge 'r*AIN SIZE DISTRIBUTION 6/19/96
Laboratories, Inc. ̂ -̂ ~- • - - - - _________

. - I : -̂ --f̂



O TB-g/s-4 6.0 ' 'TAN SILTY, CLAYEY SANIT"WITH GRAVEL (SM-SC)
"" " ~ ' ' ' "

Remark : NAT. WATER CONTENT 10.5
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0

UNIFIED SOIL ciASSIFlCAfidN" " . . . ; '

COBBLES.̂ GRAVEL........
COARSE F1HE

SANti
COASS: MEDIUM RME OJjL/J U£\ CLAY

U.S. SIEVE SIZE IN INCHES : UJS. /STANDARD EEVE No. HYDEOHETER

- "3 """" 3/4 3/B 4 10 20 40 60 140 200 _. ^ -
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103 ;-:. . 1.02-,. . .. ._..__ 10 t 1 10"*1 10~2 1C
" GRAIN SIZE' IN MILUSIETER ^ •

ĵ-
LO

DEPTH LL PI 0
SYMBOL BORING (ft) (*) fss] DESCRIPTION ^

Project No. 94104

Valley Forge1
Laboratories. Inc.

TONQLLI SUPERFUND SITE

GRAIN .SIZE DISTRIBUTION e/19/96



ATTACHMENTS ........

TO
SLOPE STABILITY CALCULATIONS

AR305U02



SIMPLIFIED DESIGN
OF BUILDING
FOUNDATIONS

JAMES AMBROSE
Professor of Arch::£cturc

University of Southerr. California
Los Angeles, California

SECOND "EDITION

W1LEY

A Wilev-Interscience.Publication
JOHN."WILEY & SONS

New York Chichester Brisbane Toronto Singapore |

AR305U03
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NAVFAC DM-7.2
0 MAY 1982

L ) " APPROVED FOR PUBLIC RELEASE

PAUL F,TAT?ANO
2610 ACADEMY AV£.
HOLMES. PA/ 19043 '

FOUNDATIONS
AND
EARTH

DESIGN W1ANUAL 7.2

DEPARTMENT OF THE NAVY
NAVAL FACILITIES ENGINEERING COM'MAND

200 STOVAU STREET
ALEXANDRIA, VA. 22332

AR-3051.Q6
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t*ga
The BOCA
Ruildinq Code/199
1 ̂ 3 ̂4 1 * *>* * * ^__>

Model building regulations for the protection
of public health, safety and welfare.

'
| ELEVENTH EDITION
ii!

As recommended and maintained
by the aciive membership o.

BUILDING OFFICIALS & CODE .
ADMINISTRATORS INTERNATiONAL, INC".

4051 W. FlossmoorRd.
Country Club Hills, IL 60478-5795 !

Founded im915 ?OS/799-230Q
REGIONAL OFFICES " \

3592 Corporals Dr., Ste. 107 3 Neshamlny Interfax. Ste. 301
Columbus, OH 43231̂ 937 Trevose, PA 19047-6939
telephone S14/S9Q-10S4 Telephone 215/o3S-0554-"

Towne Centre Complex •
^ 0830 E. 45th Place, Ste. 200 ,

Tulsa,OK7414S i__
Telephone 918/664-4434 ;

AR305I408



i those of Ex-

asr structures
ion or having
j be. designed
:n determined
i of the main

i for buildings

• pressures ac-.
•ion with posi-

tof, shall be
*n accordance
=igure 1113.1.
?her stresses,
jake. forces.

c Zone 0,1 or

ss or struc-
i Table 1113.1
ms 1113.11.1
f
.tan life in the
arary facilities
Euirements of

ri this section
js are strained
pts other than'
Jmrtted show-
lie the require-
Incthod, other
fif such forces
nations in the
:dure adopted.
]n 1113.8.

STRUCTURAL LOADS
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DATA REQUIRED:

1. A profile of standard penetration 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 ES
is established using the following relationships.

' Soil Type ES/N

Silts, sands silts, slightly cohesive"
silt-sand mixtures . 4

Clean, fine: to med, sands & slightly
silty sands 7

Coarse sands & sands with little gravel 10

Sandy gravels and gravel _ ._. . . _ . . . 12

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

3. Approximate unit weights of surcharge .soils, and position of water table if
within D.

4. If the static cone bearing value qc is measured compute Es based on
Es = 2-qc-. - . ; . .,-- ..-.._ .

ANALYSIS PROCEDURE: . ... . . . . . . . . • . .. ... ..... . .

r

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 0 to 2B below
the foundation, •—•

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 ES/N (col. 4) to
obtain values of Es; place values in column 5.

4. Draw an assume'd 2B-0.£: triangular distribution for the strair .influence
factor Tz, 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 Iz value at.tne
mid-height of each layer, and place in column 7.

FIGURE 7
Settlement .of Footings Over Granular Soils: Example Computation

Using Schmertmann1s Method

7.1-220
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5. Calculate (IZ/ES) AX, and place_-in column 8. Determine the sum- of-,
all values in column 8.

-'- -• 2B ,
6. Total settlement = AH = C^Ap £ (—2 — )AZ,

0 I»J

where C\ » 1 - 0.5 (p0/Ap) ; C, = o.5 embedment correction factor

(v> =s 1 + 0.2 log (10t) creep correction factor

_,.__...__ — p « overburden pressure at -foundation level -. - -

&p ** net foundation pressure -increase

t: s elep&sed tire in years.

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

"* ^ ̂  *

a "«Ĉ
? 0
S r^s ^

(*)1 5 >r.̂^*~ xy
1 ®
LL. '" ' •""' '

O ™̂*̂p 10 ——— -

Ĉt ro!iX 5 s

*."£5v:v.y ""̂ ^ = c?'6*!*!'*>':w:*> .,., . ., .„ a E
" ' l ( o

^̂ ~̂ >̂ ^̂  2
v^

X J -?. u_

1? .̂ ^ • *^^i**Fn "~
S 2B-0-8 S

/ STRESS
^̂  20 DISTBIBUTTON

r

26
• •

0,2 0.3 0.4 0.5 O.6 ,»
TRAIN INFLUENCE FACTOR, Iz

i t J i l l
15 5 !0 15 20 23 30

— STANDARD - PENETRATION TEST VALUE (N)

FIGURE 7 (continued;
Settlement of Footings Over Granular Soils:
Example Computation Using Schmertmann?s Method
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ioting Details; _.;:_.,-„--- .̂. ....̂—-̂  --------_4:_̂ —- ----.-.-.-

?oo.ting width: 6.0 ft. (min.) by 8.0 ft. (max.)

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

Soil Properties: .____„
Unit Wt. (pcf) • * • - • " . .
Koist Sat. ' Soil Description

Fine sandy silt

Fine to medium sand

Coarse sand

24
24
12
12
24
24 "
24 7,

10
16
25
25
12
20
26

4
4
4
7
7
7
10

40
64
100
175
84
140
260

12
36
54
66
84
108
132

.20

.60

.50

.43

.33

.20

.07

0.120
0.225
0.060
0.029
0.094
0.034
0.006

0.568

Po = (2.0 fOT95 pcf) = 190 psf = 0.095 tsf
= 120 tons/(6 ft.)(8 ft.) - 2.50 tsf :

At t = 1 yr,

G! = 1 - 0.5(. 095/2.50) * 0.981

C2 - 1 +_ 0.2 log (10) (1) - L20 .

AH = (0.981)(1. 20)(2.50)(0.568) > 1.67 in.

FIGURE 7 (continued) , _. , . .
Settlement of Footings Over Granular Soils:
Example Computation Using Schmertmann's Method

7.1-222
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Reservoir Report Page 1

Reservoir No. 2
Basin#2 :

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [A] [B] [C]
Rise (in) - 24 0 0 Crest Len (ft) - 25.0 0.0 0.0
Span (in) = 24 0 0 Crest EL (ft) = 1009..00 0.00 0.00
No. Barrels =1 0 0 WeirCoeff. = 3.00 3.00 3.00
Invert El. (ft) « 1004.50 0.00 0.00 Eqn.Exp. = 1.50 1.50 1.50
Length (ft) * 160.0 0.0 0.0 Multi-Stage = No No No'
Slope (%) = 9.00 0.00 0.00
N-Va.ue ~ .013 .013 .013
Orff.Coeff. « 0.60 0.60 0.60
Mufti-Stage « —— No No Tailwater Elevation = 0.00 ft

Not* AO outflow* hsv» boon analyzed under Wat and outtot control.

Stage / Storage / Discharge Table

Stage Storage Elevation Culv. A Culv. B Culv. C Weir A Weir B Weir C Discharge
(ft) (cuft) (ft) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

O.Q 00 1004.50 0.00 — — 0,00 — — 0.00
0.1 207 1004.55 2.39 — — 0.00 — — 2.39
0.1 414 1004.60 3.38 — — 0.00 — — 3.38
0.2 621 1004.65 4.14 — — 0.00 — — 4.14
0.2 828 1004.70 4.78 — — 0.00 — ------ 4.78
0.3 1,035 1004.75 5,35 — — 0.00 — —— 5.35
0.3 1,242 1004.80 5.86 — — 0.00 — — 5,86
0.4 1,449 1004.85 6.33 — — 0.00 — — 6.33
0.4 1,656 1004.90 6.76 — — 0.00 — — 6.76
0,5 1,863 1004.95 7.17 — — 0.00 — — 7.17
0.5 2,070 1005.00 7.56 — — - - 0.00 — — 7.56
0.6 3,089 1005.10 8.29 — —— - ---0.00 — - = — 8.29
0.7 4,108 1005.20 8.95 — — 0.00 — — 8.95
0.8 5,126 1005.30 9.57 — — 0.00 — —•• 9.57
0,9 6,145 1005.40 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 9,202 1005.70 11.72 — — -0.00 — _ 11.72
1.3 10,220 1005.80 12.19 — — 0.00 — — 12.19
1.4 11,239 1005.90 12.65 — — 0.00 — — 12.65
1.5 12,258 1006.00 13.10 — — =,0.00 — . __ _ — 13.10
1.7 15,520 1006.20 13.95 — — 0.00 — — 13.95
1.9 18,781 1006.40 14.74 — — 0.00 — — 14.74
2.1 22,043 1006.60 15.86 — — 0.00 — — 15.86
2.3 25,304 1006.80 17.25 — — 0.00 — — 17.25
2.5 28,566 1007.00 18.52 — - — --- 0.00 — — 18.52

flR305«*26
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_______.______ Page 2
Basin#2 ~ : : ...... : - -----

Stage / Storage / Discharge Table
Storage Elevation Culv. A Culv.B Culv.C Weir A WeirB WeirC Discharge

^ _ _ > « «• * r -f—\ f—.f̂ \ tf+f*+\ I***C1 Î TCl
iUKtyc wicvotiwii VM.V... _-...-_ _ —— -_ -

(ft) (cuft) (ft) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

2.7 31,828 1007.20 19.72 — _ 0.00 — — 19.72
2.9 35,089 1007.40 20.85 — — 0.00 — — 20.85
3.1 38,351 1007.60 21.92 — — 0.00 — — 21.92
3.3 41,612 1007.80 22.94 — . — - 0.00 — — 22.94
3.5 _. 44,874 1008.00 23.91 -_...-, 0.00 — — 23.9J
3.7 46,926 ... 100820 24.85 — — ••- 0.00 — — 24.85
3.9 48,978 1008.40 25.76 — — 0.00 — — 25.76
4.1 51,030 1008.60 26.63 — ------ 0.00 — — 26.63
4.3 53,082 1008.80 27.48 — - — - 0.00 — — 27.48
4.5 55,134 1009.00 28.30 — — 0.00 — — 28.30
4.7 57,186 1009.20 29.09 — — 6.71 — — 35.81
4.9 59,238 1009.40 29.87 — — 18.98 — — 48.85
5.1 61,290 1009.60 30.63 — — 34.87 — — 65.49
5.3 63,342 1009.80 31.36 — ----- - 53.68 — — 85.04
5.5 65,394 1010.00 32.08 — - — - - 75.00 — — 107.08

AR3Q5l*27
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Reservoir Report D «" Page 1

Reservoir No. 1
Basin#3

Culvert / Orifice Structures Weir Structures

[A] [B] [q [A] [B] [C]
Rise (in) =24 0 0 Crest Len (ft) - 0.0 0.0 0.0
Span (in) * 24 0 0 Crest El. (ft) = O.OQ 0.00 0.00
No. Barrels = 1 0 0 WeirCoeff. = 3.00 3.00 3.00
Invert EL (ft) « 1 004.60 0.00 0.00 Eqn. Exp. » 1 .50 1 .50 1 .50
Length (ft) = 683.0 0.0 0.0 Mutti-Stage = No No No
Slope (%) - 2.10 0.00 O.QO
N-Value = .013 .013 .013
Orff. Coeff. = 0.60 0.60 0.60
Mufti-Stage • —— No No Tailwater Elevation = 0.00 ft

Note M outflow* hav« b**n analyzed undor Intat mnd outlet control.

Stage / Storage / Discharge Table

Stage Storage Elevation Culv. A Culv. B Culv. C Weir A WeirB WeirC Discharge
(ft) (cuft) (ft) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

0.0 00 1004.60 0.00 — — — , - _ - - . -_ - T 0.00
0.2 2,951 1004.80 4.78 — — — - __ ———— .-,. ~4.78
0.4 5,902 1005.00 6.77 — — — _-..__... _6.77
0.6 8,853 1005,20 829 — — —— . , _ . . . . _ , . . 8.29
0.8 11,804 1005.40 9.57 — — — = ——— ~- — - 9.57
1.0 14,755 1005.60 10.70 — — — - - — - — . 10.70
1.2 17,706 1005.80 11.72 — — - —— . -— - — — -11.72
1.4 20,657 1006.00 12.66 — — • — , _ _ _ . . - - _ . 12.66
1.6 23,608 1006.20 13.53 — — — . — — — 1̂3.53
1.8 26,559 1006.40 14.35 — — — _ . . — _,,. -14.35
2.0 29,510 1006.60 15.12 — — —— ••-.--- —— -— — —15.12
2.2 37,331 1006.80 16.57 — --- — —-; . — -— 16.57
2.4 45.152 1007.00 17.90 — — —— ....:...__ ——— -17.90
2.6 52,973 1007.20 19.13 — — -— - — .— — 19.13
2.8 60,794 1007.40 20.29 — — . _ _ , - _ .. — . 20.29
3.0 68,615 1007.60 21.39 — — — -.. —— „. ̂ _ . 21.39
3.2 76,436 1007.80 22.43 — — _ . _ . . . _ _ 22.43
3.4 84,257 1008.00 23.43 — — —— — - ™. — -23.43
3.6 92,078 100820 24.39 — — — , —— _-—... - 24.39
3.8 99,899 1008.40 25.31 — — -—— - - — - ——— - - -25.31
4.0 107,720 1008.60 26.20 — — — , - — —— . 26.20
4.2 119,447 1008.80 27.06 — — -—— — - — — .- -27.06
4.4 131,174 1009.00 27.89 — __ . _ . _ _ ... — 27.89
4.6 142,901 100920 28.70 — — — . —— ——— ~ —28.70
4.8 154,628 1009.40 29.48 — — — _ , _ _ _ _ - _ -29.48
5.0 166,355 1009.60 30.25 — - — - - - - - - ,. —— ..__. -̂ 3025

Continues on next page..
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Basin83 "- —---——— ~—— - Page 2

Stage / Storage / Discharge Table

Stage Storage Elevation Culv. A Culv. B Culv. C Weir A Weir B Weir C Discharge
(ft) (cuft) (ft) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

52 178,082 1009.80 31.00 — — -—— --—.-— — 31.00
5.4 189,809 1010.00 31.73 — — -.-_ --- — - — 31.73
5.6 201,536 101020 32.44 — . . . _ - - _ — — 32.44
5.8 213263 1010.40 33.14 — — .__ _ — 33.14
6.0 224,990 1010.60 33.82 — _ ————— — _ 33.82
7.0 320,030 1011.60 3520 — — - - - — — — 3520
8.0 415,070 1012.60 36.10 — - — —- - - -— . — 36.10
9.0 510,110 1013.60 36.97 — — — - — — 36.97
10.0 605,150 1014.60 37.82 — . — - — — — 37.82
11.0 700,190 1015.60 38.65 — — — — — 38.65
12.0 795,230 1016.60 39.47 — — —— — — 39.47
13.0 890,270 1017.60 4027 — — - - - — — — 4027
14.0 985,310 1018.60 41.05 — — — —• — 41.05
15.0 1,080,350 1019.60 41.82 — — — — — 41.82
16.0 1,175,390 1020.60 42.58 — — - — — - — 42.58
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REGIONAL RAINFALL INTENSITY-DURATION-FREQUENCY
CURVES FOR PENNSYLVANIA1

Cert Aron* David J. WaBt Elizabeth L. Wkitc, and Christopher N. Dunn*
"?!.-- i _ _ _ ' ' * ~ .
j • ° *. . •
ABSTRACT: A statistical] analysis of all available eontinoous honrjy contouzs underestimate some rainfall amounts by more than
«i IJroimitt dmrton nf-faTi record* forf ertnsvlvana was pertormea 2Q ^̂ ^ while overestimating others 'in different parts of

-10 develop an updated prpp-ftrre tn «tirnite d«-ri-n «fnrm<. A* l Its
jolt of this study, Pennsylvania wax divided into five homogeneous
nfcftB ntfonj and i set of rainfall intensity-duration com* developed In 1977, the TTMO manual was supplemented by Uie
for each region, for return periods of 1 to 100 yean and durations NOAA (National Oceanographic and Atmospheric Adminis-
nntfni from S minutes to 24 hoon. TTie PDT4DF carves were fration) Technical Memorandum, HYDRO-35 (NOAA, 1977).
judged to be t better representation of Pennsyhnnit rainfall than HYDRO-35 includes maps that cover the eastern United
the nationwide TP-40 mips, particularly for storm ererrts of IG-yean . . . , „ . . r . - -_ ,
ind lower return period.. States and ŵ icate rainfall depth contours of IS-, 30-, and

The avenue time distribution of 2<-hour storms in Pennsylvania 60-minute durations for 2-, 10-, and 100-year return periods;
ww found to be wefl represented by the SCS Type n distribution. equations for interpolation are also provided. ' These maps
11* Corps of Engineers SPS 14-hour distribution was found to differ provide a means for estimating design rainfalls hiving short
appreciably from both the SCS Type II and the Pennsylvania 24-hour durations, but they still lack adequate resolution, because
storm distribution. For storm durations between IS and 90 minutes , . _ , ^ . f - r «...
ft. mndard Ytrnell in tensity duration curves do** resemble Pen- *** WWC ffBMHted from a small network of raonfall stations
laylvmia storm distr.biit.ons. .. widely distributed over a large area.
(KEY TERMS: design ratnfaH; Pennsylvania: regional rainfall analysis; In 1970, a more detailed set of rainfall maps for Pennsyl-
«orm duration; stonn frequency; storm intensity; meteorology.) vania was developed by Kerr, et aL (1970), for the Pennsyl-

vania Department of Environmental Resources. These maps
contain more detail than does TP-40, but many users fou

INTRODUCTION ^ ppQ̂ jju,, for determining the magnitude of a design ra.
The duration, quantity, and Intensity of rainfall have major fall to be somewhat tedious, resulting in its limited use. In

effects on highway drainage and inundation problems. For addition, more than 15 years of rainfall data have become
*ny hydrologic analysis or design, ranging from the simplest available since the Ken: study to further justify another at-
latfonal formula flow rate estimate to the most sophisticated tempt to improve estimates of design rainfall for Pcnnsyl-
Sormwater runoff simulation, reliable rainfall estimates are vania.
necessary. In January 1985, an agreement was reached between the
The most widely used source of design rainfall depths for Pennsylvania Department of Transportation and The Pennsyl-
r̂ious return periods and durations is the U.S. Weather vania State University to conduct a statistical analysis of all
Bureau Technical Paper No, 40 (Hershfield, 1961) commonly available continuous-record rainfall data in Pennsylvania.
fcferred to as TP40. This rainfall atlas contains 49 rainfall The primary objective of the study was to develop a set of
contour maps of the United States for durations varying from regional rainfall intensity -duration-frequency curves, later
30 minutes to 24 hours and return periods from 2 to 100 referred to as the PDT— IDF curves, representative of the
ŷ ts. It is simple to use and is, in general, representative rainfall variations in Pennsylvania. A secondary objective was
°* regional rainfall. However, the maps, which comprise the to compare the temporal distribution of Pennsylvania storms

lack the resolution needed to recognize local areas of with those represented by "standard'* distributions such as
'ow or high rainfall. For example, Kerr, . the Soil Conservation Service (SCS) Type II and the Corps

** ffi (1970, pg. 20) have shown that for some locations in of Engineers Standard Project Storm (SPS).
Pennsylvania along a line stretching from Dauphin County
"ortheastward to Pike County (see Figure 1), the TP 40

.Paper No. 86101 of the Water Resources Bulletin. Discussions are open until February I, 1988. - _
Respectively. Professor of Civil Engineering. Assistant Professor of Civil Engineering. Senior Research Associate, and Graduate Assistant, Depart-
f of Qvil'Engineering, and the Environmental Resources Research Institute, The Pennsylvania State UniversityfUniversity P*rkt Pennsylvania lfen*
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Aron, Waft. White, and Dunn

42'

0 IO 20 30 40 50 Mile*
, I !,',«,','———

-O 2O 4O 6O SO km
Seal*

Figure 1, Ddineated Regions With Uniform Rainfall.

-RAINFALL DATA data, rainfall events of 15, 30, 45, 60, 90, and 120-minute
The primary source of data for this study was the Na- durations were extracted.

tional Climatic Data Center (NCDQ located in AsheviHe,
North Carolina. The database included over three million _ _ „ „,,„, .„.,,,„„
pieces of houriy-station rainfall data, measured in 0.01-inch RAINFALL FREQUENCY ANALYSIS
increments, from 252 stations uniformly distributed through- ' •
out the state with varying record lengths, collected between Enaction of Significant Rain fall Data
1938 and 1983. ._ "" 7"__-_ :/-...,.":"—" : . : ; : : : ,:.As a first step in the analysis, independent events, defined

Because it is generally accepted that more than 10 years as those storms separated by at least 24 hours of zero rain-
of rainfall records should be available for statistical analysis, fall, were identified. Each independent event was then
stations with. less than 10 years of record were omitted from scanned to determine the maximum 1, 2, 3, 6, 12, and 24-
further study. The records of some stations (approximately hour rainfall amounts and then evaluated for significance. A
35) were combined in order to increase the record length rainfall amount was considered significant if its value was at
per station; combinations were considered justified when a least as high as the threshold values of 0.6, 0.75, 05, I.I,
station was moved only a short distance or replaced at the 13,' and 1.5 inches, respectively, for the six durations shown
same location. above. These threshold values were chosen because they have

Data having a 15-minute sampling interval arid 0.01-inch a 90-percent exceedence probability in any one year, as extra-
depth increment were also available from the National Cli- polated from the results of the study by Kerr, ft al (1970,
matic Data Center for 121 of the 252 stations. From these pp. 20-35). The significant rainfall amounts for each of the

six durations were" then extracted for statistical frequency
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3. Time of Concentration (T--) = 15 nrin. (given)

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

5- Q = C(1)(A)
Q = .43(4.9}(80) = 168.56 cfs

Table 5-2
VALUES OF RUNOFF COEFFICIENT (C) FOR RATIONAL FORMULA

Land use
Business:
Downtown areas
Neighborhood areas

Residential:
Single-family areas
Hulti units, detached
Kulti units , attached
Suburban

Industrial:
Light areas
Heavy areas

Parks, cemeteries

Playgrounds ^2

Railroad yard areas •

Unimproved areas

Streets: . ~ ___
Asphaltlc
Concrete
Sriclc

Drives and walks

Roofs

Note: The designer must
range. Generally,
vegetation should
moderate to steep
(C) values. " , ,

C

0.70-0.95
0.50-0.70

0.30-0.50
0.40-0.60
0.60-0.75
Q. 25-0.40

o.sa-o.ao
0.60-0.90

0.10-0.25

0.20-0.35

0.20-0.4£_

0.10-0.30

0.70-0.95
0.80-0.95
0.70-0.85

0.75-0.85

0.75-0.95

use judgement to

Land use C
Lawns:
Sandy soil, flat, 21 0.05-0.10
Sandy soil, average, 2-7S 0.10-0.15
Sandy soil, steep, 7X 0.15-0.20
Heavy soil, flat, 21 0.13-0.17
Heavy soil, average, 2-7S 0.18-0.22
Heavy soil, steep, 7 i 0.25-0.35

Agricultural land:
Bare packed soil

Smooth 0.30-0.60
Rough 0.20-0.50

Cultivated rows
Heavy soil no crop 0.30-0.60
.Heavy soil with crop 0.20-0.50

• Sandy soil no crop 0.20-0.40
- -Sandy soil with crop - 0.10-0. 25
Pasture

Heavy soil • 0.15-0.45 -
Sandy soil 0.05-0.25

Woodlands 0.05-0.25
— -

select the Appropriate C value within the
larger areas with permeable soils, flat slopes and dense
have lowest (C) values. Smaller areas with dense soils.
slopes, and sparce vegetation should be assigned highest
-r "•'•' "•' . • •- ••. ."•,-••• : ̂  v .;':'_;*,•;•••.,; • - ;:••,. . . -. _•.

Source:..American Society of Civil Engineers *
'v .

General Guidline: : : "~

C = .90 Impervious'surfaces (Bituminous or concrete pavement,
roofs, etc.)~

C = .50 Partially impervious surfaces (Crushed stone, .loosely Taid
- . . _ . . . : . . . . . ... ....brick)

C - .30 Lawns or Grassy areas; sandy soils
I - 5
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3. Time of Concentration (Tp) = 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)(8Q) » 168.56 Cfs

Table 5-2
VALUES OF RUNOFF COEFFICIENT (C) FOR RATIONAL FORMULA

Land use
Business:
Downtown areas
Neighborhood areas

Residential:
Single-family areas
Multi units, detached
Multi units, attached
Suburban

Industrial:
Light areas
Heavy areas

Parks, cemeteries

Playgrounds
"

Railroad yard areas •

Unimproved areas

Streets:
Asphaltlc
Concrete
Brick

Drives and walks

Roofs

Note: The designer must
range. Generally,
vegetation should
moderate to steep
(C) values.

C

0.70-0.95
O.SO-0.70

0.30-0.50
0.40-0.60
0.60-0.75
Q. 25-0. 40

0.50-0.80
0.60-0.90

0.10-0.25

, 0.20-0.35- - - - - - - - - -
0.20-0.4£_

0.10-0.30

0.70-0. 95
0.80-0.95
0.70-0.85

0.75-0.85

Q. 75-0. 95

use judgement to

Land use C
Lawns:
Sandy soil, Hat, 2S 0,05-0.10
Sandy soil, average, 2-71 0,10-0.15
Sandy soil, steep, 7S 0,15-0.20
Heavy soil, flat, 21 0.13-0.17
Heavy soil, average. 2-75 0.18-0.22
Heavy soil, steep, 7 1 0.25-0.35

Agricultural land:
Bare packed soil

Smooth 0.30-0.60
Rough ' 0.20-0.5Q

Cultivated rows
Heavy soil no crop 0.30-0.60
Heavy soil with crop 0.20-0.50

• Sandy soil no crop 0.20-0.40
Sandy soil with crop - 0.10-0. 25

— Pasture
Heavy soil - 0.15-0.45 •
Sandy soil 0.05-0.25

Woodlands 0.05-0.25

select the Appropriate C value within the
larger areas with permeable soils, flat slopes and dense

have lowest (C) values. Smaller areas with dense soils.
slopes* and sparce vegetation should be assigned highest
•

Source:..American Society of Civil -Engineers '
\

General Guidline:

C = ,90 Impervious surfaces (Bituminous or concrete pavement,
roofs, etc.)

C = .50 Partially impervious surfaces (Crushed stone, .loosely laid
brick)

' - • • • . : : • . - . • : . • r,. .. - -----
C = .30 Lawns or Grassy areas; sandy soils

I:A^ ""- -A R 3 0-51*51 ioo-p
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DEVELOPMENT OF UNIFORM FLOW CONCEPTS 127

C. Excavated or dredged
a. Earth, straight and

7. On good excavated .
rock a01'

8. On irregular ^
excavated rock °-°̂

d. Concrete bottom float
* finished with sides of
1. Dressed stone in aon a020

mortar u<u
I. Random stone in ^ 0.024

mortar UO1/
3. Cement rubble 0.024

masonry, plastered u.uib
4. Cement rubble aQ25 0.030

masonry . n AOA 0.030 0,035
5. Dry rubble or riprap 0.020

e. Gravel bottom with
sides of Oi020 0;.025
1. Formed concrete "•"-<
2. Random stone in' • aQ23 0/026

mortar . 0023 0.033 0.0363. Dry rubble or riprap 0.023
/• Brick _, -QOll 0.013 0.015

1. Glazed ĴJ Ô YS 0.018
2. In cement mortar u-UJ-ii -——

g. Masonry ao25 0-030
1. Cemented rubble 0.017 aQ35
2. Dry rubb e 0.023 aQ17

ft. Dressed ashlar u-uid
t. Asphalt aois

1. Smooth ^ a5QO
;. Vegetal lining

uniform s——
1. Clean, recently /" Q̂ \ 0.020

completed * VN^-—_^x .
2. Clean, after 0.022 O-Ô S

weathenng u*w ——— —......._—-
3. Gravel, uniform OJ)30

section, clean °-û
4. With short grass, few (̂ 02?) 0.033

weeds
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DEVELOPMENT OF UNIFORM FLOW CONCEPTS « 9

s • ?_rpe of channel and description

3. Clean, winding, some
pools and shoals

4. Same as above, but
some weeds and :
Stones °-035 00455. Same as above, lower
stages, more
ineffective slopes and

0.055

0.050 0.060

Pif weedy, deep pools . o 050 n rim "" ̂ " ««-
|jgf 8. Very weedy, reaches, °-07°- °-080

deep pools, or
floodways with heavy

-^---- stand of timber and
underbrush 0.075 n'inn

b. Mountain streams, no ! - : .. ; ai°° °-150
v̂ etation in channel _.
banks usually steep,
trees and brush along
banks submerged at
high stages '.-_'.
1. Bottom: gravels,

cobbles, and few
boulders nmn «,•,,-.

2, Bottom: cobbles with ' °M° °-050
0.050 _. _ 0.070

D-2. Flood plains
a. Pasture, no brush

1. Short grass " 0.025 ' 0.030

3. Mate, field crops : °-°«
c. Brush a040 0.050

I. Scattered brush,

VfetU ^ : 0.050
trees, in winter 0 (m A ACA, _._ .. .: . V'i»o_ __ , 0.050 0.060
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TSBU3

JNSA HO.

i :-i
R-2

R-3

R-4

—— 1 R-5

I R-6

I R-7

4.7c iteyiwnTn Permissible Velocities for 1
Rock Lined Channels and Riprap - ]

[ Graded
1 Max.

I i.s
1 3

1 6

1 12

I 18

1 24

1 30

Rock Size
I D50 1
I .75 |

| 1.50 I

i 3 1

1 6 1

i s I
1 12 I

i 15 i

fin.)
Min.

NO. 8

1-

2

3 ,

5

. 7

Permissible 1
velocity fps* |

2.5 1

4.5 1

6.5

9.0

1

i

11.5 |

13.0 I

12 i 14.5 1

* Permissible velocities based on rock at 1S5 Ibs. per cubic
foot. Adjust velocities for other rock weights used. See
Figure 4.6 .

-3&BLE 4.7d Maximum Permissible Velocities for
Reno Mattress and Gabions ,

ii *ype

Reno
Mattress

Gabion

n

.025

.025

.025

.027

Thickness
inches

6

9

12

18 +

, Rock fill
Gradation-in .

3 - 6

3 - 6

4- 6

Permissible*
Velocity-fps

13.5

16.0

• 18.0

5-9 | 22.0

* Permissible velocities may be increased by the introduction of
sand mastic grout. Refer to manufacturers . ; ;
recommendations/specifications for permissible velocities. :
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