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1.0 INTRODUCTION

Records of all data, drawings and calculations concerning work proposed or
completed at the BRC CAMU will be kept on permanent file in the BRC Data
Repository, consistent with document retention requirements specified in the AOC3. In
addition, records will be maintained at the BRC offices in conjunction with investigative
work at the BRC CAMU. Included in the reports will be appendices with copies of data
sheets, log books, and laboratory analysis results. All investigative results will be
incorporated into the reports detailed in the following section.

Prior to any document destruction, NDEP will be provided an opportunity to
acquire the documents in question.

2.0 OPERATIONAL RECORDKEEPING AND REPORTS

2.1 Training Records

The Construction Manager will maintain records of training received by onsite
workers. These records will include copies of certificates received prior to BRC CAMU
site activities and site specific training received. The training records will be stored onsite
at the facilities maintained by the Construction Manager. Records will be maintained
onsite for a period consistent with that specified in the AOC3.

2.2 Operational Records

The contractor will prepare daily progress reports documenting daily BRC
CAMU activities. Daily activity records include, but are not limited to, documentation
that evidences the quantity of waste materials placed in the BRC CAMU and log in/out
forms. In addition to this summary daily report, the contractor will also keep detailed
field notes and daily logs documenting:

. the date, project name, location, and other identification,
. a summary of the weather conditions;

. a summary of locations where construction is occutring;
. equipment and personnel on the project; and

. a summary of meetings held and attendees.

Daily photographic and video record will be kept by BRC documenting disposal
activities. Records and results of inspections will be maintained and kept onsite for a
period consistent with the AOC3,
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Records and results of waste analysis and waste determinations will be
maintained and kept on site. In addition, monitoring, testing or analytical data, and
corrective action records resulting from BRC CAMU releases shall be maintained for
three years. Groundwater monitoring and clean up records will be maintained until
closure of the BRC CAMU.

Summary reports of all incidents that require the use of the Contingency Plan will
contain the dctails outlined in Attachment G, Accident Prevention, Contingency, and
Emergency Response Plan. The incident reports will be maintained and kept onsite until
completion of the post-closure period for the BRC CAMU.

Additional items to be included with the operating records are: closure and post-
closure cost estimates, plans for closure and post-closure, EPA identification number,
detailed chemical and physical analysis of a representative waste sample, Quality Control
(QC) and Quality Assurance (QA) documentation.

2.2.1 Construction Quality Control and Quality Assurance

The CQA Site Manager will prepare daily reports that document the activities
observed during each day of activity as detailed in the CQA Plans for the Base Liner and
Final Cover Systems (Sections 3 and 6 in the SRAPI, respectively). The daily reports
may include monitoring logs and testing data sheets. At a minimum, these logs and data
sheets will include the following information:

. a description of materials used and references of results of testing and
documentation;

. identification of deficient work and materials;

. results of re-testing corrected “deficient work;”

. an identifying sheet number for cross referencing and document
control;

. descriptions and locations of construction inspected;

. type of construction and inspection performed;

. description of construction procedures and procedures used to evaluate
construction;

. a summary of test data and results;

. calibrations or re-calibrations of test equipment and actions taken as a
result of re-calibration;

. decisions made regarding acceptance of units of work and/or
corrective actions to be taken in instances of substandard testing
results;

o a discussion of agreements made between the interested parties which
may affect the work; and

. signature of the respective CQA Site Manager.
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2.3 Interim Status Reports

During remediation activities at the Site, BRC will submit monthly status
reports to the NDEP. The purpose of the monthly status reports will be to keep the NDEP
informed of the progress of remediation activities at the Site. The reports will present a
summary of the remediation progress during the previous month, including as
appropriate, significant milestones in BRC CAMU construction, locations of completed
pond and ditch excavation (including graphical format), and estimates of soil volumes
excavated and placed in the BRC CAMU.

2.4 Annual Reports

BRC will submit an annual report of the solid wastes received at the site to the
NDEP. This report will be submitted in a format mutually agreed to between BRC and
NDEP. The report will consist of data reported in units of tons and cubic yards for waste
materials received at the BRC CAMU.

The annual report will be submitted to NDEP and will include data compiled
throughout the year. The total quantity of wastes deposited and the remaining capacity of
the BRC CAMU 1in cubic yards will be incorporated. In addition, the leachate quality data
will be compiled and the status of the leachate collection, including quantity of leachate
collected on-site and disposed on a monthly basis, reported. Finally, any changes from
the approved report, plans, and specifications, with justifications.

2.5 Biennial Reports

BRC will submit a biennial report by March 1 of each even year to the NDEP on
EPA form 8700-13B. The report will summarize activities at the BRC CAMU for the
previous two years. The report will contain: EPA identification number, BRC CAMU
address, dates covered, description of wastes received, method of waste disposal, most
recent closure and post-closure cost estimates, methods utilized to reduce waste volume,
and any changes in waste volumes. This report will be signed by BRC.

3.0 POST CAMU CLOSURE REPORTING AND RECORDKEEPING
Maintenance inspection records will kept and maintained in a log book in order to

clearly document any changes in physical conditions. Copies of the inspection report will
be provided to the NDEP annually.
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Results of monitoring will be kept and maintained onsite for a period of at least
30 years after closure. Copies of the monitoring will be provided to NDEP with the
inspection report annually.

The condition of the facility will be documented with field notes, maps, and
photographs, as appropriate. Evidence of potential compromises in the cover will be
recorded including eroded patches, patches of dead vegetation, animal burrows,
subsidence, and cracks along the cover. Surface water drainage featurcs will be inspected
for the presence of debris, physical integrity, and evidence of conditions that exceeded
design assumptions.
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1.0 INTRODUCTION

This attachment discusses how the BRC CAMU is in compliance with the
following Federal Laws.

1.1 The Wild and Scenic Rivers Act

The Wild and Scenic Rivers Acts protects river arcas and thcir immediate
environments for the present and future generations. Rivers are eligible for protection if
they display one or more of the following characteristics:

1. Wild river areas -- Those rivers or sections of rivers that are free of
impoundments and generally inaccessible except by trail, with watersheds or
shorelines essentially primitive and waters unpolluted. These represent vestiges of
primitive America,

2. Scenic river areas -- Those rivers or sections of rivers that are free of
impoundments, with shorelines or watersheds still largely primitive and shorelines
largely undeveloped, but accessible in places by roads.

3. Recreational river areas -- Those rivers or sections of rivers that are readily
accessible by road or ratlroad, that may have some development along their
shorelines, and that may have undergone some impoundment or diversion in the
past.

There are no rivers in the vicinity of the BRC CAMU site with the exception of the
Las Vegas Wash which is approximately 2 miles north of the Site, and the Las Vegas

Wash is not designated as a Wild and Scenic River.

1.2 The National Historic Preservation Act of 1966

The National Historic Preservation Act protects, rehabilitates, restores and
reconstructs the districts, sites, buildings, structures, and objects significant in American
history, architecture, archaeology, or culture.

There are no locations of historical significance at the BRC CAMU site. BRC
contacted the Nevada Natural Heritage Program and requested a search of their database.
No locations of historical significance were identified as a result of this search. A copy
of the seach result is provided in Appendix A to this Attachment.




1.3 The Endangered Species Act

The city of Henderson, along with other cities within Clark County, submitted an
application to the EPA for a permit to incidentally take desert tortoises (gopherus
agassizii), pursuant to section 10(a)(1)}(B) of the Endangered Species Act of 1973, as
amended (Act), in association with various proposed public and private projects in Clark
County, Nevada. The permit allows incidental take of desert tortoises for a period of 30
years, resulting from devclopment on up to 113,900 acres of private lands within Clark
County, Nevada. The permit application was received September 28, 1994, and was
accompanied by the Clark County Desert Conservation Plan (CCDCP), which serves as
the Applicant's habitat conservation plan and details their proposed measures to
minimize, monitor, and mitigate the impacts of the proposed take on the desert tortoise.

To minimize the impacts of take, Henderson provides a free pick-up and
collection service for desert tortoises encountered in harm's way within the city. These
desert tortoises will be made available for beneficial uses such as translocation studies
and programs, research, education, zoos, museums, or other programs approved by the
Service and Nevada Division of Wildlife. Sick or injured desert tortoises will be
humanely euthanized.

Henderson approves the issuance of land development permits for otherwise
lawful public and private project proponents during the 30-year period in which the
proposed Federal permit is in effect. Henderson imposes a fee of $550 per acre of habitat
disturbance to fund the measures to minimize and mitigate the impacts of the proposed
action on desert tortoises.

The BRC CAMU will be in compliance with the Endangered Species Act through
a fee of $550 per acre submitted with the grading permit application. If a Desert Tortoise
is encountered during construction, the City of Henderson will be contacted and the
tortoise relocated.

The above discussion notwithstanding, BRC does not believe that there are any
threatened and endangered species in the CAMU area. BRC requested that Nevada
Natural Heritage conduct a search rclated to such specics. The letter from Nevada
Natural Heritage provided in Appendix A to the Attachment confirms that there are no at
risk taxa in this area.

1.4 The Coastal Zone Management Act

The Coastal Zone Management Act seeks to manage and preserve the nation’s
coastal resources, ensuring their protection for future generation.
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The BRC CAMU site is not located near any coasts.

|

5

1.5 The Fish and Wildlife Coordination Act |
The Act provides that whenever the waters or channel of a body of water are
modified by a department or agency of the U.S., the department or agency first shall
consult with the U.S. Fish and Wildlife Service and with the head of the agency
exercising administration over the wildlife resources of the state where construction will
occur, with a view to the conservation of wildlife resources. The Act provides that land,
water and interests may be acquired by federal construction agencies for wildlife
conservation and development. In addition, real property under jurisdiction or control of a
federal agency and no longer required by that agency can be utilized for wildlife
conservation by the state agency exercising administration over wildlife resources upon

that property. 1‘

The BRC CAMU will not modify the waters or channel of a body of water.
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Appendix A

Copy of Letter Received from Nevada Natural
Heritage
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(Nevada

\»\‘Natural

Whawm INevada Natural Heritage Program

&

rogram
\f‘ Nevada Department of Conservation and Natural Resources
Richard H. Bryan Building

901 South Stewart Street, suite 3002 + Carson City, Nevada 89701-5245, U.S.A.
tel: (775) 684-2900 - internet: http://heritage.nv.gov

28 February 2007

Ranajit Sahu

Basic Remediation Company
875 W Warm Springs Rd.
Henderson, NV 89011

RE: Data request received 23 February 2007

Dear Mr. Sahu:

We are pleased 1o provide the information you requested on endangered, threatened, candidate, and/or At Risk plant and animal
taxa recorded within or near the BRC Common Areas-CAMU Project area. We searched our database and maps for the
following a 5 kilometer radius around including:

Township 228 Range 62E Sections 11 and 12

There are no at risk taxa recorded within the given area. However, habitat may be available for: the big free-tailed bat,
Nyctinomops macrotis, a Nevada Bureau of Land Management (BLM) Sensitive Species; the spotted bat, Euderma maculatum,
a Nevada BLM Special Status Species; the Arizona toad, Bufo microscaphus, a Nevada BLM Sensitive Species; the desert
tortoise, Gopherus agassizii, a Federally Threatened Taxon; the chuckwalla, Squromalus ater, a Nevada BLM Sensitive
Species; and the banded Gila monster, Heloderma suspectum cinctum, a Nevada BLM Special Status Species. We do not have
complete data on various raptors that may also occur in the area; for more information contact Ralph Phenix, Nevada Division
of Wildlife at (775} 688-1565. Note that all cacti, yuccas, and Christmas trees are protected by Nevada state law (NRS
527.060-.120), including taxa not tracked by this office.

Please note that our data are dependent on the research and observations of many individuals and organizations, and in most
cases are not the result of comprehensive or site-specific field surveys. Natural Heritage reports should never be regarded as
final statements on the taxa or areas being considered, nor should they be substituted for on-site surveys required for
environmental assessments,

Thank you for checking with cur program. Please contact us for additional information or further assistance.

Sincerely,

Eric 8. Miskow
Biologist [{l/Data Manager
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SUPPLEMENTAL
REMEDIAL ACTION PLAN (RAP)
PERMIT APPLICATION INFORMATION FOR
CORRECTIVE ACTION MANAGEMENT UNIT (CAMU)
HENDERSON, NEVADA

Submitted to:

Nevada Division of Environmental Protection
901 South Stewart Street — 4™ Floor
Carson City, Nevada 89701
(775) 687-4670

Prepared for: Prepared by:
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Basic Remediation Al

COMPANY
Basic Remediation Company GeoSyntec Consultants
875 West Warm Springs Road 10875 Rancho Bernardo Road, Ste. 200
Henderson, Nevada 89015 San Diego, California 92127
(702) 567-0400 (858) 674-6559

November 2006
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GENERAL NOTES

1. UNLESS OTHERWISE INDICATED ON THE DRAWINGS, THE TOPOGRAPHY, INCLUDING
HORIZONTAL AND VERTICAL CONTROLS ARE FROM A SURVEY BY PENTACORE
GEOGRAPHIC INFORMATION SYSTEMS, 6763 WEST CHARLESTON BLVD, LAS VEGAS,
NEVADA, DATED SEP. 9, 1999.

1.1. BASIS OF VERTICAL CONTROL:
CITY OF HENDERSON BENCHMARK NO. 5 — BOLT AND WASHER IN THE TOP OF

THE CURB ON THE EAST SIDE OF HIGHWAY 93, 100 FEET +/- NORTHWEST OF
THE CENTERLINE OF KING STREET.

NAVD 1988 DATUM ELEVATION = 519.021 METERS  1702.821 FEET

1.2. BASIS OF HORIZONTAL CONTROL:
THE BASIS OF BEARINGS FOR THIS PROJECT IS GRID NORTH AS DEFINED BY

THE NEVADA COORDINATE SYSTEM OF 1983 (NCS83), EAST ZONE, (2701),
DETERMINED BY GIS CONTROL POINTS, 851" , "884" AND "W51" AS SHOWN ON

A RECORD OF SURVEY ON FILE IN THE CLARK COUNTY RECORDER’S OFFICE, IN
FILE 88 OF SURVEYS, AT PAGE 53.

2. A PRELIMINARY GEOTECHNICAL AND GEOLOGIC INVESTIGATION NO. 99-33437-01, DATED
OCTOBER 22, 1999 PREPARED BY CONVERSE CONSULTANTS IS PART OF THE
CONSTRUCTION DOCUMENTS.

3. THE CONTRACTOR SHALL BE RESPONSIBLE FOR THE FIELD INVESTIGATION OF THE
EXISTING CONDITIONS AND FOR THE FIELD VERIFICATION OF EXISTING UNDERGROUND
UTILITIES WITHIN THE PROPOSED WORK AREA. IF UNKNOWN UNDERGROUND
UTILITES ARE ENCOUNTERED DURING EXCAVATION, THE SUBCONTRACTOR SHALL
IMMEDIATELY NOTIFY CONSTRUCTION MANAGER PRIOR TO CONTINUING THE WORK
IN THE IMMEDIATE VICINITY.

4. THE CONTRACTOR SHALL PROTECT EXISTING UNDERGROUND AND ABOVEGROUND
LINES AND ANY EXISTING IMPROVEMENTS AND EQUIPMENT WITHIN THE PROJECT
LIMITS. ANY EXISTING CONSTRUCTION DAMAGED BY CONTRACTOR OPERATIONS
SHALL BE REPAIRED OR REPLACED AT THE CONTRACTOR'S EXPENSE.

5. ALL UNDERGROUND UTILITIES SHALL BE PROPERLY PROTECTED DURING CONSTRUCTION
FROM HEAVY EQUIPMENT BY THE USE OF SUITABLE TIMBER MAT OR STEEL MATTING.

6. DIMENSIONS, ELEVATIONS, AND LOCATION OF EXISTING UTILITES ARE TO BE
FIELD VERIFIED BY CONTRACTOR PRIOR TO START OF CONSTRUCTION.

7. STRAIGHT GRADE BETWEEN SPOT ELEVATIONS SHOWN UNLESS OTHERWISE INDICATED
ON THE PLANS.

FINISHED SURFACES SHALL BE SLOPED UNIFORMLY FROM HIGH POINTS, RIDGE LINES,
AND AROUND OBJECTS TO FLOW LINES AND AREA DRAINS UNLESS INDICATED OTHERWISE.

. THE GEOTECHNICAL ENGINEER SHALL PROVIDE SUFFICIENT INSPECTIONS DURING
THE EXCAVATION OF THE NATURAL GROUND AND THE PLACEMENT AND COMPACTION
OF THE FILL TO BE SATISFIED THAT THE WORK IS BEING PERFORMED IN
ACCORDANCE WITH THE PLANS AND SPECIFICATIONS.

10. EXCAVATION, EMBANKMENT, AND BACKFILL WORK AREAS SHALL BE CONTINUALLY
AND EFFECTIVELY DRAINED. WATER SHALL NOT BE PERMITTED TO ACCUMULATE
IN EXCAVATION OR FOUNDATION AREAS. THE SUBCONTRACTOR SHALL PROVIDE
SUITABLE DIKES, DRAINS OR SHALL PROVIDE PUMPING EQUIPMENT AS REQUIRED
TO DIVERT WATER FLOW AWAY FROM THE WORK AREAS.

11. SLOPES SHOWN ON GRADING PLANS ARE FOR INFORMATION ONLY. ACTUAL LINES
SHALL BE VERIFIED BY FIELD MEASUREMENTS.

oo

w

12. THE CONTRACTOR SHALL PERFORM GRADING OPERATIONS IN ACCORDANCE WTH
EARTHWORK SPECIFICATION, SECTION 02200.

13. SUBCONTRACTOR SHALL COORDINATE WITH OTHER SUBCONTRACTORS IN THE
WORK AREA. ANY DISPUTES BETWEEN SUBCONTRACTORS SHALL BE RESOLVED THROUGH
THE CONSTRUCTION MANAGER.

14. THE SUBCONTRACTOR SHALL IMMEDIATELY NOTIFY CONSTRUCTION MANAGER FOR

PROVISIONS OF THE APPROPRIATE MEANS OF DECOMMISSIONING UNDERGROUND
UTILITIES ENCOUNTERED IN THE FIELD WITHIN HIS WORK PACKAGE LIMITS.
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SLOPE STABILITY EVALUATION
CUT SLLOPES
BRC CAMU
HENDERSON, NEVADA

OBJECTIVE
The objective of this calculation package is to evaluate the stability of cut slopes

(inclined at 2.1H:1V) at the BRC Corrective Action Management Unit (CAMU) in Henderson,
Nevada.

DESIGN CRITERION

Because the cut slopes at the BRC CAMU will eventually be butiressed by waste they
are considered interim slopes, which are normally required to exceed a static factor of safety of
1.3. However, due to limited information regarding shear strength parameters for on-site soils,
GeoSyntec employed a static factor of safety equal to or greater than 1.4 as the interim slope
static stability criterion. In consideration of the limited duration which the interim slopes will
exist, seismic stability analyses of the cut slopes were not conducted.

METHOD OF ANALYSIS

The slope stability computer program PCSTABLS (Achilleos, 1988) was employed
for this analysis. PCSTABLS employs linnt equilibrium principles to provide general solutions
to slope stability problems. Potential sliding surfaces, both circular and polygonal, can be
specified or randomly generated. The Modified Janbu Method is used herein, as recommended
in the PCSTABLS manual (Achilleos 1998) for circular and polygonal failure surfaces.

In addition to the above analyses, the stability of the cut slopes is evaluated using the
infinite slope methodology. An inifinite slope (or surficial sliding) without seepage in the slope
is defined as:

oo c tang
w1 cos’ Btan B tan

td

(Das 1994) (Equatton 1)
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SUBSURFACE INFORMATION

Based on results of subsurface explorations by others (Converse 1999), the subsurface
is characterized by alluvial granular soils overlying fine-grained soils encountered at depths from
approximately 34-ft to 55-ft below the surface. The granular subsoils generally consist of
medium fo very dense granular fill and native soils overlying localized zones of moderately hard
to hard cemented sand and gravel. The fine-grained soils consist of lean clays and high plasticity
silts. .Field and laboratory test results indicated that the native granular soils at the site have a
low compressibility and moderate to high internal friction angles (Converse 1999). The fine-
grained soils encountered at depth at the site generally were found to be moderately
compressible, have a high expansion potential, and have relatively low permeability (Converse
1999). Groundwater was encountered at depths between 30-ft and 58-ft and was, in general,
located at the approximate elevation of the lean clay layer (Converse 1999).

NATIVE MATERIAL PARAMETERS

Native material within the limits of the BRC CAMU consists of alluvial granular soils
overlying fine-grained soils. Shear strength parameters for the native soil material were
previously estimated and reported in the Preliminary Geotechnical and ‘
Industrial Non-Hazardous Disposal Facility (Converse 1999). Twelve jatorary borings were
conducted by others to depths ranging from 33-ft to 60-ft (Converse 1999),/In general, the native
materials appear to be consistent between borings. Direct Shear tests were performed on selected
samples retrieved from the exploratory borings. A summary of the Direct Shear test results as
reported by Converse (1999) are presented in Attachment 1.

plogic Investigation -

Based on data obtained by Converse (1999), the in situ silty sand with gravel material
(fill and native) can be characterized by a moist unit weight of approximately 117 pef (see
Attachment 1 - boring logs). The sandy lean clay can be characterized by a saturated umit weight
of approximately 102 pcf (see Attachment 1 - boring logs).

Based on the boring logs provided by Converse (1999), the average groundwater
clevation in the vicinity of the cut slopes (borings B-8, B-12, B-5, B-4, and B-10) is
approximately 49 feet below the surface (at the top of the CL layer).

Upon review of the direct shear tests performed by Converse at the BRC CAMU site,
GeoSyntec has employed its own interpretation of the on-site material properties. The direct
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shear tests performed by Converse involved shearing the soil at a relatively low normal stress,
then returning the specimen to its original position, placing a larger normal stress and re-shearing
the sample. This process was repeated for three different normal loads. Therefore, based on the
description of the testing methods, it is unclear as to the appropriate design shear strength
parameters for the on site soil.

In recognition of this, GeoSyntec has reviewed the borings logs in order to evaluate
the design shear strength parameters. The boring logs indicate that the in situ silty sand with
gravel soil (SM) is primarily dense to very dense (i.e, very high blow counts). Based on a
correlation by Peck, Hanson, and Thomburn {1974), dense silty sands typically have internal
friction angles on the order of 30 to 35 degrees (Attachment 4). Due to the high density of the
SM material, it is assumed that the effective friction angle of the SM material to be 35 degrees.
At numerous Jocations shown in the boring logs, the SM material was described as partially
cemented. However, based on the borings logs, it is unclear as to the extent or the degree of
cementation in the profile. Therefore, it is conservatively assumed that the effective cohesion of
the SM material is zero.

A sandy lean clay (CL) layer exists approximately 34 to 55 feet below the surface.
Based on a review of the boring logs in the area of the proposed cut slopes, the average depth to
the CL layer (for borings B-8, B-12, B-5, B-4, and B-10) is approximately 49 ft. The moisture
content of the lean clay is relatively close to the liquid limit, indicating a normally consolidated
deposit. Therefore, the undrained shear strength of the lean clay layer can be approximated using
correlations based on the plasticity index. A representative value from Converse (1999) for the
plasticity index of the CL material is on the order of 32 percent (Attachment 1). Ladd (1990),
presents a relationship between the plasticity index and the ¢/p ratio. Based on this correlation,
the c/p ratio is approximately 0.24 (Attachment 2). An example calcuation o estimate the
undrained shear strength at a depth of 54 feet is shown below:

Assume the SM material and water table extends to a depth of 49 fi. Therefore, the

effective vertical stress, o'y is: (vsu)zsa) H(y'tcr) = (117)(49 fi)+(102-62.4)(54-49) =5,931 psf.
The c/p ratio is assumed to be 0.24, therefore, the undrained strength is (0.24)(5931) =~ 1,400 psf.

ITFFiAILNC 272 £ Qmrrs AASITAS Canfa YW



GEOSYNTEC CONSULTANTS Page 5 of 6

Written by: Ed Zielanski Date: _5/27/05  Reviewed by: e Date: G/ < 165
MM DD OYY MM DD YY

Client: BRC Project: BRCCAMU Project No.: 8C0313  Task No, 01-02

CROSS SECTIONS

One cross section (cross section A-A’) was developed to evaluate the stability of the
cut slopes at the BRC CAMU. The location of this cross section is indicated on Figure 1. Cross
section A-A’ is a 44-ft high cut slope and represents the most crifical cross section. The slope of
the cross section is inclined at 2.1H:1V (horizontal:vertical).

ANALYSIS AND RESULTS

Proposed Cut Slopes — 2.1H:1V

Global Stability. Based on data from Converse (1999), the groundwater table appears
to be located approximately at the elevation of the lean clay layer. In recognition of this, a
piezometric surface was included in the analyses to represent the water table. The water table is
placed at the top of the lean clay layer.

Two types of potential failure surfaces were analyzed, (i) circular, and (ii) polygonal.
The polygonal potential failure surface assumes the failure surface occurs between the weakest
interface between the silty sand (SM) and the lean clay (CL). Potential failure surfaces were
evaluated using the search option of the PCSTABLS program. Program input parameters,
specifying the range of beginning and ending locations for potential circular failure surfaces,
were varied by the user to focus on the location of the most critical potential failure surfaces for
the given cross section,

Graphical output of the most critical potential failure surfaces of cross section A-A’ is
presented in Figures 2, 3, and 4. The graphical output of Figures 2 and 3 illustrates the ten most
critical potential circular failure surfaces found by the PCSTABLS analysis. The graphical
output of Figures 2 and 3 illustrates the ten most critical polygonal failure. Analyses indicate that
the most critical potential failure surface of cross section A-A’, possesses a factor of safety of
1.46. This factor of safety satisfies the design criterion of a factor of safety equal to or greater
than 1.4.

Computer output of the stability analyses for the potential surfaces of cross section A-
A’ 1s included i Attachment 3.

Surficial Sliding or Sloughing. Based on the assumption of zero cohesion for the SM
material, Equation 1 becomes:
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tan .
FS = ¢ (Equation 2)
tan

For the proposed slopes, the inclination is 2.1H:1V, therefore the factor of safety is:

FS = =1.47
1/2.1
CONCLUSIONS
. The minimum factor of safety for the proposed cut slopes (2.1H:1V) is 1.46;
* The undrained shear strength of the CL layer can be characterized with a c¢/p

ratio of 0.24 and a unit weight of 102 pef; and

* The shear strength of the SM material can be conservatively characterized as
¢’=0 and ¢’=35 degrees and a unit weight of 117 pef.
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Direct Shear Strength

A progressive direct shear test was performed on selecte.d undisturbed
samples using a constant strain rate direct shear machine in general
accordance with ASTM D3080. The test specimen was trimmed and
placed in the shear machine, a specified normal load was applied, and
the specimen was sheared until maximum shear strength was devel-
oped. After the soil specimen had developed maximum shear resis-
tance under the first normal load, the normal load was removed and
the specimen was pushed back to its original undeformed configura-
tion. Another normal load was then applied, and the specimen was
sheared a second time. This process was repeated {or three different
normal loads. Results of the direct shear test are presented on Figures
A-62 through A-69 and in the following table:

E):gt);figr? " l?Feepettrl1 Desfr?::tion Anglﬁ:g;gt’ernal E:f;g%??‘

B-a e Silty sand with gravel 34 0.7
B-5 14-15 Silty sand with gravel 43 6.3
8-10 55;;5 Sandy lean clay 26 0.85
B-12 14-15 Sitty sand with gravel 40 0.3
B-101 39-40 Sandy lean clay 26 0.3
B-102 20-25 Sitty sand with gravel 37 0.2
B-103 49-.50 Sandy lean clay 37 1.0
B-104 1015 Sitty sand with gravel 43 .01

Chemical Analysis

Chemical tests were performed on a representative soil samples to 1n-
vestigate the potential for soil corrosivity and chemical heave. Atlas
Chemical Testing Laboratories, Inc. in Las Vegas performed the chemi-
cal analysis for water-soluble sulfates and sodium in general accor-
dance with ASTM DGS16. The results of the chemical tests are pre-
sented on Drawing No. A-70.
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Appendix A - Field and Laboratory Investigations 3

Grain Size Distribution

Grain size distribution for soil samples were determined by sieve
analysis in accordance with ASTM C136. A sieve analysis is con-
ducted by passing the soil through a number of different sized sieves
and measuring the amount of soils retained on each sieve. The test
results and grain size distribution curves are presented on Drawing
Nos. A-37 through A-48.

Atterberg Limits

The liquid limit, plastic limit and plasticity index of a representative
sample of the fine-grained soils were determined to aid in the classifi-
cation of the soils and in the evaluation of other engineering parame-
ters. The test was performed in general accordance with ASTM test

method D4318. The results of the tests are tabulated in the following
table:

Exploration Sample Liquid Plastic Plasticity Unified Soils

Location Depth, £t Limit, % Lirnit, % index Classification
B-1 30-35 NP NP NP SM
B-5 20-25 NP NP NP SM
B-10 30-35 NP NP NP S
B-12 10-15 NP NP NP SM
B-11 35-40 105 71 34 MH
B-101 54-55 54 44 . 10 Mt
B-102 20-25 NP NP NP SM
B-102 49-50 88 58 30 MH
B-103 30-35 NP NP NP SM
B-104 - 1015 NP NP NP SM

B-105 20-25 NP NP NP SW-5M

B-106 05 NP NP NP SM

NP = Nonplastic

By Marcda et |
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Logaed By: M. Stacy Groundwater Depth (1): 58.0 Driving Wt. and Drop: 1404/30"
(&3] [ —
) E SUMMARY OF SUBSURFACE CONDITIONS Samples -
a This log is part of the report prepared by Coaverse for this project snd shoutd ‘%\ é B
a o be read with the report. This summary applics only at the location and time of o 2 2 = =
i = 3 the exploration. Subsurface conditions may differ at other locations and may z o g = 3
<l = 2 | change at this location with the passage of time. The data presented is a o o & = A 5
= z £ 1 simpliticd model of the actual conditions encountered, Z ] z = ‘Z P Z
e o | Qja]| = & =2 a =
"% SANDY LEAN CLAY With Gravel (CL); very stff. dark 49
brown, slightly moist
0025 edry W 35/8" K
N a
- 5//75/,}:,.1
S
" S
L 46-07
i i
. 7 !
---partially cemented, moderately hard, white, drv :
SANDY LEAN CLAY (CL); very stiff, dark brown, moist W] 33/107 pp=3.0
{ ; :
h : 1 !
H H i
A
| E
1 H H
i 16
A
to !
%38 e — i
~i L - SILTY SAND (SM); dense, brown, wet !
a0 SANDY LEAN CLAY (CLY; stiff, dark brown, wet -4 13 1
End of Exploranca at 60.0° {321 Converse Sampler (white svmbol=u0 recovery) L8 SPI Sampler {While svmbol=no recovery)
PRELIMINARY GEOLOGIC AND GEOQTECHNICAL INVESTIGATION Project No.
Hasic Management Incorporatad
Clark County, Nevada 99-33437-01




3

IBT01 GRY

9
)
)

Y (1o P

Log No. B-12

Dale of Dalling: /1499 Lecation: See Drawing No. 2 Ground Surface Elevation {(f); Mot Available
Driller: T. High Borehote Diameter: 8* Equipment: BE-81 Hollow Stem Auger
" Logged By: M. Stacy Groundwater Depth (1t): 37.5 Driving Wt and Drop:  1404/30"
£
o SUMMARY OF SUBSURFACE CONDITIONS Samples o
a This log is part of the report prepared by Converse for this project and should ‘% é E
8 2 be read with the report. This summary applics only af the location and time of - 2 o - o
oz = the explocation. Subsurface conditions may differ at other locations and may E I e = 3
<| = -2 change at this location with the passage of ime. The data presented is 2 ° o & z a2 B
g5 = s simplified model of the actual conditions encountered. z | £ z =z 3 P =2
o S 0|8 =2 0o = o i
SANDY LEAN CLAY {CL); very stiff, dark brown, moist 44
|
—wet, stiff v 413 ( 80 | 53| pp=l3
A L T
oo
i : : i
A -
—-with gravel, very stiff ‘ L
T 16 ¢ 31 ! 87 ) pp=Ls
t | H
A sl
: é T
77 g ! ' ‘ . pp=l3
Endof i—:xnlomuen at 60.0° it Converse Sampier (white svmbol=no recovery} E;E SPT Sa:rnolcr g(whitc svmbol=n0 tecovervi
PRELIMINARY GEOLOGIC AND GEQTECHNICAL INVESTIGATION Project No.
Basic Management Incorporated
Clark County, Nevada 99-33437-01
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Log No. B-101

Date of Drilling: 9/20/99 Location: See Prawing No. 2 Ground Surface Elcvation () Not Avaitable
- Dnllec: T. High Borchole Diameter: 87 : Equipmeat: BK-81 Hollow Stem Auger
i Logged By: M. Stacy Groundwater Depth (/) 42.0 Driving Wt. and Dreop: 14047307
£
& SUMMARY OF SUBSURFACE CONDITIONS Samples .
& This tog is part of the report prepared by Coaverse for this project and should % 5 E
c = be read with the report. This summary applies only at the location and time of . 2 g ‘E: :
o= = the exploration. Subsurtace conditions may differ at other locations and may g o by £ 5
- ) . N . . Z P 2
< = = change at this location with the passage of time. The data presented is 2 - <;' o= = 3 B
al & = stmplitied model of the actual conditions encountered. z1Z} 5 = -2 = 2
i & a4 & ) = a s

7

" ¥,
Pl e Tl e 20

X
3
<)

SILTY SAND With Gravel (SM); medium dense, grayish
brown, dry

N
=z

Y

?“

SANDY LEAN CLAY (CL); stiff, dark brown, moist

il

T
]
NN
R
AN

N

N
N
R,
~
\i
AR

.

—-partiaily cemented lens, moderately hard, brownish white, wet N l ' i i

---with gravel

‘End of éxp lorauon at 600 =] Converse Sampler (white svmbol=no recovervi . lr.a SPT Sampier :(whitc sxlrmbol'—'no rccovcw)‘
PRELIMINARY GEOLOGIC AND GEOTECHNICAL INVESTIGATION Project No.
Basic Management Incorporated
Clark County, Nevada 99-33437-01
—— .
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Log No. B- 1
Date of Dailling: 9/23/99 Location: See Drawing No. 2 - Ground Surface Elevation (ft): Not Available
Daller: T. High Borchole Diameter: 87 Equipment: BK-81 Hollow Stem Auger
Logged By: M. Stacy Groundwater Depth (fty: 530 Driving Wt and Drop; 140#/3¢G™
1
= SUMMARY OF SUBSURFACE CONDITIONS Samples —
P This log is part of the report prepared by Converse for this project and should % 5 ;6"
2 o be read with the report. This summary applics only at the location and time of = 2 = = =
£l = 3 the exploration. Subsurface conditions may differ at other focations and may 3 Py b & 3
<z 2 change at this location with the passage of time. The data presented is a " & = 5 2 5
Al = £ simplified model of the actual coaditions encountered. z 1 Z = -3 = =
2 S al|s= @ a8 = a B
e f," SILTY SAND With Gravel (SM); dense, light brown, slightly % 33
it S L motst
- bt £ SR
e b
R b S 1
L, 40 ?1:.1
E i- GP
A i
] =1 i
3s | (7 |1 DN
S R trg
-—grayish brown A
i H
35/6" Q i
---very dense 33 A
f :
}
; 35301
f ; i

- S ZF . : e H
dense A 35/6 ?

ke R, B : : 3 . '
End of Exulocation at 35.9° 1= Converse Samplet {white svmbol=no recoverv) _aA SPT Sampler {white sviabol=no recavery)

PRELIMINARY GEOLOGIC AND GEQOTECHNICAL INVESTIGATION _ Project No.
Basic Management Incorporated
Clark County, Nevada 99.33437-01

m -3 o W < P . AT

1343701.GP,
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Log No. B- 4

Date of Drilling: 9/13/99
v Dritler: T. High
i Logged By: M. Stacy

Location: See Drawing No. 2
Borchole Diameter: 87
Groundwater Depth (ft): 345

Ground Surface Elevation {f1): Not Available
Equipment: BK-8t Hollow Stem Auger
Driving Wt and Drop: 14087307

704 QIR

[$2]
S SUMMARY OF SUBSURFACE CONDITIONS Samples o
= This log is part of the report prepared by Converse for this project and should % g E
5 » be read with the report. This summary applics only at the location 2ad time of - i 3 :; -
= = = the explotation. Subsurface conditions may differ at other locations and may 3 o Y g 3
<l oz = change at this location with the passage of time. The daw presented is 2 ° < & E A 5
a5 ey simphified model of the actual conditions encountered. Z1E Z = 3 ~ 2
al & S & @ o = Qa [
*1+1:7 SILTY SAND With Gravel (SM); very dense, browr, doy = 352"
B - * .
<103l
T e b
SN Ot b
-2y oo dd
A .:jﬁ . I iy
S ) M
RN
P - S
SarEh
-24 4000k }
PN f 1y ~-dense 49 K
I B
L S
e ® e
X ialea i
|3
m 2610 Ty
3 S
) —-% * i ; «
28 Lody & I |
- [ P { |
- bl A_ . : . / = [ il
| o grave 7 s (G ey ng
- - S
; >\ : i
— P : ! H i i
: R : ! :
- o i : :
: P |
i H i : !
- ! I i i
jl L
2 Lo S
4
=34 g S s
i : ~-with gravel, verv dense ML 3380 |
: = .
- I
F | ! 5
-36- Lo ; P
: oo i :
Z: - . i i
- : . : i i H ;
] i 3. —=with bouldars Eod i i
233 P
E=H o - :
< CEMENTED SAND AND GRAVEL; hard, brown, dry |1 02000 | !

End of Exploration ar 600

i Converse 3ampler (white svinbol=1o recovery) e SPT Sampler (white svmbal=no recoverv)

PRELIMINARY GEOLOGIC AND GEOTECHNICAL INVESTIGATION

Bastc Management Incorporated

Clark County, Nevada

Project No.

99-33437-01
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Log No. B- 5§
Date of Drilling: 9/15/99 Location: See Drawing No. 2 Ground Surface Elevation {ft): Not Avatlable
Driller: T. High " Borchole Diameter: 87 Equipment: BK-81 Hollow Stem Auger
Logged By: M. Stacy Groundwater Depth (t): 32.5 Driving Wt. and Drop: 140#/30"
-
& SUMMARY OF SUBSURFACE CONDITIONS Samples =
& This log is part of the teport prepared by Converse tor this project and should § 5 E,
a be read with the report. This summary applies only at the location sad time of - 3 g "é =
e the exploration. Subsurtace conditions may differ af other Iocations and may ] P g ‘m 3
i change at this location with the passage of ime. The data presented isa Y Q o B & &
ol & sitaplificd model of the actual conditions encountered. 2 H Z 2 o 2
c c & a = & o
FILL: SILTY SAND With Gravel; tan, dry 9
—slightly moist II 35/57
38
-—-with cobbles

=
/3(/ 115 12 |

K:Sol;
Ch

H

i
i
i

--very dense g, PSTRM

L

N :Eﬂd of E;?C.ﬁiorafiofl at 60.0° i Converse Sampler (white svmbaol=no rccox'e;rv) : :A SPT Sampler ‘(white svinbol=no recoverv) ‘
PRELIMINARY GEOLOGIC AND GEOTECHNICAL INVESTIGATION Project No.
Basic Management incorporated
Clark County, Nevada 99.33437-01
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Log No. B- 5

Date of Drifling: f}.’ 15/99 location: See Drawing No, 2 Ground Surface Elevation () Not Available
Dilter: T. High Borehole Diameter: 87 Equipment: BK-81 Hollow Stem Auger
Logged By: M. Stacy - Groundwater Depth (ft)y: 52.5 Driving Wt. and Drop: 1404/30"
[ &)
S SUMMARY OF SUBSURFACE CONDITIONS Samples o
2 This log is part of the report prepared by Converse for this project and should % 3 E;
a co be read with the report. This summary applies only at the Jocation and time of - 3 F Pt -
= = 3 * the exploration. Subsurface conditions may differ at other focations and may Z Py e 5 3
e B -2 change at this location with the passage of time. The data presented is a o o = - P H
=B iy simplified model of the actual conditions encountered, ERE- S = -2 P 3
= ] Gl a @ ta) P o o
A SILTY SAND With Gravel (SM); dense, tan, slightly moist 32 A
s G;P;Ch
- —very dense
. |
|
|
---brown !
CLAYEY SAND With Gravel (SC); dense, dark brown, || 1 355" |
slightly moist P i
SILTY SAND With Gravel (SM); dense, black, slightly moist
i
---dark brown

---very dense

2 "l
T eeRe ith cobbles O st b b
= DDt P ! : :
End of Exploration at 60.0°  ~ & Converse Sampler (white symbol=no recoveryt el SPT Sampler { white svmbol=no recoverv)
PRELIMINARY GEOLOGIC AND GEOTECHNICAL INVESTIGATION Project No.

Basic Management Incorporated
Clark County, Nevada 99.33437.01
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e T 00 N—
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x 020 -
S VV%///VV ‘ |
A 0.15;% \V/ A\ Triaxial Compression(TC) : q¢ |-
% \V4 O Direct Simple Shear(DSS) : 7,
%EZ 010F V Triaxial Extension (TE) :qs |-
8 o { I ! f 1 l | I !
=5 O 10 20 30 40 50 60 7O 80 90 100
2 PLASTICITY INDEX, Ip (%)
FIG. 15.~Undrained Strength Anisotropy from CKoU Tests on Normally

Consclidated Clays and Silts {data from Lefebvre et al.
Campanella 1974; and various MIT and NGI reports)

1983; Vvaid
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*% PCSTABLL #*%*

by
Purdue University

--Slope Stability Analysig--
Simplified Janbu, Simplified Bishop
or Spencer g Method of Slices

Run Date: 5/27/2005
Time of Run: 9:56am
Run By: EMZ

Input Data Filename: C:ANEW
Cutput Filename: C:ANEW.QUT

Plotted Output Filename: C:ANEW.PLT

PROBLEM DESCRIPTION Section A-A!
BRC CAMU, Henderson, Nevada

BOUNDARY COORDINATES

S Top Boundaries
15 Total RBcocundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type

No. (ft) (ft) (ft) (ft) Below Bnd
1 .00 138.00 80.0C 136.00 2
2 80.00 136.00 164.00C 134.00 2
3 164.00 134.00C 240.0C 132.00 2
4 240.00 132.00 313.00 166.50 2
5 313.00 166.50 333.00 176.00 1
6 333.00 176 .00 370.00 176.00 1
7 37C.00 176.00 410.00 185.00 1
8 41C.C0 185.00 436.00 185.00 1
S 436.C0 185.00 450.00 185.00 1
10 313.00 166.50 45G.00 170.75 Z
11 00 121.00 45G.00 126.00 3
12 00 111.090 45G.00 116.00 4
13 0C 101.00 45G.00 106.00 5
14 00 91.00 450.00 26.00 €
15 00 81.00 450.00 86.00 7

ISOTROPIC SOIL PARAMETERS

7 Type(s) of Soil

PPechneat % b



Soil Total Saturated Cohesion Friction Pore Pregsure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pct) (psf) (deg) Param. {pst) No.
1 117.0C 117.0 0 35.0 .00 0 1
2 117.G 117.0 0 35.0 .00 0 1
3 102.0C 102.0 1400.0 .0 .00 .0 1
4 102.0 102.0 1500.0 0 .00 .0 1
5 102.0 102.0 1600.0 .0 .0C 0 1
& 102.0 102.0 1700.0C .0 .00 0 1
7 102.0 102.0 180C.C 0 .00 0 1

1 PIEZOMETRIC SURFACE(S; HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 2 Coordinate Points

Point X-Water Y-Water

No. (ft) (ft)
1 .00 122.00
2 450.00 127.00

A Critical Faillure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

J
;
1
§
x

2000 Trial Surfaces Have Been Generated.

10 Surfaces Initiate ¥rom Each 0f200 Points Equally Spaced
Along The Ground Surface Between X = 235.00 ft.
and X 250.00 ft.

Each Surface Terminates Between X = 333.00 ft.
and X = 375.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = .00 ft.

11.00 ft. Line Segments Define FEach Trial Failure Surface.



Following Arxe Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* % Gafety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 11 Coordinate Points

Point X-8urt Y-8urf
No. (ft) (fr)
1 241.18 132.56
2 251.59 136.12
3 261.80 139.956
4 272.10 144.08
5 282.18 148.48
6 292.14 153.14
7 301.97 158.08
8 311.67 163.27
S 321.22 168.73
i0 330.62 174 .45
11 333.02 176.00

& k& 1487 ® kK

Failure Surface Specified By 10 Cocrdinate Points

Point X-8urf ¥-Surf
No. {(ft) (ft)
1 249.77 136.62
2 260.26 139.85
3 270.62 143.64
4 280.84 147.70
5 290.92 152.12
) 300.83 156.89
7 310.56 162.01
8 320.11 167.47
S 329.46 173.27
10 333.55 176.00
* kK 1.490 %k ok

Failure Surface Specified By 11 Coordinate Points




Point X-8Surf Y-Surt

No. (ft) (ft)
1 242 .24 133.06
2 252.62 136.69
3 262.91 140.57
4 273.11 144 .69
5 283.21 149.05
6 263.20 153.565
7 303.09 158.48
8 312.85 163.54
9 322.50 168.83

1.0 332.02 174 .34

11 334.73 176.00

* %k 1'49]_ * k%

Failure Surface Specified By 18 Coordinate Pcoints

Point X-Surf Y-Surt
No. (ft) {ft)
1 235.060 132.13
2 242.78 124.36
3 251.61 117.7¢%
4 261.29 112.57
5 271.62 108.80
& 282.39 106.57
7 293.37 105.91
8 304.33 106.85
9 315.04 109.37
10 325.27 113.41
11 334.82 118.88
12 343 .46 125.68
13 351.04 133.65
i4 357.38 142 .64
i5 362 .36 152 .45
16 365.87 162 .88
17 367.83 173.70
18 367.21 176.00
* ok k 1.437 * k%

Failure Surface Specified By 18 Coordinate Points

Point X-8urf Y-8urt
No. (ft) (ft)

i 235.30 132.12




2 243.09
3 251,92
4 261.60
5 271.54
6 282.71
7 283.69
3 304.65
9 315.36
i0 325.60
i1 335.14
12 343.80
13 351.39
14 357.75
15 362.74
i6 366.27
17 368.26
18 368.35
* kK 1.4298

* ok k

124

106

113

133
142
152
162
173

.36
117.
112.
1G8.
.58
1G5,
10C6.
109.
.40
118.
125.
.61
.59
.35
.81
.63
176.

80
58
81

92
86
37

86
65

00

Failure Surface Specified By 18

Point X-surf
No. (ft)
1 235,08
2 242 .89
3 251.72
4 261.38
5 271.69
5 282.43
7 283.40
8 304.38
9 315.14
10 325.48
11 335.20
12 344 .09
i3 351.98
14 358.72
ib 364.16
16 368.21
17 370.79
18 371.32
koK 1.499

* kK

Y-Surf
{(ft)

132.
.39
117.
.57
108.
.36
105.
106.
108.
.26
117.
123.
131.
140C.
149,
16G.
17G.
176.

124

112

106

112

13

83

72

53
25
51

42
50
56
26
81
04
73
30

Failure Surface Specified By 17

Point X-Surf

Y-gsurf

Coordinate Points

Coordinate Points




No {ft) (ft)
1 235.08 132.13
2 242 .89 124.3S
3 251.77 117.88%
4 261.51 112.7¢
5 271,90 109.18
6 282.72 107.16
7 2583.71 106.76
8 304.64 108.00
S 315.26 110.85

10 325.35 115.25

11 334.67 121.09

i2 343 .02 128.25

13 350.21 136.57

14 356.09 145 .87

15 360.53 155.93

16 363.42 166.54

17 364 .54 176.00

* & & 1.500 * % %

Failure Surface Specified By 18 Coordinate Points

Point X-Surf y-Surf
No. {ft) (ft)
1 235,45 132.12
2 243 .26 124.37
3 252.11 117.83
4 261.81 112.564
5 272.15 108.92
& 282.93 106.73
7 293.92 106.12
8 304.87 107.1%
S 315,57 109.68
10 325.78 112.77
11 335.29 119.29
12 343.90 126.14
13 351 .43 134.15
14 357.72 143.18
15 362.64 153.02
16 366.08 163.47
17 367,97 174.31
18 368.01 176.00
* k% 1_500 * k%

Failure Surface Specified By 18 Coordinate Points



Point X-8urf Y-surf

No. (fr) (ft)
1. 235.38 132.12
2 243 .17 124 .36
3 251.97 117.76
4 261.61 112.45
5 271.89 108.55
G 282 .62 106.11
7 2932.58 105.18
31 304.56 105.81
S 315.35 107.86

10 325,73 111.59

11 335.51 116.64

12 344 .48 123.00

i3 352.48 130.55

14 359.35 139.14

15 364.95% 148.61

16 369.18 158.76

17 371.95 169.41

18 372.78 176.63

* kK 1‘501 * Kk K

Failure Surface Specified By 18 Coordinate Points

Point X-Surf Y-Surf
No. (£t) (£t)

i 235.23 132.13
2 243.07 124 .41
3 251.91 117.87
4 261.57 112.61
5 271.87 108.75
5 282.61 106.35
7 293.587 105.47
8 304 .55 106.11
9 315.34 108.28
10 325.72 ili.92
11 335.489 116.97
12 344 .47 123.33
13 352.47 130.87
14 359.36 139.45
15 364,98 148.91
16 369.24 159.05
17 372.05 169.68
18 372.88 176.65

* &k 1.501 * % %




**% PCSTABLS *%

by
Purdue University

--Slope Stability Analysis--
Simplified Janbu, Simplified Bighop
or Spencer s Method of Slices

Run Date: 5/27/2005
Time of Run: 10:14am
Run By: EMZ

Input Data Filename: C:A3NEW
Cutput Filename: C:A3NEW. OUY

Plotted Output Filename: C:A3NEW.PLT

PROBLEM DESCRIPTION Section A-A'
BRC CAMU, Henderson, Nevada

BOUNDARY COORDINATES

9 Top Boundaries
15 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 .00 138.00 80.00 136.090 2
2 280.00 136.00 164.00 134.00 2
3 164.00 134.0G0C 240.00 132.00 2
4 240.00 132.00 313.00 166.50 2 1
5 313.00 166.50 333.00 176.00 1 ]
6 333.00 176.00 370.00 176.00 1
7 370.00C 176.00 410.00 185.00 1 }
8 410.G0C 185.00 436.00 185.00 1
S 436.00 185.00 450.00 185.00 1
10 313.00 166.50 450.00 170.75 2 1
11 oG 121.00 450.00 126.00 3
12 GO 111.00 450.00 116.00 4
13 00 161.00 450.00 106.00 5
14 00 91.00 450.00 96.00 6 |
15 oG 81.00 450.00 86.00 7

ISOTROPIC SOIL PARAMETERS

7 Type(s) of Soil

Priacheent 2B




Soil Total Saturated Cchesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param. {psf) No.
1 117.0 117.0 0 35.0 .00 0 1
2 117.0 117.G 0 35.0 .00 0 1
3 102.0 102.0 1400.0 .0 .00 .0 1
4 102.0 102.0 1500.0 .0 .00 .0 1
5 102.0 102.0 1600.0 0 .00 0 1
6 102.0 102.0 1700.0 0 .00 0 1
7 102.0 102.0 1800.0 G .00 0 1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 2 Coordinate Points
Point X-Water Y-Water
No. (ft) (£1)
1 .00 122.00
2 450.00 127.00

A Critical Failure Surface Searching Method, Using A Random
Technigque For CGenerating Siiding Block Surfaces, Has Been |
Specified. |

The Active And Passive Portions Of The $Sliding Surfaces
Are (Generated According To The Rankine Theory.

100 Trial Surfaces Have Been Generated.

2 Boxes SBpecified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 11.0

Box X-Left Y-Left X-Right Y-Right Height
No. (fr) (ft) (ft) (£t) (ft)
1 215.00 123.00 300.00 123.00 10.00

2 375.00 124.00 450.00 124.00 10.00



*%%% ERROR - BK12 *#%%
Sointes on active or passive wedges are outside defined ground surface

Following Are Digplayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Sgfety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 13 Coordinate Points

Point X-Surt Y-8urt

No. {(ft) (ft)
1 240.76 132.36
2 247.35 128.94
3 257.10 123.86
4 262 .66 118.30
5 389.77 124 .35
6 390.76 125.34
7 395 .84 135.10
8 400,92 144 .86
S 406,00 154 .61
10 411.08 164 .37
11 413.82 169.63
12 418.90 172.38
13 421.82 185.00

* % % 1_908 * R R

Failure Surface Specified By 13 Coocrdinate Points

Point X-Surt Y-Surf
No. (ft) {ft)
1 223 .68 132.43
2 230.72 128.75
3 240 .48 123.67
4 244 .90 119.25
5 375.27 122 .34
& 378.13 125.20
7 383.21 134.96
8 388.29 144 .72
S 393,37 154 .47
10 388.45 164 .23
11 401.05 169.23
12 406.13 178.89

13 409.16 184.81




* % % 1.926 * ok ok

Fallure Surface Specified By 13 Coordinate Points

Point X-Suri Y-surf

No. (fr) (ft)
1 231.25 132.23
2 237.78 128.83
3 247 .54 123.75
4 252.78 118.50
5 402.74 124 .63
& £403.59 125.48
7 408.67 135.24
8 413,74 145.00
9 418.82 154 .76
10 423,90 164.51
11 426.77 170.03
12 431,85 172.79
13 434 .57 185.00

% &% 1939 ® kR

Failure Surface Specified By 13 Coordinate Points

Point ¥X-Surf Y-Surf
No. (ft) (ft)
1 233.47 132.17
2 232.85 128.85
3 24%.60 123.77
4 253.12 120.26
5 396,00 124.20
) 397.21 125.41
7 402.29 135,17
8 407 .36 144 .93
9 412 .44 154.68
10 417.52 164.44
11 420.33 168.83
12 425.41 179.58
13 428.23 185.0¢C

% k% 1.956 * k%



Failure Surface Specified By 13 Coordinate Points

Point X-8urf

No. (ft)
4 237.40
2 243 .50
3 253.26
4 255,69
5 381.28
&) 383.16
7 388.24
8 393.32
9 398.4¢
10 403 .48
1l 406,13
12 411.21
13 414.26
* ok ok 1.95¢8

Failure Surface Specified By

Point X-8urf
No. (£¢)}
1 246 .87
2 24%.00
3 258.76
4 268.51
5 272.04
() 386.92
7 392.57
8 397.64
9 402.72
10 407.80
11 412.88
12 415 .64
13 420.72
14 423.61
kK 2.002

Y-gurf
(£t)

i32.
128.
.81
.38
.37
.26
135.
.77
154.
.29
.39
179.
185.

123
121
123
125

144

164
169

* Kk %

07
89

01

53

15
co

14

Y-Surf
(ft)

135.
134.
129.
.98
.46
1195.
125.
135.
.88
.63
le4.
.68
179.
185,

123
120

144
154

169

* kok

25
i4
06

71
36
12

39

g4
00

Failure Surface Specified By 13

Point X-38urft
No . (ft)

Y-Surf
(£t}

Coordinate Poinis

Coordinate Points




Woo-JRu b Wbk

O
W B =D

2472
251
261

383
358

.98
.48
.24
263.
376.
378.
383.
388.
.24
.32
400.
406.
409.

33
30
00
08
le

92
00
02

wEE 2,013

133

128.
123,
.81
.49

121
123

125.
134,
.71

144

154.
.23

164

169,
178.
184,

* Kk k

41

98
80

20
96
47
23

98
78

Fallure Surface Specified By 13

Point
No.

WO 00 =10 U D) e

e =
WO

X-8urf

(ft)

231
238

404

428

.76
.26
248,
250.
£03.
.87
408,
415,
420.
425,
.08
433.
435,

01
87
28

95
G3
11
19

16
85

Kk K 2.014

Y-Surf
(£L)

132
128
123
120

i54
164

170.
.83
185.

179

* k%

.22
.83
.76
.89
124,
125.
135.
145,
LT
.53

60
50
26
01

07

0o

Failure Surface Specified By 13

Point

10y U L N

X-Surf

(ft)

229,
236.
245.
246,
.50
389,
.68

387

394

33
00
76
i4

50

Y-surf
(ft)

132

i28.
123.
.38
.23

123
123

125.
135.

.28

81
73

33
o

Coordinate Polints

Coordinate Points




10
1%
12
13

399
404
2089
412

420

.76
.84
.92
.64
417.
.67

72

* k% 2.028

* kK

144 .
.60
.36
165,
179.
185.

154
164

84

59
35
00

Failure Surface Specified By 13

Point X-Burf
No. (ft)
1 215.59
2 223.22
3 232.98
4 235.3%
5 381.50
6 384 .58
7 389.566
8 394,73
9 3859.81
10 404 .89
11 407 .56
12 412 .64
13 415.67

il 2.041

, ok k

Y-8urf
(£t

132

123

121.
122.
125.
135,
144.
.54
.30
165,
17%.
185,

154
164

.64
128.
.59

&7

22
19
27
03
79

43
19
00

Coordinate Points




*% DPCSTABLS **

by
Purdue University

--Slope Stability Analysig--
Simplified Janbu, Simplified Bishop
or Spencer s Method of Slices

Run Date: 5/27/2005
Time of Run: 10:06am

Run By: EMZ

Input Data Filename: C:A2NEW
Qutput Filename: C:AZNEW.OUT

Plotted Output Filename: C:A2NEW.PLT

PROBLEM DESCRIPTION Section A-A'

BRC CAMU, Henderson, Nevada

BOUNDARY COORDINATES

& Top Boundaries
15 Total Boundaries

Boundary X-Left Y-Left X-Right
No. (£¢) (£t) (ft)
1 .C0 138.00 80.00
2 80.00 136.00 164 .00
3 164.00 134.00 240.00
4 240.00 132.00 313.00
5 313.0¢C 166.50 333.00
6 333.00C 176.00 370.00
7 370.00 176.00 410,00
B 410.00 185.00 436.0C0
S 436.00 185.00 450.00
10 313.00 166.50 450,00
11 .00 121.00 450.00
12 .06 111.00 450.00
13 .0G 101.00 450.00
14 .00 91.00 450.00
i5 .00 81.00 450.00

Y-Right
(£}

136.
134.
.00
166.
17¢6.
176.
185,
185.
185.
.75
.00
.00
106.
.00
86.

132

170
126
11le

96

GO
00

50
00
00
00
00
00

00

00

Soil Type
Below Bnd

1OV UT R W N R R R RO R DR

ISOTROPIC SOIL PARAMETERS

7 Type(s) of Soil

A%dm%%c,



S50il Total Saturated Cohesion Friction Pore Pregsure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pct) (p=f) (deqgl Param. {psf) No.
1 117.0 117.0 0 35.0 .0C o] 1
2 117.0 117.0 0 35.0 .00 ¢ 1
3 102.0 102.0 1400.0 .0 .00 .0 1
4 102.0 102.0 1500.0C .0 .00 .0 1
5 102.0 102.0 160C.0C 0 .00 0 1
6 102.0 102.0 1700.0 0 .GC 0] 1
7 102.0 102.0 1800.0 0 .00 0 1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 2 Coordinate Points

Point X-Water V-Water

No. (ft) (£t)
1 .00 122.00
2 45GC.00 127.00

A Critical PFailure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

2000 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each 0f2Z00 Points Egually Spaced
Along The Ground Surface Betwesen X = 200.00 ft.
and X = 250.00 ft.

Bach Surface Terminates Between X = 400.00 ft.
and ¥ = 450.00 ft,

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is VY = .00 ft.

11.00 ft. Line Segments Define Each Trial Faililure Surface.



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 25 Coordinate Points

Point X-8uxrf Y-surf
No. (£t) {ft)
1 218.59 132.56
2 226.38 124.79
3 234.8¢6 117.7%
4 243 .97 111.63
5 253.62 106.35
& 263.73 102.01
7 274 .20 S98.64
8 284,895 96.28
9 295.87 94,94
10 306.86 %4 .64
11 317.84 95.38
12 328.689 97.16
13 339.33 8S%.85
14 349.66 103.74
15 359.58 108.4¢
16 362.01 114.15
17 377.86 120.68
18 386.06 128.02
19 393.53 135.10
20 400.169 144 .84
21 406,01 154.18
22 4710.91 164.03
23 414,86 174 .30
24 417.82 184 .89
25 417 .84 185.00
* %k 1459 ® ok ok

Failure Surface Specified By 25 Coordinate Points

Point X-8urf Yv-Surf

No. (£t) {fr)
1 212.06 132.74
2 219.84 124,96
3 228.31 117.954
4 237.39 111.73
5 247.00 106.38
6 257.07 101.94



7 267.50 98.46 L

8 278.21 95.95

5 289.10 24 .44
10 30C.05 83.94
11 311.08 94 .46
1z 321.97 55,99
13 332.68 88.52
14 343.10 102.03
15 353.1¢6 106.49
16 362.76 111.85
17 371.83 118.08
18 380.28 125.12
19 388.05 132.581
20 385.06 141.3¢
21 401.26 150.47
22 406.59 160.09
23 411.02 170.16
24 414 .49 180.60
25 415.52 185.00

¥ kK 1.463 * kK

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-8urf
No. (ft) {(fr)

1 220.60 132.51
2 228.41 124 .76
3 236 .83 117.80
4 246,08 111.69
5 255.77 106.49
6 265.92 102.25
7 276.473 99.01
8 287.21 96.80
9 298.14 95.63
10 3059.14 95.52
11 320.10 96.47
12 330.92 98.48
13 341,49 101.51
14 351.72 105.55
15 361.52 110.56
16 370.78 116.49
17 379.44 123.28
18 387.39 130.87
19 384 .58 136.20
20 400.94 148.18
21 406.40 157.73
22 410.91 167.76
23 414 .44 178.18

24 416.03 185.00



* k% 1.463 * ko

Failure Surface Specified By 24 Coordinate Points

Point X-8urf Y-Surf

No. (ft) (£t}
1 222.36 132.46 |
2 230.15 124.69 |
3 238.64 117.70 |
4 247 .76 111.55 |
5 257.42 106.30 |
6 267.54 101.99 |
7 278.03 98.567 i
8 288.79 96.37 |
9 299.72 95.10 |
10 310.71 94 .89 |
11 321.68 95 .72

12 332.52 97.60

13 343 .13 100.50

14 383,41 104.41

15 353.28 109.27

16 372.63 115.06

17 381.39 121.71

18 389.48 129.17

19 396.81 137.37

20 403.33 146.23

21 408.98 155.67

22 413.5¢9 165.61

23 417 .44 175.95

24 419.77 185.00

* 4k % 1464 w ok ok

Fzilure Surface Specified By 25 Coordinate Points

Point X-Surf Y-surft
No. (ft) (ft)
1 222.11 132.47
2 229.92 124 .73
3 238.43 117.75
4 247 .55 111.60
5 257.21 106,34
6 267 .32 102.00
7 277.79 88.63
8 288.53 856.26
o} 299,44 54,90
10 310.44 94 .58
11 321.42 85.29




12
13
14
15
16
17
18
19
20
21
22
23
24
25

332
353

363
372

422

.28
342.
.28
.23
.70
381.
389.
397.
404.
410.
415.
412,
422.
.42

83

€0
86
35
15
06
07
14
24

*kok 1.464

* % &

87

103

120
127
135
144
153
163
173

.02
5S.
.50
i08.
113.
.24
.51
.52
.21
.48
.28
.49
184.
185.

76

18
78

05
00

Failure Surface Specified By 25

Point X-Surf
No. {ft)

1 219.60
2 227.38
3 235.85
4 244,54
5 254 .57
& 264 .65
7 275.0%9
8 285.81
9 296.71
10 307.70
11 318.69
12 329.57
13 340.26
14 350.65
15 360.67
16 370.22
17 379.23
18 387.60
19 385,28
20 402.19
21 408.27
22 413.48
23 417 .76
24 421,09
25 421,79

*k ok 1.464

* Kk &

Y-Surf
{(ft)

132
124

94

94,

94

102
112
118
125

142

171

.54
.76
117,
111,
106.
101.

28.

98,
.45

75
55
23
82
37
50

01

.59
96.
58.
.40
106.
.40
.72
.86
133.
.29
151.
161.
.28
181,
185.

20
81

95

73

46
15

76
00

Coordinate Points




Failure Surface Specified By 24 Coordinate Points

Point X-Surf

No. (£t}
i 217,84
2 225.68%
3 234 .24
4 243 .42
5 253.15
6 263.32
7 273.86
8 284,65
9 295.5¢%
10 306.5¢8
11 317.54
12 328.34
13 338.89
14 349,09
15 358.84
15 368,05
17 376.64
18 384.53
19 391.64
20 387.390
21 403 .26
22 407 .67
23 411.0¢
24 412.26
* k% 1.465

Failure Surface Specified By

Point X-8Surf
No. (ft)
1 220.60
2 228.45
3 237.00
4 246,18
5 255.¢1
& 266.08
7 276.63
8 287 .42
S 298.37
10 308.37
11 320.32
12 321.11
i3 241,65
14 351.83
15 361.55
16 370.74

* % %k

Y-Surf
(fr)

132.
124.
117.
111.
106.
i62.

99.
.27
SE.
g6.
S7.
9.
.39
1C¢6.
111.
117.
.49

97

102

124

132.
.55

140

149.
.20

159

1689,
178.
185.

58
87
96
90
76
58
41

18
15
18
27

52
61l
€2
ie
59
28

73
o

Y-Surf
(Et)}

132,
124,
117.
i1il.
106.
102.

95,
.25
96.
96.
.25

S9.
102.
106.
111.
117.

97

S7

51
80
88
83
£9
53
37

18
i8

38
54
71
g4
g0

Coordinate Points




17 379.28 124.82

18 387.13 132.53
19 394 .18 140.97
20 400.39 150.06
21 405,68 159.70
22 410.01 169.81
23 4313.35 130.29
24 414.35 185.00
* ok ok 1.465 * kK

Failure Surface Specified By 25 Coordinate Points

Point X-sSurft Y-Surf
No. (£r) {ft)
1 213.57 132.70
2 221.36 124.93
3 228,82 117.21
4 238.8% 111.68
5 248.49 106.30
& 258.53 101.82
7 268,54 88.26
8 279.63 S5.67
9 290.51 84 .05
10 301.50 93 .44
11 312.49 93.82
12 323.40 95.20
13 334.15 97.56
14 344 .63 100.89
15 354 .77 105.15
16 364 .48 110.32
17 373.68 116.35
18 382.29 123.19
19 380.25 130.79
20 397.489 135.07
21 403.94 147,28
22 409 .56 157.44
23 414 .29 167.37
24 418.11 177.68%
25 420.08 185.00
*osk ok 1465 w R K

Failure Surface Specified By 24 Coordinate Pointsg

Point X-5Surf Y-Surf
No. (ft) (ft)
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212

228

247

322
333
343

362
371

386

403

406.
.80

408

.31
220.
.58
237.
.37
257.
267.
278.
289.
300.
311.
.48
.08
.34
353.
.50
.22
379.
.54
383.
388.
.20

02
70
50
99
75
68

68
65

18

26

00
57

86

.465

132.
124.
117.
111.
106.
.27
e8.
S6.
95.
95.
96.
.05
.00
.85

102

c8
101
104

105.
115.
.41

122

129.
17

138

147.
156.
166.
921

176

184.

73
55
96
81
56

97
63
45
26
14

87
71

93
08
56
54

73
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Shearing Strength of Dry Sands and Gravels a7

S{resses associated with failure. As the num-
ber of tests increases indefinitely, it is ap-
arent that the envelope of the failure circles
(Fig- 4.62) represents the locus of points
associated with failure of the specimens,
The envelope is known as the rufiture line
for the given material under the specific
conditions of the series of tests, For ma-
rerials in general, the rupture line may be
curved, and it may have an intercept ¢ on
the axis of shearing stress. Since the values
of shearing strength ¢ corresponding to the
rupture line all represent failure, they are
designated as values of shearing strength s,
and the vertical axis in Fig. 4.64 is called
the axis of shearing strength. If the rupture
line is cousidered to be straight, it may be
represented by

fon

s=c 4 ptand £9

Ynown as Goulomd's equation.
From e geometry of Fig. 468, it mav

o

¢ scen that for any faillure cirele
Qo0 = 90° - &

Therefore, the angle between the planes
oa which failure occurs and the plane on
which the major principal stress acts is

o = 45° + 5’; 43

1.6. Shearing Strength of Dry Sands
and Gravels

The rupture lines for dry sands and
gravels pass through the origin of the rup-
ture diagram; hence, the intercept ¢ is equal
to zero. If the material is in a loose state, the
rupture line is linear and may be repre-
sented accurately by the equation

$ = frtan ¢ 4.4

where ¢4 is the angle between the rupture
line and the p-axis. For the same materials
in a dense state, the rupture line has a
slight downward curvature, but for practical
purposes in foundation enginecring it may
also be represented by eq. 4.4

For gravels, sands, silty sands, and in-
organic cohesionless silts the value of ¢4
depends primarity on the relative deansity,

the grain-size distribution, and the shape
of the grains. [t may be estimated with the
ald of Table 4. 1.

Table 4.1 Representative Yalues of ¢4 for
Sands and Silts ’

Degrees
Marterial
Loose Dense

Sand, round grains, uniforrm 27.5 34

Sand, anguiar grains, well 33 43
graded
Sandy gravel 3

Silty sand
Inorganic silt
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& drained triaxial test is o be performed
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w3 be 2
toas ssq (i At about what vertical pressure

otv o ouniform depse sand  with

arains. The all-around pressure £33

should the sample fail?
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g
p
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Whence by trigonometric transfermation
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p ( To) T e - (p/2)]

According to Table 4.1, the valus of ¢u is
likely to be about 34°. Thercfore,

b
2

) = tan® {45° + 17°)
= 1.881 = 3.5¢4
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Calculation Package B
Final Waste Slope Stability
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SLOPE STABILITY EVALUATION
FINAL WASTE SLOPLES
BRC CAMU

OBJECTIVE
The objective of this calculation package is to evaluate the stability of the final waste
soil slopes of the BRC Corrective Action Management Unit (CAMU) located in Henderson,

Nevada.

APPROACH OF ANALYSES

One of the important aspects in performing slope stability analyses is the selection of
appropriate material parameters. With respect to landfill design, experience dictates that the
weakest materials are typically the geosynthetic materials of the composite liner system. Hence,
selection of material parameters for the composite liner system, specifically internal and interface
shear strength properties are typically the most critical.

Ideally, lining shear strength properties should be determined from the results of
laboratory testing conducted on site specific lining materials. In lieu of conducting a laboratory
testing program with site specific materials, material shear strength properties may be adopted
from values reported in literature or values gained from experience. However, shear strength
properties are dependent on the laboratory testing conditions (e.g. confining pressures, shearing
rate, degree of saturation). In addition, published material shear strength properties may be very
general or explicitly product specific. Subsequently, employing published or experience-based
shear strength parameters in slope stability analyses may require that restrictions be placed on the
actual products and specific application conditions to ensure that the constructed slope is
representative of the slope evaluated in stability analyses.

To minimize the restrictions placed on the actual products used and the specific
application condition of the products in the construction of the BRC CAMU, the slope stability
analyses presented herein were conducted using the following approach:

1. Determine the minimum shear strength parameters (internal or interface) of

the composite liner components satisfying design criteria as indicated by
results of slope stability analyses (i.e. back-analysis);

Ami—
yF LN
HLO389-01/PAPRISDWP\Current Projects\SC0313 RRC CAMUNRAP\Modified RAP\MSL Wort\§C031 3. FinalSlope.doc i
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2. Demonstrate, using shear strength values reported in literature, that

commercially available products exist which reportedly satisfy the minimum
shear strength parameters; and

3. Based on the minimum shear strength parameters and shear strength values
reported in literature, develop specific requirements for the composite liner
system components which must be satisfied as demonstrated through results of
laboratory testing of site specific materials to be included in the Technical
Specifications.

DESIGN CRITERION

In current practice, a static factor of safety of 1.5 is generally required for final refuse
slopes. To evaluate static stability at the BRC CAMU, GeoSyntec established a minimum static
factor of safety of 1.5 as the stability criteria.

METHOD OF ANALYSIS

The slope stability computer program SLOPE/W (GeoStudio, 2006) was employed
for this analysis. SLOPE/W employs limit equilibrium principles to provide general solutions to
slope stability problems for a variety of slip surface shapes, pore-water pressure conditions, soil
properties, analysis methods, and loading conditions. Potential sliding surfaces, both circular and
polygonal, can be specified or randomly generated.

CROSS SECTIONS

Two cross sections were developed (cross sections A-A’ and B-B’) to evaluate
stability of the waste soil slopes of the BRC CAMU. The locations of these cross sections are
indicated in Figure 1. The cross sections were selected and developed considering that the most
likely potential failure surfaces would propagate along the composite liner system. In addition,
the slopes with the largest heights were chosen to represent the most critical conditions. Cross
sections A-A’ and B-B’ are representative of approximately a 2% liner slope behind a 3H:1V
(horizontal:verticaly 47-ft high slope of cover soil.

The slope stability calculations are based on the conceptual design grading plans
developed by GeoSyntec. Additional calculations may have to be performed if changes are made
to the aforementioned design grading plans.

_dibiinivuins.
A AR
HLO389-01/PAPRNASDWP\Current Profects\SC0313 BRC CAMINRAP \Modified RAP\MSL Work\SC0313. FinalSlope.doc roi
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MATERIAL PARAMETERS

In order to determine the critical material parameters of the compositc liner system
through back-analyses, it is necessary to establish the material parameters for non-liner system
components of the slope configurations. Non-liner system components involved in the
evaluation of waste soil stability include waste soil and native geologic materials. The selection
of material parameters for the non-liner system components used for slope stability analyses are
presented herein,

Waste Soil Material

For the purposes herein, the waste soil material is assumed to be similar to soils
located at the BRC CAMU site. The in sifu properties determined by Converse (1999)
characterize the BRC CAMU site soils as alluvial granular soils overlying fine-grained soils
encountered at depths from approximately 34-ft to 55-ft below the surface. Based on Converse
(1999) the alluvial granular soils are classified as silty sand with gravel (SM). The fine-grained
soils are classified as sandy lean clay (CL). Therefore, it is assumed that the waste soil can be
classified as a silty sand with gravel (SM). A sample boring log is presented in Attachment 1 to
represent the typical subsurface profile.

Direct shear tests were preformed on retrieved samples by Converse (1999). The in
situ material properties evaluated by Converse (1999) are presented in Attachment 2. Based on
results by Converse (1999) the silty sand with gravel is assumed to have a friction angle of 40
degrees and cohesion of 300 psf. For this analysis, GeoSyntec assumes a friction angle equal to
31 degrees and a cohesion of 300 psf.

_dbinbinni—
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HLO389-01/PAPRISDWP\Current Projects\SC0313 BRC CAMUNRAP Modified RAP\MSL Work\SC0313. FinaiSlope.doc oY




GEOSYNTEC CONSULTANTS Page 4 of 9

Written by: Meghan Lithgow Date: __08 / 06 /06 Reviewed by: 65?’(' Date: | /_?_)@L
MM DD YY MM DD YY

Client: BRC Project: BRC CAMU Project No.: SC0313 Task No.: 01 -02

Converse reported a maximum dry density of 132 pef and an optimum water content
of 8,7 percent for materials at the site. Therefore, assuming 95% relative compaction, the dry
density in the field is approximately 125 pef. Adding the weight of water, the unit weight is
approximately 136 pef.

Native Material

Native material within the limits of the BRC CAMU consists of alluvial granular soils
overlying fine-grained soils. Shear strength parameters for the native soil material were
previously estimated and reported in the Preliminary Geotechnical and Geologic Investigation -
Industrial Non-Hazardous Disposal Facility (Converse 1999). Twelve exploratory borings were
conducted by others to depths ranging from 33-ft to 60-ft (Converse 1999). In general, the native
materials appear to be consistent between borings. Direct Shear tests were performed on selected
undisturbed samples retrieved from the exploratory borings. A summary of the Direct Shear test
results as reported by Converse (1999) is presented in Attachment 2.

GeoSyntec performed stability calculations for the proposed fill slopes at the BRC

CAMU. Fill slope stability calculations are presented in Appendix X, “Slope Stability
Evaluation - Fill Slopes™.

RESULTS OF ANALYSES

Stability analyses were conducted on cross sections A-A’ and B-B’ using the
computer program SLOPE/W. Because the composite liner system of solid waste landfills
introduces the weakest materials within a typical cross section, polygonal or wedge shaped
potential failure surfaces propagating along the composite liner system were investigated.
Potential wedge failure surfaces were evaluated using the solver function of the SLOPE/W
program to search for the lowest factor of safety using both force and moment analyses. The
locations of potential failure surface searches were varied throughout the cross section by the
user to focus on the location of the most critical potential failure surface (defined as the potential
failure surface yielding the lowest factor of safety) for the given cross section.

A composite liner system represented by an apparent friction angle of 12 degrees and

no geosynthetic adhesion yields a factor of safety of 1.7 for the most critical potential failure
surface of cross section A-A’ and 1.6 for cross section B-B’ (Attachment 3).

_Aat——
A Any.
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REVIEW OF MATERIAL SHEAR STRENGTHS REPORTED IN LITERATURE

Results of the stability analyses indicate that the minimum allowable apparent internal
or interface friction angle for components of the composite liner system is 12 degrees. The
objective herein is to identify the potential internal and interface sliding surfaces of the
composite liner system proposed for the BRC CAMU and to estimate potential values of internal
and interface friction angles based on values reported in literature. The proposed base and side
slope composite liner system is comprised of, from top to bottom:

. 2 ft. thick operations layer;

. Drainage geocomposite with an 8 oz/sy geotextile bonded to both sides of the
geonet;

. 60 mil HDPE geomembrane liner (textured top and bottom);

. Geosynthetic clay liner (GCL); and

. Prepared subgrade or waste soil.

The estimated internal and/or interface shear strengths for each of the potential
composite liner system materials as reported in literature and the corresponding reference are
presented below. Values listed below, unless otherwise noted, represent post-peak or residual
friction angles.

The type of GCL considered is a geotextile-backed GCL. The geotextile-backed GCL
consists of a layer of bentonite between two geotextiles.

HLO389-01/PAPRASDW P\Current Projects\SCO313 BRC CAMIARAP\Modified RAP\MSL Work\SC0313.FinalSlope. doc
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The following presents a summary of published interface friction values:

Material/Interface ¢’ Friction Angle!V Reference
-Operations layer 0, 32 degrees NAVFAC (1982) (Att. 4)*%
-Operations layer/GT 0, 29 degrees Koerner (1995) (Att. 5)(4)
-GT/leachate collection aggregate 0, 34 degrees Koerner (1995) (Att. 5)1*
-Leachate collection aggregate 0, 37 degrees NAVFAC (1982) (Att. 4%
-Geotextile/textured GM 0, 19 degrees Li and Gilbert (1999) (Att. 7)®
~Textured GM/GCL 0, 12 degrees Bentomat (Att. 6)

-GCL (internal) 0, 16 degrees Bentomat (Att. 6)(7)

-GCL (GT backed)/subgrade 0, 31 degrees Bentomat (Att. 6)
-Prepared Subgrade 0, 35 degrees Converse (1999) (Att. 2)
where:

GT = geotextile
GM = geomembrane
GCL = geosynthetic clay liner

Notes:

1. For the sake of comparison herein, the adhesion of the geosynthetic interfaces (geosynthetic
cohesion) is neglected. All values are presented in terms of effective stress strength parameters.

2. NAVFAC (1982} lists typical shear strength values for various soils based on 100 percent standard
Proctor compaction. Actual construction materials would likely be placed at 90 percent of the
modified Proctor compaction which for the sake of the comparison presented herein roughly
corresponds to 100 percent standard Proctor compaction.

3. Value of friction angle for a silty sand designated under the USCS classification system as a SM.,

4, Koerner (1995) suggests that an efficiency of greater than 90 percent for the interface of nonwoven,
needle-punched geotextiles to various soils can be achieved. Efficiency values are based on the
relationship, Efficiency = tan(interface friction angle)/tan(soil friction angle). The interface friction
angle presented herein was calculated using a 90 percent efficiency and the estimated soil friction
angle. Adhesion is neglected.

5. Value of friction angle for a well graded or poorly graded gravel designated under the USCS
classification system as a GW or GP.

AR
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6. Li and Gilbert {1999} reports an average secant friction angle of a Gundline HDT 60-mi] HDPE
geomembrane/Trivira 1145 interface of 19 degrees under a confining pressure of 50 psi at a large-
displacement (Attachment 8).

7. According to the Summary of Bentomat Direct Shear Test Data (Attachment 6} a friction angle of 24
degrees is represents typical reported peak displacement internal shear strength values for the GCLs.
Note that this represents typical results of hydrated test conditions within the range of normal stresses
from 14 to 142 psi. The peak displacement internal shear strength equals approximately 16 degrees
when reduced by a factor of safety of 1.5. This reduction in the internal shear strength is conservative
considered in the absence of site specific test data.

8. Reported data from the Summary of Bentomat Direct Shear Test Data (Attachment 6). Note that this

represents typical results of hydrated test conditions within the range of normal stresses from 7.5 to 30
psi for the respective interface.

CONCLUSIONS

Results of stability analyses presented herein indicate that an apparent internal or
interface friction angle (residual) of 12 degrees for any component of the composite liner system
is the minimum allowable value providing for a static factor of safety that satisfies the design
criteria of 1.5.

A review of potential internal and interface shear strengths reported in literature for
materials representative of the components of the proposed composite liner system at the BRC
CAMU was conducted. Based on the shear strength values reported in literature, proposed
composite liner interfaces exhibit apparent internal and interface friction angles greater than the
minimum allowable value of 12 degrees evaluated herein.

Furthermore, it is crucial that interface shear tests be conducted on the actual
materials proposed for use in the composite liner system. Based on the analyses presented
herein, results of interface shear tests on the actual materials proposed for use in the composite
liner system must indicate that_the weakest apparent residual friction angle of the composite
liner system is equal to or greater than 12 degrees. Note that the apparent friction angle differs
from the friction angle determined from the failure envelope developed directly from results of
direct shear tests. The apparent friction angle is determined from the failure envelope of the
data points from direct shear test results which have been linearly regressed through the origin of
the normal stress/shear stress plot.
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The results of interface shear testing are directly dependent on the test conditions
including normal stress levels, rate of shear, degree of saturation, and amount of displacement. It
is imperative that these test conditions are representative of the anticipated conditions at the BRC
CAMU when testing actual materials proposed for use in the composite liner system.
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Appendix A - Field and Laboratory Investigations g

Direct Shear Strength

A progressive direct shear test was performed on selected undisturbed
samples using a constant strain rate direct shear machine in general
accordance with ASTM D3080. The test specimen was trimmed and
placed in the shear machine, a specified normal load was applied, and
the specimen was sheared until maxamum shear strength was devel-
oped. After the soil specimmen had developed maximum shear resis-
tance under the first normal load, the normal load was removed and
the specimen was pushed back to its original undeformed configura-
tion. Another normal load was then applied, and the specimen was
sheared a second time. This process was repeated for three different
normal loads. Results of the direct shear test are presented on Figures
A-62 through A-69 and in the following table:

. . Angle of Internal Coulomb

E);lélg; gg: " ?Fiitt? Descsr(i)gtion FI:;:;;?" Co::(ess;_i)on
B-4 11::5 Silty sand with gravel 31 0.7
B-5 14-15 Silty sand with gravel 43 0.3
B-10 554’3_;5 Sandy lean clay 26 0.85
B-12 14-15 Silty sand with gravel a0 0.3
B-101 39-40 Sanay lean clay 26 0.9
B-102 20:25 Silty sand with grave! 37 0z
B-103 49-50 Sandy lean clay 37 1.0
B-104 1015 Silty sand with gravel 43 01

Chemical Analysis

Chemical tests were performe(i on a representative soil samples to in-
vestigate the potential for soil corrosivity and chemical heave. Atlas
Chernical Testing Laboratories, Inc. in Las Vegas performed the chemi-
cal analysis for water-soluble sulfates and sodium in general accor-
dance with ASTM DS16. The results of the chemical tests are pre-
sented on Drawing No. A-70.

993437 GGl PARSONS BMI Landfilt 10-22-99 MKK 18-69BC | Kf*:s T L antc
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Grain Size Distribution

Grain size distribution for secil samples were determined by sieve
analysis in accordance with ASTM C136. A sieve analysis is con-
ducted by passing the soil through a number of different sized sieves
and measuring the amount of soils retained on each sieve. The test
results and grain size distribution curves are presented on Drawing
Nos. A-37 through A-48.

Atterberg Limits

The liquid limit, plastic limit and plasticity index of a representative
sample of the fine-grained soils were determined to aud 1n the classifi-
cation of the soils -and in the evaluation of other engineering parame-
ters. The test was performed in general accordance with ASTM test

method D4318. The results of the tests are tabulated in the following
table:

Exploration Sample Liguid Plastic Piasticity Unified Soils
Location Depth, ft. Limit, % Limit, % Index Classification
B-1 30-35 NP NP NP SM
B-5 20-25 NP NP NP 5M
B-10 30-35 NP NP NP M
B8-12 1015 NP . NP NP 5M
B-1M 3540 105 71 34 MH
8101 54-55 54 44 10 ML
B-102 20-25 NP NP NP 5M
B-102 49-50 88 58 30 MH .
B-103 30-35 NP NP NP sM
B-104 1015 NP NP NP sM
B8-105 20-25 NP NP NP SW-SM
B-106 -5 NP NP NP SM

NP = Nonplastic ‘

A ¥acds mewt |
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Appendix A - Field and Laboratory Investigations 6

Direct Shear Strength

A progressive direct shear test was performed on selected undisturbed
samples using a constant strain rate direct shear machine in general
accordance with ASTM D3080. The test specimen was trimmed and
placed in the shear machine, a specified normal load was applied, and
the specimen was sheared until maximum shear strength was devel-
oped. After the soil specimen had developed maximum shear resis-
tance under the first normal load, the normal load was removed and
the specimen was pushed back to its original undeformed configura-
tion. Another normal load was then applied, and the specimen was
sheared a second time. This process was repeated for three different
normal loads. Results of the direct shear test are presented on Figures
A-62 through A-69 and in the following table:

- . Angle of Internat Coulomb
E){Z?artaigg " ?fz‘?ett}; i Des:r?gticn F:Z‘:ig?n co::cess;i)on
B4 11;1:5 Silty sand with gravel 31 0.7
B8-5 14-15 Silty sand with grave! 43 0.3
B0 o sandy lean clay 26 0.85
B-12 14-15 Silty sand with gravel 40 0.3
B-101 29-40 Sandy fean clay 26 0.9
B-102 20-25 Silty sand with gravel 37 0.2
B-103 49-50 Sandy lean clay 37 1.0
B-104 10-15 Silty sand with gravel 43 0.1

Chemical Analysis

Chemical tests were performed on a representative soil samples to in-
vestigate the potential for soil corrosivity and chemical heave. Atlas
Chemmical Testing Laboratories, Inc. in Las Vegas performed the chemi-
cal analysis for water-soluble sulfates and sodium in general accor-
dance with ASTM D516. The results of the chemical tests are pre-

sented on Drawing No. A-70. (At A mat 2
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Log No. B- 8
Date of Dritiing: 9/14/99 Location: See Deawing No. 2 Ground Surface Elevation (ft): Not Available
Daller: T. High Borehole Diameter: 8" Equipment: BK-81 Hollow Ster Auger
Logged By: M. Stacy Groundwater Depth {ft): 58.0 Driving Wt. and Drop: 140#/30"
SUMMARY OF SUBSURFACE CONDITIONS Samples -
This log is pact of the report prepared by Coaverse for this project and should g 3 E
a0 be read with the report. This summary applics oaly at the focation and time of - 8 ey = 5
= 3 the exploration. Subsurface conditions may differ at other Jocations and may z s | % Z 3
= -2 change at this location with the passage of time. The data presented is 2 N [ & E a 5
S = simpliied model of the actual conditions encountered. R z = 2 = 3
& 5 ald] 2 |afl z | & =
s SANDY LEAN CLAY With Grave! (CL); very stiff, dark 49
brown, slightly maist
7 —-doy v 35/8" K
72
i
5 l..!
ol
7
‘i
. -—partially cemented, moderately hard, white, drv
“Z{ SANDY LEAN CLAY (CL); very stiff, dark brown, moist W1 |33710 pp=3.0

SILTY SAND (SM); dense, brown, wet

71 SANDY LEAN CLAY (CL); stiff, dark brown, wet W

o HE
kK 1
e H

=
16 : (52 E pp=2.0

: A s i
Exd of Explocation a1 60.0° et Converse Sampler (wlite svmbol=u0 recovery)

e SPT Sampler (white SyTbol=Tio recovery)

PRELIMINARY GEOLOGIC AND GEOTECHNICAL INVESTIGATION
Basic Management Incorporated
Clark County, Nevada

Project No.

99-33437-01
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Log No. B-12

" Datcof Drilling: 9/14/99 Location: See Drawing No. 2
Drller: T. High Borehole Diameter: 8"
" Logged By: M. Stacy Groundwater Depth (ft): 37.5

Ground Surface Elevation (ft): Not Available
Equipment: BK-81 Hollow Stem Auger
Drving Wt and Drop: 140#/30"

DRAFTED BY QOLE

—wet, stff

—-with eravel, very stiff

SVED BY

o,

2

o

P

N4

End of 'E.\'.plorar.ion at 60.8

bt

16

18

SUMMARY OF SUBSURFACE CONDITIONS Samples o

This log is part of the repont prepared by Converse for this project and shoutd % é’ ._%

20 be read with the report. This summary applics only at the location and time of - 3 3 > e

= = the exploration. Subsurface conditions may ditler at ather locations and may 2 © = 5 3

= 2 change at this location with the passage of time. The data presented is a ° o o E P 5

= Ey simpliticd model of the actual conditions encountered. z H = 2 N =

a = gla] = a| = a =
SANDY LEAN CLAY (CL); very stiff, dark brown, moist 44

v

pp=1L.5

: pp=L.3

&7 Converse Samoler {white symbol=no recovery) Q SPT Sampler (white Snbol=ne recoverv)

PRELIMINARY GEOLOGIC AND GEOTECHNICAL INVESTIGATION Project No.
Basic Management Incorporated
Clark County, Nevada 99-33437-01
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L.og No. B-101

Date of Dulling: 9/20/99 Location: See Drawing No, 2 Ground Surface Elevation {f): Not Available

., Daller: T. High Borehole Diameter: 87 . Equipmeat: BK-81 Hollow Stem Auger
¢ Logged Bv: M. Stacy Groundwater Depth () 42.0 _ Driving Wt. and Deop: 1404/30"
]
o SUMMARY OF SUBSURFACE CONDITIONS Samples -
& This log is part of the report prepared by Converse for this project and should % 3 T:_,
2] = be read with the report. This summary applics only at the location and time of = k] & g S
Bl = = the exploration. Subsurface conditions may differ at other locations and may ] e %’ F 3
<| = -2 change at this location with the possage of time. The data presented is a o Q & = g 5
ol & Ey simplitied model of the actual coaditions encountered. z H = -2 = =

a S ajal a | &8} = a &

P SILTY SAND With Gravel (SM); medium dense, grayish
‘L brown, dry
r

Bret

NN

SANDY LEAN CLAY (CL); stiff, dark brown, moist

I 1 <4SE‘I}

—opartially cemented lens, moderately hard, brownish white, wet LA | i ! |

---with gravel A

ON .

o AED I

End of éxpi;;r-auon at 60 i2t Converse Sampter (white svmbol=no recoverv) L_.gi SPT Samipler :(whitc sviabol=no reco\'ﬁ_‘)_‘
PRELIMINARY GEOQLOGIC AND GEOTECHNICAL INVESTIGATION Project No.
g Basic Management incorporated
a Clark County, Nevada 99-33437-01
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l.og No. B- 1
Date of Dalling: 9723/99 Location: See Drawing No. 2 - Ground Surface Elevation (ft): Not Available
Driller: T. High Borelhiole Diameter: 87 Equipment: BK-81 Hollow Stem Auger
Logged By: M. Stacy Groundwater Depth (ft): 33.0 Driving Wt and Drop:  1404/30"
L;!
8 SUMMARY OF SUBSURFACE CONDITIONS Samples I
S This log is part of the rcpon.pn:parcd by Converse for this project and should % 5 %
a a0 be read with the report. This summary applies only at the location and time of - 2 & - P_,:_'
= . - N . | = — < oy =
Olo= «d the exploration. Subsurface conditions may differ at ather ocations and may 3 s g G 3
b 2 change at this location with the passage of time. The data presented is 2 o 4] = 5 2 5
S = simplified model of the actual conditions cncotntered, Z z = 3 o =
= S alal & & | = a =)
1.1 SILTY SAND With Gravel (SM); dense, Light brown, slightly 35
' moist
GP
/"”F‘-\ 3 ;
5 7 e B
—
-—grayish brown i
T 3546
---very dense A
i G
P : M ---dense WE ©35/6"
b P R ’ ; i : :
End of Exnlaration at 35.0° | Converse Sampler {white svmbol=no recoverv) ..l SPT Sampler {wlute svinbol=no recoverv)
PRELIMINARY GEOLOGIC AND GEOTECHNICAL INVESTIGATION : Project No.
Basic Management Incorporated
Clark County, Nevada 99-33437-01
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Log No. B- 4

Date ot Dnlling: 9/13/9%
Daller: T. High
Logged By: M. Stacy

Location: See Drawiug No. 2
Borchole Diameter; 8"
Groundwater Depth (ft): 34.3

g1c

Ground Surface Elevation (ft): Not Available
Equipment: BK-81 Hollow Stem Auger
Driving Wt and Drop:  140#/30°

D

SUMMARY OF SUBSURFACE CONDITIONS Saeaples -
This log is part of the report prepared by Coaverse for this project and should % 5 8
=8 be read with the report. This summary applies only at the location and time of = & & g 2
= ] the exploration. Subsurface conditions may differ at other locations and may 3 ® bag F 5
= 2 change at this location with the passage of time. The data presented is 2 ° o = 3 & 5
S 5 stmplified model of the actual conditions encounteced. ] = 3 = 3 P 3
a S ]| a a = a 2
- : '{'E‘ SILTY SAND With Gravel (SM); very dense, brown, dry - 352"
Mg
SR
- R LR
SPy R
L : DA Sy '
RN
ata bl
3 P .
AT
=243 )
i ' B . '_t ""‘densc . x 49 K
Jhobn
B Ll R It
R
— 267 : i 1:'
SRR TN b S5
—28-dv g0t &
-l .
-—few eravel P33 73 ‘:k’
% w2
-
i
-—with gravel, very dense i 35/8" 4 !
rOn
.. ---with bouldars 1 ' ' '
CEMENTED SAND AND GRAVEL; hard, brown, dry L i |

¥

End of Expleration at 60.0°

e L ! i :
o | Converse Sampler (whits svmbol=no recoverv) i3 SPT Sampler (white svmbai=no recoverv)

PRELIMINARY GEOLOGIC AND GECOTECHNICAL INVESTIGATION
Basic Management Incorporated
Clark County, Nevada

Project No.

99-33437-01
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Log No. B- 5
Date of Drilling: 9/15/99 Location: See Deawing No, 2 Ground Surface Elevation (ft): Not Avsilable
Priller: T. High " Borchale Diameter: 87 Equipment: BK-81 Hollow Stem Auger
! Logged By: M. Stacy Groundwater Depth {(R): 32.5 Dreiving Wi and Drop:  140#/30"
5 SUMMARY OF SUBSURFACE CONDITIONS Samples .
& This log is part of the report prepared by Converse for this project and sheould § ﬁ 3
a =0 be read with the teport. This summary applies only at the location and time of - 2 § = &
el = 2 the exploration. Subsuctace conditions may differ at other locations and may L P g z 3
<z 2 change at this location with the passage of time. The data presented is z - C & F qﬁ 5
é B = simplified model of the actual conditions encountered. - H = -5 = 2
o 5 Gja| o a = a i
FILL: SILTY SAND With Gravel; tan, dry 9
e
—slightly motst b4 35/57
38
-~with cobbles

SILTY SAND With Gravel (SM); dens, tar, slightly moist 115

E:Sol;

. )
43 4&138

--very dense VI :

4]l

End of Exnlo;zuio_;x at 60.¢ & Converse Sampler {white svmbol=no recovery) . L2 SPT Sampler {white svinbol=no recoverv}

PRELIMINARY GEOLOGIC AND GEOTECHNICAL INVESTIGATION Project No.
Basic Management Incorporated
Clark County, Nevada 99-33437.01
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Log No. B- 5
Date of Drilling: f-;h’ 15499 Location: Sec Drawing Mo, 2 Ground Surface Elevation (R): Not Available
Drller: T. High Borchole Diameter: 8° Equipment: BK-81 Hollow Stem Auger
Liogged By: M. Stacy - Groundwater Depth (R): 352.3 Driving Wt aud Drop: 1408/30"
e
3 SUM_MARY OF SUBSURFACE CONDITIONS Samples -
& This log is part of the report prepared by Converss for this project and should % 2 E
a et be read with the report. This summary applies only at the location and time of - 3 F - =
Pl = 3 " the exploration. Subsurface conditions may differ at other locations and may E P % = 3
= B 2 change at this lacation with the passage of time. The data presented is 2 i G = E 3 P
e Ey simplified model of the actual conditions encountered. _f:__’ E=: z = 2 s 2
a S als| a S| = a &=
SILTY SAND With Gravel (SM), dense, tan, slightly moist ' 32 A
s G;P;,Ch
Wt
q 58/8"
—--very dense '
~—brown
CLAYEY SAND With Gravel (SC); dense, dark brown, L] ] 3354 61112 1 1\E
slightly moist ; ( el
3506"
SILTY SAND With Gravel (SM); dense, black_ slightlv moist } | ]
-—-dark brown
| i
g j
i ! :
-—-very dense 303" '
:
e i
P P
E ;
£ A R S
2. ---with cobbles DR rsoet
xR ";‘ R IR 1' 1 : H
" —End of Exoloration at60.0°__ (i Couverse Sampler {white svinbol=no recoverv) il SPT Sampler (whits Sviabol=n0 T&COvery)
- PRELIMINARY GEOLOGIC AND GEOTECHNICAL INVESTIGATION Projest No.

H.GIRJ

Basic Management Incorporated
Clark Canntv Mavarda

aa.3437.01
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Elevation (in MSL) (x 1000)
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Shearing Strength of Dry Sands and Gravels 87

stresses associated with failure. As the num-
per of tests increases indefinitely, it is ap-
parent that the envelope of the failure circles
(Fig. 4.6a) represents the locus of points
associated with failure of the specimens.
The envelope is known as the ruplure line
for the given material under the specific
conditions of the series of tests. For ma-
terials in general, the rupture line may be
curved, and it may have an intercept ¢ on
the axis of shearing stress. Since the values
of shearing strength ¢ corresponding to the
rupture line all represent failure, they are
designated as values of shearing strength s,
and the vertical axis in Fig. 4.be is called
the axis of shearing strength. If the rupture
line is considered to be straight, it may be
represented by

s =c¢ 4 ptang 4.2

krown as Coulomd’s equation.
From the geometry of Fig. 4.6¢, it may
be seen that for any failure circle

20 = 90° + ¢

Therefore, the angle between the planes
on which failure oecurs and the plane on
which the major principal stress acts is

a:4-5°+% 4.3

4.6, Shearing Strength of Dry Sands
and Gravels

The rupture lines for dry sands and
gravels pass through the origin of the rup-
ture diagram; hence, the intercept ¢ is equal
to zera, If the material i1s in a loose state, the
rupture line is linear and may be repre-
sented accurately by the equation

5= ptan ¢ 4.4

where ¢q is the angle between the rupture
tine and the p-axis. For the same materials
it a dense state, the rupture line has a
slight downward curvature, but for practical
Purposes in foundation engineering it may
also be represented by eq. 4.4.

For gravels, sands, stlty sands, and in-
Organic cohesionless silts the value of ¢
depends priznarily on the relative density,

the grain-size distribution, and the shape
of the grains. It may be estimated with tfie
aid of Table 4.1

Table 4.1 Representative Yalues of ¢, for
Sands and Silts '

Degrees
Material
Loose Dense
Sand, round grains, uniform  27.5 34
Sand, angular grains, well 33 45
graded
Sandy gravel 35 50
Silty sand 27-33
Inorganic silt 27-30 30-34

ILLUSTRATIVE PROBLEM

A drained triaxial test is to be performed
on a uniform dense sand with rounded
grains. The all-around pressure p; is to be 2
tons/sq fr. At about what vertical pressure
should the sample fail?

Solution. 1f r = ptan ¢, it can be seen
from the sketch that

5

F4 A C 8

P Py P
p. OC+CB _ OC+ OCsing
ps OC—AC  OC— OCsin ¢
1+ sing
I —sin ¢

0

Whence by trigonometric transformation
! 9 ( o Gb) 1

- =t 43 - =

p T AR T T G - (5/2)]

According ta Table 4.1, the value of ¢4 35
likely to be about 34°. Therelcre,

tan® (45° + %‘5) — tan? (45° 4+ 17°)
~ 18817 = 3.54

A ki mmenct- 3, 4
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Client: BRC Project: BRC CAMU Praject/Proposal No.: SC0313  Task No.: _01-04

DRAINAGE PIPE SIZE REQUIREMENTS
OBJECTIVE

The objective of this calculation package is to evaluate the drainage pipe size requirements for
the base liner proposed for the drainage system for the BRC Corrective Action Management Unit
(CAMU) located in Henderson, Nevada. It is proposed that the drainage system include an
geocomposite drainage layer with a single drainage pipe, bedded in a drainage aggregate trench,
located along the base of each cell. The pipe diameter and perforations must be able to handle
the maximum flow into and through the pipe. This calculation will evaluate the required
performance diameter and perforation size and spacing for the drainage pipe. In addition, the
drainage aggregate must be sized as to not allow transport of materials through the pipe
perforations.

SUMMARY OF ANALYSIS

The calculations suggest that a 4-inch diameter pipe with four “-inch perforations spaced at 1
foot on center will accommodate the maximum flow predicted by the HELP Model. The
maximum particle size of the drainage aggregate is 1 in or less (as evaluated in the geomembrane
puncture protection calculation) and Dgs must be 0.5 inch or higher to prevent piping and
material loss. AASHTO 67 material meets the drainage aggregate requirements.

SITE CONDITIONS

The proposed composite liner system will be comprised of the following components, from top
to bottom (Figure 2):

- 2 ft of operations layer material;

- a drainage geocomposite;

- 60-mil (1.5 mm} HDPE geomembrane, textured on both sides;

- a geosynthetic clay liner (GCL); and

- prepared subgrade.

)

SC0313 PipeSize BRCON-27.082406.d cale. DOC
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ANALYSIS

HELP Analyses:

The Hydrologic Evaluation of Landfill Performance (HELP) modcl was uscd to estimate the peak
daily quantity of liquid expected to be generated in the drainage pipe during or after a rainfall
event. The HELP model is used to evaluate the worst case scenario which occurs during the
period when the cell contains a small quantity of waste, such that any collected liquid is
considered leachate, yet the majority of the cell is empty so the largest quantity of liquid will
infiltrate through the operations layer to the drainage layer. This time period exists between the
following activities:

e Immediately afier the composite liner system construction has been completed (any collected
liquid during construction is considered construction water and will not be contaminated);

e Before the period of significant waste placement. Leachate generation is reduced by the dry
landfill moisture retention capacity. Separate calculation packages address the moisture
retention capacity of the dry landfill soil and respective dry landfill requirements so that
leachate generation is greatly reduced or completely stored in the waste soil.

No further analyses are needed because the above condition represents the worst case during the
life of the landfill.

The rainfall history was synthetically generated by HELP over a 20 year period. The drainage
pipes, pipe perforations, and portions of the drainage geocomposite layer (maintaining less than 1
ft of head over the liner) must accommodate the peak daily quantity over a 20 year rainfall
history. This is conservative because the 20-year peak daily quantity is assumed to occur during a
relatively short exposure period.

The initial water content of the placed soil is assumed to be the default water content initialized
by HELP. This is conservative because the water content of the drainage agpregate and
operations layer soil is likely to be relatively low due to high temperatures and low humidity at
the site, creating a high pan evaporation rate. Therefore, the initial water content evaluated by
HELP (based on a water content near steady state) will likely be higher than the actual site
conditions.

SCH313.PipeSize. BRCO0-27.082406.d.cale. DOC
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Model Parameters

Vertical Percolation Layer: The vertical percolation layer (type 1) is represented by default
properties for a silty sand in HELP (texture number 3). However, the hydraulic conductivity is
changed to represent worst case (high hydraulic conductivity) as estimated by Converse
Consultants (Attachment G).

Geocomposite: The default material properties for the drainage geocomposite in the HELP model
are used to represent the lateral drainage layer (type 2). The defalt properties for the
geocomposite are represented by HELP texture number 20. The hydraulic conductivity of the
goecomposite is assumed to be 10 cm/sec (required by 40 CFR 264.301 (¢) (3) (i1)).

Geosynthetics: The geomembrane and GCL properties are estimated from the HELP model. The
GCL is represented by texture number 17 and the geomembrane is represented by texture number

35.

Runoff: The SCS runoff curve number was evaluated assuming HELP texture number 3 at the
surface (silty sand).

The default values in the HELP model are shown in the HELP output presented in Attachment A.

Figure 1 presents the locations of drainage pipes and HELP Model analyses listen in the
following Table. Figure 2 shows the cross section of the base liner system.

HELP Results

The following results were obtained from the HELP analysis:

Location Peak Daily Area Slope and File
Quantity Length1
Unit 1 306 ft° 3.34 acres 2% and 200 ft | SOIL1SUM
Unit 2 568 ft° 598 acres | 2% and 400 fi | SOIL2SUM
Unit 3 1062 f° 10.9 acres | 2% and 1050 ft | SOIL3SUM
Unit 4 1169 ft* 11.9acres | 3% and 550 ft | SOIL4SUM
Unit 5 1313 13.3 acres | 3% and 650 ft | SOIL5SUM
Unit A 9833 ft° 2.84 acres | 48% and 100 ft | SOILASUM
Unit B 10471 ft° 3.15acres | 48%and 75 ft | SOILBSUM

1) see Figure | for slope and length cvaluation.

SC0313.PipeSize. BRCOU-27.082406.d.cale. DOC
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Pipe Diameter Analysis

From the HELP Mode!l analyses performed for each of the 5 units and 2 side slope conditions at
this facility (Attachment A), the maximum peak daily quantity of liquid expected to be gencrated
is 10457 cubic feet on Slope B (see Figure 1). Two pipes will be used to convey the drainage
from Slopes B to the sump. The following flow rate for each pipe is calculated:

(10457 CF/day) / (24 hours/day) / (60 min/hour) / (60 sec/min)/2 = 0.0605 cfs

The following equation (Attachment B) can be used to estimate the flow rate in the pipe when
flowing full:

Q= (1486/m)(A)R)™(S)"”

where;

n = the Mannings roughness coefficient, 0.009 for plastic pipe (Attachment B)
A = the area of the pipe

R = hydraulic radius = area/perimeter of the pipe (Attachment B)

S = minimum slope of pipe = 0.5 %

Assuming a 4” diameter pipe will be sufficient, and using the standard dimension ratio (SDR) of
13.5 determined in the pipe crushing calculation, the following values will be used in the above
equation: ¢
r=1.92 in (SDR 13.5 HDPE pipe) (Attachment /K{
A=mrt=rx(1.92/12)" = 0.080 & '

R =(0.080)/ (2 = (1.92/12)) = 0.080 ft

Placing the above values into the Mannings equation results in the following:
Q v i = (1.486/0.009)(0.080)(0.080)°(.005)/

Q 4 ran = 0.173 cfs, which is larger than the required flow rate of 0.061 cfs, therefore
4” diameter pipe will be sufficient for this application.

Perforations Analysis
A minimum of four penetrations, each 45 and 90 degrees from the bottom of the pipe, will be

used to limit the amount of particulates entering the drainage pipe directly. Verify that 4 rows of
Va-inch holes spaced at 12 inches on center are adequate.

_Aii——.
A
.7 %
SC0313.PipeSize. BRCO0-27.0824006.d cale. OC o
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The holes will be modeled as submerged orifices using the following equation:

Q=Cq A (2gh)"? (Attachment D)
where:
Cy = coefficient of discharge = 0.62 (Attachment D)

A = area of hole = 1 (0.125/12)* = 0.0003 ft®
h = head in feet = 1 ft based on maximum head allowed over the liner system
g = gravity = 32.2 ft/sec’

Q = (0.62) (0.0003) (2 x 32.2 x 1) = 0.0015 cfs per hole
Q =0.0015 cfs x 4 holes/foot of pipe = 0.006 cfs per foot of pipe

The conservative maximum discharge to the pipe is approximately 0.061 cfs. Since there is more
than 100 ft of drainage pipe for each unit (6.1 c¢fs/100 ft of pipe) the perforation size and spacing
is more than adequate for the predicted flow rates to the pipe.

Required Drainage Aggregate

The size of the perforations are 1/4 inch in diameter. The gradation of the drainage aggregate
must be designed to insure that piping and material loss will not occur. The U.S. Bureau of
Reclamation (1973) use the following criteria for gradation of filter materials in relation to holes:
(Dgs of the filter material) / (hole diameter) > 2.0 (Attachment E)
Therefore, Dgs of the filter material must be greater than 1/2 inch.

AASHTO 67 material has a maximum particle size of 1 inch, which is the criteria for puncture
protection of the geomembrane. Dgs of AASHTO 67 material ranges from approximately 0.5 to

0.7 inches, which satisfies the above criteria (see Attachment F).

CONCLUSIONS

In accordance with the above analysis, the drainage pipe shall be 4-inch diameter pipe with four
Ya-inch perforations per foot of pipe. The drainage aggregate shall have a hydraulic conductivity
greater than 1 x 107 cm/sec, a maximum particle diameter of | inch, and Dys greater than 1/2
inch. AASHTO 67 material satisfies this criteria.
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wx HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE w%
e HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ¥
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PRECIPITATION DATA FILE: C:\HLP3\BRC\BRCPREC.D4
TEMPERATURE DATA FILE: C:\HLP3\BRC\BRCTEMP.D7
SOLAR RADIATION DATA FILE: C:\HLP3\BRC\BRCSOLAR,D13
EVAPOTRANSPIRATION DATA: C:\HLP3\BRC\BRCEVAP.D11
SOTL AND DESIGN PATA FILE: C:\HLP3\BRC\BRCSOIL1.D10
C

OUTPUT DATA FILE: $\HLP3\BRC\Summary\SOIL1SuUM.OUT

TIME: 8: 3 DATE: 8/31/2006
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TITLE: BRCUnitl
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADPY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 3

24,00 INCHES

0.4570 volL./voL

0.0830 voL/VvoL

0.0330 voL/voL

0.1055 voL/voL
0.310000009000E-02 CM/SEC

THICKNESS

POROSTTY

FIELD CAPACITY

WILTING POINT

INITIAL SOXL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

g nnH

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
Page 1



SOILISUM.OUT
MATERIAL TEXTURE NUMBER 20
0.20 INCHES
0.8500 voL/vOL
0.0100 voL/vOoL
0.0050 voL/voL
0.0110 voL/voL
10.0000000000 CM/SEC
2.50 PERCENT
200.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

o mwng

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERTAL TEXTURE NUMBER 35

0.06 TNCHES
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL

0.199999996000E-12 CM/SEC
0.00 HOLES/ACRE
0.00 HOLES/ACRE

4 - POOR

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LI T 1 I O O S B 1

LAYER 4

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.20 INCHES

0.7500 voL/voL

0.7470 vOL/VOL

0.4000 vOL/vOL

0.7500 voL/voL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

L3 I | 1 S | B

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 3 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
A SLOPE LENGTH OF 200. FEET.

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

81.00

100.0 PERCENT
1.000 ACRES
18.0 INCHES
1.704 INCHES
8.226 INCHES
0.594 INCHES
0.000 INCHES

L | R | O VI I

Page 2



SOTLISUM.OUT
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

2,684 INCHES
2.684 INCHES
0.00 INCHES/YEAR

It

[

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

LAS VEGAS NEVADA
STATION LATITUDE = 36.08 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 62
END OF GROWING SEASON (JULIAN DATE) = 321
EVAPORATIVE ZONE DEPTH = 18.0 1INCHES
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 39.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 21.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 24.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 36.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
0.50 0.46 0.41 0.22 0.20 0.09
0.45 0.54 0.32 0.25 0.43 0.32

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
44,60 50.10 55.30 63.50 73.30 83.60
90.30 88.00 80.10 67.60 53.60 45.40

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA
AND STATION LATITUDE = 36.08 DEGREES

L R R A S e A R R R e e R R R S e R I R R R R R R N R R I R e R R R R T R E R R R R R R

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20




SOTL1SUM.OUT
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV  JUN/DEC

PRECIPITATION
TOTALS 0.33 0.45 0.33 0.26 0.29 0.07
0.51 0.51 0.34 0.17 0.49 0.28
STD. DEVIATIONS 0.37 0.49 0.34 0.23 0.33 0.13
0.73 0.40 0.55 0.16 Q.50 0.22
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.005 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.024 0.000 0.000 0.000
EVAPOTRANSPIRATTION
 ToTALS 0.274  0.206  0.271  0.277  0.225  0.132
0.364 0.338 0.298 0.156 0.379 0.248
STD. DEVIATIONS 0.306 0.171 0.285 0.258 0.200 0.109
0.560 0.369 0.350 0.135 0.451 0.242
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.0579 0.0687 0.0968 0.0973 0.0851 0.0617
0.0658 0.0649 0.0946 0.0838 0.0585 0.0585
STD. DEVIATIONS 0.0332 0.0691 0.1033 0.0592 0.0452 0.0303
0.0441 0.0511 0.0657 0.0580 0.0360 0.0271
PERCOLATION/LEAKAGE THROUGH LAYER 4
TOTALS o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES 0.0003 0.0003 0.0004 0.0005 0.0004 0.0003
0.0003 0.0003 0.0004 0.0004 0.0003 0.0003
STD. DEVIATIONS 0.0002 0.0003 ©0.,0005 0.0003 0.0002 0.0001
0.0002 0.0002 0.0003 0.0003 0.000Z2 0.0001

ER R R R R AR R TR R R R R T R TR R R LR R R R T R T o R TR S R R T R TR R R O R O R A T R s R L L T TR R T
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SOIL1ISUM.OUT
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

INCHES CU. FEET PERCENT
PRECIPITATION 4.04 ( 1.532) 14676.1 100.00
RUNCFF 0.005 { 0.0236) 19.14 0,130
EVAPOTRANSPIRATION 3.169 ( 1.3330) 11504.54 78.390
LATERAL DRAINAGE COLLECTED 0.89371 ( 0.36544) 3244.,172 22.10515
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.00000 ¢ 0.00000) 0.009 0.00006
LAYER 4
AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 3
CHANGE IN WATER STORAGE -0.025 { 0.4578) -91.76 -0.625

R R R A N R e R AR R Tl e e e e e e e e e e R e e e el e e e e e e e W e e e ey

0

P e e e A e e N N T A N N e e e N e R A R T A AN AN T A el e e e e

PEAK DATILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (cy. FT.)

PRECIPITATION *nitég _______ ééiifééé"'
RUNOFF 0.105 382.7216
DRAINAGE COLLECTED FROM LAYER 2 0.02521 91.50326
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 3 0.004
MAXIMUM HEAD ON TOP OF LAYER 3 0.010
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 0.74 2687.3430
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1784
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0330

s

%% Maximum heads are computed using McEnroe's equations.

Referance: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, university of Kansas
ASCE Journal of Environmental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.

Page 5
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SOILISUM.OUT
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2 (.0029 0.0148

3 0.0000 0.0000

4 (0.1500 0.7500
SNOW WATER 0.000

A e e e A e e e e e e e e S e e S A e e e e e e e e e e R e e ey
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SOIL2SUM.OUT

W A e e e R e N R A N R A N A A AR A e e e e A e e A
T N R R A R R R e e R e R AR R R R R R ek e e e e e e e R e e e de e e e

A% o
uk ok
ww HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ek
R HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) %
o DEVELOPED BY ENVIRONMENTAL LABORATORY ek
ok USAE WATERWAYS EXPERIMENT STATION i
o FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ok
¥t bk
Tk b3

ER ATl A Rt R TR R e R o R TR e L R L T R D R TR S R S R R R P R R R R R e b R R TR T T i e R D R e R

A A A A A A R N T A A R R R T S A A A R AR AN R R AR SR AR R e R

PRECIPITATION DATA FILE: C:\HLP3\BRC\BRCPREC.D4
TEMPERATURE DATA FILE: C:\HLP3\BRC\BRCTEMP.D7
SOLAR RADIATION DATA FILE: <C:\HLP3\BRC\BRCSOLAR.D13
EVAPOTRANSPIRATION DATA: C:\HLP3\BRC\BRCEVAP.D11
SOIL AND DESIGN DATA FILE: C:\HLP3\BRC\BRCSOIL2.D10
C

QUTPUT DATA FILE: :\HLP3\BRC\Summary\SOIL25UM.0OUT

TIME: 8: 5 DATE: 8/31/2006

e e T e e e e e e S R e e e A e N A T T A A A N A A N e R AN AR R e A A ey

TITLE: BRCUNit2

e e R e T T T I R e e A N R S N R T T S T R R R R A R A AN AR AN A RN,

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 3

24.00 INCHES

0.4570 voL/voL

0.0830 voL/voL

0.0330 voL/voL

0.1083 voL/vOL
0.310000009000E~02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

I n g

i

TYPE 2 - LATERAL DRAINAGE LAYER
Page 1




SOILZSUM.OUT

MATERIAL TEXTURE NUMBER 20

0.20 INCHES

0.8500 voL/voL

0.0100 voL/voL

0.0050 voL/voL

0.0108 voL/voL
10.0000000000 CM/SEC

2.00 PERCENT
400.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

I w Nk

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

0.06 INCHES
{.0000 vOL/voL
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/vOoL

0.199999996000E-12 CM/SEC
0.00 HOLES/ACRE
0.00 HOLES/ACRE

4 - POOR

THICKNESS

PORCSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

L { < O T 1 { A

LAYER 4

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17
0.20  INCHES 3
0.7500 vOL/VOL 5
0.7470 VOL/VOL g
0.40060 voL/voL |
0.7500 VOL/VOL ;
0.300000003000E-08 CM/SEC |

THECKNESS

POROSITY

FIELD CAPACLTY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

I |

gn

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 3 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
A SLOPE LENGTH OF 400. FEET.

SCS RUNOFF CURVE NUMBER 80.20
FRACTION OF AREA ALLOWING RUNOFF 1060.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES

18.0 INCHES
1.969 INCHES
8.226 INCHES
0.594 TINCHES
0.000 INCHES

EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

LI L (S | | A

Page 2



SOILZ2SUM.OUT
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

2.752 INCHES
2.752 INCHES
(.00 INCHES/YEAR

([ |]

[H

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

LAS VEGAS NEVADA
STATION LATITUDE = 36.08 DEGREES
MAXIMUM LEAF AREA TINDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 62
END OF GROWING SEASON (JULIAN DATE) = 321
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 15F QUARTER RELATIVE HUMIDITY = 39.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 21.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 24.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 36.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
0.50 0.46 0.41 0.22 0.20 0.09
(.45 0.54 0.32 0.25 0.43 0.32

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
44,60 50.10 55.30 63.50 73.30 83.60
90.30 88.00 80.10 67.60 53.60 45.40

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA
AND STATION LATITUDE = 36.08 DEGREES

N e e T e e e e e N e T R R R R e T L A T N A R A R A A A R A A N AR

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

|
3
|
|
|
1




SOIL2SUM.OUT
JAN/JUL  FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.33 0.45 0.33 0.26 0.29 0.07
0.51 0.51 0.34 0.17 0.49 0.28
STD. DEVIATIONS .37 0.49 0.34 0.23 0.33 0.13
0.73 0.40 0.55 0.16 0.50 0.22
RUNOFF
TOTALS 0.000 0.000 (.000 0.000 0.000 0.000
0.000 0.000 0.005 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 (.000 0.000 0.000 0.000
0.000 0.000 0.021 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.346 0.320 0.328 0.281 0.286 0.166
0.431 0.257 0.256 0.178 0.422 0.296
STD. DEVIATIONS 0.363 0.338 0.284 0.211 0.239 0.117
0.712 0.200 0.317 0.117 0.493 0.264
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.0366 0.0424 0.0505 0.0443 0.0435 0.0330
0.0351 0.0298 0.0460 0.0576 0.0407 0.0411
STD. DEVIATIONS 0.0305 0.0358 0.0484 0.0353 0.0389 0.0219
0.0173  0.0175 0.0738 0.0683 0.0377 0.0284
PERCOLATION/LEAKAGE THROUGH LAYER 4
TOTALS ' 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0006 0.0000 0.0000 0.0000
0.0000 0.00060 0.0000 0.0000 0.0000 0.0000
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DAILY AVERAGE HEAD ON TOP OF LAYER 3
AVERAGES 0.0004 0.0005 0.0006 0.0005 0.0005 0.0004
0.0004 0.0003 0.0005 0.0007 0.0005 0.0005
STD. DEVIATIONS 0.0003 0.0005 0.0006 0.0004 0.0004 0.0003
0.0002 0.0002 0.0009 0.0008 0.0004 0.0003

S e e e e e e e e e A R T R R S A N T A N R N R R A A R AN A AT AR N RSN

e e o e e e R T e e e e e S e N N A e R R A M e W N de ke e e e e et e e e e
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SOIL2SUM.OUT
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS} FOR YEARS 1 THROUGH 20

INCHES CU. FEET PERCENT
PRECIPITATION 4,04 (  1.532) 14676.1 100.00
RUNQFF 0.005 ( 0.0208) 16.91 0.115
EVAPOTRANSPIRATION 3.567 ( 1.4731) 12948.16 88.226
LATERAL DRAINAGE COLLECTED 0.50069 ( 0.25506) 1817.490  12.38402
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.00000 C 0.00000) 0.008 0.00006
LAYER 4
AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 3
CHANGE IN WATER STORAGE -0.029 ( 0.5316) -106.48 -0.726

P T T N N N N T T N A A e e e e e R R e R e e e ey

o

e e R R L R A A R RN AR R A A AR S Ak NS

PEAK DATLY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (Cu. FT.)

PRECIPLTATION 183 6642.900
RUNOFF 0.093 338.2043
DRAINAGE COLLECTED FROM LAYER 2 0.02617 95.01099
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 3 0.009
MAXIMUM HEAD ON TOP OF LAYER 3 0.021
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 0.74 2687.3430
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1924
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0330

k% Maximum heads are computed using McEnroe's equations, ¥¥*

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
vol., 119, No. 2, March 1993, pp. 262-270.
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SOIL2SUM.OUT

BT A R R R R R TR R AR R R T LR TR R T R i i e R R R TR R R T R R R R R AR S R R R T R R i e R R R L TR TR R A TR R A SRS

0
A T e S e S N T T T R e e e A R e T AT ek e e e e e e e e e e ey

1 2.0124 0.0838

2 0.0032 0.0162

3 0.0000 0.0000

4 0.1500 0.7500
SNOW WATER 0.000

P e T e T A A T e e e R e e e e R R R N e N N A e e e e e e e e e e R e e e et
R R L o e R TR U S R e R S e A U R T S R TR U R R R TR e R R A R R R R R R R
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SOIL3SUM.OUT

Eﬁﬁﬁﬁ**********ﬁ*******ﬁ**************ﬁ****k***ﬁ**************#ﬁﬁ******#**#*k#
e e e e e e R e e e T e e A e e e e e N A A S W R e A e e R e e e e e e e e
fe ¥ Yo it
Yo it de
*d HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE il
ok HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ko
e DEVELOPED BY ENVIRONMENTAL LABORATORY wed
e USAE WATERWAYS EXPERIMENT STATION wx
#k FOR USEPA RISK REDUCTION ENGINEERING LABORATORY wk
L Wk

e N e N e A A e e S A N o e e e R T A R N e R N N A R h A A e e dr A e ek

e A AR A A A N R R e R R e el e e e e e e b e Mok e e o e

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
QUTPUT DATA FILE:

TIME: 8:

:\HLP3\BRC\BRCPREC.D4
:\HLP3\BRC\BRCTEMP.D7
:\HLP3\BRCA\BRCSOLAR.D13
:\HLP3\BRC\BRCEVAP.D11
*\HLP3\BRC\BRCSOIL3.D10
:\HLP3\BRC\Summary\SOIL3SUM.QUT

NnOOMNOn

6 DATE: 8/31/2006

Thded bR

S T e e e e Y e A e e e R S e A e e M e e e e e e e e e e e ek e e

TITLE:

BRCUNit3

e A T e e e e T e e A T N e R A S R S R e R R R R AW A e e e ey

NOTE:

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM,
LAYER 1
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 3
THICKNESS 24.00 INCHES
POROSITY 0.4570 VOL/VOL

FITELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD., COND.

0.0830 voL/voL

0.0330 voL/voL

0.1083 voL/voL
0.3100600009000E-02 CM/SEC

wwnwine

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
Page 1



SOIL3SUM.OUT
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY = 0.8500 voL/voL

FIELD CAPACITY = 0.0100 vor/voL
WILTING POINT = 0.0050 voL/voL
INITIAL SOIL WATER CONTENT = 0.0122 voL/voL
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 1050.0 FEET

LAYER 3

TYPE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMBER 35

EFFECTIVE SAT. HYD. COND.

THICKNESS = 0.06
POROSITY = 0.0000
FIELD CAPACITY = 0.0000
WILTING POINT = 0.0000
INITIAL SOIL WATER CONTENT = 0.0000
FML PINHOLE DENSITY = 0.00

FML INSTALLATION DEFECTS = 0.00

FML PLACEMENT QUALITY = 4 - POOR

LAYER 4

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS = 0.20

POROSITY = 0.7500
FIELD CAPACITY == 0.7470
WILTING POINT = 0.4000
INITIAL SOIL WATER CONTENT = 0.7500

EFFECTIVE SAT. HYD. COND.

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL,/vOoL

0.199999996000E-12 CM/SEC

HOLES/ACRE
HOLES/ACRE

INCHES

VOL/vOL
VOL/VvOL
VOL/VvOoL
VOL/VOL

0.300000003000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED

FROM DEFAULT

SOIL DATA BASE USING SOIL TEXTURE # 3 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND

A SLOPE LENGTH OF 1050. FEET.

SCS RUNOFF CURVE NUMBER = 79.
FRACTION OF AREA ALLOWING RUNOFF = 100.
AREA PROJECTED ON HORIZONTAL PLANE =
EVAPORATIVE ZONE DEPTH = 18.
INITIAL WATER IN EVAPORATIVE ZONE =
UPPER LIMIT OF EVAPORATIVE STORAGE =
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.
INITIAL SNOW WATER = 6.

Page 2

1.

1.
8.

10

0 PERCENT
000 ACRES

0 INCHES
969 INCHES
226 INCHES
594 INCHES
000 INCHES




INITIAL WATER IN LAYER MATERIALS

TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

EVAPOTRANSPIRATION AND WEATHER DATA

SOIL3SUM.OUT

g

2.75
2.75
0.00

3 INCHES
3 INCHES
INCHES/YEAR

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

LAS VEGAS

STATION LATITUDE

NEVADA

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND
AVERAGE 15T QUARTER
AVERAGE 2ZND QUARTER
AVERAGE 3RD QUARTER
AVERAGE 4TH QUARTER

SPEED

RELATIVE HUMIDITY
RELATIVE HUMIDITY
RELATIVE HUMIDITY
RELATIVE HUMIDITY

{1 T | S VI [ 2 (|

36.08
0.00
62
321
18.0
9.10
39.00
21.00
24.00
36.00

DEGREES

INCHES
MPH

%

%

%

%

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR L.AS VEGAS

NEVADA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT
0.50 0.46 0.41 0.22
0.45 0.54 0.32 0.25

MAY /NOV

JUN/DEC

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS

NEVADA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHMRENHEIT)

JAN/IUL FEB/AUG MAR /SEP APR/OCT
44,60 50.10 55.30 63.50
50.30 88.00 80.10 67.60

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR LAS VEGAS
AND STATION LATITUDE = 36.08 DEGREES

e N T R e e R e e e e e e e T e T e e R e Y R A TSN

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

MAY /NOV

73.30

5

3.60

JUN/DEC

NEVADA

1 THROUGH

20




SOIL3SUM.OUT

JAN/JUL  FEB/AUG MAR/SEP APR/OCT MAY/NOV  JUN/DEC

PRECIPITATION
TOTALS 0.33 0.45 0.33 0.26 0.29 0.07
0.51 0.51 0.34 0.17 0.49 0.28
STD. DEVIATIONS 0.37 0.49 0.34 0.23 0.33 0.13
0.73 0.40 0.55 0.16 0.50 0.22
RUNCFF
TOTALS 0.000 0.000 0.000 0.0600 0.000 0.000
0.000 0.000 0.004 0.000 0.000 0.000
STB. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.0600
6.000 0.000 0.016 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.348 0.321 0.330 0.283 0.287 0.167
0.431 0.258 0.258 0.183 0.429 0.303
STD. DEVIATLIONS 0.362 0.339 0.280 0.211 0.239 0.117
0.712 0.199 (¢.310 0.125 0.489 0.260
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.0339 0.0402 0.0566 0.0436 (0.0383 0.0330
0.0351 0.0310 0.0438 0.0422 0.0262 0.0320
STD. DEVIATIONS 0.0305 0.0365 0.0626 0.0387 0.0309 0.0244
0.0189 0.0193 0.0750 0.0597 0.0281 0.0211
PERCOLATION/LEAKAGE THROUGH LAYER 4
TOTALS ‘ 0.0000 0.0000 0.0000 ©0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 ©0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES 0.0010 0.0013 0.0017 0.0013 (0.0011 0.0010
0.0010 0.0009 0.0014 0.0013 0.0008 0.0010
STD. DEVIATIONS 0.0009 0.0012 0.0019 0.0012 0.0009 0.0008
0.0006 0.0006 0.0023 0.0018 0.0009 0.0006

P T A e e e e e A e e e e e e e e N R e e e e e e e e e e ey e e e e A e e e e
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AVERAGE ANNUAL TOTALS & (STD.

SOIL3SUM.

DEVIATIONS) FOR YEARS

INCHES
PRECIPITATION 4.04 {
RUNOFF 0.004 (
EVAPOTRANSPIRATION 3.598 (
LATERAL DRAINAGE COLLECTED 0.45591 (
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.00000 (
LAYER 4
AVERAGE HEAD ON TOP 0.001 (
OF LAYER 3
CHANGE IN WATER STORAGE -0.015 (

ouT
1 THROUGH 20

CU. FEET PERCENT
1.532) 14676.1 100.00
0.0159) 12.92 0.088
1.4548) 13062.02 89.002
0.24477) 1654.963  11.27659
0.00000) 0.009 0.00006
0.001
0.5598) -53.82 ~0.367

W R A R e e R e A e A e e e et b e e e e R e R e e e e e e e e e e e e e e e e e

g

A T T T o A o A e e e e T T N T N RN A A A h ey

PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH LAYER 4
AVERAGE HEAD ON TOP OF LAYER 3
MAXIMUM HEAD ON TOP OF LAYER 3

LOCATION OF MAXIMUM HEAD IN LAYER 2
(DISTANCE FROM DRAIN)

SNOW WATER

MAXIMUM VEG. SOTL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

b

1 THROUGH 20

(INCHES) (cu. FT.)
183 6642.900
0.071 258.3089
0.02685 97.45744
0.000000 (.00002

0.025

0.050

0.0 FEET

0.74 2687.3430
0.1937
0.0330

Maximum heads are computed using McEnroe's equations., **%%

Reference: Maximum Saturated Depth over tandfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.
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SOIL3SUM.OUT

e e T R R R e R e T T e N e e e e e e e e e A A e e R e e e e et

g

e e T ok e A Y e e e Y e e S e e A e e e e A e A A A A S A A A e e e e e ot

FINAL WATER STORAGE AT END OF YEAR 20

0.0036 0.0184
0.0000
0.1500 0.7500

B w ™)
<
o
<
()
o

SNOW WATER 0.000

R R R R e R e R e e e e e e e R e T R e R e A S R R R R R A RN R R R R AR
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SOILASUM.OUT
0

A e e e S e e S e e Y e e e A S N N N e AN A A N A el A e e e
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% ok
i HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE e
% HELP MODEL VERSION 3,07 (1 NOVEMBER 1997) ek
A DEVELOPED BY ENVIRONMENTAL LABORATORY ik
ok USAE WATERWAYS EXPERIMENT STATION ek
T* FOR USEPA RISK REDUCTION ENGINEERING LABORATORY L
e ¥
bl e

S T e e T e R N R R T S R N T S R A N R A R R A R N AN N NS
LR A S AR R R R TS TR R A R R AR ORI R T S R R SR o R S R R L U R R R R R T R U A R R i R R R R R R

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE: :\HLP3\BRC\BRCTEMP.D?7
SOLAR RADIATION DATA FILE: $\HLP3\BRC\BRCSOLAR.D]13

C:\HLP3\BRC\BRCPREC.D4
C
C
EVAPOTRANSPIRATION DATA: C:\HLP3\BRC\BRCEVAP.D11
C
C

SOIL AND DESIGN DATA FILE: :\HLP3\BRC\BRCS0IL4.D10
QUTPUT DATA FILE: $\HLP3\BRC\Summary\SOIL4SUM.OUT

TIME: 8: 8 DATE: 8/31/2006

B e e T e e e e e e R e s e e e e e e e e e e e e e e v e e e Ve e o oy

TITLE: BRCURiIt4

T A T A e e e A e R R e S S S N e N T o N N R AT AR

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 3

24.00 INCHES

0.4570 voL/voL

0.0830 voL/vOoL

0.0330 voL/voL

0.1083 voL/vOoL
0.310000009000E~-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WIELTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND,

g0 0 oo

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
Page 1



SOIL4SUM.OUT
MATERIAL TEXTURE NUMBER 20

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

g0 wn o

10

0.20 INCHES
0.8500 voL/VOL
0.0100 voL/voL
0.0050 voL/voL
0.0108 voL/voL

,0000000000 CM/SEC

3.00 PERCENT

550.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

(L T T I T

it

LAYER 4

0.06 INCHES

0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL

0.199999996000E-12 CM/SEC

0.00 HOLES/ACRE
0.00 HOLES/ACRE

4 ~ POOR

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

O [ | S A I

0.20 INCHES

0.7500 voL/voL
0.7470 voL/vOL
(0.4000 voL/voL
0.7500 voL/voL

0.300000003000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 3 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 3.% AND
A SLOPE LENGTH OF 550. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

Page 2

LI T | N (R 1 I

80.00

100.0 PERCENT
1.000 ACRES
18.0 INCHES
1.969 INCHES
8.226 INCHES
0.594 INCHES
0.000 INCHES




SOIEL4S5UM.OUT
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

2.752 INCHES
2.752 INCHES
0.00 INCHES/YEAR

[T}

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

LAS VEGAS NEVADA
STATION LATITUDE = 36.08 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 62
END OF GROWING SEASON (JULIAN DATE) = 321
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 8.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 39.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 21.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 24.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 36.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/IUL FER/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
0.50 0.46 0.41 0.22 0.20 0.09
0.45 0.54 0.32 0.25 0.43 0.32

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/QCT MAY /NOV JUN/DEC
44,60 50.10 55.30 63.50 73.30 83.60
90.30 88.00 80.10 67.60 53.60 45.40

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA
AND STATION LATITUDE = 36.08 DEGREES

B T T T T R e e e R e A T A e S e e e e e e Y Y

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20



SOIL4SUM.OUT

JAN/JUL  FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.33 0.45 0.33 .26 0.29 .07
0.51 0.51 0.34 0.17 0.49 0.28
STD. DEVIATIONS 0.37 0.49 0.34 0.23 .33 0.13
0.73 0.40 0.55 0.16 (.50 0.22
RUNOEF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.004 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.020 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.346 0.320 0.328 0.281 0.286 0.166
0.431 (.257 0.256 0.178 0.422 0.296
STD. DEVIATIONS 0.363 0.338 0.284 0.211 0.239 0.117
0.712 0.200 0.317 0.117 0.493 0.264
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.0366 0.0424 0.0505 0.0443 0.0435 0.0330
0.0351 0.0297 0.0463 0.0576  0.0407 0.0411
$TD. DEVIATIONS 0.0305 0.0358 0.0484  0.0353 0.0382 0.0219
0.0174 0.0174 0.0748 {.0683 0.0377 0.0284
PERCOLATION/LEAKAGE THROUGH LAYER 4
TOTALS ' 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
o AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHEgi _________
DAILY AVERAGE HEAD ON TOP OF LAYER 3
AVERAGES 0.0004 0.0005 0.0005 0.0005 0.0005 0.0004
0.0004 0.0003 0.0005 0.0006 0.0004 0.0004
STD. DEVIATIONS 0.0003 0.0004 0.0005 0.0004 0.0004 0.0002
(.0002 0.0002 0.0008 0.0007 0.0004 0.0003

A e e T A T A e e e T e e R e e o e Yk e e e e R e e e e e e e T b e e e et

e e e e A N Y T T e e e e e R N e R A e e A ek e e e e e e e e ey
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SOIL4SUM.OUT
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

INCHES CU. FEET PERCENT
PRECIPITATION 4,04 ( 1.532) 14676.1 100.00
RUNOFF 0.004 { 0.0199) 16.14 0.110
EVAPOTRANSPIRATION 3.567 { 1.4731) 12948.16 88.226
LATERAL DRAINAGE COLLECTED 0.50090 ( 0.25564) 1818.280 12.38940
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.008 0.00006
LAYER 4
AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 3
CHANGE IN WATER STORAGE -0.029 { 0.5316) ~106.49 -0.726

A e e R e e e e e e e e e e e e e R R R R R T R e R S R e R R R R R R RN RSN R S

0

e e e e e T T e S e e R e e e e e e e N e e e e A e e e e e e e e e e e

PEAK DATILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (Cu. FT.)

PRECIPITATION 183 6642.900
RUNOFF 0.089 322.7272
DRAINAGE COLLECTED FROM LAYER 2 0.02705 98.20731
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 3 0.009
MAXIMUM HEAD ON TOP OF LAYER 3 0.004
.LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 436.3 FEET
SNOW WATER 0.74 2687.3430
MAXIMUM VEG. SOIL WATER (vOL/vOL) 0.1927
MINIMUM VEG. SOIL WATER (VOL/VOL) (0.0330

k% Maximum heads are computed using McEnroe's equations, ¥W%%

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.
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SOIL4SUM, OUT

T A T T T N N N R A T T e R e e e e A e e S R R e e e A R

g

A T A T e A N R S A S A e A R R AR R R N A A R AN

FINAL WATER STORAGE AT END OF YEAR 20

2 0.0031 0.0157

3 0.0000 0.0000

4 0.1500 0.7500
SNOW WATER 0.000

T e e e e e e e e N A e e e e e e e e R S e e e e N A A A ANk ey
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SOILSSUM.OUT
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

e
ek
ki3
nE
ek
EoR
¥
ek
"X

B R R R R D R L A R R R R R R A R R T R R R R R R TR R LR R LT R e e e R

T T A A R e A e e e R A e e e e e e e A e e e R e A R e e e o e A S A e

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:

SOIL AND DESIGN DATA FILE:

:\HLP3\BRC\BRCFREC.D4
:\HLP3\BRC\BRCTEMP.D7
t\HLP3\BRC\BRCSOLAR.D13

:\HLP3\BRC\BRCSOIL5.D010

C
C
C
EVAPOTRANSPIRATION DATA: C:\HLP3\BRC\BRCEVAP.D11
C
C

QUTPUT DATA FILE:

\HLP3\BRC\Summary\SOIL55UM.oUT

TIME: 8:10 DATE: 8/31/2006

e e A R e e e e e R e S S e e R e R e e R e N S A e R A SN

TITLE:

BRCURitS5

I F e R e St T T A R L R i i B T e U R L R TR i T R R e R i B et S e R T i e R T A e A

NOTE:

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM,
LAYER 1
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 3
THICKNESS = 24.00 INCHES
POROSITY 0.4570 voL/voL

FEELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.0830 voL/VOL

0.0330 voL/voL

0.1083 vOoL/VOL
0.310000009000E-02 CM/SEC

L2 I |

TYPE 2 - LATERAL DRAINAGE LAYER
Page 1



SOILS5SUM. OUT

MATERTAL TEXTURE NUMBER 20

0.20  INCHES

0.8500 voL/vOL

0.0100 voL/voL

0.0050 voL/vOoL

0.0109 voL/voL
10.0000500000 CM/SEC

3.00  PERCENT
675.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

2 T | T S

LAYER 3

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

0.06  INCHES
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/VOL
0.0000 vOL/VOL

0.199999996000E-12 CM/SEC
0.00 HOLES/ACRE
0.00 HOLES/ACRE

4 - POCR

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIl. WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LI | T S T 2 [}

LAYER 4

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.20  INCHES

0.7500 vor/voL

0.747¢G voL/voL

0.4000 voL/voL

0.7500 vOL/vOL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY .

WILTING POINT

INITIAL SOTL WATER CONTENT
EFFECTIVE SAT. HYD. COND,

| L2 [ | R A O |

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 3 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 3.% AND
A SLOPE LENGTH OF 675. FEET.

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNCFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

79.80

100.0 PERCENT
1.000 ACRES
18.0 INCHES
1.969 INCHES
8.226 INCHES
0.594 INCHES
0.000 INCHES

A L T S T < |
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SOIL5SUM.OUT
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

2.752 INCHES
2.752 INCHES
0.00 INCHES/YEAR

HI: A

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

LAS VEGAS NEVADA
STATION LATITUDE = 36.08 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 62
END OF GROWING SEASON (JULIAN DATE) = 321
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 9.10 mPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 39.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 21.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 24.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 36.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
0.50 0.46 0.41 0.22 0.20 0.09
0.45 0.54 0.32 0.25 0.43 0.32

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
44 .60 50.10 35.30 63.50 73.30 83.60
90.30 88.00 80.10 67.60 53.60 45 .40

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA
AND STATION LATITUDE = 36.08 DEGREES

A T e A R T R T e e e R o e e e e e e N e N e T e N N A N TN AT RN AT A Y

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20
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SOILSSUM.CUT
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.33 0.45 0.33 0.26 (.29 0.07
0.51 0.51 0.34 0.17 0.49 0.28
5TD. DEVIATIONS 0.37 0.49 0.34 0.23 0.33 0.13
0.73 0.40 0.55 0.16 0.50 0.22
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.004 0.0060 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.019 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.346 0.319 (.330 0.284 0.286 0.166
0.430 0.257 0.256 0.180 0.424 0.301
STD. DEVIATIONS 0.363 0.338 0.282 0.210 0.239 0.117
0.712 (.200 0.317 0.127 0.487 0.260
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.0366 0.0449 0.0524 0.0395 0.0416 0.0328
0.0349 0.0303 0.0463 0.0541 0.0359 0.0383
STD. DEVIATIONS 0.0302 0.0391 0.0487 0.0306 0.0372 0.0217
0.0181 0.0189 0.0756 0.0669 0.0312 0.0257
PERCOLATION/LEAKAGE THROUGH LAYER 4
TOTALS ' 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 (¢.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.6000 0.0000 0.0000 0.0000 0.0000 0.0000
AQEEA&ES OF MONTHLY_;;ERAGED DAILY HEADS (INC;E;S _______________
DAILY AVERAGE HEAD ON TOP OF LAYER 3
AVERAGES 0.0005 0.0006 0.0007 0.0005 0.0065 0.0004
0.0004 0.0004 0.0006 0.0007 0.0005 0.0005
STD. DEVIATIONS 0.0004 0.0006 0.0006 0.0004 0.0005 0.0003
0.0002 0.0002 0,0010 0.0009 0.0004 0.0003

A A R R e R R e e e R R R e R e e R e R e e R e R R e e e e e e e e e e e
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AVERAGE ANNUAL TOTALS & (STD.

PRECIPITATION
RUNCFF
EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH
LAYER 4

AVERAGE HEAD ON TOP
OF LAYER 3

CHANGE IN WATER STORAGE

SOTL5SUM. OUT
DEVIATIONS) FOR YEARS

-0,

.004
.580
.48768 (

.001

029

.00000 (

(

(

1.532)
0.0190)
1.4744)
(0.24897)

0.00000)

0.000)

0.5295)

1 THROUGH 20

FEET PERCENT
14676.1  100.00
15.38 0.105

12994.72  88.543

1770.263 12.06223

0.008 . 0.00006

-104.28 -0.711

R N e e e e e e e e e R e e R N R R A A A A AN A A A ey

0

A e R e e R e e e e e e e e A e A A e R N e A R A R AN RN AR R

PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER

2

PERCOLATION/LEAKAGE THROUGH LAYER 4

AVERAGE HEAD ON TOP OF LAYER 3

MAXIMUM HEAD ON TOP OF LAYER 3

LOCATION OF MAXIMUM HEAD IN LAYER 2
(DISTANCE FROM DRAIN)

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER {(VOL/VOL)

1 THROUGH

0.085
0.02719
0.000000
0.011
0.022

0.0 FEET
0.74

6642.900
307.6796
98.70956
0.00002

2687.3430

0.1929
0.0330

*#%  Maximum heads are computed using McEnroe's equations. F¥%

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.
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SOILS5SUM.OUT
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2 (0.0046 0.0232
3 (.0000 0.0000
4 0.1500 0.7500

SNOW WATER 0.000
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SOILASUM,CQUT

E*********ﬁ***#ﬁ*#**#************kﬁ****kﬁ*ﬁ**kﬁ**#**************#**#*ﬁ*****kk*
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Yok Yo
de o ki
G HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ww
oo HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) o
o DEVELOPED BY ENVIRONMENTAL LABORATORY wH
R USAE WATERWAYS EXPERIMENT STATION ki
tj FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *f
ek ¥t
vl e
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PRECIPITATION DATA EILE: C:\HLP3\BRC\BRCPREC.D4
TEMPERATURE DATA FILE: C:\HLP3\BRC\BRCTEMP.D7

SOLAR RADIATION DATA FILE: C:\HLP3\BRC\BRCSOLAR.D13
EVAPOTRANSPIRATION DATA: C:\HLP3\BRC\BRCEVAP.D11

SOIL AND DESIGN DATA FILE: C:\HLP3\BRC\BRCS0ILa.D10

OQUTPUT DATA FILE: C:\HLP3\BRC\Summary\SOILASUM.OUT

TIME: 8:11 DATE: 8/31/2006

e e T T A N e R e R S R R S R A N AT R A e e e e ey

TITLE: BRCUnitA

T T T e e e T e R e e e e e e e e M e e e e R e e M e A e e R e e e e e

E;
|
j“
i
)
|
J
]
|
]
|
§
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 3

24.00  INCHES

0.4570 voL/voL

0.0830 voL/voL

0.0330 voL/voL

0.0565 VOL/VOL
0.310000009000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

1 I | I I

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
Page 1
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SOTLASUM.OUT
MATERTAL TEXTURE NUMBER 20

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

n

O T { I | I 4

it

LAYER 3

0.20  INCHES

0.8500 voL/voL
0.0100 voL/voL
0.0050 voL/vOL
0.0101 voL/voL

10.0000000000 CM/SEC

48.00 PERCENT
100.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERTAL TEXTURE NUMBER 35

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

|13 | S | O 1 (Y T I

LAYER 4

0.06 INCHES

0.0000 voL/vOL
0.0000 voL/vol
0.0000 voL/vOL
0.0000 vOL/vOL

0.199999996000E-12 CM/SEC

0.00 HOLES/ACRE
0.00  HOLES/ACRE

4 - POOR

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LI T 2 |

0.20 INCHES
0.7500 voL/voL
0.7470 VOL/VOL
0.4000 voL/voL
0.7500 voL/voL

0.300000003000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 3 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 48.% AND
A SLOPE LENGTH OF 100. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

Page 2

O T I O (I T

83.20

100.0 PERCENT
1.000 ACRES
18.0 INCHES
0.594 INCHES
8.226 INCHES
0.594 INCHES
0.000 INCHES




SOILASUM.OUT
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

1.507 INCHES
1.507 INCHES
0.00 INCHES/YEAR

oo

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

LAS VEGAS NEVADA
STATION LATITUDE = 36.08 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 62
END OF GROWING SEASON (JULIAN DATE) = 321
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 39.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 21.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 24.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 36.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
0.50 0.46 0.41 0.22 0.20 0.09
0.45 0.54 0.32 0.25 .43 0.32

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
44.60 50.10 55.30 63.50 73.30 83.60
90.30 88.00 80.10 67.60 53.60 45.40

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA
AND STATION LATITUDE = 36.08 DEGREES

e e e R e A T R T e e A N R N e e e R A N AT A S N S R e ey

AVERAGE. MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20



SOTILASUM.OUT

JAN/JUL FEB/AUG MAR/SEP

PRECIPITATION
TOTALS 0.33 0.45
0.51 0.51
STP. DEVIATIONS 0.37 0.49
0.73 0.40
RUNOFF
TOTALS 0.000 0.000
0.000 0.000
STD. DEVIATIONS 0.000 0.000
0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.018 0.015
0.036 0.006
STD. DEVIATIONS 0.041 0.037
0.094 0.008
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.3228 0.4337
(0.4109 0.4867
STD. DEVIATIONS 0.3156 0.3623
0.6111  0.3682

TOTALS ' 0.0000  0.0000
0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000
0.0000  0.0000

.33
.34

.34
.55

oo o0

.000
.005

.000
022

o0 OO

.009
.008

.017
.018

SO OO

L3217
.3369

2745
4862

OO OO

.0000
.0000

.0000
.G000

OO OO

JUN/DEC

o0 OO

o OO

oo OO

OO OO

OO OO

.07
.28

.13
.22

.000
.000

.000
.000

AVERAGES 0.0000 0.0001
0.0001 0.0001
STDh. DEVIATIONS 0.0000 0.0001

0.0001  0.0001

0.0000
0.0001
0.0000
0.0001

APR/OCT  MAY/NOV
0.26 0.29
0.17 0.49
0.23 0.33
.16 0.50
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.010 (.008
d.003 0.016
0.026 (.013
(.003 0.033
0.2672  0.2977
0.2050 0.4156
0.1676  0.2297
0.1405 0.4363
0.0000  0.0000
0.0000  0.0000
0.0000  0.0000
0.0000  0.0000

(INCHES)
0.0000  0.,0000
0.0000 0.0001
0.0000  0.0000
¢.0000 0.0001

oo OO

.0000
.0000

.0000
.0000

fr T e e R R T R R A R T e R R T S A A AN R R R R AN ARk
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SOILASUM.OUT
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

INCHES CU. FEET PERCENT
PRECIPITATION 4.04 ( 1.532) 14676.1 100.00
RUNOFF 0.005 ( 0.0223 18.10 0.123
EVAPQTRANSPIRATION 0.149 ¢ 0.1470) 539.37 3.675
LATERAL DRAINAGE COLLECTED 3.88799 ( 1.37123) 14113.411 96.16602
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH $.00000 ( 0.00000) 0.009 0.00006
LAYER 4
AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 3
CHANGE IN WATER STORAGE 0.001 { 0.1516) 5.20 0.035

R TR O R U TR R T e i (R iR AR T TR o TR SR L R L R R L o o R e LR R e R L A R R e i R R R T R o R R R R

g

N e R e e e R T e e e R N N N R N T N T R S A e R N ek R RS AR AL

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (cu. Fr.)

PRECIPITATION 183 66&5?566_"
RUNOFF 0.100 361.7648
DRAINAGE COLLECTED FROM LAYER 2 0.95379 3462.24854
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 3 0.005
MAXIMUM HEAD ON TOP OF LAYER 3 0.007
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 0.74 2687.3430
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.0406
MINIMUM VEG. SOIL WATER (vOL/VOL) 0.0330

ek

Maximum heads are computed using McCEnroe's equations. #%%

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M, McEnroe, University of Kansas
ASCE 3Journal of Environmental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.
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SOTLASUM,OUT
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FINAL WATER STORAGE AT END OF YEAR 20

2 0.0020 0.0101
3 0.0000 0.0000
4 0.1500 0.7500

SNOW WATER 0.000
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SOILBSUM.OUT
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vl ey
e HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE w
ek HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) wde
o DEVELOPED BY ENVIRONMENTAL LABORATORY *
#k USAE WATERWAYS EXPERIMENT STATION e
wE FOR USEPA RISK REDUCTION ENGINEERING LABORATORY wk
W *k
Yoo sk
e e e e R e e S A S R e N R e e e e e e e e e e e e et
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

:\HLP3\BRC\BRCPREC.D4
:\HLP3\BRC\BRCTEMP.D7
:\HLP3\BRC\BRCSOLAR.P13
:\HLP3\BRC\BRCEVAP.D11
:\HLP3\BRC\BRCSOILB.D10
:\HLP3\BRC\Summary\SOILBSUM.OUT

OO Nnn

TIME: 8:14 DATE: 8/31/2006

e e T e e R N e e e e e o e e e e e e v e e e e e A e e v oy

TITLE:

BRCUNTtB

N N e e e e e e S Y R e e e e e e e e e e e e e e e e e e e e e

NOTE:

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 3

24,00  INCHES

0.4570 voL/vOoL

0.0830 voL/voL

0.0330 voL/voL

0.0565 vOL/voL
0.310000009000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD, COND.

o nmiinu

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
Page 1



SOILBSUM.OUT
MATERIAL TEXTURE NUMBER 20
0.20 INCHES
0.8500 voL/voL
0.0100 voL/voL
0.0050 voL/voL
0.0100 voL/voL
10.0000000000 CM/SEC
48.00 PERCENT
75.0 FEET

THICKNESS

POROSITY

FIELD CAPACETY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

(1 | T S I

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

0.06 INCHES
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL
0.0000 vOL/VoL

0.199999996000E-12 CM/SEC
0.00 HOLES/ACRE
0.00 HOLES/ACRE

4 - POOR

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SCIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LI T S O VO T S

LAYER 4

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

0.20 INCHES

0.7500 voL/voL

0.7470 voL/voL

0.4000 voL/voL

0.7500 voL/voL
0.300000003000E-08 CcM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LI S | T A 1 |

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 3 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 48.% AND
A SLOPE LENGTH OF 75. FEET.

SCS RUNOF¥ CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

83.40

100.90 PERCENT
1.000 ACRES
18.0 INCHES
0.5%94 INCHES
8.226 INCHES
0.594 INCHES
0.000 INCHES

L | (A At |

[
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SOILBSUM.OQUT

INITIAL WATER IN LAYER MATERIALS = 1.507 INCHES
TOTAL INITIAL WATER - 1.507 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
EVAPOTRANSPIRATION AND WEATHER DATA
NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
LAS VEGAS NEVADA
STATION LATITUDE = 36.08 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 62
END OF GROWING SEASON (JULIAN DATE) = 321
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 15T QUARTER RELATIVE HUMIDITY = 39.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 21.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 24,00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 36.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA
NORMAL MEAN MONTHLY PRECIPITATION (INCHES)
JAN/ UL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
0.50 0.46 0.41 G.22 0.20 0.09
0.45 0.54 0.32 0.25 0.43 0.32

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LAS VEGAS NEVADA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
44.60 50.10 55.30 63.50 73.30 83.60
90.30 88.00 80.10 67.60 53.60 45.40

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR LAS VEGAS
AND STATION LATITUDE = 36.08 DEGREES

NEVADA

e R e R N e R A T e N e T T A A e T N T R R AN RN AN S e e a

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20



SOILBSUM.OUT

JAN/JUL  FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.33 0.45 0.33 0.26 0.29 0.07
0,51 0.51 0.32 0.17 0.49 028
STD. DEVIATIONS 0.37 0.49 0.34 0.23 0.33 0.13
073 0.40 0.55 0.16 0.50 0.25
RUNOFF
TOTALS 0.000  0.000  0.000  0.000  0.000  0.000
0,000  0.000  0.005  0.000  0.000  0.000
STD. DEVIATIONS 0.000  0.000  0.000  0.000  0.000  0.000
0.000  0.000  0.023  0.000  0.000  0.000
EVAPOTRANSPIRATION
TOTALS 0.018  0.015  0.009  0.010  0.008  0.002
0,036  0.006 0.007 0.003 0.016  0.019
STD. DEVIATIONS 0.041 0.037 0.017 0.026 0.013 0.004
0.094  0.008  0.015  0.003  0.033  0.040
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.3226 0.4341 0.3212 0.2677 0.2978  0.1285
0.4111 0.4865 ©0.3374 0.2053 0.4149 0.2614
STD. DEVIATIONS 0.3153  0.3621 0.2753 0.1679  0.2298  0.0927
0.6112 0.3682 0.4880 0.1407 0.4363 0.1748
PERCOLATION/LEAKAGE THROUGH LAYER 4
TOTALS 70,0000 0.0000  0.0000  0.0000 0.0000  0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
5TD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000  0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000
0.06006  0.0001 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0001 ©0.0000 0.0001 0.0000 0.0001 0.0000

T e T R Y T R e N e N R e R T N e R R R A N N e N N N TN AT R AN R RN NE NS AN
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SOILBSUM.OUT
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

INCHES CU. FEET PERCENT
PRECIPITATION 4.04 ( 1.532) 14676.1 100.00
RUNGFF 0.005 { 0.0235) 19.05 0.130
EVAPOTRANSPIRATION 0,148 { 0.1460) 537.00 3.659
LATERAL DRAINAGE COLLECTED 3.88839 ( 1.37242) 14114.859 96.17588
FROM LAYER
PERCOLATION/LEAKAGE THROUGH 0.00000 ¢ 0.00000) 0.009 0.00006
LAYER 4
AVERAGE HEAD ON TOP 0.000 ¢ 0.000)
OF LAYER 3
CHANGE IN WATER STORAGE 0.001 ( 0.1520) 5.16 0.035

A T T Y A A A e T e e S e e e R e R N e T e R e e e R e R e e e e S e e e e oy

0

e e e e A A N T T R T e R A N e e R e R e A e e e e R R SR

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (Cu. FT.)

PRECIPITATION 183 6642.900
RUNOFF 0,105 380.3883
DRAINAGE COLLECTED FROM LAYER 2 0.91576 3324.21558
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 3 0.005
MAXIMUM HEAD ON TOP OF LAYER 3 0.005
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 0.74 2687 .3430
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.0397
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0330

k% Maximum heads are computed using McEnroe's equations, *®%

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
vol. 119, No. 2, march 1993, pp. 262-270.
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SOILBSUM.OUT
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FINAL WATER STORAGE AT END OF YEAR 20

2

3 0.0000 0.0000

4 (.1500 0.7500
SNOW WATER 0.000

A A A T e e A N N S e A e N e e e e e e e R e e
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Table VI Values of n for use with Manning Equation

Surface n. Range _. m)&%“Sy\ k

Polyethylene pipe 0.008-0.011 0009 2
Uncoated cast or ductile iron pipe 0.012-0.015 0.013
Corrugated steel pipe 0.021-0.030 0.024
Concrete pipe 0.012-0.016 0.015
Vitrified clay pipe 0.011-0.017 0.013
Brick & cement mortar sewers 0.012-0.017 0.015
Wood stave 0.010-0.013 0.0H
Rubble masonry 0.017-0.030 0.021

Some gravity flow piping systems may A = channel cross section area, fi°

become very complex. especially if the P = perimeter wetted by flow. fi

pipeline grade vanes. because friction loss
will vary along the run. With a varying
grade. pans of the line may develop inter-
nal pressure. or vacuum, and may have
varying liguid levels in the bore.

Manning

For open channel water fiow under
conditions of constant grade. and uniform
channel cross section. the Manning

equation may be used. . Open channel flow

exists in a pipe when it runs partially full.
Like the Hazen-Williams formula. the

Manning equation is limited to water or

liquids with a kinematic viscosity equal to
waler.

Manning Eguation

20y
V o= 1.486 po3oglz
n
where
V=

= flow velocity. ft/sec
roughness coefficient. dimensionless

hydraulic radius. ft
Xk an

_1
I

ol

8/92

S = hvdraulic slope. ft/ft -
hy~h, h

h, = upstream pipe elevaton. {1
h. = downstream pipe elevation. fl
h, = friction loss. ft of liquid

It is convenient to combine the Manning
equation with

Q=AV (23

to obtain

o= 14864 s iy ;}"(24)

where terms are as defined above. and

Q = flow. ft'/secWhen a circular pipe is
running full or half-full,

b _ 4 (25)
4 48
14 - . /
747?;45;4,449“’ g / i
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"DRISCOPIPE.

1000 Series Plpe

March 18, 1889

Industrial and Energy Applications

Driscopipe 1000 Series Jndustrial Pipe; Sizes and Dimensions

Nom Dlmensians, ifnches Praar Weight Nom. Dimensions. in. Prane | VW
Size, In. aD Min.Wall DR psig b/100f Size. in. QD Min Wall DR psig Ibs
[ 3/4 1.050 0.085 11.0 160 12 7 7.125 1.018 7.0 267 B4
1 1.315 0.120 11.0 160 19 7 7.125 0.792 2.0 200 8
1 34 1.660 0.161 11.0 160 31 7 7.125 0.648 11.0 160 5
1 1/2 1.900 0.173 11.0 180 41 7 7.125 0.528 13.5 128 4
, 7 7.125 0.420 17.0 100 a
Non. Dimensions, in. Praaee Waight 7 7.125 0.340 210 L .80 3
Size, in, OD [ Minwall}] DR psig | Ib/100ft 7 7125 | 0274  dgm - %4 | 2
2 2.375 0.339 7.0 267 94 7 7.125 0,220 3.8 810 -y 2
2 2,375 0.264 8,0 200 76
2 2.375 0.216 11.0 160 684 B 8,625 1.232 7.0 267 1z
2 2.375 0.176 13.5 128 53 8 8,625 0,958 9.0 200 s
2 2.375 0.140 17.0 100 43 8 8825 0.784 11.0 160 &
g8 8.625 0.639 13.5 129 7
3 3.500 0,500 7.0 287 205 - B 8.625 0.507 17.0 100 51
3 3.600 0.389 8.0 200 166 8 8,626 0.411 21.0 80 4
3 3.500 0.3t8 11.0 160 139 - 8 86286 0.332 26.0 54 3
3 3.500 0.259 13.5 128 115 8 8.828 0.255 32.5 51 I
3 3.500 0.206 17.0 100 a3
a 3.500 0.167 21.0 80 77 10 10.750 1.638 7.0 267 18
3 3.500 0.135 26,0 84 82 10 10.750 1,194 9.0 200 15
: 10 10.750 0.977 11.0 160 13
4 4.500 0.543 7.0 287 339 10 10,750 0.796 13.5 128 10
4 4,500 10 10,750 0.832 17.0 100 ?
4 4.500 ) 10 10.750 0.512 21.0 80 7
P A 4500 | 10 10.750 | 0.413 26,0 64 5¢
et 4,500 10 10.750 0.331 25 51 47
S 4 4.500
e —p—t—A-BoT 12 12.750 1.821 7.0 267 27
4 4.500 12 12.750 1417 9.0 200 21
12 12.750 1.159 11.0 160 18
5 5563 0.795 7.0 267 517 12 12.750 D.844 13.5 128 15
5 5.563 0.618 8.0 200 418 12 12.750 0.750 17.0 100 12
5 5.563 0.508 11.0 180 3g1 12 12,750 | 0.607 21.0 80 10
5 5.563 0.412 13.5 128 291 12 12.750 0.450 26.0 64 B:
5 5.563 0.327 17.0 100 235 12 12.750 0.392 32.5 51 B¢
5 5,563 0.265 21.0 80 193
5 5.503 0.214 28.0 64 157 14 14.000 2.000 7.0 267 32
5 8,563 0171 32.5 51 127 14 14.000 1.556 2.0 200 26:
14 14.000 1.273 1.0 160 22
5375 5.375 03186 17.0 100 220 14 14,000 1.037 13.5 128 1B
5.375 5375 0.256 21.0 80 180 14 14.000 0.824 17.0 100 14
5.375 5,375 0.207 26.0 654 147 14 14.000 0.887 21.0 80 12
| sars | so7s | odss | 325 51 118 14 | 14000 | 0838 | 26.0 B4 =
14 14.000 0.431 32.5 51 B8(
=} 6.625 0,846 7.0 Z67 733
6 8.625 0.738 8.0 200 503 16 18.000 2.286 7.0 267 42
] 6.625 0802 11.0 160 497 18 16,000 1.718 2.0 200 34
B 6.625 0.491 13.5 128 413 16 16.000 1.455 11.0 160 25
. B 8.625 0.350 17.0 100 334 16 16.000 1.185 13.5 128 24
& 6.625 0,315 21.0 80 273 16 16.000 0,841 7.0 100 18
. 8 6,625 0.255 26.0 64 223 16 16.000 0.762 21.0 80 151
T 8.825 0.204 328 51 180 16 18,000 | 0816 28.0 64 131
18 16.000 0.492 32.5 51 10
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an entrance loss. h.,, friction loss. #;, and the * T
barrel.

Vz
by = he + he + —
- 28

Substituting Equations (3.32) and (3.16) for h,, and hy, respec-

tively, we have
v atvi vl

The entrance coefficient. k., is approximately 0.5 for a square-edged
entrance and approximately 0.1 for a well-rounded entranice. Common
values used for the Manning's roughness coefficient are n = 0.012 for
concrete pipe and n = 0.024 for corrugated steel pipe. Equation (8.17)
may be rearranged to express the direct relationship between the dis-
charge and the dimensions of the culvert at any given elevation differ-
ence, b, between tail water and head water. For a circular culvert,

~{niL 80
h = [Kcm + (W) ?_g) + 1]172304 (3.18)

where () is the discharge, D is the diameter, and Ry is the hydraulic
radius (R, = D/4) of the culvert barrel. For culvents with noncircular
cross sections. the head loss may be calculated by Equation 18.17) with
the corresponding hydraulic radius calculated by using the cross-
sectional area, A. and the wetted perimeter, 7.

2. If the discharge carried in a culvert has a normal depth that is larger than

the barrel height, the culvert will Aow full even if the tail water level
drops below that of the outlet. In this case, the discharge is controlled
by the head loss and the level of the head water (HW). The hydraulics
are the same as discussed before.

3. If the normal depth is less than the barrel height, with the inlet sub-

merged and free discharge at the outlet, a partially full pipe flow
condition will normally result, as illustrated in Figure 8.17(c). The
culvert discharge is controlled by the entrance condition. and the flow
is said to be under entrance control. The discharge can be calculated by

ék Q = C,AV2gh (8.19)

where A is the hydrostatic head above the center of the orifice and A 1s
the cross-sectionai area. C, is the coefficient of discharge; common

H A
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values used in practice 2

for a sqﬁarc-edgcd entrance and
C; = 1.0 for a weil-rounde

d entrance.

. When the hydrostatic head at the entrance is less than 1.2D, air will

break into the barrel and the culvert will flow under no pressure. In this
case, the culvert slope and the barrel wall friction determine the flow
condition in the culvert for open channel flow. Due to a sudden reduc-
tion of the water area at the entrance, the flow usually enters the culvert
in a supercritical condition. The critical depth takes place at the en-
trance of the barret. The friction of the barrel wall gradually dissipates
the energy. If the rate of dissipation is higher than the flow couid gain
from the barrel slope, the depth of the fiowing water will increase in the
downstream direction. Depending on the tail water level, the super-
critical flow may convert to subcritical flow through a hydraulic jump.
The flow conditions can be computed by applying the water surface
profiles developed for open channels.

Exampie 8.4

A corrugated stesl pipe is used as a culvert that must carry a flow rate of
5.3 m’/sec and discharge into the air. At the entrance, the maximum avaiiable
water head is 3.2 m above the bottom as shown in Figure 8.18, Tha culvert is

35 m long and has a square-edged entrance and slops of 0.003. Determine the
diameter of the pipe.

Solution

{a} Allowing full pipe flow, the energy balance of the culvert flow may be

expressed as (see Figure 8.18),

he=H-—- D+ SL=32-0+0003-35
= 3305 -0

where O is the diameter of the pipe. Also, from Equation {8.18), we

have, 714774@&44@\:7 p P 2/2,

" ‘,-.g-,»mm-wu‘kg;:ﬂkﬂm
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53 EXAMPLES OF FILTER DESIGNS TO PREVENT PIPING 161

The U.S. Bureau of Reclamation (1973) uses the following criterion for grain
size of filter materials in relation to openings in pipes:

Dy of the filter nearest the pipe
maximum opening of pipe drain

= 2 oI more (5.6}

Equations 5.4, 5.5, and 5.6 represent a reasonable range over which satisfac-
tory performance can. be expected.

An important development in the manufacture of drainage pipes is the slot-
ted PVC pipe (Cedergren, 1987) which has slots machined to specified widths
from a minimum of 0.010 in. (0.25 mm) up to 0.10 in. {2.54 mm)} or larger.
Figure 5.3 shows a PVC pipe 6 in. (15.2 cm) in diameter with sawed slots of
uniform size. Close control over the width of the siots ensures free flow of
water into the pipe without danger of clogging with soil when the slotwidths
have been correcily established with Eq. 5.4

53 EXAMPLES OF FILTER DESIGNS TO PREVENT PIPING

Historical

Before the development of rational and experimental filter design criteria drain
design was considered more of an art than a science. Designers depended on
judgment, instinct, or precedent. In many instances coarse stone or gravel was
placed in direct contact with fine-grained soils with the result that drains often
became clogged or soil piped through them, thus causing structural failures.

FIG, 5.3 Slotted PVC drain pipe 6-in. in
provide good filter protection.

iameter. Machined slots of uniform width

;WWL’VHME
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Standard Specification

for

s

Sizes of Aggregate for Road and Bridge Construction

1. SCOPE

1.} This specification defines aggre-
gate size designations and ranges in me-
chanical analyses for standard sizes of
coarse aggregate and screenings for use
in the construction and maintenance of
various types of highways and bridges.

1.2 The values stated in SI units are
to be regarded as the standard,

2. REFERENCED DOCUMENTS

21 AASHTO Standards:

T 27  Sieve Analysis of Fine
and Coarse Aggre-
gates

T2 Sampling Aggregates

M 92 Wire-Cloth Sieves for
Testing Purposes

AASHTO DESIGNATION: M 43-88
(ASTM DESIGNATION: D 448-86)

3. SIGNIFICANCE AND USE

3.1 Contract documents may specify
certain of these aggrepate sizes for spe-
cific uses or may suggest one or more
of these sizes as appropriate for the prep-
aration of various end-product mixtures.
In some cases, closer limits on variability
of the aggregate grading may be re-
quired.

4. MANUFACTURE

4.1 The standard sizes of aggregate
described in this classification _may be
manufactured by means of any Yuitable
process used to separate raw matertal
into the desired size ranges. Standard

sizes may also be produced by blending
two or more different components,

5. STANDARD SIZES

5.1 Standard sizes of coarse aggre-
gate shall comply with the sizes given
ir Table 1. All sizes shall be determined
by means of laboratory sieves having
square openings and conforming to M
92.

6. BASIS OF CLASSIFICATION

6.1 Classification is based upon the
size number and size ranges shown in
Table [ with the aggregate sampled in
accordance with T 2 and tested for grad-
ing by T 27.

A F
41




TABLE @ Standard Sizes of Processed Aggregate

Amounts Finer than Each Laboratory Sieve (Square Openings), Mass Percent

19.0- 12.5- 9.5 4.75-
min min mm mm
Ciein)  Chein)  (ein)  (No. 4

300-
pm

(No. 50y (Mo, 100

63- 50- 37.5- 25.0-
mm mm mm mm
(2/ein)  (2-in)  (PYe-in) (3-ind
25 o 60 — Ot 15 —

S0t 100 35w 70 Q1w ls —

90 to 100 — 25 to 60 —

100 S0t 100 35t070 COwols

100 9510 100 — 351070
_ 100 o0 to 100 20 to 55
— 100 95 to 100 -

— —_ 100 90 1o 100

— — 100 901w 100

— - 100 9310 100

(RG] — — rm
0to 3 — —_ —

Otw 10 Oto 5 — —

0w 15 — Ows —_
3510 70 — 10w30 O0tel
20tw35 0wlld OGtos o
40w85 10wdd Dwis Otel

- 2510 60 - Oto 10

Wito 100 20t055 0wlsS Ot
90 1o 100 — w355 0wl

90 to 100 — 065 S5

100 90to 100 40w 70 Otoi5
100 90t 100 40t 75 5t025
— 00 8510 100 10to 30
— 100 901w 100 20to 55
— — 100 8510 100

—_ — i00  85to0 10D

Dts

0tos

Size
Num- Nominal Size,
ber Square Openings
1 90 to 37.5-mm
(3%, to 1'-in)
2 63 to 37.5-mm
('3 to 1'fp-in)
24 63 o 19.0-mm
{2, t6 Ye-in.)
3 50 to 25.0-mm
{2 to I-in.)
357 50 1o 4.75-mm
{2«in. to No. 4}
4 37.5 to 19.0-mm
(I'; 1o ¥-in}
467 3751w 4.75-mm
(1%, o No. 4)
5 25.0 to 12.5-mm
(1 to Yp-in}
56 250 to 9.5-mm
(1 to Ye-in)
57 25.0 to 4.75-mm
{1 to No. 4)
6 [8.0 to 9.5-mm
(% to Mp-in.)
67 19.0 to 4.75-mm
{*s to No. 4)
68 18.0 to 2.36-mm
(s to No. &)
7 12.5 10 4.75-mm
{'/; to No. 4)
78 12.5 te 2.36-mm
(*/, to No. 8)
8 9.5 to 2.36-mm
(s to No. 8
&9 9.5 to 1.18-mm
% to No. 16}
9 4,75 to 1.18-mm
{No. 4 to No. 16)
10 4.75-mm
(Ne. 4 10 0¥
3? * Screcnings.
i

Iy
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AppendixX A - Field and Laboratory Investigations 7

Tatal Available

Exploration Depth Soil Percent Fercent Water Soluble

Location (Feet) Description Sodium Sulfate sadium sulfate
{96}
B-5 1045 Sitty é‘?anvi;mt“ 0.07 0.13 0.20
8.8 1920 S”W;fanvcélw ith 0.07 005 0.08
B-101 510 SiltngfanVCé e 0.17 0.06 0.08
B102 os | Filt- Sig:’af?e?d with | 4 47 0.03 0.05
B-106 05 Sitty gsfa’fe,w ith 0.15 0.08 0.12
B-106 29-30 S“tvgsfar:!i N fth 0.15 0.06 0.08

Permeability

Falling head permeability tests were conducted on remolded samples
in general accordance with modified ASTM procedure D2434. The soil
was compacted in.a mold 4.6 inches long and 4.0 inches in diameter
to 85 or 90 percent of maximum dry density and at optimmum moisture
conterit. A falling head was applied to the sample and the flow of wa-
ter through the sample was monitored. The permeability was calcu-
lated after the flow rate had stabilized. The result of the falling head
permeability test is presented in the following table:

Exploration | sample Depth Soil
Location (Feet) Description K tem/s)
B-5 20-25 i silty sand with gravet 53%10°¢
B-12 1015 Silty sand with gravel 4.0x 104
B-102 20-25 Silty sand with gravel 1,008
B-105 . 2025 Wel graded sand with silt and gravel( 1.2 X103 N
\~_._

Flexible wall permeameter tests were performed on selected samples
by AP Engineering and Testing, Inc according to ASTM D5084. With
the exception of one sample (B-105), all tested samples were undis-
turbed ring samples. The samples were placed in a triaxial machine
with a constant confining pressure at the approximate in-place effec-
1j_ive stress pressures. Results were generally consﬁaﬁg mth ‘the fal-

Y.
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PIPE STRENGTH CALCULATIONS
BRC CAMU
HENDERSON, NEVADA

OBJECTIVE

A 4-in diameter HDPE leachate collection pipe and 18-in diameter side slope riser will be
constructed at the BRC Corrective Action Management Unit (CAMU) in Henderson, Nevada.
The objective of this calculation package is to evaluate the pipe strength performance and size
the pipe wall thickness (i.e., determine the SDR).

SITE CONDITIONS

Crushed gravel will be backfilled around the 4-in and 18-in pipes. The maximum height of
waste soil placed above the pipes will be 93 ft. Short term construction and long-term conditions
will be evaluated.

LOADING CONDITIONS
The following two loading conditions were evaluated: g
. Short-Term Loading: Haul Truck (H-20)

The ground pressure applied by the haul truck was estimated to be 100 psi as shown in
Attachment A, p. 2. Based on the maximum axle load of 18 kips, the total load on the tire is
9 kips. Therefore, the footprint of the tire is approximately 0.63 ft* (see Attachment A).
During construction, it was assumed that a minimum of 1 ft (0.3 m) of cover soil will
separate haul trucks from the leachate collection pipes. Using Boussinesq’s solution for a
uniformly loaded square area, the assumed vertical pressure on the top of the pipe is 25 psi
(see Attachment A).

2. Long-Term: Waste Soil Overburden Pressure
Post construction, the maximum overburden soil will exist over the pipe at the southwest

sump at a total depth of 93 ft (28.3 m). The unit weight is assumed to be 136 pcf. Additional
loads from equipment is assumed to be negligible. The vertical pressure is calculated by:

ARy
e
SC0313. PipeStr.082100.d cale.doc Prii
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P =93 ft (136 pef) /144 in*/ft* = 87.8 psi.
Therefore, the vertical pressure on the top of pipe in the long-term condition is 87.8 psi.

Since the long-term load (#2) is greater than short-term load (#1), only the long-term load (#2)
was considered herein.

METHOD OF ANALYSES

Ring deflection, wall buckling, and wall crushing of the pipe were evaluated for the loading
conditions. The Spangler’s Modified lowa Formula was used to calculate ring deflection.
Recent literature indicates that the Modified Jowa Formula results in conservative values for pipe
deformation (Brachman 1998). The actual deflection is likely lower due to the arching effects of
soil via pipe deflection that are neglected in the Modified lowa Formula. The manufacturer’s
design manual for Driscopipe (Philips 66, 1991) and Koerner’s Designing with Geosynthetics
(Koerner 1998) was used to evaluate wall buckling and wall crushing. The design criteria were
based on the manufacturer’s design manual for Driscopipe (Philips 66, 1991).

The method of analysis shown below solves directly for the SDR (Equation 2} of the pipe. Since
the SDR is a dimensionless parameter, the diameter of the pipe does not need to be known.

ANALYSIS

Evaluating Variables

E’ = 3,000 psi for crushed rock (Philips 66 1998)

P = Long-term loading. Soil Load = 93 ft of soil at 136 pcf = 12,648 psf = §7.8 psi
(Assume haul truck loading is negligible)

2 = 30,000 psi
Attachment D (Philips 66, 1991) shows that the modulus of elasticity (E) is
approximately 30,000 psi for a 100 year design life.

Design by Wall Buckling

Wall buckling is generally the critical failure case for buried pipes. Naturally, this is a starting
point for initial values for the SDR.

rF_ 4
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The SDR is defined as:
SDR =D/t (Equation 1}
where D= outside diameter of pipe
t = minimum pipe wall thickness
Assume a factor of safety of 2.0 for buckling (Philips 66 1998). Therefore:

FS=2.0=Py/Pr (Equation 2) (Attachment D)

where Py, = critical buckling pressure at top of the pipe, and
Pr = total soil pressure at the top of the pipe = 87.8 psi

Solving Equation 2 for the critical buckling pressure, Pg, yields:
P = 175.6 psi

The critical buckling pressure, Pg, is defined (Philips 66 1998) as:

P, =08J(ENP) (Equation 3) (Attachment D)

oh

where: P, = critical collapse pressure
E’ = soil modulus = 3,000 psi

The critical collapse pressure can be determined by the following equation:

_2E(t/ DY (D
1~ 1*

/ Dmax )3

P

[N

(Equation 4){Attachment D)

where: E = pipe modulus = 30,000 psi
D = outside diameter
t = thickness
(Dmin/Dmax) ={).95
p = Poisson’s Ratio = 0.45 for HDPE pipe

)
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Equation 4 can be reduced to the following equation:

2.15(E)
F.= ;
SDR

(Equation 5) (Attachment D)

Inserting Equation 5 and rearranging, Equation 3 becomes:

2.15E

2
ch

SDR* = 0.64(E") (Equation 6)

By inserting the appropriate value determined above, the following result is obtained:
SDR = 15.9,use 13.5(13.5<15.9, OK)

Check Wall Crushing

Wall crushing occurs when the compressive strength of the pipe is exceeded by the overburden
soil pressure. For example, the compressive yield strength for HDPE pipe manufactured by
Driscopipe i1s 1,500 psi (Philips 66, 1998). Assuming a factor of safety of 2.0, the required
compressive strength of the pipe becomes:

FS = 2.0 = 1500 psi / Sa, therefore S, = 750 pst (Equation 7)(Attachment D)
The hoop stress in the pipe is expressed as:

Sa={SDR-1)P/2 (Equation 8) (Attachment D)

where: P = total external pressure = 87.8 psi
Rearranging, Equation 9 becomes:

SDR = [2(SA)/Py ]+ 1 {Equation 9)

Therefore, the design SDR is shown below:

SDR = 18.1>13.5 OK.

SCO313 PipeStr.082106.d.calc.doc
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Check Ring Deflection

Ring deflection is the change in the vertical diameter of the pipe as the pipe/aggregate system
deforms under the external vertical pressure. Ring deflection can be evaluated using Spangler’s
Modified Iowa formula and can be expressed as follows (Koerner 1998):

_ D, K, W,
(EL/ )+ 0061

Ay (Equation 10) (Attachment B)

Rearranging Equation 11 to express SDR and the percent pipe deflection directly:

DK P
& L ; (Equation 11}
D (2E)/(3(SDR-1)")+0.061£"

where:

Ay = pipe deflection or change in diameter, in.

D = pipe diameter, in.

We = prism soil load, Ib/in of pipe

P = prism soil load, psi = 87.8 psi

K = bedding constant, typically 0.083 (Attachment E)
SDR = standard dimension ratio (SDR) = 13.5

E = modulus of elasticity of pipe, 30,000 psi

E = modulus of soil reaction, 3,000 psi

Dy = deflection lag factor, .3 (range 1.0 to 1.5)

Solving for Equation 12 for the critical load yields:

Ay (1.3)(0.083)(87.8) _
D 2(30,000)/3(13.5—1) +0.061(3000)

t]

The maximum allowable ring deflection for SDR 13.5 pipe is approximately 5.1% at 1.5% strain
(Attachment D). Therefore, the estimated ring deflection is acceptable.

SC0313.PipeSir.082106.d.caic.doc
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SUMMARY AND CONCLUSIONS

Based upon these calculations for pipe ring deflection, wall buckling, and wall crushing, an
HDPE pipe with an SDR of 13.5 satisfies the design criteria.

The pipe compressive strength and the design methods and criteria were based on the Driscopipe
manufacturer’s design manual (Philips 66, 1998). These parameters might be slightly different
for the specific pipe used at BRC CAMU. However, the factors of safety against wall buckling
and wall crushing calculated herein will account of uncertainty or differences in the pipe
compressive strength or in the design methods and criteria.

CONSIDERATIONS FOR SPECIFICATIONS

In accordance with the above analyses, the following items should be included in the
specifications for construction at the BRC CAMU:

* A pipe with a maximum SDR of 13.5.

e A minimum of 1 ft (0.3 m) of cover soil shall be placed over the pipes before a haul truck is
allowed to drive over them.

¢ Compacted crushed rock shall be placed in the pipe trench.
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CHAPTER SEVEN Stresses in a Soil Mass

vertical stress, dp, at point A caused by the load on the elementa! area (which may be
assumed to be a concentrated load) can be obtained from Eq. (7.11):

Ngr dr da) z?

b=

{7.24)

The increase in the stress at A caused by the entire foaded area can be found by
integrating Eq. (7.24), or

e=121n r=R3q 23?,
A":J@ZLQ J 2m 2 a2
So

1
<o) ~ i) e

The variation of Ap/g with z/R as obtained from Eq. (7.25) is given in Table 75. A
plot of this is also shown in Figure 7.17. The value of Ap decreases rapidly with depth,
and, at z = R, it is about 6% of ¢, which is the intensity of pressure at the ground
surface,

¥ TABLE 7.5 Variation of
Aplg with z/R
{Eq. {7.25}]

.02 0.89999
G.05 0.5593
€10 0.9950
G2 09925
G4 09488
05 09106
08 0.7562
1.0 0.6485
1.5 0.4240
20 0.2845
25 0.1996
30 0.1436
40 0.0859
50 06571
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7.8 Vertical Stress Below the Center of a Uniformly Loaded Circutar Area 231

¥ TABLE 7.4 Valuesof Aplg [Eq. (7.23)]

01979 01735 01241
01872 01476 " 01211
01258 01154 01026
00691 00775 00776
00358 00482 00546

[2, 04y

coocono oo

CENTER OF A UNIFORMLY LOADED
CIRCULAR AREA

|

|

78 VERTICAL STRESS BELOW THE |
? 1

Using Boussinesq’s solution for vertical stress Ap caused by a point load [Eq. (7.11}],
one can also develop an expression for the vertical stress below the center of a uni-
formly loaded flexible circular area.

From Figure 7.16, let the intensity of pressure on the circular area of radius R be
equal to g. The total load on the elemental area {shaded in the figure) = g7 dr dx. The

Pressure = g

¥ FIGURE 7.16 Vertical stress below the center of a uniformly loaded flexible circular area

i

bt rrest A




FACTORS

Tire
Pressure

{psi)

180
170
148
166

204
{50
175

175
177
127
184
174

nce 3 for a

n on
t, Zths
iperature,
wveral air.

must be

ficated In
0 pounds
range be-
-able load
: to state
ight.hand

a the tire
ires, how-
center of
however,
Tint area.

ey (< @5’!*' o

DESIGN FACTORS 13

TABLE 1.2. Typical Runway Lengths for Severo!l Aircraft and Conditions®

Normal Max

Temp. of
Hottest Month Elevation Lengtht
Plane Type (°F) (f) {It}

Boeing 707-100 160 Sea level 10,500
Bocing 707-100 75 3000 11,500
Boeing 707-100 75 1000 10,500
Boeing 727 75 1000 7,800
Bocing 747 75 [GOC 10,500
Douglas DC 9 75 1000 8,000
Convair Cv 880 75 1000 10,500
BAC 1.1} 75 1060 7,500

* Data from charts in FAA publication (ref. 4).

®The lengths shown in the table are relative and are for illustrative purposes
only since the required lengths are dependent upon mauy faciors, including
effective grade of the runway, setting ol the wing flaps, and takeofl weight, Bach
runway must be analyzed for its own particular conditions and the critical
plane using the runway,

it

nep

In the majority of the problems, circular tire tmprints are assumed. Hence the fﬁé’
i

radius of contact is as follows:
. ¥
I
where a = radius of contact P
P = total load on the tire

'f-?

= tire pressure (2!551”1}(’.('] o be qul{li Lo contact PI'CSSUI'C‘)

For some cases tire mmprints as illustrated on Figure 1.8 are used. The rela-
tionship between pressure and the geometry of the imprint is as shown on the
figure.

DESIGN FACTORS

Pavement design consists of two broad categories: (1) design of the paving
mixtures, and (2) structural design of the pavement componcnts. These two
design steps must go hand in hand. '

The structural design of pavements is basically different from the structural
design of bridges and buildings in that the pavement structure lies exposed
upon the ground surface and, hence, is greatly influenced by environmental fae-
tors. Likewise, a highway, for example, will cross many different soil deposits
and it becomes necessary for the design engineer to select in a rational manner
a design value representative of the area under question. The strength of soil is
altected by many factors, including density, moisture content, soil texture, soil
structure, rate of load application, and degree of confinement. In addition, soils

Atterchmerck A
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676 Designing with Geopipes Chap. 7

7.2.2 Deflection Issues

An engineering approach to the quantification of deflection vs vur Prperiaes 1138
been developed by a sequential group of research faculty and students at lowa State
University. Beginning with Marston in the 1920s evalualing rigid conduits (the term
; used for shallow buried pipes), followed by Spangler in 1950--1970 evaluating flexible
conduits, and into the present by Watking the group and their colleagues have “written
! the book” for this type of research [12]. Key issues in the development are the use of
arching theory for gravitationat force dissipation, the importance of subgrade stability,
backfill type, and compaction conditions, and finally the flexibility of the pipe structure
itself. Moser [13] presents the following equation, summarizing the Iowa State group’s

: effort for the deflection behavior of flexibie (in our case plastic) pipe.
! Ay DKW, ,
X =B + (0061E) ° (717}
where
! AX = horizontal increase in diameter (m), .
y = vertical deflection {m), /. ‘7/-\ (C"/""“deai‘ V{>

D, = defiection lag factor, which varnes from 1.0 lc@dimcnsionless),
K, = bedding constant, which varics from (.83 10 0.110 (dimensionless), €
. = Marston’s prism load per unit length of pipe (kN/m) {note that arching is
not taken into account in this formula),
I = moduius of clasticity of the pipe material {kPa),
/ = moment of incrtia of the pipe wall per unit length (m?).
El = bedding stiffness of the pipe nng per unit tength (kN-mj.
r = mean radius of the pipe (m). and
E' = modulus of soil reaction (kPa).

The last term (') has been the subject of intense discussion and research. Howard [14]
"of the US. Bureau of Reclamation bas recormmmended the values given in Table 7.9,
which have relatively wide acceptance.

Eq. (7.17) can also be cast in terms of the laboratory plate loading test with the
foliowing result. The equation assumcs a bedding constant K, = 0.2 and uses the Ting
stiffness constant {RSC).

y PO.1L)

_ (7.18)
D~ [149(RSCY/D + 0.061E']

where
y = vertical deflection (m),
D = inside pipe diameter (m), ‘
P = load on pipe (kPa), St chhwand 12
L. = deflection lag factor {usualiy 1.0 to 1.5),
RSC = ring stiffness constant (kN/m). and \/
|

= modulus of soil reaction (kPa).
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Where: 5, = Aclual compressive stress, psi Dezicn by Wall Bucking (ncfolnegs
SDR = Standard Dimension Ratio Although wall buckhing s seldom e limiting factor in
Pr = External Pressure, psi Ihe desiogn of a Discopipe system a check of non-

pressurized pipelines can be marde acoording to the

folicwing steps o insure 2, = P,

1. Calculate or estimate the olal soif pressure, P, al
the top of the pipe

Safety Factor = 1500 psi + 5, where 1500 psiis the
Compressive Yield Strength of Driscopipe.

Design by Wall Buckiing: Local wall buckling is a
fongitudinal wrinkiing of the pipe wall. Tests of non-

pressurized Diiscopipe show that buckling and 7 Caleulate the stress 'S m e pipe wall according
coltapse do not occur when the soil envelope is in full to the formula:

contact with the pipe and is compacted to a dense o . (SDR - 1

state. However, it can be forced to occur over tha long oA 2

term in non-pressurized pipe if the lotal externat soil 3 Based upon e stress “S,” and the estimaled time
pressure, £, is allowed to exceed the pipe-soil duration of non-piessurization. use Chart 25 to find
system's critical buckling pressure, Pey. If Py > £y, the value of the pipe's modulus of elashicily,
gradual collapse may occur over the long term. A E inpsi

calculated, conservative value for the

critical buckling pressure may be obtained Chart 25§

by the following approximate formula. All .
pipe diametars with the same SDRin the Time Dependent Modulus of Elasticity for

same burial situation have the same critical  Polyethylene Pipe vs. Stress Intensity (73.4°F)
coliapse and critical buckling endurance 100,000 % Nebbp . e e T

P = 08 VE xP,

Where: Eeke) g

P, = Total vertical soil pressure at the top
of the pipe, ps:

P, = Critical buckling soil pressure al the
top of the pipe, psi

E" = Soil modulus in psi calculated as the .00 e
ratio of the varlical soil pressure to 7
vertical soil strain at a specified
densily ’ g £n.000 b 1]
P = Hydrostatic, critical-collapse z ;
dilferentiad pressure, psi E &
@ i
P 2E (D) (Dyiy Doanx)” [t
¢ = 3
(1 p%) 3 : :
_232€ T cap B RS
= ey ul s &1 L ;:
¢ T (SDRY® : s 5 R
Where: (Dyu/Oyad) = .95 25352 i s
o = Poission’s Ratio ¢ saccot ApEEatTE S
o = .45 for Driscopipe R SEEEE
E ~ slress and time dependent Hrrai s
lensile modulus of elasticity, psi EifaE
In a direct burial pressurized pipeline, the g Eeas

internal pressure is usually great enough to
exceed the external critical-buckling soil
pressure. When a pressurized ineisto be
shiut down for a period, wall buckling
should be examined.

A
40 w0 ) 700 800

Teasife, Strass, psi
(73.4°F)

MNOTE: The short term modulus of elasticity of Driscepipe per ASTM & 618 is approximately
100,000 psi. Due 1o the cold flow (creep) characteristic of the pipe material, this modulus is
dependent Upon the stress intensity and the time duration of the sppiied siress.
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TABLE 13: VALUE OF E’ BASED ON SOIL TYPE (ASTM D2321}
AND DEGREE OF COMPACTION

E’ (psi) for Degree of Compaction {Standard Proctor Density, %)

ST A

granular malerials
{Crushed Stone, or rock,
broken coral, cinders, eic.}

Manufactured angular, 1,000 3,000 ( 3,000 3,000

Coarse grained soils 1,000 2,000 3,000

with fittle or no fines

Coarse grained soils : 1,000 2,000
with fines : :

Fine Grained Soils

Organic Soils
(Peal, Muck, Clay, otc) : 4 : @

gte: This summary of ASTM D 2321 is provided for the design engineer’s convenience. This
specification should be reviewed in detail before specifying burial conditions.

MINIMUM COVER  There arc ne firm rules regarding minimum burial depth. The variables change for
each installation, and the designer should check each design for wail crushing, wall buckiing, and ring |
deflection. However, the following guidelines may be helpful.

e Consider a burial depth below the local frost line. TN T
e Where there will be no overland traffic, the designer may wish to consider a cover of 18" or
one diameter, whichever is greater. el o
e Where truck irafiic may be expected. the designer may wish to consider a burial depth of
38" or ong diameler, whichever is grealer. s =
e Where heavy off-the-road truck or locomolive traffic is expected, the designer may wish to
consider a minimurm cover of 5 feet or more.

CALCULATION OF TOTAL SOIL PRESSURE BY COMPONENTS  Proper design of the
polyethylene “pipe-soil” system balances the response of the pipe and surrounding soil against the total
external soil pressure. Burial design by wall crushing, wali buckling, and ring deflection require the
calculation of the total soil pressure, Py, at the top of the pipe. There are many sources of soif pressure
above the pipe. ltis helpful to examine the total soil pressure as the sum of its components,

l/(p A
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Note: Cooper E-8C live load assumes 80,000

2 pounds apphed to three 2' x 8" areas on 5'

s pomien mare - centers such as might be encountered through
live loading from a locomeotive with three 80,000
pound axle loads.

Source: American lron and Steel Institule,
Washington, DC

Height of Cover to Base of Tia —in Fest

s P e
£ el iR S
A A A
2000 300C A000

Unit Load in Pounds por Square Foot

APPARENT EXTERNAL PRESSURE DUE TO INTERNAL VACUUM, P1  Vacuum generates a -

compressive hoop stress in the wall of a pipe and acls to collapse the pipeline. Under vacuum %

conditions, the value of Pris positive. P, is added to the other two exlernal pressure components, Ps
and P, to obtain the tolal external presswre, Pr, acting on the pipe. Aninternal vacuum generates
pressure equal to the absolute value of the vacuum. The maximum apparent external pressure due to a
vacuunt insicde the pipe is 14.7 psi (2,117 psf).

BURIAL DESIGN GUIDELINES The design engineer must select the proper pipe DR and specify
the backhll condilions to obtain the desired performance of the “pipe-soll” system.

DESIGN BY WALL CRUSHING  Wall crushing ocours when externgt xgriical.pressure causes the
compressive stress in the pipe wall lo exceed the long-term compressive strength of the pipe material,

To design for wall crushing, the following check should be made: | Lage -
SDR - 1) e =
-7 Se=h
Where: Sa = Aclual compressive stress, psi
SDR = Standard Dimension Ratio

P:

Total externat pressure on the top of the pipe, psi

Safety Factor = 1500 psi /Sa (where 1500 psi is the compressive yizld strength of Driscopipe HDPE pipe)

DESIGN BY WALL BUCKLING  Local walt buckling is a longitudinal wrinkling of the pipe wall.
Buckling can cceur over the fong term in nen-pressurized pipe if the total external scit pressure, Pr,
exceeds the pipe-scil systeny's critical buckling pressure, Pcb . Although wall buckling is seldom the lim-
iting factor in the design of a Driscopipe system, a check of non-pressurized pipelines can be made
according to the following steps to insure Py < Py . All pipe diameters with the same DR in the same
burial situation have the same critical collapse and critical buckling endurance.

A e chiment D
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Calculate or estimate the total soil pressure, Pr, at the top of the pipe.

1.
2. Calculate the stress, 5,, in the pipe wall:
(SDR—1)
SA = ‘—i-—“" PJ‘
3. Based upon the stress, S,, and the estimated time duration of non-pressurization, find the value
of the pipe's modulus of elasticity, E, in psi (approximate value for E is 35,000 psi).
4, Calcuiate the pipes hydrostatic, critical-collapse differential pressure, P.
3 3
25(’/‘9) (DMIN /DMAX)
P.= 5 or
(1-%)
225 (£)
Where: (Dmml'Dr.mx) =0.95 - 3
n = Poission’s Ratio = 0.45 for polyethylene pipe Q\-DR
E = strass and time dependent tensile modulus of elasticity, psi
E = 35,000 psi (approximate)
D = Qutside Diameter, in.
t = thickness, in.
5 Calculate the soll modulus, E’, by plotting the total externat soil pressure, Py, against a specified
soif densily to derive the soil strain as shown in the example problem below Figure 7.
6. Calculale the critical buckling pressure at the top of the pipe by the formula:
P, = 08,/(E(P.)
Where: P = Critical buckling soil pressure at the top of the pipe, psi
£’ = Soil Modulus, psi
P, = Hydrostatic critical-collapse differential presgure, psi .. .
7. Calculale the Safety Faclor: SF = P / Py B
8. The above procedures can be reversed to calculate the minimum pipe DR required for a given

soil pressure_and an estimated soit density.

In a direct barfal pressurized pipeling, the internal pressure is usually great enough to exceed the exter-
nal critical-buckling soil pressure. When a pressurized line is to be shut down for a period, wall buckling
should be examined.

Alecks ot D
3+
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FIGURE 7: PLOT OF VERTICAL STRESS-STRAIN DATA
FOR TYPCIAL TRENCH BACKFILL (EXCEPT CLAY) FROM ACTUAL TESTS

Vertlcal Soil Pressure (Ib/f#?)

p1=

e Vertical Soil Straln (percent)

Example! Mote' The curves shown on this chart are sample curves for a granu-
Find: £’ @ 2000 psl and 80% densily far soil il other types of sol are used for backfill such as clay or clay
Formula: E' = PT/E. foam. curves should be developed from laboratory test data for the

matenat used Soil pressures greater 1han 4000 psf may be extrapo-
Iated with the slope ol the curve or curves can be generated by test-
ing at lsgher soil pressures. Probable error of curves is aboul hall
the distance belween adjacent nas

Calculations: E' = 2000 pst /(0 018 " 1.14) = 771 pai

Design by RBing Defleclion Ring deflection, by dsfinition, is the ratio of the vertical change in diame-

ter to the pipe's originai diameter. 1l is often expressed as a percentage.
Driscopipe HDPE pipe is designed to be “fiexible”. This assumes the pipe ‘wéll défi'ect the same as the
vertical compression of the soil around it. Design by ring defiection matces the ability of the pipe to
accommodate, without structural distress, the vertical compression of the surrcunding soil. Design by
ring defiection calculates the vertical scil strain and compares it to the allowable ring deftection of the

pipe. - T
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TABLE 15: ALLOWABLE RING DEFLECTION QF DRISCOPIPE®
POLYETHYLENE PIPE BASED UPON DR

Pares

P

17 4.2%
15.5 3.9%

| 135 3.4% | %
11 2.7%

The allowable ring deflection of polyethylene pipe is limited to create no more than 1 to 1.5% tangential ?%
strain in the ouler surface of the pipe wall. As the wall of a pipe becomes thicker (a “lower” DR value), =T
the distance from the neutral axis to the outer surface increases. As a result, less deflection is required
to create the allowable tangential strain. Defiection of the pipe-soil system is controlled by proper

specification of the backfill compaction.

FIGURE 8: CALCULATING RING DEFLECTION

iaq—-———‘- Dmax —_—!

? % RingDeflection= (I - —ﬁ] x 100%

D min ——— i

The percentage ring deflection based upon strain for a given DR pipe can be calculated as follows:

i
|

) = (0aselsor) A

@ D #T 'H%béfméw{‘ D
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Where: AY = Vertical deflection, in.
D = Pipe OD, in.
£ = Tangential strain in the surface of the pipe ring, in./in.

SDR = Standard Dimension Ratio

Driscopipe recommends limiting tangential surface strain 1o 0.01. This value is based upon the
following criteria:

e Most of the deflection of a flexible pipe occurs within a few days after final backfill is
completed. Development of a soil arch over the pipe relieves the pipe of much of the
vertical soil load by the arching action of the soil envelope and by the development of sgil
resiraint at the sides of the pipe.

e An allowable strain value of 0.01 will allow for reasonable additional detlection due to
disturbance of the backfill by earthquake, fluctuations of the waler table, etc.

e An allowable design strain value of 0.01 allows for the normal deviation of temperature
encountered during installation.

fn summary, a soil density can be speciiied for the bedding and initial backfill so that totat soil pressure
at the lop of the ping, Py, will not cause a given DR pipe to exceed its maximum aliowable ring
deflection.

Azl mect D
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5 May 99
Table 5-6
Support Spacing for Schedule 80 CPVC Pipe
Maximum Support Spacing, m (ft) at Various Temperatures
Nominal
Pipe Size, 23.C 38 C 49-C 60-C T+ C 82-C
mm (in) (73 F) (100+ F) (120+F) (140 F) 160+ F) (180 F)
25(1) 1.83 (6.0) 1.83 (6.0) 1.68 {5.5) 1.52 (5.0) 1.07 (3.5) 091 (3.0)
40 (1.5) 213 (7.0} 1.98 (6.5) 1.83(6.0) 1.68 (5.5} 1.07 (3.5) 0.91 (3.0)
50 (2) 213(7.0) 2.13(7.0) 1.98 (6.5) 1.83 (6.0) 1.22 (4.0) 1.07 (3.5)
80 (3) 2.44 (8.0) 2.44 (8.0) 229 (7.5) 213 (7.0) 1.37 (4.5) 1.22 (4.0)
100 (4) 259 (8.5) 2 59(8.5) 259(8.5) 2.29(7.5) 1.52 (5.0) 1.37 (4.5)
150 (6) 3.05(10.0) | 2.90(9.5) 274 (5.0) 2.44 (8.0} 1.68 (5.5) 1.52 (5.0)
200 (8) 3.35(11.0) 3.20105) | 3.05(10.0) 2.74 (9.0) 1.83 (6.0) 1.68 (5.5}
250(10) 3.51(11.5) 335(1L.0) | 3.200105) | 290(9.5) 1.98 (6.5) 1.83 (6.0)
300(12) 381(12.5) § 3.6 (12.0) 351(11.5) 3200105y | 2.29(7.5) 1.98 (6.5)
Note: The above spacing values are based on test data developed by the manufacturer for the specific product and
continaous spans. The piping is insulated and is full of liquid that has a specific gravity of 1.0.
Source: Harvel Plastics, Product Bulletin 112/401 {rev. 10/1/95), . 63.

Table 5-7
Bedding Factor, K,

_ . __Type of lustaliation _ _ _
Shaped bottom with tamped backfill material placed at the sides of the pipe, 95% Proctor density 0.083
or preater
Compacted coarse-grained bedding and backfill material placed at the side of the pipe, 70-100% 0.083
relative density
Shaped bottom, moderately compacted backfill material placed at the sides of the pipe, 85-95% 0.103
Proctor density
Coarse-grained bedding, lightly compacted backfill material placed at the sides of the pipe, 40-70% 0.103
relative density
Flat bottom, loose material placed at the sides of the pipe (not recommended); <35% Proctor 0.110
density, <40% relative density

Source: Reprinted from Schweitzer, Corrosion-Resistant Piping Systems, p. 49, by courtesy of Marcel Dekker, Inc.

5-7
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SLOPE STABILITY EVALUATION
VENEER STABILITY OF GEOSYNTHETIC-SOIL LINED SIDESLOPES

OBJECTIVE

To evaluate the tension developed within the geosynthetic-soil layered sideslope of the BRC
Corrective Action Management Unit (CAMU) located in Henderson, Nevada.

METHOD OF ANALYSIS

The stability analysis of the geosynthetic-soil layered systems was carried out using the
approach outlined by McKelvey (1994). McKelvey (1994) calculates the tension of a geosynthetic
component along a geosynthetic-soil layered sideslope and compares it to the allowable geosynthetic
strength to evaluate the overall factor of safety against tension. McKelvey (1994) allows for the
consideration of tapered slopes and equipment loads. The calculations herein were performed by a
spreadsheet developed by McKelvey that has been verified numerous times, so verification will not be
presented herein.

SIDESL.OPE LINER SYSTEM

The sideslop'e liner system (Attachment A} consists of, from top to bottom:

. 2 ft (min) 2.5H:1V tapered operations layer matertal (10 ft max height),

. a drainage geocomposite;
. . ,ij/ér
.- CoanorEwoverehshion-geolextile;

. a 60-mil (1.5-mm) thick textured high density polyethylene (HDPE) geomembrane,
e a geosynthetic clay liner (GCL); and
e subgrade.

The sideslope inclination 1s 2. 1H:1.0V. The maximum height of the side slope is 30 vertical
feet.

]
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MATERIAL SHEAR STRENGTHS

Operations Layer Material and Drainage Aggregate:

The soil materials to be used overlying the side slope liner system will be native materials
such as silty sands (SM) for the operations layer. The operations layer material is characterized by an
internal angle of friction of 31 degrees (Attachment B). Converse reported a maximum dry density of
132 pef and a optimum water content of 8.7 percent for matenals at the site. Therefore, assuming 95%
relative compaction, the dry density in the field is approximately 125 pef. Adding the weight of water,
the unit weight is approximately 136 pcf (Attachment B).

For this analysis, a shear strength of }/I' degrees and a unit weight of 13}' pef will be used for
the analyses performed herein. 30 A Ay

,f'

Geosynthetic interface:

The following values for the interface friction between geosynthetic and soil components of
the liner system will be used in this calculation:

Operations Layer to Geocomposite (NWGT side) 25 (Attachment D)
Geocomposite-(GN-side) 1o Cushion-Geetesxtite ———— . 30-LAltachment DY/ 74
Cushion Geotextile to Textured HDPE 28 (Attachment E)
Textured HDPE to Dry GCL 18 (Attachiment F)
Dry GCL to Subgrade 28 (Attachment F)

The critical loading for the side slope liner system occurs during construction when dozers
are placing the drainage-ageregate-and operations layer materials up the slope. Global stability analyses
have been performed to determine the long-term stability of the liner system. Therefore, the GCL
component of the lincr system was selected to be dry, since hydration will likely occur only after the
construction phase is complete, and the normal stress used in obtaining the interface friction will be low
{1.e. less than 5 psi).

The minimum shear strength along the geosynthetic interfaces of the sideslope liner system
was assumed to occur at the interface of the textured HDPE geomembrane/GCL. A shear strength value

of 18 degrees will be used in the tension analysis for the textured HDPE geomembrane/GCL interface as
suggested in Attachment F.

e e e e e e e
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DESIGN CRITERION

The geosynthetic-soil lined sideslopes are considered interim slopes because they will
eventually be butiressed by placement of waste. Due to the limited duration during which the
geosynthetic-soil lined slope will exist before it 1s buttressed by waste, seismic stability analyses were not
conducted.

RESUL TS AND CONCLUSIONS

-

2
The computer output for the analyses are presenteéd in pages 4-#. The results suggest the

following:

Live Load Case (assuming placement of operations layer with a bulldozer no larger than
Caterpitiar D6H-LGP dozer in terms of operating weight and ground pressure), the side slope liner
system will not be placed into tenston.

REFERENCES

Converse (1999), “Prelilﬁinary Geotechnical and Geologic Report - Industrial Non-Hazardous Disposal
Facility (Converse 1999)”, prepared for Basic Management, Inc., October 1999,

Hunt R .E. (1986), Geotechnical Engineering Techniques and Practices, McGraw-Hill Book Company.

Koerner, R.M. (1990}, Designing with Geosynthetics, Third Edition, Prentice Hall, New Jersey.
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-Construction loads

Project variables

Cover soil unit weight : 136.00 pef
Cover soil thickness - 2.00 feet
Cover soil internal angle of friction : 30.00 degrees
Angle of slope {ie nH:1V) : 2.10
Angle of cover {ie nH: 1V} ; 2.50
Slope height : 10.00 feet
Equipment ioad D6H

Geosynthetic variables

Minimum friction angle : 18.00 degrees
Load bearing product name ; 60 MIL HDPE

Yield tensile strength ;] [26.00  ppi

Creep factor of safety : 5.00

installation damage factor of safety: 120 1. 60 MIL HDPE
chemical degradation factor of safety: 1.50 assumed to carry {oad.
biological degradation factor of safety: 100
Break strain factor of safety: £.00 2. Minimum interface at
GM/GCL

ANALYSIS OUTPUT
Slope angle: 25.46 degrees

Ramp angle: 21.80 degrees
Resisting force {(W1): 2,390 ppf
Driving {oree (W2) : 14,776 ppf
Equipment and special loads {Wa) : 6,477 ppf Poiiin s oo
estimated tension : 8 ppf Taper Distances

Geomembrane allowable strength : 168 ppf X (ft): 4.00
| Oversli Factor of Safety for tension :INFINITE _ OK ¥ (ft) 1.60
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PLACEMENT EQUIPMENT: D6H
operating weight (lbs): 38,605
track width (in): 22.00 |
ground contact (in2) 4,564
ground pressure {psi); 8.46
depth (ft): 2.74

ANALYSIS OUTPUT

Surface stress (q) in psf: 1218.04

Track length in inches : 103.73

Length to width ratio (L/B) : 4.72

Length to depth ratio (N} : 1.58

Width to depth ratio (M) : 0.33

Influence coefficient {Io) : 0.09486

Stress at geosynthetic surface (s) in psf: 460.91

Equivaient track width due to attenuation (B'"} in feet : 2.98

Driving force of equipment {Wa) in ppf': 6,477
Special load (ppf) : 0
References

{. McKelvey, J.A. and Deutsch, W.L., (1991) "The Effect of Equipment Loading and Tapcred Cover Soil Layers on
Geosynthetic Lined Landfill Slopes", Proc. 14th Ann. Madison Waste Conference, Madison, WEUWM, pp 395 -«

2. McKelvey, LA (1994) "Consideration of equipment loadings in geosynthetic lined slope designs”, Proc. 8th Inte
Conf. of the Intemational Association for Computer Methods and Advances in Geomechanics,
Morgantown, WV:Balkema, pp. 1371-1377.
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/,;“ Appendix A - Field and Laboratory Investigations 6
Gt

Direct Shear Strength
A progressive direct shear test was performed on select\ed undisturbed
samples using a constant strain rate direct shear mat:hlﬁ?: uggﬁnera{j
accordance with ASTM D3080. The test specimen was trimmed and
placed in the shear machine, a specified normal load was applied, and
the specimen was sheared until maximum shear strength was devel-
oped. After the soil specimen had developed maximurn shear resis-
tance under the first normal load, the normal load was removed and
the specimen was pushed back to its original undeformed configura-
tion. Another normal load was then applied, and the specimen was
sheared a second time. This process was repeated for three different
normal loads. Results of the direct shear test are presented on Figures
A-62 through A-69 and in the following table:

Explorattion Depth soil Ang!gr?;:iir;f‘ernal ggt:l:a?s?;tr)l
Location (Fefat) Description (deg) (ksE)
B-4 1144;5 Silty sand with gravel 31 ;% 0.7
B-5 1415 Silty sand with gravel a3 03
B-10 554%5 sandy lean clay 26 0.85
B-12 1415 Silty sand with gravel 40 0.3
B-101 33-40 Sandy lean clay { 26 0.5
8-102 2025 | . Silty sand with gravet 37 L 02
B<103 | 49:50 | sandy lean clay | 37 1.0
B-104 | 1015 | silty sand with gravel 43 0.1

Chemical Analysis

Chemical tests were performed on a representative soil samples to in-
vestigate the potential for soil corrosivity and chemical heave. Atlas
Chemical Testing Laboratories, Inc. in Las Vegas performed the chemi-
cal analysis for water-soluble sulfates and sodium in general accor-
dance with ASTM D516. The results of the chemical tests are pre-
sented on Drawing No. A-70.

) " _  frres PASD
C;NV@’:}Z\‘:‘/ ({Jr\_',;i_;j;’f/ffJ AR }L/’ /“;/
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Appendix A < Field and Laboratory Investigations 5

shown on Drawing Nos. A-49 through A-56, entitled Consolidation Test
and are summarized on the following table:

Exploration | Depth Soil pry uUnit Moisture Hydrocollapse
Location {feet) ' Description Weight, pcf Content, % {percent)*
SHLy sand with
B8-1 29-30 gravel 105 6 32
B-8 33-40 sandy lean clay 57.4 64 04
B-8 43-50 sandy lean clay 69.5 511 -0.6
B-10 55;3'5 sandy lean clay 60.7 67.7 06
B-101 33-40 sandy lean clay 65.8 45 0.2
B-11 59-60 Sandy lean clay 732 383 0.6
B-102 49-50 sandy lean clay 67.3 48.7 0.5
R Well graded sand
B-105 34-35 with siit and gravel 101 > 0.1

NA: Not availabte

* A negative sign indicates swell occurred upon inundation with water instead of collapse.

Laboratory Maximum Density

Laboratory maximum density tests were performed on selected sam-
ples of the granular soils. The purpose of the test was to define the
compactioh characteristics of these soils, and to aid in estimating soil
shrinkage. The laboratory maximum density test was performed in
general accordance with the ASTM D1557 test method. This test pro-
cedure uses 25 blow of a 10-pound hammer falling a height of 18
inches on each of five layers of soil in a 1/30 or 1/13 cubic foot cylin-
der. The test results are presented on Drawing Nos. A-57 through A-
61 and in the following table:

. . Maximum Dry Optimum Moisture
Exploration | Depth Soil - -
. . Unit weight Content (percent}
Location {(Feet} Description (pefl of dry weight!
B-1 20:25 Silty sand with gravel . 129.4 8.2
B-5 20-25 | Silty sand with gravef 1321 8.2
B-12 1015 | Silty sand with gravel 129.7 7.9
B-101 5-10 Sifty sand with gravel 130.6 i 8.7
Well graded sand
B-105 2025 with sitt and gravel 131.8 ] 7.3
’ -
D AN, B
. f el
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TABLE 3.21

TYPICAL PROPERTIES OF COMPACTED SOILS*

coefficient of

Typical
Range of

Rafnige of
subgrade

Typlcal value
of compression Typical strongth characteristics
Percent of
original height
Range of Range of ~—— Effectlve
maximum optimum At14 At 38 Coheslon{as Coheston stress
Group dry unit  molsture, wf{20 /(50 compacted) (saturated) envelope
symbol 8oll type waight, pcf % pal} pel) psf pef ¢, degrees  tan ¢
GW  Well-graded clean 125-135  131-8 03 06 ] o >38 >079
gravels, gravel-sand
mixtures
GP  Poorly graded clean 115-125 14-11 0.4 09 1 0 >37 >0.74
gravels, gravel-sand
mix
GM  Silty gravels, poorly 120-135 12-8 05 11 >34 >0.67
graded gravel-sand
silt
GC  Clayey gravels, 115-130 14-9 07 16 =31 >060
poorly graded gravel-
sand-clay
8W  Well-graded ciean 110-130 16-9 0.6 1.2 9 ] 38 379
sands, gravelly sands
SP  Poorly-graded clean 100-120 21-12 0.8 14 a ] 37 0.74
sands, sand-gravel
mix
SM  Silty sands, peorly  110-125  16-1% 08 18 1050 429 34 067
graded sand-silt mix
SM-8C Sand-silt clay mix 110-130 15-11 0.8 14 1050 300 33 0.66
with slightly plastic
fines
8€C  Clayey sands, poorly  105-125 19-11 11 22 1550 230 31 0.60
graded sand-clay mix
ML  Inorganic silts and 45-120 24-12 08 17 1400 180 az 0.62
clayey silts )
ML-CL Mixture of inorganic 100-120 22-12 1.0 2.2 1350 460 "32 0.62
silt and clay ' a
CL  Inorganic clays of low  85-120 24-12 13 25 1800 270 28 0.54
to medium plasticity
OL  Organic silts and silt- 80-100 33-21
clays, low plasticity
MH Inorganic clayey silts,  70-95 40-24 20 2.8 1500 420 25 0.47
elastic silts
CH Inorganic clays of 75-105 36-19 28 39 2150 236 14 0.35
high plasticity
OH  Organic clays and 65-106  45-21

silty clays

pormoability, CBR values modulus k,,
ft/min Ib/int
5 % 10732 40-80 300500

107! 30-60  256-400
>107° | 20-60  100-400
>1077 20-40  100-300
>10"? 20-40  200-300
»107? 10-40  200-300
5 X 107° 19-40  100-300
2 % 107°
5 % 1077 5-20  100-300

1078 15 or less  100-200

1077757115 or less 50-200

T
g Sorless  50-100
[

5 X 1077110 or less  50-100

1077 .- {15 orless  50-150

5orless 25-100

s
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sematic diagrams of test setups for {riction and puilout evaluation of
s, (a) Soil-to-fabric friction test and resuits. (b) Fabric pullout {anchor-

setween the fabric and the soil with no further increase in

n the test is repeated at different normal stresses, a trend is
. shear strength parameters can be obtained. Note that these
parameters are related to, but not necessarily the same as, the

:rs. They (the soil parameters) are, however, the conservatw-e

fabric parameters. Often an efficiency, as defined below, 15
of soil shear strength parameters that is mobilized, e.g.,

= (¢ /c) X 100 2.7
E, = (tan d/tan &) x 100 (2.8)

?tif///f/
r\‘y&?f))f

n coheston,

¢

n friction angle,
f soil to fabric,

| Ml

' J4
Lisb!

¢ = the cohesion of soil,
the friction angle of soil to fabric, and
¢ = the friction angle of soil,

l

J

Results from such a test setup by Martin, et al. [13], are presented in Table 2.6 for
four geotextile types against three different cohesionless soils. Soil-to-fabric friction
angles are given, as well as the fabric efficiency versus the soil friction angle by itself as
per Equation 2.8. Here it is seen that most geotextiles can mobilize a high percentage of
the soil’s friction and can be used to advantage in situations requiring this feature. A
review and compilation of a number of direct shear tests on various fabrics against dif-
ferent granular soils is given by Richards and Scott [14]. Anaother review by Williams and

Houlihan {15] covers a wider range of soils, including some sands, silts, and mixed
soils.

2.2.3.11 Pullout {(Anchorage) Tests

Geotextiles are often called upon to provide anchorage for many applications within
the reinforcement function. Such anchorage usually has the fabric sandwiched between,
soil on each side of it. The resistance can be modeled in the laboratory using 2 pullout test,
shown schematically in Figure 2.8b. The pullout resistance is obviousty dependent on the
normal force applied to the soil surrounding it, which mobilizes shear forces on both sides
of the fabric.

Test resuits by Collios et al. {16] show a relationship of pullout test results to shear
test results with some notable exceptions. If the soll particles are smaller than the fabric
openings, efficiencies are higher; if not, they can be Jower. In ali cases, however, puliout
test resistances are less than shear test resistances. This is due to the fact that the fabric is
taut and exhibits large deformations. This in turn causes the soil particles to reorient
themselves into a reduced-shear-strength situation at the soil-fabric interfaces, resulting in

lower pullout resistance. The stress state mobilized in this test is a very complex one
requiring additional research.

TABLE 2.6 SOIL-TC-FABRIC FRICTION ANGLES AND EFFICIENCIES
{IN PARENTHESES) IN COHESIONLESS SOIL

Manufacturer's Concrete sand Rounded sand Silty sand
Geotexlile type designation ¢ = 30 deg. & = 28 deg. ¢ = 26 deg,
Woven, monofilament Polyfilter X 26 deg. (84%) - —
Woven, silt fim 500X 24 deg. {(77%) 24 deg. (832‘7:3) 23 deg. (87%)
Nenwoven, melt-bonded 3401 26 deg. (84%) -~ -
Nonwoven, needle-punched CZ600 A 30 deg. (lIOO%) 26 deg. (92%) 25 deg. (96%);%
- Sourcer After Martin et al. [13] 7

>
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SLT SRLES & MARKETING

Fri Cti on Fl eX'm SLTs FrictionFlex process provided the industry's ficst textured liner. It is the only geomembrane texturing process
ever w be granted a U.S. Patent. It, in fact, has been awarded rwo', In direct conteast to blown-film geomembranes
Application which are textured or made rough by a process which actually erodes the sides of the sheet, the FricgionElex, progess
is additive. SLT begins with 24-foo: wide SL'T HypecFlex™ or UlteaFlex™ sheer manufaciureiiio th%l?nd‘ ¥'s Hhost
Da«ta exacting standards. Only after the sheet passes all QC, is texturing added 1o one ot Btk Yidds é{?é‘q&#rcd b'V the
application. When the engineer utilizes SLT geomembranes textured by the FrictionFlex process, increased facility
design capacity, service life and rotal revenue porenrial can be obtained. Containment slopes, vertical expansions and

perimeter slopes {n closures shace the benefits of preater air-space and superior cover stability.

Most importantly, the advanrages of FrictionFlex arc available without compromise of any performance property
or other issue of secure connainment. The patened manufacturing process enables SLT to produce a wexrured liner
exhibiting similar mechanical and chemical properties demanded of SLT"s premium grades of smooth geomembranc
biners, whether HDPE, VLDPE or LDPE.

Anadded feature of SLT's process is thatan edge, 6-to-8 inches wide, is leftsmooth o aid in welding and field quality
control, This allows standard installation: equipment and procedures o ensure expedient construction.

The following reflects independent data confirming superior FrictionFlexed liner performance in contact with
soils and synthetics:

. Highest coefficient of friction with soils
. Highest coefficient of friction with synthertics
. Premium grade mechanical and chemical propertics
Typical ‘}
SLY Textured Liner Materials Smooth HDPE
Average
Coefficient Friction Comparahle
of Adhesion Angle Friction
Materiat Friction {per square fool) {degrees) Angle
Sandy Glaciai Till 0.74 27 35 20 E
| Sandy Ciay 0.70 65 35 18 '
T Smooth Clay 0.62 39 32 5 16
b
: i
i Onawa Sand 0.59 21 1 ! 19
! Non-woven Polyesier -}
! Ceotextife 054 116 28 Xq ‘ i
i ~on-woven Poiy- ‘ :
| propylene Geotextile 0.55 133 33 { 12

NOTE:  Theabove dataisapproximate. SLT recommends tharspecific data be developed for all application designs.
Sheat box resting of the specific geosynthetic and nazural components of the composite is necessary to
establish an appropriate design basis. SLT will be pleased to provide any necessary macerial samples for such
purposes and invites comparative procedures,

This dara i; provided for informational purpsses only ard i not intended as a warranty “U.S. Patent No. 4,885,201
or grearantee, SLT assumes no fiability in cormpction with the use of this dara. 5,075,135

1Y

For environmental lining solutions.. .the world comes fo SLT.

ining
B. Si . SLT Lining SLT Lining Technology  SLT Advanced L _
® N de.N m?;}: E‘}WER;E?’! INC Tachnatogy GmbH {Far East) Pte,, Ltd. Technolagy Pty. Lid.
ubsidiary 0 FVITONMENa, it Pallharnweg 17 182 Tagora Ln. 5 Regent Crescent
200 S. Trade Center Parkway D-2102 Hamburg 93 Singapore 2678 Moorsbank, New South Wales
Conrae, Texas 77385 Germany gikdsg-zagsdass g;;sztrgéi? ;577?
49-40-751.0050 65-454- 2.824.
(713} 350-1813 FAX (409) 273-2266 FAY £9-40.757-1088 FAX 61-602-8506
e e e - C e T i MLD 12.5265LT

A I TOTAL P.932



SUMMARY OF BENTOMAT DIRECT SHEAR TEST DATA
Report . Normal Bentomat  Shear Rate Peak Friction Residual Friction Apparent
Lab'  Date Interface Tested’ Stresses (psi) Moisture’  (in/min) Angle (deg) Angle (deg) Cohesion (psf) Comments
J& L 05-30-90 NW/Sand 1-2-3 Hydrated  0.02 35 Not determined 10
NW/Sand 1-2-3 Dry % 0.02 28 % « 85
NW/Clay 1-2-3 Hydrated  0.02 41 “ 77
NW/Clay 1-2-3 Dry- 0.02 32 « 105
STS  09-11-90  NW/40-mil Text. HDPEX 35-52-70 Dry > 0.2 18 % Not determined 0
NW/80-mil Text. HDPE 35-52-70 Dry 0.2 37 " 0
W/80-mil Text. HDPE 35-52-70 Pry 0.2 24 “ ‘ 0
J&L  11-06-50 NW/Sandy soil 2-35-5 Dry 0.02 23 Not determined 119
GRI 04-18-91 Internal S-1-5-10-20 Dry 0.035 42 Not determined 288
Internal d-5-1-5-10 Hydrated 0.035 37 “ 115
Internal d«5+1-5-10  Hydrated 0.033 39 * 173 Hydrated in leachate
STS 05-28-91  NW/40-mil Text. HDPE  35-52-70 Hydrated 0.2 20 Not determined 0
"~ W/80-mil Text. HDPE 35-52-70 Hydrated 0.2 19 a 0
UTA  08-12-91 ‘Internal 6-9-14-19 Hydrated  0.000131 26 Not determined 619
J&L  09-09-91  W/Soil cover 0.6-1.25-1.88 Hydrated 0.035 22.5 20.5 55 :ﬁ\
W/Geonet 0.6-125-1.88 Hydrated 0.035 17 16 &4 ’
NW/ZB Stone 06-125-1.88 Hydrated 0.035 53 52 10
TRI 05-06-92  W/60-mil text. VLDPE ~ 2-§-14 Hydrated  0.04 22 Not determined 113 Limited hydration
W/60-mil sm, VLDPE 2-8-14 Hydrated 0.04 15 “ 77 .
TRI i1-12-92  W/40-mil text. LLDPE =~ 3.5-7-14 Hydrated 0.2 25 16.5 230
. o
TRI 03-16-93  W/Saturated soil 1-2-3 Hydrated  0.04 24 Not determined 100 Bentomat HS D
: i WDty soilz? v it 14243 ' Hydrated  0.04 20 S 153 “
NW/Drainage geocomp. 1-2-3 Dry 0.04 17 “ 20 “
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GEOTEXTILE PERFORMANCE REQUIREMENTS
BRC CAMU
HENDERSON, NEVADA

OBJECTIVE

It is proposed that the drainage system for the BRC Corrective Action Management Unit
(CAMU) located in Henderson, Nevada include a geonet overlaid by an 8 oz/sy geotextile on the
top side of the geonet acting as a filter geotextile. The geotextile must retain the overlying
protective soil to minimize impairment to the underlying geocomposite drainage layer material
flow properties and have sufficient mechanical properties for durability. This calculation will
evaluate the required performance properties of the filter geotextile.

SUMMARY OF ANALYSIS

The calculations suggest:

. that the separation/filtration geotextile overlying the aggregate drainage layer
have an AOS less than steve No. 70 (0.21 mm), a permittivity greater than 0.8
sec”’, a minimum mass per unit area of 6 oz./yd*, and sufficient mechanical
strength properties as outlined in federal guidelines; and

. that the separation/filtration geotextile adhered to the geonet layer have an
AOS less than sieve No. 70 (0.21 mm), a permittivity greater than 0.6 sec™, a
minimum mass per unit area of 8 oz./yd?, and sufficient mechanical strength
properties as outlined in federal guidelines.

SITE CONDITIONS

The liner system consists of, from top to bottom:

. 2 ft. of operations layer material;
. Drainage geocomposite with an 8 oz/sy geotextile bonded to both sides of the
geonet;

. a 60-mil (1.5-mm) textured high density polyethylene (HDPE) geomembrane;
U a geosynthetic clay liner (GCL); and
. subgrade.

AR AR
SCO313.GeoFilt BRCG0-25.4.082806.cale. DOC A aiinh,
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A cross-section of the lining system is presented as Attachment A.

The operations layer material will consist of on-site material, which has been classified as silty
sand to well-graded sand (SM, SM-SW according to the Unified Soils Classification System)
(Converse Consultants, 1999) (Attachment F).

ANALYSIS

Filtration Requirements: The geotextile will minimize fine particles of the operations layer
material from migrating into the geocomposite drainage layer material. Migration of fine
particles would have the adverse effect of decreasing the transmissivity of the geocomposite
drainage layer.

The filtration requirements for geotextiles can be evaluated using the “Geotextile Filter Design
Manual” developed by Luettich et al., (1991) (Attachment B). Page 2 of Attachment B shows a
chart in which soil properties are used to evaluate the retention criteria of the geotextile by
determining the maximum allowable apparent opening size (AOS or Oys).

The soil cover has been classified as silty or clayey sand and well-graded sand. Both of these
classifications suggest that less than fifty percent of the material is fine-grained soils (i.e., smaller
than the No. 200, or 0.075 mm, sieve size). To be conservative in the calculations herein, the
operations layer is assumed to consist of more than 20 percent clay and to be non-dispersive.
Therefore, using page 2 of Attachment B,

095 < 0.21 mm, which corresponds to sieve No. 70, meaning that the geotextile
apparent opening size (AOS) must be less than a No. 70 sieve size.

Permeability:  The following equation can be used to evaluate the minimum allowable
geotextile permeability:

ko> is ks (Luettich et al. (1991), Att. B, p. 1)
where: kg = permeability of geotextile (cni/s)

iy = hydraulic gradient (dimensionless)
ks = permeability of the protective soil cover (cm/s)

SC0313.GeoFilt BRCOO-25.d.082806.calc. DOC
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Hydraulic Gradient, i;: Attachment B, page 3 from Luettich et al. (1991) lists typical hydraulic
gradients for various geotextile drainage applications. In this attachment, a hydraulic gradient of
1.5 for landfill LCRS (landfill leachate collection and removal system) applications is
recommended.

Soil Permeability, ko A permeability of 1.2 x 10™ cm/s was used based on permeability testing of
site specific soils. (Attachment F)

Therefore,

kg > is ks = (1.5)(1.2x107)
ky> 1.8x 107 cm/s

Koerner (1994) suggests applying partial factors of safety to the ultimate flow capacity of the
geotextile to account for clogging of the geotextile. Using recommendations given in Table 2.13
on p. 160 of Koerner (1994} (Attachment D), the following partial safety values were applied:

soil clogging and blinding: 10(5-10) creep reduction of voids: 2.0(1.5-2.0)
intrusion into voids: 1.2(1.0 - 1.2) chemical clogging: 1.5(1.2-1.5)
biological clogging: 2.0(2-50)
Therefore,

kg > (1.8 x 10)(10X2)(1.2)(1.5)(2)

kg > 0.13 cm/s

The thickness of 6 oz/yd2 (205 g/m®) and 8 oz/yd® (273 g/m®) nonwoven geotextiles are
approximately 65 mils (0.165 cm) and 90 mils (0.229 cm), respectively (Amoco technical
literature, Aftachment E, p. 1). Dividing the permeability by the thickness of the geotextile
results in the following permittivity values:

6 0z./SY =0.78 sec”

8 0z./SY = 0.57 sec”’

Mechanical Property Requirements: To ensure proper manufacturing and durability of the
geotextile, the geotextile should have appropriate strength requirements. Based on guidelines
developed by Task Force 25 (see note below) (Attachment C) for mechanical properties of
geotextiles used in applications requiring moderate survivability, the geotextile should have the
following properties:

AT —
SC0313.GeoFile BRCO0-25.d.082806.calc. DOGC o
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Property Criteria
Grab strength > 130 1b.
Puncture strength =40 Ib.
Mullen burst >22101b
Trapezoidal tear =240 1b

Ultraviolet strength retention =70 %

Note: Task Force 25 consisted of the American Associated of State and Transportation Officials (AASHTO), the
American Building Contractors {ABC), and the American Road Builders and Transportation Association (ARBTA).

CONCLUSIONS

In accordance with the above analysis, the geotextile component of the drainage composite or
separation/filtration geotextile shall have the following properties:

6 oz/yd2
Separation/Filtration
Property ' Criteria
matrix nonwoven
mass per unit area 6 oz/yd* (205 g/m?)
apparent opening < 0.21 mm (sieve No. 70)
permittivity >08s"
grab strength 2 130 Ib.
puncture strength > 40 Ib.
mullen burst =210 1b.
trapezoidal tear > 40 1b.
ultraviolet strength retention 270 %
8 oz/yd
Separation/Filtration
Property Criteria
matrix nonwoven
mass per unit area 8 oz/yd* (273 g/m?)

)

SCO313.GeoFilt BRCOO-25.4082806.cale. DOC
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apparent opening £0.21 mm (sieve No. 70)

permittivity >0.65"

grab strength > 130 1b.

puncture strength 240 1b.

mullen burst > 210 Ib.

trapezoidal tear 240 1b.

ultraviolet strength retention =70 %

The following is a partial list of geotextile products that should meet the material requirements.

Amoco Fabrics & Fibers Co., Amoco 4506
Trevira 011/120
Synthetic Industries, Geotex 701

REFERENCES

Amoco Fabrics and Fibers Company, Atlanta, Georgia, 404-984-4444

Luettich, S.M., Giroud, J.P., and Bachus, R.C. (1991), “Geotextile Filter Design Manual”, report
prepared for Nicolon Corporation, Norcross, GA (Attachment B).

Converse Consultants (1999), “Preliminary Geotechnical and Geological Investigation”,
Prepared for Parsons Engineering Science, Inc., October 1999,

p

SCN313.GeoFilt BRCOG-25.4.082806.calc. DOC
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The hydraulic gradient will vary depending on thé application of the filter.
Anticipated hydraulic gradients for various applications may be estimated using
-Figure 3. _ ¥

<

43 ine th ini
After detérmining the soil hydraulic conductivity and the hydraulic gradient, the
following equation can be used to determine the minimum allowable geotextile

permeability [Giroud, 1988]: '

_ The hydraulic conductivity (permeability) of the geotextile can be calculated
from the permittivity test method ASTM D 4491; this value can often be obtained
from the manufacturer’s literature as well. The geotcx&lc permeability is defined
as the product of the permittivity, 1, and the geotextile thickness, t;:

kg > et

STEP 5. DETERMINE ANTI-CLOGGING REQUIREMENTS
To minimize the risk of clogging, the following criteria should be met:

e  Use the largest opening size (Oy) that satisfies the retention criteria.

3

s For nonwoven geotextiles, use the largest porosity available, but not less
than 30 percent.

¢ Forwoven geotextiles, use the Iafgcst percent open area available, but not
less than 4 percent.
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FIGURE 3
{
: {a)
TYPICAL HYDRAULIC GRADIENTS
' TYPICAL
DRAINAGE APPLICATION HYDRAULIC
L GRADIENT
STANDARD DEWATERING TRENCH 1.0
VERTICAL WALL DRAIN 1.5
PAVEMENT EDGE DRAIN 10}
LANDFILL LODRS 1.5
" LANDEILL LCRS 1.5
N Iy
LANDFILL SWCRS. - Y S
DAMS 1ot
INLAND CHANNEL PROTECTION 1 (0l
SHORELINE PROTECTION 1ot®!
LIQUID IMPOUNDMENTS 100!

NOTES: (a) Table developed after Giroud, 1988,

(&) Critical apptications may require designing
with higher geadients than those given,
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TABLE C-5 REQUIRED DEGREE OF St \BILITY AS A FUD
CONDITIONS AND CONSTRUCTION €G- .- ENT?

Specification for Survivability Construction ec

TABLE C-4 MINIMUM FABRIC PROPERTIES RECOMMENDED FOR FABRIC SURVIVABILITY®

Low ground-
Required degree Grab Puncture Burst pressure
of fabric strength strength® strength® Trap tear? cquipment
survivability (Ibs.) {ibs.; (b.sin %) (ibs Subgrade conditions (=4 Ib./in. B
Low 90 30 143 30 Subgrade has been cleared of all obstacles Low
"j% Moderate 130 40 20 40 except grass, weeds, leaves, and fine wood
High 180 75 290 50 debris. Surface is smoocth znd levet such that
Very high 270 {0 430 75 any shallow depressions and humps do not
. . . - . exceed 6 in. in depth and height. All larger
(a) All values represent minimum values (e, any roll in a lot should-mecet or exceed the minimem values in depressions are filied. Altematively, asmooth
this table), warking table may be placed,
{h) ASTM D751-68, tension testing méchin.c with ring clfxm.p. stcclA ball replaced with a $/16-in. -diameter Subgrade has been cleared of obstacles larger Moderate
solid steel eylinder with hemispherical tip centered within the ring clamp. than small to moderate-sized tree limbs and
(¢} ASTM D751-68, diaphragm test method, tocks. Tree trunks and stumps should be
{(d}y ASTM DILL17, either principal direction. removed or covered with a partial working
table, Depressions and humps should not .
cxceed 18 in. in depth and height. Larger §
. depressions should be flled. >
i Minimal site preparation is required. Trees may High

be felled, delimbed, and left in place,
Stumps should be cut 1o project not more
thar 6 in, = above subgrade. Fabric may be
draped directly over tree trunks, stumps,
large depressions and humps, holes, steam
channels, and large boulders. Items shoukl
be removed only if placing the fabric and
cover malerial over them wil distort the fin-
ished road surface.

{a) Recommendations are for 6-12 in. initial Lift thickness, For other init
12-18 in: reduce survivability requirement one ievel
18-24 in.: reduce survivability requirement two levels
>24 in.: reduce survivability requirement three levels
Survivability levels are, in increasing order: low, moderate, high, am
For special construction technigues such as prerutting, increase fabric

Placement of excessive initial cover material thickness may cause be;
Source: After Christopher, B., and Holtz, R. D., Federal Highway Adt
Training Manual, Washington, DC.
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. . Table 2.13 Recommended partial factors of safety values for use in Equation 2.25

Various Partial Factors of Safety

Soil Clogging Creep Reduction Intrusion Z’l;cm;éirr

R L

! Application - and Blinding of Voids into Voids * Clogging .\f;;;;;?

i Retaining wall filters 2.0t 4.0 ! 151020 1.0t 1.2 10to 1.2 ‘]m
Underdrain filters 501010 | 1.0t 1.5 1.0t 1.2 12t0 1.5 2.0t 4.9
Erosion control filters 20,10 & 10t 1.5 0w 1.2 10to 1.2 2.0 4.“

; Tandfilfilers 50w 151020 10tol2 121085 2.0to 50

: ) L'Umaﬁnagc 20T 40 20106307 I0twlz I wls i._Z_':EME—S/
Pressure drainage 2.0103.0 2.010 3.0 10t01.2 1.1t01.3 11111

do not serve this function, the other, sometimes primary, function will not be
served properly. This should not give the impression that geotextiles as separators

! E always play a secondary role. Many situations cali for separation only, and in such
cases the geotextiles do serve a significant and worthwhile function.

2.5.1 Overview of Applications

Perhaps the target application that can best illustrate the use of geotextiles as
separators is their placement between an underlying reasonably firm soil subgrade
and a stone base course, aggregate, or ballast placed above the geotextile. We say
“reasonably firm" because it is assumed that the subgrade deformation is not
sufficiently farge to mobilize uniformly high tensile stress in the geotextile. (The
application of geotextiles in unpaved roads on soft soils wherein membrane-type
reinforcement is developed is treafed later in Section 2.6.) Thus for such a sepa-
ration function to occur, the geotextile must be placed on the soil subgrade ard
then have stone placed, spread, and compacted on top of it. A number of scenar
can be developed showing what peotextile properties are required for a given
situation.

2.5.2 Burst Resistance

Consider a geotextile on a soil subgrade with stone of average particle diameies
(d.) placed above it. If the stone is uniformly sized, there will be voids within it
that will be available for the geotextile to enter into. This entry is caused by the
simultaneous action of the traffic loads being transmitted to the stone, through the
geotextile, and into the underlying soil. The stressed soil then tries to push the
geotextile up iato the voids within the stone. The situation is shown schematically
in Figure 2.26. Giroud [59] provides a formulation for the required geotextile
strength which can be adopted for this application.

[ae]
]
2N
~

s = 5 P'df(0)] (

It

. where T.s = the required geotextile strength,
- p' = the stress at the geotextile’s surface, which is less than, or equal to,
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Progerty Test Method

Unit Weight ASTM 03776

Grab Tensile ASTM D-4532

Grab Elangation ASTM D-4632

Mullen Burst ASTH D-3786

Puncture ASTM D-4833 Is.

Yrapezeid Tear ASTM D-4533 lbs.

US Sieve
Number

Apparent Opening Size ASTM D-4751

1 H
Permittivity ASTH 0-44891 gi{r:mnlh

Permeability ASTM B-440t cmfsec

Thickness ASTM 0-1777

UV Resistance ASTM D-435%

Property Test Methed fits : 4508 4510 4512

Grab Tensile ASTM D-4832 Es. 2251200 33D 4167370

Grab Efongation ASTM D-4837 ke 5]

Mutlen Burst ASTM [-3780

Puncture ASTHM D-4333

Tragezoid Tear ASTA 0-43533 aky

U3 Sizve

L, ’ r
Humber

Apparent Cpaning Suze ASTM B-475¢

gallminfi?

sac”!

Pereittivity i ASTM D-4451

Permaability ASTH D-4491 cimfsec

Thickness ASTH D777 w3

Dimensions

Rolt Width

ol Lannth fi.

/_]Moci) ’[C{Cb\ifﬁ(
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Appendix A - Field and Laboratory Investigations 7

; : ' Tatal Avaiiable
’ Exploration Depth sail Percent Percent Water Solubie
Location (feet) Descri:;tion Sodium Sufrate sodiu:;n%s)ulfate

B-5 1015 Snwgsfa“;il‘”ith 0.07 0;3 0.20

B-8 1920 Siity gfaf‘vcélmth 0.07 006 0.08

B8-101 5-10 S”wgsfanvcé;” ith 0.17 0.06 0.08

B8-102 os |- S“gt;/aiae?d WIth | 547 0.03 0.05

B106 05 S“WS‘;’; V‘il“‘”t“ 0.15 0.08 0.12

B-106 29-30 S”t‘"gsfa n VC; W ith 015 0.06 0.08

Permeability

Falling head permeability tests were conducted on remolded samples
in general accordance with modified ASTM procedure D2434. The soil
was compacted in a mold 4.6 inches long and 4.0 inches in diareter
to 85 or 90 percent of maximum dry density and at optimum moisture
content. A falling head was applied to the sample and the flow of wa-
ter through the sample was monitored. The permeability was calcu-
lated after the flow rate had stabilized. The result of the falling head

permeability test is presented in the following table:

Exploration | Sample Depth Soil
Location (Feet) Description K tem/s)
8-5 | 20-25 siity sand with gravel 53x 104
B12 | 1015 siity sand with gravel 4.0x10°*
102 | 20-25 silty sand with gravel 1.0x 40
,}Q B-105 | 20:25 well graded sand with sitt and gravel | 1.2x10°

Flexible wall permeameter tests were performed on selected samples
by AP Engineering and Testing, Inc according to ASTM D5084. With
the exception of one sample (B-105), all tested samples were undis-
turbed ring samples. The samples were placed in a triaxial machine
with a constant conlining pressure at the approximate in-place effec-
tive stress pressures. Results were generally consistent with the fal-
993437 GGE PARSONS BMI Landfitl 10-22-99 MK 18-69BG G2 Converse Consultants
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GEOTEXTILE PUNCTURE PROTECTION OF GEOMEMBRANE

OBJECTIVE

A composite liner system is proposed for the Corrective Action Maintenance Unit (CAMU)
located in Henderson, Nevada. The objective of this calculation is to evaluate the maximum
particle size of soil materials adjacent to the geomembrane that will not puncture the
geomembrane. Specifically, the evaluation will consider the drainage aggregate overlying the
geocomposite and geomembrane components of the liner system and the subgrade underlying the
geomembrane and GCL components of the liner system.

SUMMARY OF ANALYSIS

The analysis suggests that the following maximum particle sizes and geotextile mass per unit
areas will be required:

Soil Component of Liner Maximum Particle | Minimum Mass
Size Per Unit Area
Subgrade 0.75 in 9 0z./SY (GCL)
Angular Drainage Aggregate 1.00 in 16 0z./SY
SITE CONDITIONS

The composite liner system will be comprised of the following components, from top to bottom
(Attachment A):

- 2 fi of operations layer material,

- a geocomposite drainage layer;

- 60-mil (1.5 mm) HDPE geomembrane, textured on both sides;

- a geosynthetic clay liner (GCL); and

- prepared subgrade.

The maximum height of waste to be placed within the lined area is 93 ft overlying the drainage
sump in the South Mesa, based on the proposed waste fill plan. (Attachment B)

SC0313.GTCushion 082106.d.cale.doc
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» OVERLYING PRESSURE:

The overlying pressure can be estimated based on the maximum future fill height of 93 feet. The
unit weight of the waste material was selected to be 136 pcf based on modified proctor tests
conducted on soil samples from the site that are similar to the waste material to be placed with in
the CAMU. The maximum dry density was determined to be 132 pef at an optimum moisture
content of 8.2%. Assuming that the material will be placed at a density less than 95% degree of
compaction, the resulting dry density is 125.4 pef. Adding the weight of the moisture in the soil
results in a wet density of approximately 136 pef. (Attachment C). Therefore, the overlying
pressure is estimated as follows:

P = (93 f1)(136 pef) = 12,648 psf or 606 kPa

ANALYSIS
¢« APPROACH — Protected Geomembrane

Wilson-Fahmy, Narejo, and Koerner have evaluated puncture protection of geomembranes in a
series of three papers. These papers are:

1) Wilson-Fahmy, R.F., Narejo, D., and Koerner, RM (1996) “Puncture Protection of
Geomembranes Part I: Theory”, Geosynthetics International, Vol. 3, No. 5, pp. 605-628

2) Narejo, D., Koerner, RM. and Wilson-Fahmy, R.F. (1996) “Puncture Protection of
Geomembranes Part II: Experimental”, Geosynthetics International, Vol. 3, No. 5, pp. 629-653

3) Koerner, R.M., Wilson-Fahmy, R.F. and Narejo, D. (1996) “Puncture Protection of
Geomembranes Part 1il: Examples”, Geosynthetics International, Vol. 3, No. 5, pp. 655-675

These papers present an evaluation of geomembrane puncture theory, the results of a laboratory
experimental program, and design examples in regards to puncture protection of geomembranes.
The design methods and conclusions of these papers were used for the analysis herein.

According to these papers, the important parameters that affect the puncture protection of
geomembranes are: overlying pressure, mass per area of the geotextile, and the particle size and
shape of the material overlying the geotextile. For the analysis herein, the overlying pressure and
the mass per unit area of the geotextile are given, and the maximum particle size is evaluated,

AR
iy .
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» MASS PER UNIT AREA OF GEOTEXTILE
Two different mass per unit areas will be evaluated. The cushion geotextile overlying the liner

system will be 16 0z/SY and the GCL underlying the liner system will have geotextile
components with a minimum 9 0z./SY mass per unit area. (Attachment D)

e SIZING MAXIMUM PARTICLE OF SOIL

Narejo et al (1996, Attachment E) present the following equation for evaluating geotextile
puncture protection of 60 mil (1.5 mm) HDPE geomembrane:

H* =450 Ma / Pailow (Attachment E)
where
M, = mass per unit area geotextile (g/m?%)

=542 (16 02./SY) and 305 (9 0z/SY) g/m>

H = cone height (mm), which corresponds to predicted effective protrusion height,
which equals one half maximum stone size (Attachment E).

Pattow = maximum long term allowable pressure
where: Pattow =P aiiow (MFs x MFpp x MFA)(FScr x FSCBD) (Attachment E)
where: MFs, MFpp, MF4 = modification factors (discussed below)

FScr, FScrp = partial factor of safety values (discussed below)

P’ attow = allowable pressure based on field conditions

= (F'S) (Pacwal field pressure) (Attachment E)

where:  FS = plobal factor of safety, 3.0 (Attachment E)

Pactual ficld pressure =606 kPa

P’ atiow =(606)(3)= 1,818 kPa

MFs =  shape factor: (Attachment E)

1.0 (assume angular particles)

MFpp packing density: {Attachment E)
0.5 (assume packed stones)

_A—
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MFa soil arching: (Attachment E)

0.75 (assume moderate)

FScr partial factor of safety for creep (Attachment E)
1.5 (see Table 12)

FScep partial factor of safety for chemical and biological degradation
1.5 (based on average value) (Attachment E)

Solving for Pyjjow provides:

Paiiow =(1,818) (1.0 x 0.5 x 0.75)(1.5 x 1.5)
Paiion = 1,534 kPa

Solving for H, the predicted effective protrusion height, provides:
H2 =45{ MA / Pallow

Houshion = [(450XMa)/(1,534)]"”

M = 542 g/m® =12.6 mm = 0.50 inches
Hoo = [(450)(Ma)/(1,534)]'"
M, =305 g/m* =9.45 mm = 0.37 inches

The predicted effective protrusion height equals one half the maximum stone size. Therefore, the
maximum stone size is twice the values listed above.

Ma = 542 g/m* = (.50 inches x 2 = 1.0 inches
Ma = 305 g/m* = 0.37 inches x 2 = 0.75 inches
CONCLUSIONS

Assuming the following:
. the particle shape is angular for the drainage aggregate, and
. the approach presented by Wilson-Fahmy, Narejo, and Koerner for evaluating
puncture protection of geomembranes is appropriate for the analysis herein,

then, the calculations suggest that THE MAXIMUM PARTICLE SIZE IS 1.0 IN. for a 16 oz/yd?
geocomposite drainage layer and 0.75 IN. for a GCL with two geotextiles equating to 9 oz/yd®.

i
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