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Introduction

Ecology and Environment, Inc. (E & E) has been tasked by the U.S. Environmen-
tal Protection Agency (EPA) under Superfund Technical Assessment and
Response Team (START)-IV contract number EP-S7-13-07, Technical Direction
Document (TDD) 14-06-0006, to provide support for an After Action Report and
Alternatives Analysis at the Bonanza Mine Site (Site).

In 2014, EPA performed a time-critical removal action at the Site that entailed
placing the majority of waste materials into an on-site repository under a
protective cover consisting of an impermeable membrane with a vegetated soil
cover. The Site consisted of a former mercury mine and mill that operated from
the mid-1860s to the 1960s and produced more than 3,000,000 pounds of
mercury. EPA performed the removal action to mitigate the potential human
health and ecological threats posed by exposure to mercury and arsenic, including
direct contact, ingestion, and inhalation pathways. The removal action was
initiated on August 4, 2014 and all personnel were demobilized from the Site by
December 6, 2014. At that time, EPA turned over the responsibility of maintain-
ing, monitoring, and repairing of Site features to the property owner under Oregon
Department of Environmental Quality (ODEQ) oversight.

On Wednesday, January 13, 2016 Bryn Thoms, ODEQ project manager for the
Site, received a call from Don Smith, property owner of the Site, who indicated
that a slide of the repository cover material had occurred within the last two days,
likely during the heavy rains earlier that week (on or about Jan 12, 2016).

On Friday January 15, 2016, Mr. Thoms made a site visit to preliminarily assess
and document the slide. Upon observing the slide, he estimated that approximate-
ly two-thirds of the repository cover material showed evidence of movement. Dan
Heister, EPA On-Scene Coordinator; Jake Moersen and Tom Campbell, START
members; and Mark Conway with the Emergency and Rapid Response Services
(ERRS) contractor performed a site visit on February 24 and 25, 2016 to inspect
the slide, document on-site conditions, and assess repair alternatives. During the
Site visit, the face of the repository was visually inspected and samples of cover
material were collected for geotechnical and agronomic testing. The conditions of
the cover were photo-documented and the area of the slide was mapped using a
hand-held global positioning system (GPS) device.
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EPA tasked START to complete this After Action Report and Alternatives
Analysis following the Site visit. This report is composed of four sections. Section
1 presents the introduction, states the purpose for developing the report, and
summarizes background information about the Site. Section 2 presents an
overview of the existing Site conditions, preliminary surveys, and investigations
to assist in determining factors that led to the slide, and Section 3 presents repair
alternatives and describes additional considerations for planning of a removal
action aimed at cap repair. Section 4 is a list of the references used in this report.

1.1 Site Description and Background
The Bonanza Mine Site is an abandoned historical mercury mine and mill located
near the small community of Nonpareil 6 miles east of Sutherlin, Douglas County,
Oregon (Figures 1-1 and 1-2). The Site is located within the southwest quarter of
Section 16, Township 25 South, Range 4 West, Willamette Meridian (E & E
1999).

Discovery of the Bonanza Mine occurred between 1865 and 1870. In May 1939,
the main ore body was discovered and by the end of 1944, the mine had become
Oregon’s largest all-time producer of quicksilver. Other than some short closures
from 1949 to 1951 and in 1954, the mine operated continuously until October
1960 when minable reserves were exhausted and the mine closed.

Records of the property are incomplete from 1960 until 2000, at which time EPA
performed a site investigation at the property. For the next 15 years, EPA and the
ODEQ performed a variety of field events and surveys at the property. In
February 2014, ODEQ initiated a time-critical removal action to achieve prompt
human health risk reduction by removing and capping soil in certain inhabited
areas of the Site that were impacted by elevated concentrations of mercury and
arsenic. The removal action left large swaths of contamination in place because of
the complexity of Site conditions, including the Site’s location on steep forested
terrain and limited availability of funds and other resources.

By 1951, the mine had 12 adits and more than three miles of subterranean tunnels
and shafts (USGS 1951). Except for one former building used as a residence,
mine and mill buildings were no longer present at the beginning of the 2014
removal action, leaving only the mill concrete foundations, waste rock pile, and
calcine (retorted ore and associated tailings) pile. Prior to the EPA removal action,
ruderal habitat on the Site included actively logged hillsides, waste rock piles,
calcine piles, logging roads and valley floor, and rural residential land uses.

In April 2014, EPA performed a pre-removal survey/sampling event at the Site
along with ODEQ, a START engineer, and an ERRS response manager. EPA
mobilized to the Site in August 2014 to perform a time-critical removal action at
the Site, including the former mill site and associated areas downgradient of the
mine waste and calcine piles. EPA identified two additional locations associated
with recently inhabited manufactured homes for removal activities.
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In total, EPA removed 38,500 cubic yards (yd3) of mine-waste contaminated
material during the removal action. The excavated material was placed with
approximately 130,000 yd3 of preexisting calcine and waste rock in a designed
repository constructed on Site. The total face of the repository was 196,000 square
feet (ft2), or nearly five acres in size. The repository was covered with a cap that
consisted of an impermeable liner composed of low-linear density polyethylene
(LLDPE); a geosynthetic drainage composite (GDC) liner on top of the LLDPE
liner to allow for infiltrated water drainage; and then approximately 24 inches of
vegetated soil. During the removal action, the quantity of waste materials
encountered were greater than estimated during the pre-removal design phase, and
several design changes were implemented to increase the size of the repository
and to accommodate the additional quantity of waste material. The drainage
systems were expanded to accommodate increased volumes of surface water
runoff from the repository face.

The excavated areas were backfilled and graded with 44,500 yd3 of clean backfill
obtained from off-Site quarries and on-Site source locations. Pre-existing grades
were restored and disturbed areas were stabilized by placing slash material for
erosion control and seeding.

During the removal action, EPA also removed two manufactured homes that were
contaminated with elevated concentrations of mercury and other contaminants.
The homes were transported for off-site disposal and replaced with similar
manufactured homes for site residents.

Figure 1-3 shows the site layout upon completion of removal activities.

The Removal Action Report for the Bonanza Mine 2014 Removal Action (E & E
2015) contains additional information concerning previous site investigations and
ensuing cleanup actions.

1.2 Purpose of the Report
The purpose of this After Action Report and Alternatives Analysis is to compile,
for EPA Region 10 and stakeholder review, the functional and technical
requirements and provisions applicable to understanding the mechanisms leading
to the 2016 repository cap slide, which include the following:

• Work plan assumptions and parameters, including technical and functional
restrictions based on results of previous investigations;

• Channel design calculations, including determination of hydrologic,
hydraulic, and slope stability characteristics;

• Interpretation of recent survey, geotechnical and agronomic data with
comparisons to work plan assumptions and parameters;

• Underground workings investigation and analysis with limitations found
in that mapping; and
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• Recommendations for repair.

Following submittal of this After Action Report and Alternatives Analysis the
scope and direction of the project will be discussed and agreed upon between
EPA Region 10, ERRS, and START so that Work Plan and Conceptual Design
Report documents may be prepared. The Work Plan and Conceptual Design
Report will be a comprehensive set of documents designed to meet the objectives
established for repairs at the Site.
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Photo 2-1: Slide areas.

Existing Site Conditions, Surveys,
Data Collection and Interpretation

This section details the existing site conditions at the time of the February 2016
Site inspection. Additional site surveys and investigations performed to determine
site conditions following the slide are also presented.

2.1 Existing Cover Conditions
During the February 24 and 25, 2016 Site inspection, visual observation revealed
that a cover material slide had occurred on the repository cover that exposed the
underlying LLDPE liner. A portion of the slide was oriented toward the south as it
was located on the southern facing slope of the repository (the south face).
Another portion of the slide was located on the northern end of the repository that
is facing toward the east (the northeast face). The east-facing portion of the
repository toward the
southern end (the
southeast face) did not
have apparent slide
activity (Photo 2-1).

The south face had less
area of vertically exposed
liner and the slide had
occurred in the southern
direction along the
orientation of the
underlying drainage layer
seams. Starting from the
upper location of the
south face slide, the northeast face had slid to the east along the orientation of the
underlying drainage layer. The northeast face had more exposed liner since it had
slid a greater distance toward the repository toe. Upon both slide faces, the zone
of depletion (the area where cover material slid leaving it lower than the original
ground surface) removed both the cover soil and the GDC drainage material down
to the LLDPE liner. A zone of accumulation (the area at the bottom of the slide
where cover material accumulated above the original ground surface) was
observed below each of the slide areas as mounding of soil deposited in a

2
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hummocky formation. The LLDPE liner appeared visually intact. START
screened the slide area with a Lumex Mercury Vapor Analyzer (MVA); no
elevated readings were detected with the Lumex MVA. Additional photographs of
the Site including the slide area are located in Appendix A.

The GDC was observed along the edge of many areas of the slide just above the
LLDPE liner. The GDC is composed of a polyethylene Geonet and nonwoven,
polypropylene, needle-punched geotextile joined by heat lamination. During
construction, the liner installation subcontractor attached the GDC panels in place
with zip ties and then heat fused overlapping geotextile fabric together. Upon
visual inspection, the GDC had separated at seams in some areas while in others it
had sheared. In the sheared areas, the shears left long strands of plastic from the
Geonet mesh and ripped through the geotextile fabric. START observed the GDC
folded over onto itself in several areas along the edges of the slide.

2.2 Existing Drainage Conditions
Precipitation falling upon the face of the repository runs along the sloped ground
surface directly toward one of the Site drainage channels or percolates into the
cover soil. Water infiltrating the cover soil enters the GDC and is transported to a
toe drain. The toe drains are located within the Site drainage channels. The
drainage channels transport water through Area 1 before continuing through
Areas 2 and 4, eventually crossing Bonanza Mine Road to Foster Creek (see
Figure 1-3).

The main drainage channel for the northeast face of the repository is a rocked
drainage swale from the hydrologic reentrant point north of the Site running
parallel to the toe of the northeast face. The drainage channel for the south and
southeast faces of the repository consists of a rocked drainage swale located at the
toe of the repository corresponding to those areas. The drainage channel at the toe
of the south and southeast faces contains a 6-inch diameter perforated pipe.

Located at the top of the repository is a rocked drainage swale running parallel to
the BLM Road and discharging through a rock-lined down chute at the southern
edge of the repository. The section of the BLM Road at the repository top is
sloped to drain away from this channel toward the former Mill Site. The
repository was constructed so that it does not receive any runoff from the above
hillside. The rocked drainage channel at the repository top would only receive
stormwater runoff in extreme precipitation events that result in runoff flowing
across the BLM Road. Modeling for this precipitation event has not been
completed so it is not known if recent precipitation events have caused water to
flow across the BLM Road. There was no evidence of water flow across the road
at the time of the Site inspection. Therefore, the only known drainage transported
within the repository’s drainage layer comes from precipitation that falls directly
onto the repository face.

The down chute receives additional drainage from the hillside northwest of the
BLM Road including the former Mill Site. A high-density polyethylene (HDPE)
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Photo 2-2: Toe drain seep below the
southeast face of the repository

drainage pipe beneath the BLM Road west of the Mill Site drains to the down
chute. The down chute is joined by the rock lined drainage swale at the toe of the
southeast face of the repository. This drainage channel only drains the south and
southeast faces of the repository.

During the February Site inspection, the drainage channels at the toe of the
repository had water present. Along the main drainage channel several seeps were
identified which originated from the adjacent hillside. The hydrologic reentrant
point north of the Site did not appear to have running water present; however, the
culvert pipe running beneath the driveway to Residence 3 had flowing water. The
flowrate, while not measured in the
field, was approximated at 60 gallons
per minute using the assumed pipe
slope and video showing the depth of
water in the pipe. Flow through this
pipe was coming from seeps and the
repository’s northeast face drainage
layer.

START also identified one seep within
the toe drain of the southeast face of
the repository (Photo 2-2). The seep
had eroded a hole within the rock
channel and appeared to have been
flowing for a long period based on the
amount and size of vegetation clusters
downgradient. Flow from the seep was
draining through a second culvert pipe
that passes beneath the driveway to
Residence 3. START measured the flow coming from this pipe using a 5-gallon
bucket and determined it to be approximately 17.5 gallons per minute. This flow
represents drainage from the south and southeast faces of the repository and the
identified seep. There was no water flowing from the culvert that drains the Mill
Area during the Site inspection. By January 25, surrounding weather stations had
measurable precipitation for 22 of the 25 days in January. Selected rainfall and
temperature data for weather stations near the Site are included in Appendix B
and discussed in the next section.

The ultimate discharge location from the on-Site drainages is to Foster Creek.
Foster Creek passes through a small pond located on the property before running
the length of Bonanza Mine Road. During the Site inspection, it was noted that
the recent rainstorms had breached the pond’s dam and the pond was now empty.
Tall grass along the edges of the pond and remaining sections of the dam were
laid flat within the direction of flow. Foster Creek’s channel along the length of
Bonanza Mine Road was severely eroded and the water was carrying a large
sediment load. The rock-lined drainage channels that were constructed on Site
during the removal had clear running water with no sediment. Most of the length
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of the rock-lined swales located at the toe of the repository had essentially folded
over on themselves at the time of the inspection. The channels were essentially
operating as French drains in this manner. Immediately below these areas, the
channels did not show recent sediment accumulation. This included the seep from
the toe of the southeast face, which was running clear with no calcined, red-
colored material noticeable around the seep.

It was noted during the inspection that cover soils near the top of the repository
were fairly well drained and exhibited from no to only a few inches of wet soil
above the liner system. The soils at the toe of the repository were completely
saturated throughout most of the soil column.

2.3 Surveys and Data Collection
2.3.1 Weather Patterns Surrounding the Slide
An Associated Press article from Eugene, Oregon, on March 28, 2016, titled
Landslides plaguing Oregon after unusually soggy winter discussed the number
of landslides that Oregon was experiencing at the end of the 2015-2016 winter
season. The article has been included in Appendix B. The quarry operators at
Umpqua Sand and Gravel Concrete Service Company also mentioned the
unusually wet winter and showed START areas of the quarry where groundwater
was above the ground surface. The operators indicated having never seen
groundwater that high and that it was affecting quarry operation. This correlated
with current conditions on Site; in particular, seeps that had not been encountered
during the removal action.

START accessed recorded weather data from several weather stations near the
Site. Selected rainfall and temperature data for weather stations near the Site are
included in Appendix B. An extremely wet December was apparently followed by
a dry period early in January turning to heavy rainfall at the end of January. Most
of the heaviest January rainfalls occurred after the slide was reported. January saw
increasing temperatures and for approximately a week before the slide, the low
temperatures were maintained above freezing. The Site owner indicated to ODEQ
that a hard freeze and sudden thaw had occurred just prior to the slide.
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Photo 2-3: Repository cover soil
consisting of an earth-rock mixture

Photo 2-4: Vegetation density on the
repository cover

2.3.2 Geotechnical Sampling

The soil observed along the edges of
the slide consisted of an earth-rock
mixture (a mixture of cohesionless
and cohesive soils, gravels, and
cobbles) (Photo 2-3). This cover soil
had been sourced from an on-Site
location near the EPA Command Post.

Following the slide, START collected
soil samples with oversized material
removed for geotechnical analysis.
Two samples collected from the Site
consisted of soil from the south face
of the repository above the slide and
soil from the south face below the
slide near the bottom of the reposito-
ry. START also collected unscreened
topsoil, washed sand, and 3-inch minus gravel from Umpqua Sand and Gravel
Concrete Service Company, Roseburg, Oregon, which ERRS identified as a
potential source for repair materials. The five samples were analyzed by
GeoTesting Express, Inc., Acton, Massachusetts, for Grain Size Sieve Analysis,
ASTM Methods D-421/-422; Compaction, ASTM D-698; Atterberg Limits,
ASTM D4318; Direct Shear, ASTM D-3080; Hydraulic Conductivity, ASTM D-
5084; Visual Classification, ASTM D-2487; and Interface Shear Strength against
the LLDPE liner and the GDC, ASTM D-5321. The results of the geotechnical
analysis are in Appendix C.

2.3.3 Agronomic Sampling
During the February Site inspection, it was noted that vegetation was sparse
across much of the repository cover. A large percentage of the vegetation
appeared to have died off over the winter. Small patches of perennial vegetation
were present but were not at a density
that was providing full coverage
(Photo 2-4). During the removal
action, as a result of project schedule,
budget constraints, and limited
availability of suitable import top soil,
the planned 6-inch top soil cover was
eliminated and replaced by additional
on-Site borrow soil material to serve
as the final surface cover. A 16:16:1
fertilizer pellet blend was applied to
the soil surface, and a turf grass seed
mix was broadcast over the repository.
The slash that was preserved and
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stockpiled from the initial clearing of the repository area was distributed over the
repository surface using a mini-excavator. The excavator placed logs perpendicu-
lar to the slope and dispersed stumps, light slash, and brushweed in between the
logs.

During the site visit in February, existing cover soils were collected from the
Site’s repository cover and unscreened topsoil was collected from Umpqua Sand
and Gravel Concrete Service Company and tested for agronomic properties. The
samples were analyzed by A & L Western Agricultural Laboratories, Portland,
Oregon, for analysis of Organic Matter, Estimated Nitrogen Release, Phosphorus
(Weak Bray and Sodium Bicarbonate-P), Extractable Cations (Potassium,
Magnesium, Calcium, and Sodium), Hydrogen, Sulfate-S, pH, Cation Exchange
Capacity, and computed Percent Cation Saturation. The results of the agronomic
analysis are in Appendix C.

2.3.4 Topographic Survey
A topographic survey of the repository surface was conducted on March 21, 2016
by Centerline Concepts Land Surveying, Inc. (Centerline), Oregon City, Oregon.
The survey was performed in order to provide additional information on the
repository surface following the slide. Centerline tied the survey into previous
surveys that they had performed at the Site. Throughout 2014, Centerline
performed six separate surveys to support the removal action. The initial survey
was performed in June 2014 to prepare an existing conditions map of the waste
rock and calcine piles. START used this information to design the on-Site
repository. During construction of the repository, Centerline performed three
additional surveys to assess its size and scope. Specifically, the increased area of
the repository required a concomitant increase in repository liner material. A
boundary survey was prepared in mid-October during the search for potential on-
Site borrow source material and to assess potential locations for the replacement
of manufactured homes. Centerline performed a record (as-built) survey upon
conclusion of the 2014 removal action to document Site conditions, drainage
features, and utilities. Topographic surveys from June 2014 (initial conditions
survey), November 2014 (record survey), and March 2016 (post-slide survey) are
presented in Appendix D.

2.4 Data Interpretation
2.4.1 Cover Assumptions and As-Built Field Conditions
The Action Memo (Liverman 2014) for the 2014 removal action presented waste
rock and/or calcine removal volumes from estimates created by ERRS. Areas to
be excavated in 2014 included:

• Area 2 with an estimated 2,400 yd3 of mine-waste contaminated material,
including the roadway and sediment from the intermittent unnamed tribu-
tary;

• Area 4 with an estimated 3,200 yd3 of mine-waste contaminated material,
including the road way and driveways; and
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• The Mill Site with an estimated 2,000 yd3 of mine-waste contaminated
material, including the mill concrete foundations.

START used the above volumes for the conceptual repository design volume. The
repository was designed with a 60,000 yd3 capacity, over a repository face (or
front) of 85,000 square foot (ft2), an approximate 2-acre footprint, with a final
height of approximately 60 feet against the bluff. The amount of calcine and
waste rock already present in the footprint of the repository was originally
estimated at 46,500 yd3. This estimate included 44,400 yd3 of waste rock (also
estimated) from the waste rock pile that was to be pulled back from the top of the
bluff and spread and compacted within the repository footprint.

The repository cover was designed to consist of a textured 40-mil LLDPE liner,
overlain by a geocomposite drainage layer, overlain by an 18-inch minimum layer
of random fill and 6-inch minimum layer of topsoil. The cover was designed at a
3:1 slope ratio (18.4 degrees) and record surveys show that this requirement was
met. Tables 2-1 through 2-3 show the factors of safety (FOS) calculated when
conducting the veneer cover analysis for soil in unsaturated conditions, soil with
parallel to slope seepage (fully saturated conditions), and for the geomembrane
interface (geotextile to geocomposite).

The veneer cover calculations for parallel to slope seepage assume a clogged
drainage layer with saturated soils and represents situations where the cover is not
free draining. The geomembrane interface veneer cover calculations assume free-
draining conditions. Pore pressure within the cover is not represented within the
veneer cover calculation results for a geomembrane interface; however, the
geomembrane interface results are still valid as long as the saturated soils
calculations remain above a FOS of 1.0. Failure results when the FOS is reduced
to less than 1.0. Calculations were performed using both the design values and the
sample analysis values from the soils collected near the top and bottom of the
repository. Appendix E contains the veneer cover calculations for the Site.

2.4.2 Hydrology Assumptions and As-Built Field
Conditions

The 2014 removal hydraulic design peak discharge rate calculations used two
hydrologic methods as recommended by the Oregon Department of Transporta-
tion (ODOT) Hydraulic Manual. The peak discharges were used to size Site
culverts at access road crossings and redesign the intermittent tributary that flows
through the Site. The analysis estimated the rate of flow and volume of water that
the culverts and drainage tributaries within the Site would need to convey. The
peak discharge rates were used in selecting adequate size, material type, and
orientation of culverts and drainage channels. The hydrologic analysis for the
Bonanza Mine drainage area identified the peak discharge rate estimates that are
anticipated to flow through the site including the 2-year, 10-year, 25-year, 50-
year, and 100-year storm events.
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The ODOT Hydraulic Manual recommends using a minimum of two hydrologic
methods to predict peak flows in order to provide a sensitivity and reasonableness
check. Due to the size of the delineated watershed and lack of existing hydrologic
data (i.e., established Flood Insurance Studies or stream gages), the primary
method for analysis selected was the Rational Method. USGS regression
equations for the Rural Unregulated Streams in Western Oregon (USGS 2005)
were used as a sensitivity and verification check using the USGS StreamSTATs
software application.

The following assumptions were made for the 2014 removal action based on
engineering judgment:

• The primary watershed (Aprimary) is comprised of an average slope of 20%
based on USGS map calculations.

• A secondary subbasin (Asecondary) is comprised of an average slope of 11%
based on USGS map calculations.

• The majority of Aprimary is undeveloped, forested area (some areas clear
cut) with prominent soil type consisting of hydrologic soil group C. Com-
posite Cprimary value is estimated as 0.21.

• The majority of Asecondary consists mostly of gravel access roads with
prominent soil type consisting of hydrologic soil group C. Csecondary value
is estimated as 0.85.

Table 2-4 and Table 2-5 provide summaries of the resulting peak flows calculated
from the Rational Method for each subbasin. Table 2-4 also includes a compari-
son with the USGS StreamStat's Regression Equation analysis results. Based on
removal activities performed at the site in 2014, the table assumptions and
resulting calculations used to develop the Rational Method have been determined
not to vary from the design and are therefore deemed reasonable. The 25-year
flow from the hydrologic analysis was used as the basis for culvert and channel
design per the requirements of the ODOT Hydraulic Manual as described in the
next section of this report (Channel Assumptions and As-Built Field Conditions).

2.4.3 Channel Assumptions and As-Built Field Conditions
The hydraulic design methodology used to design the channel geometry,
alignment, and bank protection of the re-aligned channel that discharges from the
Bonanza Mine Site was performed for the 2014 removal action to mitigate the
potential for overflow of the channel banks during large storm events. The main
objective was to convey existing site drainage to Foster Creek while protecting
the toe of the proposed waste-rock tailings repository from erosion or undercut-
ting from stream flows during large precipitation events.

The ODOT Hydraulic Manual allows the design of small channels (<50 cubic feet
per second [cfs]) using the Single-Section method (slope-area method) as long as
the waterbody contains a relatively uniform cross-section, roughness, and slope.
The Single-Section method utilizes Manning’s Equation and simplifies the design
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process so that detailed hydraulic modeling is not necessary. This method
assumes normal depth where the channel is under steady, uniform flow. The
ODOT Hydraulics Manual also requires that the 25-year peak storm event be used
in design of channel modifications. The 25-year peak storm flowrate (22.6 cfs)
was estimated in the peak discharge rate calculations.

The following assumptions were made for the 2014 removal action based on
engineering judgment and project considerations:

• Cross sections, slopes, and roughness along the re-engineered channel will
be uniform throughout;

• The slope profile for the stream will match the existing slope (0.033 ft/ft);

• A manning's coefficient of 0.030 for the channel was assumed to represent
rip rap lining that was selected in order to provide bed stability and stream
bank protection;

• The channel will consist of the channel bed and side slope banks covered
in rip rap for stability and erosion control; and

• The channel will include 1 foot of freeboard.

Calculations performed in 2014 showed the design flow (25-year flood) contained
within the channel with more than1 foot of additional freeboard. The calculated
depth of flow during the 25-year storm was 0.85 foot. The proposed channel
design was a 2-foot deep trapezoidal channel, with 3:1 side slopes (horizontal:
vertical), and a 2-foot bottom width. The total width of the stream was designed to
be 14 feet, which was similar to the existing extent of the stream banks as
indicated from survey data collected at the site in July 2014. The design included
ODOT Class 50 riprap installation along the entire length and height of the
streambed and banks to provide protection against erosion. Additionally,
calculations indicated that the 100-year storm would be contained within the
channel with approximately 1 foot of freeboard.

In 2014, it was assumed that the proposed channel would be installed with the
same profile slope as the existing drainage path; this value was measured from
survey data collected and calculated to be approximately 0.033 ft/ft. The velocity
of flow under normal depth conditions for the 25-year flood event was calculated
as 5.85 feet/second (ft/s). Rip Rap lining or other stabilization measures were
required along the stream bed due to the permissible velocity identified for non-
vegetated channel beds consisting of silty loam (permissible velocity ranges from
1.75 and 2.25 ft/s) (USACE 2001).

Using the channel design geometry and hydraulic design results identified it was
found that Class 50 riprap was sufficient for the streambank lining for erosion
protection up to the 25-year design flow. Based on the 2016 observations of the
channels in Area 2 and 4 and the clarity of the water in the channels, the design
appears satisfactory. However, channels within Area 1 at the toe of the repository
have been affected by the slide and will require repairs.
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2.4.4 Drainage Layer Assumptions and As-Built Field
Conditions

The following assumptions were made during the 2014 removal action design:

• A repository runoff area of 1.59 acres based on initial volume estimates;

• Watershed hydrologic characteristics were modeled to represent an im-
permeable soil to provide a conservative estimate of runoff from the re-
pository cover;

• Peak drainage contributing to the toe drain would be from repository
runoff;

• The drain discharged under gravity flow;

• The repository would be sloped at 3:1 (horizontal: vertical). The bench
that extends approximately 40-80 feet from the road to the repository will
be sloped at 10:1 (horizontal: vertical);

• The toe drain will be installed at a 2% slope running parallel with the toe
of the repository to match the proposed grade.

The results of the hydraulic analysis performed for the 2014 removal action
indicated that a drainpipe of 8-inch perforated HDPE would be required. The
French drain was designed so that it also had the capacity to transmit surface
water runoff from the repository slope. It was assumed that the peak runoff rate
would exceed the flow from the Geonet and would drive the design. This was
done in order to be conservative in selecting the pipe size. The French drain was
designed so that it included a minimum 18-inch wide, 2-foot deep trench filled
with coarse, graded gravel, which surrounded the pipe to allow infiltration of
runoff from the repository to be captured by the pipe. Analysis indicated that an
8-inch pipe installed at a 2% slope would transmit the 25-year storm peak runoff
at approximately the 75% capacity. The drainage channel was also designed to
transmit surface water flow from the repository cover through the channel to the
Unnamed Tributary to Foster Creek.

Construction of the repository consisted of several cover layers selected to reduce
the precipitation infiltration into the contaminated waste rock. The repository cap
design included a Geonet drain fabric on top of LLDPE geomembrane liner. The
Geonet drain fabric was designed to capture water that infiltrated the cover soil
and transfer it to a toe drain. The constructed toe drainage system utilizes a
French drain. The French drain beneath the south and southeast faces is
constructed with 6-inch diameter perforated pipe wrapped with filter sock and
surrounded by gravel that is burrito-wrapped with a nonwoven geotextile fabric.
Water from the Geonet and drainage channel enters the gravel bed and flows into
the drainpipe before discharging to the site’s intermittent tributary using gravity
flow. The toe drainage system at the base of the northeast face was constructed
without a perforated pipe due to timing issues and budget constraints.
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Geocomposite drainage calculations were performed using the 2016 geotechnical
data to determine whether the drainage layer would remain free draining. A free-
draining drainage layer prevents the buildup of pore pressures within the cover.
The veneer cover calculations for saturated soils assume a clogged drainage layer
and represents situations where the cover is not free draining. The geomembrane
interface veneer cover calculations assume free-draining conditions. Pore pressure
within the cover is not represented within the veneer cover calculation results for
a geomembrane interface.

In order to ensure free-draining conditions the transmissivity of the geocomposite
was calculated. The design for the 2014 removal action assumed cover soil with
properties of 1x10-5 centimeters per second (cm/s) resulting in a required
minimum transmissivity that was well below the transmissivity of the geocompo-
site, which is 1.4x10-4 meters squared per second (m2/s). The 2016 geotechnical
analysis included permeability testing on the repository soils at 90% compaction.
Based on calculations performed in 2016, the bottom repository soils met the
required minimum transmissivity for the geocomposite, while the top repository
soils did not. This means that the bottom soils drained slow enough to keep the
drainage layer in a free-draining state thus preventing pore pressure buildup. The
top repository soils drain too quickly and thus lead to conditions in which pore
pressure buildup occurs. Table 2-6 provides a summary of the results from
geocomposite drainage layer calculations. Appendix F contains the drainage layer
calculations.

2.5 Topographic Survey Review
Upon review of the March 2016 survey, it was apparent that predicted conditions
following the slide were not being seen in the actual survey results. Both the south
and northeast slide zones of depletion can be seen in the survey but a zone of
accumulation is not readily apparent on the south face. The south face of the
repository is as much as 3 feet lower than when it was surveyed in December
2014. In some areas it appears that the surface elevation of the repository in
March 2016 was beneath the December 2014 LLDPE liner elevation. This would
mean that the entire south face has settled. The opposite is true for the northeast
and southeast faces of the repository. Both of these faces have risen by up to 3
feet in areas that do not appear to be impacted by the slide. The northeast face
differs from the south face in that a definite zone of accumulation can be
observed. The zone of accumulation rises up to 4.5 feet above the December 2014
elevation of the repository surface. The causes of the rise and fall of certain
sections beneath the repository’s LLDPE liner are not known. Appendix G
contains figures with comparisons between the March 2016 and December 2014
survey surfaces.

2.6 Additional Mine Site Background Review
The Oregon Department of Geology and Mineral Industries (Oregon DOGAMI)
online library was searched for additional documentation on underground
workings at the Bonanza Mine. The underground workings map was last updated
in July 1956. One additional map, Plate BAK0255, was found which showed new



2. Existing Site Conditions, Surveys, Data Collection and Interpretation

2-12

workings from a later unknown date. The Bonanza Mine was worked until 1960,
so several years of underground mapping is not available. The underground
workings map was aligned with the Site surveys based on suspected locations of
No. 10 Adit and No. 11 Adit near Residence 1 (see drawing in Appendix H).
Neither adit was identified during the removal action and subsequently were not
surveyed so a definite location could not be targeted for alignment. Once aligned
on the drawing, it was apparent that there were several features uncovered during
the removal action that do appear on the underground workings map. This
includes the adits that were found when excavating mercury-contaminated soil in
the Mill Site. One of the adits found is assumed to have had significant workings
based on the small gauge rail lines that were found exiting it.

What can be determined from the available maps is that the workings were
shallow as they followed the slope of the hillside and were in weak rock. Several
locations within the mine are marked as caved on the map. Drifts were used by
the mining company to bypass caved sections. Appendix H contains selected
maps of the underground workings through 1956.

2.7 Site Status – June 2016
OSC Heister visited the site for a second time on June 24, 2016, and documented
Site conditions. Photographs taken during this visit were compared to February
24, 2016 photographs. The photographs show that the size and location of the
slide has not changed. This indicates that the repository cover has remained stable
since the slide in January. Photographs taken during this visit are included in
Appendix A.
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Table 2-1: Veneer Cover Analysis – Soil in Unsaturated Conditions
Parameters Design Values Sample Values

Repos. Top Repos. Bottom

Unit Weight of Cover Soil
112.7 pounds per
cubic foot (pcf)

111.9 pcf 106.8 pcf

Thickness of Cover Soil 1 ft 0.25 ft 2 ft
Length of slope 250 ft 245 ft 245 ft
Soil slope angle 18.4 degrees 18.4 degrees 18.4 degrees
Friction angle of cover soil 30 degrees 41.2 38.1
Adhesion (soil-geomembrane) 0 psf 9 Not Tested
Interface friction angle 41.5 degrees 42.7 Not Tested
Cohesion of cover soil 0 psf 0.2 19.9
Calculated Factor of Safety 2.66 3.88 2.97a

a Calculated Factor of Safety utilizes adhesion and interface friction angle values of the repository top sample

Table 2-2: Veneer Cover Soil Analysis – Parallel to Slope Seepage
Parameters Design Values Sample Values

Repos. Top Repos. Bottom

Saturated Unit Weight of
Cover Soil

125.8 pcf 123.3 pcf 123.3 pcf

Unit Weight of Cover Soil 112.7 pcf 111.9 pcf 106.8 pcf
Thickness of Cover Soil 1 ft 0.25 ft 2 ft
Length of slope 250 ft 245 ft 245 ft
Soil slope angle 18.4 degrees 18.4 degrees 18.4 degrees
Friction angle of cover soil 30 degrees 41.2 38.1
Interface friction angle 41.5 degrees 42.7 Not Tested
Calculated Factor of Safety 1.35 1.37 1.39b

b Calculated Factor of Safety utilizes interface friction angle value of the repository top sample

Table 2-3: Veneer Cover Analysis – Geomembrane Interface
Parameters Design Values Sample Values

Repos. Top Repos. Bottom

Saturated Unit Weight of
Cover Soil

125.8 pcf 123.3 pcf 123.3 pcf

Unit Weight of Cover Soil 112.7 pcf 111.9 pcf 106.8 pcf
Thickness of Cover Soil 1 ft 0.25 ft 2 ft
Length of slope 250 ft 245 ft 245 ft
Soil slope angle 18.4 degrees 18.4 degrees 18.4 degrees
Friction angle of cover soil 30 degrees 41.2 degrees 38.1 degrees
Interface friction angle 41.5 degrees 42.7 degrees Not Tested
Calculated Factor of Safety –
Moist (in-place) Unit Weight

1.34 2.66 1.20

Calculated Factor of Safety –
Saturated Unit Weight

1.30 2.50 1.15
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Table 2-4: Peak Flow Comparison Summary Table Primary Culvert
Storm Interval (years) Peak Qs- Rational

Method
Peak Qs from Stream-
Stats using Regression
Equations

2 11.2 cfs 10 cfs
10 14.5 cfs 17.8 cfs
25 22.6 cfs 21.7 cfs
50 28.0 cfs 24.5 cfs
100 32.6 cfs 27.3 cfs

Table 2-5: Peak Flow Summary Table Secondary Culvert
Storm Interval (years) Peak Qs- Rational Method

2 2.5 cfs
10 3.6 cfs
25 4.6 cfs
50 5.7 cfs
100 6.8 cfs

Table 2-6: Geocomposite Drainage Layer Calculations
Parameters Design

Values
Sample Values

Borrow
Sourcea

Repos. Top Repos.
Bottom

Cover Soil Permeabil-
ity (cm/s)

1x10-5 1.6x10-4 1.8x10-5 1.2x10-5

Interface friction angle
(degrees)

16.2 16.2 16.2 16.2

Total Serviceability
Factor

3.06 3.06 3.06 3.06

Slope length (feet) 250 245 245 245
Soil slope angle
(degrees)

18.4 18.4 18.4 18.4

Required Minimum
Transmissivity (m2/s)b 7.39x10-5 1.16x10-3 1.30x10-3 8.75x10-5

a Borrow Source is the topsoil sample collected from Umpqua Sand and Gravel Concrete Service Company.
b The Geocomposite has a transmissivity of 1x10-4 m2/s.
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Repair Alternatives 
 
 
 
 
 
The following subsections describe the preliminary approach for the proposed 
repair alternatives. The options presented herein are based on the understanding of 
site conditions at the time of this writing, visual observations from the February 
Site inspection, and limited testing of cover materials obtained following the 
slide. Additional factors have been identified that could have resulted in sliding of 
the cover material. Section 3.4 addresses these potential mitigating factors. It 
cannot be verified with any degree of certainty that the same mitigating factors 
will not be present following repairs. The details presented below and in the 
accompanying appendices can be used as a basis for conducting the removal 
action.  
 

3.1 Option 1 - Remove and Replace Soil Cover and Drain-
age System 

This option for stabilizing the repository cover system includes removing and 
replacing all components of the cover system above the LLDPE liner. The ERRS 
contractor would remove and stockpile the slash currently on the repository 
surface. Cover soil and Geonet drainage layer material above the LLDPE liner 
would be excavated while taking care to avoid damage to the LLDPE liner. Any 
punctures and abrasions in the LLDPE would need to be identified and repaired. 
A new drainage layer consisting of porous sand would be installed over the 
LLDPE. The drainage system would also include lateral drains, consisting of 
horizontal drain pipes installed approximately one-third and two-thirds down 
slope from the top of the repository. A slope drain installed from the top of the 
repository to the toe drain would collect water from the run-on control ditch at the 
top of the slope, as well as from the two horizontal drains, and discharge at the toe 
drain. The drainpipe system will help alleviate excessive pore pressure at the 
LLDPE interface, stabilizing the repository cover during heavy precipitation 
events. 
 
To further stabilize the lower portion of the slope against additional movement 
and maintain positive drainage along the toe of the repository, an approximately 
400-foot section of rock-filled gabion baskets (gabions) would be installed along 
the repository toe. The repository slope behind the gabions would be filled with 
soil with adequate drainage capacity and graded to the repository slope to 
maintain a positive drainage profile.  
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A non-woven geotextile filter fabric would be placed on the drainage layer 
followed by a two-foot cover soil layer. Finally, the soil cover would be seeded 
and temporarily stabilized using a combination of mulch and slash. 
 
Although this option would improve the overall stability of the cover system from 
the current configuration with improved drainage and slope toe support, it is not 
our recommended alternative. We expect that even with careful excavation, 
numerous liner punctures and abrasions would likely result and require extensive 
repair. Moreover, large areas of the current cover that are stable, or that could be 
stabilized with improved slope drainage, would be unnecessarily replaced at a 
high cost. 
 

3.2 Option 2 – Replace Cover at Exposed Areas of Liner, 
Improve Drainage, Install Rock Gabions 

This stabilization option includes repairing the areas of exposed LLDPE liner. An 
area approximately 350 feet by 150 feet in the upper portion of the repository 
where the liner has been exposed would be cleared down to the LLDPE liner. A 
porous sand drain layer would be placed on the exposed liner. 
 
A slope drain system would be added to improve drainage by installing two 
lateral pipe drains, approximately one-third and two-thirds down slope from the 
top of the repository, connected to a slope drain installed from the top of the 
repository to the toe drain. The drainage system would collect water from the run-
on control ditch at the top of the slope, as well as from the two horizontal drains, 
and discharge to the toe drain. The drainpipe system will help alleviate excessive 
pore pressure at the LLDPE interface and help to stabilize the repository cover 
during heavy precipitation events. A non-woven geotextile filter fabric and two 
feet of soil cover will placed over the repair area. 
 
Option 2 also includes an approximately 400-foot section of rock-filled gabion 
baskets installed along the repository toe. The gabions will help stabilize the 
lower portion of the slope against additional movement and maintain positive 
drainage along the toe of the repository. The repository slope behind the gabions 
would be filled with soil with adequate drainage capacity, and then graded up to 
the adjacent repository slope to maintain a positive drainage profile. Areas of 
exposed cover soil will be seeded and temporarily stabilized using a combination 
of mulch and slash. 
 
This alternative carries moderate cost while addressing the issues of overall slope 
drainage capacity, toe stability, and repair of the displaced repository cover. This 
is our recommended alternative. 
 

3.3 Option 3 – Replace Exposed Areas of Liner 
This limited repair option is the least extensive of the options presented, and 
includes only drainage layer and soil cover replacement at the exposed areas of 
the LLDPE. The exposed LLDPE and immediate surrounding area in the upper 
portion of the repository, approximately 350 feet by 150 feet, would be cleared 
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down to the LLDPE liner. A porous sand drain layer would be place on the 
exposed liner followed by a non-woven geotextile filter fabric and two feet of 
cover soil. Bare soil would be stabilized by seeding, and placing mulch and slash. 
 
While this option has the lowest cost of those presented and will provide at least 
temporary protection of the exposed LLDPE liner, it does not address existing 
cover soil drainage conditions, nor does it improve the stability of the slope toe. 
We, therefore, do not recommend this alternative without additional measures to 
address factors affecting slope stability. 
 

3.4 Next Steps 
The discrepancies between the December 2014 and June 2016 topographic 
surveys are not addressed in the options presented above. If the south face has 
settled by several feet and the northeast and southeast faces of the repository have 
risen by up to 3 feet then a cause should be identified.  
 
Determining the locations of No. 10 Adit and No. 11 Adit will help to determine 
how the underground workings and fault lines lay beneath the Site. This may also 
help in determining potential areas of subsidence and the origin of seeps that are 
seen near the toe of the repository. 
 
The apparent elevation rise of material beneath the liner could be due to 
groundwater-induced pore pressures beneath the liner. It could also be a result of 
saturation of the calcined waste and waste rock. Determining the response of 
calcine and waste rock to moisture changes may help to answer this question. 
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325.jpg Date: 2/25/16 Time: 08:07 Direction: Southwest

Western, upslope area of repository where cover soil and drainage layer has slid,
exposing linear low-density polyethylene (LLDPE) liner. (E&E photograph.)

334.jpg Date: 2/25/16 Time: 08:09 Direction: Northeast

Exposed LLDPE liner in upper slope of northwestern side of repository. (E&E
photograph.)

326.jpg Date: 2/25/16 Time: 08:07 Direction: Southeast

Exposed LLDPE liner. (E&E photograph.)

IMG9216.jpg Date: 3/1/16 Time: 10:54 Direction: Northwest

Eastern side of repository, with areas of exposed LLDPE liner on upper slope. (E&E
photograph.)



IMG_0245.jpg Date: 3/1/16 Time: 10:08 Direction: West

Toe drain ditch at bottom of repository, western side. Note the side of the rock-lined
ditch nearest the repository has steepened due to slope movement. (E&E photograph.)

360.jpg Date: 2/25/16 Time: 09:18 Direction: East

Exposed LLDPE liner and drainage layer after slope displacement. Note that filter
fabric component of drainage layer is not present at this location. (E&E photograph.)

IMG_0254.jpg Date: 3/1/16 Time: 10:12 Direction: Northwest

Alternate view of toe drain ditch at bottom of slope, western side of repository. (E&E
photograph.)

IMG_0247.jpg Date: 2/25/16 Time: 10:09 Direction: West

Water seeping from subsurface in western portion of the toe drain ditch. (E&E
photograph.)



IMG_0456.jpg Date: 6/24/16 Time: 11:09 Direction: Northeast

Exposed LLDPE liner observed in June 2016. There appears to be little or no change in
the area of exposed liner from conditions seen February 2016. (EPA photograph.)

IMG_0473.jpg Date: 6/24/16 Time: 11:29 Direction: North

Repository with exposed LLDPE liner observed in June 2016. There is little or no
apparent change from conditions observed in February 2016. (EPA photograph.)
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USC00359461
Station Name: WINCHESTER
State: OR
Elevation: 460
From: 1-1-2016 To 1-31-2016
Min Low Temp (Farenheit): 20
You may have to scroll down to see all the data.
2016-01-01: 20
2016-01-02: 23
2016-01-03: 20
2016-01-04: 30
2016-01-05: 34
2016-01-06: 35
2016-01-07: 35
2016-01-08: 35
2016-01-09: 36
2016-01-10: 39
2016-01-11: 38
2016-01-12: 37
2016-01-13: 42
2016-01-14: 31
2016-01-15: 32
2016-01-16: 32
2016-01-17: 37
2016-01-18: 33
2016-01-19: 32
2016-01-20: 33
2016-01-21: 34
2016-01-22: 43
2016-01-23: 42
2016-01-24: 41
2016-01-25: 37
2016-01-26: 37
2016-01-27: 42
2016-01-28: 45
2016-01-29: 47
2016-01-30: 36
2016-01-31: 34
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USC00359461
Station Name: WINCHESTER
State: OR
Elevation: 460
From: 1-1-2016 To 1-31-2016
MaxHigh Temp(Farenheit): 65
You may have to scroll down to see all the data.
2016-01-01: 42
2016-01-02: 40
2016-01-03: 41
2016-01-04: 38
2016-01-05: 38
2016-01-06: 50
2016-01-07: 45
2016-01-08: 45
2016-01-09: 43
2016-01-10: 52
2016-01-11: 47
2016-01-12: 49
2016-01-13: 58
2016-01-14: 58
2016-01-15: 45
2016-01-16: 48
2016-01-17: 55
2016-01-18: 52
2016-01-19: 56
2016-01-20: 51
2016-01-21: 48
2016-01-22: 52
2016-01-23: 56
2016-01-24: 51
2016-01-25: 47
2016-01-26: 51
2016-01-27: 55
2016-01-28: 65
2016-01-29: 57
2016-01-30: 51
2016-01-31: 46
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0026
Station Name: GLIDE 2.9 SSW
State: OR
Elevation: 857
From: 12-1-2015 To 12-31-2015
Amount of Rain In Inches: 16.93
You may have to scroll down to see all the data.
2015-12-01: 0.00
2015-12-02: 0.37
2015-12-03: 0.12
2015-12-04: 1.02
2015-12-05: 0.10
2015-12-06: 0.55
2015-12-07: 0.39
2015-12-08: 0.33
2015-12-09: 1.08
2015-12-10: 1.20
2015-12-11: 0.69
2015-12-12: 0.87
2015-12-13: 3.27
2015-12-14: 0.65
2015-12-15: 0.32
2015-12-16: 0.02
2015-12-17: 0.82
2015-12-18: 0.91
2015-12-19: 0.24
2015-12-20: 0.10
2015-12-21: 0.75
2015-12-22: 0.62
2015-12-23: 0.54
2015-12-24: 0.66
2015-12-25: 0.34
2015-12-26: 0.07
2015-12-27: 0.00
2015-12-28: 0.44
2015-12-29: 0.13
2015-12-30: 0.34
2015-12-31: 0.00
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0026
Station Name: GLIDE 2.9 SSW
State: OR
Elevation: 857
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: Missing
2016-01-02: Missing
2016-01-03: 0.05
2016-01-04: 0.17
2016-01-05: 0.10
2016-01-06: Missing
2016-01-07: Missing
2016-01-08: Missing
2016-01-09: 0.13
2016-01-10: Missing
2016-01-11: 0.03
2016-01-12: 0.10
2016-01-13: 0.20
2016-01-14: 0.52
2016-01-15: 0.46
2016-01-16: 0.25
2016-01-17: 0.65
2016-01-18: 1.40
2016-01-19: 0.16
2016-01-20: 0.95
2016-01-21: 0.03
2016-01-22: 0.33
2016-01-23: 0.40
2016-01-24: 0.15
2016-01-25: 0.26
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0010
Station Name: GLIDE 1.1 SE
State: OR
Elevation: 930
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.05
2016-01-04: 0.12
2016-01-05: 0.10
2016-01-06: 0.03
2016-01-07: 0.02
2016-01-08: 0.00
2016-01-09: 0.11
2016-01-10: 0.02
2016-01-11: 0.02
2016-01-12: 0.11
2016-01-13: 0.19
2016-01-14: 0.37
2016-01-15: 0.51
2016-01-16: 0.25
2016-01-17: 0.49
2016-01-18: 1.46
2016-01-19: 0.17
2016-01-20: 0.81
2016-01-21: 0.02
2016-01-22: 0.30
2016-01-23: 0.40
2016-01-24: 0.29
2016-01-25: 0.30
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USC00353320
Station Name: GLIDE 2NW
State: OR
Elevation: 742
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.05
2016-01-04: 0.14
2016-01-05: Missing
2016-01-06: 0.02
2016-01-07: Missing
2016-01-08: Missing
2016-01-09: Missing
2016-01-10: Missing
2016-01-11: 0.00
2016-01-12: 0.19
2016-01-13: 0.22
2016-01-14: Missing
2016-01-15: 0.43
2016-01-16: 0.38
2016-01-17: 0.63
2016-01-18: 1.17
2016-01-19: 0.23
2016-01-20: 0.82
2016-01-21: Missing
2016-01-22: Missing
2016-01-23: Missing
2016-01-24: Missing
2016-01-25: 0.00
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0012
Station Name: IDLEYLD PARK 4 ESE
State: OR
Elevation: 1628
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.09
2016-01-04: 0.24
2016-01-05: 0.19
2016-01-06: 0.03
2016-01-07: 0.02
2016-01-08: 0.00
2016-01-09: 0.23
2016-01-10: 0.03
2016-01-11: 0.03
2016-01-12: 0.17
2016-01-13: 0.36
2016-01-14: 0.51
2016-01-15: 0.46
2016-01-16: 0.62
2016-01-17: Missing
2016-01-18: Missing
2016-01-19: 0.21
2016-01-20: 1.20
2016-01-21: 0.02
2016-01-22: 0.33
2016-01-23: 0.47
2016-01-24: 0.44
2016-01-25: 0.34
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog

Copyright © 2012 The Weather Collector, LLC. All Rights Reserved
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0048
Station Name: ROSEBURG 9.9 NE
State: OR
Elevation: 677
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.05
2016-01-04: 0.12
2016-01-05: 0.20
2016-01-06: 0.02
2016-01-07: 0.02
2016-01-08: 0.02
2016-01-09: 0.13
2016-01-10: 0.02
2016-01-11: 0.00
2016-01-12: 0.16
2016-01-13: 0.32
2016-01-14: 0.38
2016-01-15: 0.55
2016-01-16: 0.35
2016-01-17: 0.51
2016-01-18: 1.18
2016-01-19: 0.28
2016-01-20: 1.01
2016-01-21: 0.02
2016-01-22: 0.34
2016-01-23: 0.43
2016-01-24: 0.13
2016-01-25: 0.26
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USC00358536
Station Name: TOKETEE FALLS
State: OR
Elevation: 2060
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.13
2016-01-04: 0.13
2016-01-05: 0.01
2016-01-06: Missing
2016-01-07: 0.00
2016-01-08: 0.00
2016-01-09: 0.00
2016-01-10: 0.00
2016-01-11: 0.02
2016-01-12: 0.13
2016-01-13: 0.51
2016-01-14: 0.51
2016-01-15: 0.11
2016-01-16: 0.14
2016-01-17: 1.15
2016-01-18: 0.33
2016-01-19: 0.57
2016-01-20: 0.05
2016-01-21: 0.00
2016-01-22: 0.60
2016-01-23: 0.76
2016-01-24: 0.25
2016-01-25: Missing
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USS0022F45S
Station Name: Toketee Airstrip
State: OR
Elevation: 3240
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.10
2016-01-04: 0.00
2016-01-05: 0.10
2016-01-06: 0.00
2016-01-07: 0.00
2016-01-08: 0.00
2016-01-09: 0.20
2016-01-10: 0.00
2016-01-11: 0.10
2016-01-12: 0.20
2016-01-13: 0.50
2016-01-14: 0.20
2016-01-15: 0.20
2016-01-16: 0.60
2016-01-17: 1.70
2016-01-18: 0.10
2016-01-19: 0.90
2016-01-20: 0.00
2016-01-21: 0.00
2016-01-22: 0.60
2016-01-23: 0.80
2016-01-24: 0.10
2016-01-25: Missing
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USW00024231
Station Name: ROSEBURG RGNL AP
State: OR
Elevation: 525
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.09
2016-01-04: 0.07
2016-01-05: 0.11
2016-01-06: 0.05
2016-01-07: 0.00
2016-01-08: 0.08
2016-01-09: 0.14
2016-01-10: 0.00
2016-01-11: 0.05
2016-01-12: 0.16
2016-01-13: 0.63
2016-01-14: 0.41
2016-01-15: 0.14
2016-01-16: 0.26
2016-01-17: 1.41
2016-01-18: 0.23
2016-01-19: 0.89
2016-01-20: 0.00
2016-01-21: 0.18
2016-01-22: 0.44
2016-01-23: 0.20
2016-01-24: Missing
2016-01-25: Missing
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0033
Station Name: ROSEBURG 1.2 WNW
State: OR
Elevation: 422
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.00
2016-01-04: 0.13
2016-01-05: 0.14
2016-01-06: 0.06
2016-01-07: 0.06
2016-01-08: 0.00
2016-01-09: 0.25
2016-01-10: 0.00
2016-01-11: 0.00
2016-01-12: 0.07
2016-01-13: 0.44
2016-01-14: 0.34
2016-01-15: 0.51
2016-01-16: 0.24
2016-01-17: 0.69
2016-01-18: 1.10
2016-01-19: 0.35
2016-01-20: 0.91
2016-01-21: 0.00
2016-01-22: 0.51
2016-01-23: 0.33
2016-01-24: 0.03
2016-01-25: 0.21
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USC00357169
Station Name: RIDDLE
State: OR
Elevation: 680
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.11
2016-01-04: 0.01
2016-01-05: 0.06
2016-01-06: 0.01
2016-01-07: 0.02
2016-01-08: 0.01
2016-01-09: 0.10
2016-01-10: 0.01
2016-01-11: 0.02
2016-01-12: 0.18
2016-01-13: 0.88
2016-01-14: 0.08
2016-01-15: 0.44
2016-01-16: 0.68
2016-01-17: 1.49
2016-01-18: 0.21
2016-01-19: 0.73
2016-01-20: 0.13
2016-01-21: 0.01
2016-01-22: 0.68
2016-01-23: 0.50
2016-01-24: 0.22
2016-01-25: Missing
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0026
Station Name: GLIDE 2.9 SSW
State: OR
Elevation: 857
From: 12-1-2015 To 12-31-2015
Amount of Rain In Inches: 16.93
You may have to scroll down to see all the data.
2015-12-01: 0.00
2015-12-02: 0.37
2015-12-03: 0.12
2015-12-04: 1.02
2015-12-05: 0.10
2015-12-06: 0.55
2015-12-07: 0.39
2015-12-08: 0.33
2015-12-09: 1.08
2015-12-10: 1.20
2015-12-11: 0.69
2015-12-12: 0.87
2015-12-13: 3.27
2015-12-14: 0.65
2015-12-15: 0.32
2015-12-16: 0.02
2015-12-17: 0.82
2015-12-18: 0.91
2015-12-19: 0.24
2015-12-20: 0.10
2015-12-21: 0.75
2015-12-22: 0.62
2015-12-23: 0.54
2015-12-24: 0.66
2015-12-25: 0.34
2015-12-26: 0.07
2015-12-27: 0.00
2015-12-28: 0.44
2015-12-29: 0.13
2015-12-30: 0.34
2015-12-31: 0.00
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0026
Station Name: GLIDE 2.9 SSW
State: OR
Elevation: 857
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: Missing
2016-01-02: Missing
2016-01-03: 0.05
2016-01-04: 0.17
2016-01-05: 0.10
2016-01-06: Missing
2016-01-07: Missing
2016-01-08: Missing
2016-01-09: 0.13
2016-01-10: Missing
2016-01-11: 0.03
2016-01-12: 0.10
2016-01-13: 0.20
2016-01-14: 0.52
2016-01-15: 0.46
2016-01-16: 0.25
2016-01-17: 0.65
2016-01-18: 1.40
2016-01-19: 0.16
2016-01-20: 0.95
2016-01-21: 0.03
2016-01-22: 0.33
2016-01-23: 0.40
2016-01-24: 0.15
2016-01-25: 0.26
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog

Copyright © 2012 The Weather Collector, LLC. All Rights Reserved
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0010
Station Name: GLIDE 1.1 SE
State: OR
Elevation: 930
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.05
2016-01-04: 0.12
2016-01-05: 0.10
2016-01-06: 0.03
2016-01-07: 0.02
2016-01-08: 0.00
2016-01-09: 0.11
2016-01-10: 0.02
2016-01-11: 0.02
2016-01-12: 0.11
2016-01-13: 0.19
2016-01-14: 0.37
2016-01-15: 0.51
2016-01-16: 0.25
2016-01-17: 0.49
2016-01-18: 1.46
2016-01-19: 0.17
2016-01-20: 0.81
2016-01-21: 0.02
2016-01-22: 0.30
2016-01-23: 0.40
2016-01-24: 0.29
2016-01-25: 0.30
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog

Copyright © 2012 The Weather Collector, LLC. All Rights Reserved
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USC00353320
Station Name: GLIDE 2NW
State: OR
Elevation: 742
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.05
2016-01-04: 0.14
2016-01-05: Missing
2016-01-06: 0.02
2016-01-07: Missing
2016-01-08: Missing
2016-01-09: Missing
2016-01-10: Missing
2016-01-11: 0.00
2016-01-12: 0.19
2016-01-13: 0.22
2016-01-14: Missing
2016-01-15: 0.43
2016-01-16: 0.38
2016-01-17: 0.63
2016-01-18: 1.17
2016-01-19: 0.23
2016-01-20: 0.82
2016-01-21: Missing
2016-01-22: Missing
2016-01-23: Missing
2016-01-24: Missing
2016-01-25: 0.00
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog

Copyright © 2012 The Weather Collector, LLC. All Rights Reserved
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0012
Station Name: IDLEYLD PARK 4 ESE
State: OR
Elevation: 1628
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.09
2016-01-04: 0.24
2016-01-05: 0.19
2016-01-06: 0.03
2016-01-07: 0.02
2016-01-08: 0.00
2016-01-09: 0.23
2016-01-10: 0.03
2016-01-11: 0.03
2016-01-12: 0.17
2016-01-13: 0.36
2016-01-14: 0.51
2016-01-15: 0.46
2016-01-16: 0.62
2016-01-17: Missing
2016-01-18: Missing
2016-01-19: 0.21
2016-01-20: 1.20
2016-01-21: 0.02
2016-01-22: 0.33
2016-01-23: 0.47
2016-01-24: 0.44
2016-01-25: 0.34
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog

Copyright © 2012 The Weather Collector, LLC. All Rights Reserved
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0048
Station Name: ROSEBURG 9.9 NE
State: OR
Elevation: 677
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.05
2016-01-04: 0.12
2016-01-05: 0.20
2016-01-06: 0.02
2016-01-07: 0.02
2016-01-08: 0.02
2016-01-09: 0.13
2016-01-10: 0.02
2016-01-11: 0.00
2016-01-12: 0.16
2016-01-13: 0.32
2016-01-14: 0.38
2016-01-15: 0.55
2016-01-16: 0.35
2016-01-17: 0.51
2016-01-18: 1.18
2016-01-19: 0.28
2016-01-20: 1.01
2016-01-21: 0.02
2016-01-22: 0.34
2016-01-23: 0.43
2016-01-24: 0.13
2016-01-25: 0.26
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog

Copyright © 2012 The Weather Collector, LLC. All Rights Reserved
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USC00358536
Station Name: TOKETEE FALLS
State: OR
Elevation: 2060
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.13
2016-01-04: 0.13
2016-01-05: 0.01
2016-01-06: Missing
2016-01-07: 0.00
2016-01-08: 0.00
2016-01-09: 0.00
2016-01-10: 0.00
2016-01-11: 0.02
2016-01-12: 0.13
2016-01-13: 0.51
2016-01-14: 0.51
2016-01-15: 0.11
2016-01-16: 0.14
2016-01-17: 1.15
2016-01-18: 0.33
2016-01-19: 0.57
2016-01-20: 0.05
2016-01-21: 0.00
2016-01-22: 0.60
2016-01-23: 0.76
2016-01-24: 0.25
2016-01-25: Missing
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog

Copyright © 2012 The Weather Collector, LLC. All Rights Reserved
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USS0022F45S
Station Name: Toketee Airstrip
State: OR
Elevation: 3240
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.10
2016-01-04: 0.00
2016-01-05: 0.10
2016-01-06: 0.00
2016-01-07: 0.00
2016-01-08: 0.00
2016-01-09: 0.20
2016-01-10: 0.00
2016-01-11: 0.10
2016-01-12: 0.20
2016-01-13: 0.50
2016-01-14: 0.20
2016-01-15: 0.20
2016-01-16: 0.60
2016-01-17: 1.70
2016-01-18: 0.10
2016-01-19: 0.90
2016-01-20: 0.00
2016-01-21: 0.00
2016-01-22: 0.60
2016-01-23: 0.80
2016-01-24: 0.10
2016-01-25: Missing
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog

Copyright © 2012 The Weather Collector, LLC. All Rights Reserved
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USW00024231
Station Name: ROSEBURG RGNL AP
State: OR
Elevation: 525
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.09
2016-01-04: 0.07
2016-01-05: 0.11
2016-01-06: 0.05
2016-01-07: 0.00
2016-01-08: 0.08
2016-01-09: 0.14
2016-01-10: 0.00
2016-01-11: 0.05
2016-01-12: 0.16
2016-01-13: 0.63
2016-01-14: 0.41
2016-01-15: 0.14
2016-01-16: 0.26
2016-01-17: 1.41
2016-01-18: 0.23
2016-01-19: 0.89
2016-01-20: 0.00
2016-01-21: 0.18
2016-01-22: 0.44
2016-01-23: 0.20
2016-01-24: Missing
2016-01-25: Missing
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog

Copyright © 2012 The Weather Collector, LLC. All Rights Reserved
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: US1ORDG0033
Station Name: ROSEBURG 1.2 WNW
State: OR
Elevation: 422
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.00
2016-01-04: 0.13
2016-01-05: 0.14
2016-01-06: 0.06
2016-01-07: 0.06
2016-01-08: 0.00
2016-01-09: 0.25
2016-01-10: 0.00
2016-01-11: 0.00
2016-01-12: 0.07
2016-01-13: 0.44
2016-01-14: 0.34
2016-01-15: 0.51
2016-01-16: 0.24
2016-01-17: 0.69
2016-01-18: 1.10
2016-01-19: 0.35
2016-01-20: 0.91
2016-01-21: 0.00
2016-01-22: 0.51
2016-01-23: 0.33
2016-01-24: 0.03
2016-01-25: 0.21
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USC00357169
Station Name: RIDDLE
State: OR
Elevation: 680
From: 1-1-2016 To 1-31-2016
Amount of Rain In Inches: ?
You may have to scroll down to see all the data.
2016-01-01: 0.00
2016-01-02: 0.00
2016-01-03: 0.11
2016-01-04: 0.01
2016-01-05: 0.06
2016-01-06: 0.01
2016-01-07: 0.02
2016-01-08: 0.01
2016-01-09: 0.10
2016-01-10: 0.01
2016-01-11: 0.02
2016-01-12: 0.18
2016-01-13: 0.88
2016-01-14: 0.08
2016-01-15: 0.44
2016-01-16: 0.68
2016-01-17: 1.49
2016-01-18: 0.21
2016-01-19: 0.73
2016-01-20: 0.13
2016-01-21: 0.01
2016-01-22: 0.68
2016-01-23: 0.50
2016-01-24: 0.22
2016-01-25: Missing
2016-01-26: Missing
2016-01-27: Missing
2016-01-28: Missing
2016-01-29: Missing
2016-01-30: Missing
2016-01-31: Missing

Home About Us Contact Us FAQ Blog
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USC00359461
Station Name: WINCHESTER
State: OR
Elevation: 460
From: 1-1-2016 To 1-31-2016
Min Low Temp (Farenheit): 20
You may have to scroll down to see all the data.
2016-01-01: 20
2016-01-02: 23
2016-01-03: 20
2016-01-04: 30
2016-01-05: 34
2016-01-06: 35
2016-01-07: 35
2016-01-08: 35
2016-01-09: 36
2016-01-10: 39
2016-01-11: 38
2016-01-12: 37
2016-01-13: 42
2016-01-14: 31
2016-01-15: 32
2016-01-16: 32
2016-01-17: 37
2016-01-18: 33
2016-01-19: 32
2016-01-20: 33
2016-01-21: 34
2016-01-22: 43
2016-01-23: 42
2016-01-24: 41
2016-01-25: 37
2016-01-26: 37
2016-01-27: 42
2016-01-28: 45
2016-01-29: 47
2016-01-30: 36
2016-01-31: 34
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T h e E A S Y W a y t o G e t L o c a l R a i n a n d S n o w T o t a l s !

Daily Details

Station ID: USC00359461
Station Name: WINCHESTER
State: OR
Elevation: 460
From: 1-1-2016 To 1-31-2016
MaxHigh Temp(Farenheit): 65
You may have to scroll down to see all the data.
2016-01-01: 42
2016-01-02: 40
2016-01-03: 41
2016-01-04: 38
2016-01-05: 38
2016-01-06: 50
2016-01-07: 45
2016-01-08: 45
2016-01-09: 43
2016-01-10: 52
2016-01-11: 47
2016-01-12: 49
2016-01-13: 58
2016-01-14: 58
2016-01-15: 45
2016-01-16: 48
2016-01-17: 55
2016-01-18: 52
2016-01-19: 56
2016-01-20: 51
2016-01-21: 48
2016-01-22: 52
2016-01-23: 56
2016-01-24: 51
2016-01-25: 47
2016-01-26: 51
2016-01-27: 55
2016-01-28: 65
2016-01-29: 57
2016-01-30: 51
2016-01-31: 46

Home About Us Contact Us FAQ Blog
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Client: TRI Log #:

Project: Test Date:

Sample ID:

Rammer Type -

Optimum Water Content

Compaction Effort

Tested by: IB

Quality Review / Date

10/9/2014

Maximum Dry Density

-

pcf

Oversize Particle / "Rock" Correction (ASTM D4718)

Jeffrey A. Kuhn, Ph.D, P.E., 

Maximum Dry Density pcf - -

Optimum Water Content %

%

Automatic

15.0

Laboratory Compaction Characteristics of Soil Using Standard Effort (ASTM D698)

Northwest Linings E2391-14-07

Bonanza Mine

- -

112.7

Standard

A

Oversized Particles % - -

-

Method

Soil

10/7/2014

100 

105 

110 

115 

120 

5 10 15 20 25 

Dry Density 

(pcf) 

Moisture Content (%) 

2.71 

2.66 

2.61 

Optimum 

Specific Gravity  Values for 

Zero Air Void Curve 
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Client: Northwest Liners TRI Log#:

Project: Bonanza Mine Test Method: ASTM D5321

Date:

Large 

Peak Displacement

(@ 3.0 in.)

41.5 41.6

21 4

 

Upper Box &

Lower Box

Test Condition: Wet

Shearing Rate: 0.04 inches/minute

3

23

1600

1425

1421

41.7

41.6

- -

Test Conditions

Interface 

Conditioning:

Adhesion (psf):

Soil remolded to 95% of the maximum 

dry density at the optimum moisture 

content or 107.1 pcf at 15.0%

Interface Friction Test Report

Friction Angle

(degrees):

 Y-intercept or

Test Results

Corrected Large Displacement Shear Stress (psf)

Interface soaked and loading applied for 

a minimum of 1 hour prior to shear.

John M. Allen, P.E., 10/15/2014

Quality Review/Date

16

Normal Stress (psf)

1

91

Tested Interface: Soil vs. Agru 200-1-6 Single-sided Geocomposite (529216-11) 

10-15-2014 to 10-15-2014

E2388-46-05

Shearing occurred at the interface. 

44.5

Corrected Peak Shear Stress (psf)

716

Asperity (mils) - - - -

41.842.3Large Displacement Secant Angle (degrees)

43.1

Test Data

Peak Secant Angle (degrees)

Agru 200-1-6 single-sided geocomposite 

(net side down)

Box Dimensions: 12"x12"x4"

100 800

Specimen No.

Bearing Slide Resistance (lbs)

74998

9

2
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Client: Northwest Liners TRI Log#:

Project: Bonanza Mine Test Method: ASTM D5321

Date:

Large 

Peak Displacement

(@ 3.0 in.)

16.2 13.2

14 16

 

Upper Box &

Lower Box

Test Condition: Dry

Shearing Rate: 0.2 inches/minute

3

23

1600

493

397

17.1

13.9

26.8

15.1

Test Data

Peak Secant Angle (degrees)

Agru 40 mil LLDPE Microspike 

geomembrane (dull side up)

Box Dimensions: 12"x12"x4"

100 800

Specimen No.

Bearing Slide Resistance (lbs)

21659

9

2

Asperity (mils) 26.6 26.6

13.225.4Large Displacement Secant Angle (degrees)

Corrected Large Displacement Shear Stress (psf)

Interface loading applied for a minimum 

of 15 hours prior to shear.

John M. Allen, P.E., 10/08/2014

Quality Review/Date

16

Normal Stress (psf)

1

47

Tested Interface: Agru 200-1-6 Single-sided Geocomposite (529216-11) vs. Agru 40 mil LLDPE 

Microspike Geomembrane (F14A391005)

10-08-2014 to 10-08-2014

E2388-46-05

Shearing occurred at the interface. 

30.7

Corrected Peak Shear Stress (psf)

188

Interface Friction Test Report

Friction Angle

(degrees):

 Y-intercept or

Test Results

Agru 200-1-6 single-sided geocomposite 

(net side down)

Test Conditions

Interface 

Conditioning:

Adhesion (psf):
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ANALYTICAL REPORT

Job Number: 580-58100-1

Job Description: EE-004439-Laboratory BOA 14-06-0006

For:
Ecology and Environment, Inc.

Pacific Building
720 Third Avenue

Suite 1700
Seattle, WA  98104

Attention: Mr. Mark Woodke

_____________________________________________

Approved for release.
Kristine D Allen
Manager of Project Management
3/28/2016 5:37 PM

Kristine D Allen, Manager of Project Management
5755 8th Street East, Tacoma, WA, 98424

(253)248-4970       
kristine.allen@testamericainc.com

03/28/2016  

TestAmerica Seattle is a part of TestAmerica Laboratories, Inc.

This report is issued solely for the use of the person or company to whom it is addressed.  Any use, copying or
disclosure other than by the intended recipient is unauthorized.  If you have received this report in error, please notify
the sender immediately at 253-922-2310 and destroy this report immediately.

This report shall not be reproduced except in full, without prior express written approval by the laboratory.  The results
relate only to the item(s) tested and the sample(s) as received by the laboratory.

The results included in this report have been reviewed for compliance with the laboratory QA/QC plan and meet all
requirements of NELAC.  All data have been found to be compliant with laboratory protocol, with the exception of any
items noted in the case narrative.

TestAmerica Laboratories, Inc.

TestAmerica Seattle   5755 8th Street East, Tacoma, WA  98424

Tel (253) 922-2310  Fax (253) 922-5047 www.testamericainc.com

03/28/2016Page 1 of 11
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Job Narrative
580-58100-1

Comments
No additional comments. 

Receipt 
The samples were received on 3/17/2016 2:30 PM; the samples arrived in good condition, properly preserved and, where required, on 
ice.

Receipt Exceptions

The Field Sampler was not listed on the Chain of Custody.

Subcontract Work 
Method Agronomic Analyses - Package S1B:  This method was subcontracted to A & L Western Agricultural Laboratories.  The 
subcontract laboratory certification is different from that of the facility issuing the final report.

03/28/2016Page 3 of 11



SAMPLE SUMMARY

Client:   Ecology and Environment, Inc. Job Number:   580-58100-1

Client Sample IDLab Sample ID Client Matrix Sampled Received
Date/Time Date/Time

580-58100-1 16031001 Solid 03/11/2016  0000 03/17/2016  1430

580-58100-2 16031004 Solid 03/11/2016  0000 03/17/2016  1430

580-58100-3 16031005 Solid 03/11/2016  0000 03/17/2016  1430

TestAmerica Seattle 03/28/2016Page 4 of 11



METHOD SUMMARY

Client: Ecology and Environment, Inc. Job Number: 580-58100-1

Preparation MethodMethodLab LocationDescription

Matrix: Solid

General Sub Contract Method TAL SEA Subcontract

Lab References:

TAL SEA = TestAmerica Seattle

Method References:

TestAmerica Seattle 03/28/2016Page 5 of 11



DATA REPORTING QUALIFIERS

Lab Section Qualifier Description

03/28/2016Page 6 of 11



Certification Summary
Client: Ecology and Environment, Inc. TestAmerica Job ID: 580-58100-1
Project/Site: EE-004439-Laboratory BOA 14-06-0006

Laboratory Authority Program EPA Region Certification ID

TestAmerica Seattle UST-022State ProgramAlaska (UST) 10

TestAmerica Seattle 2901State ProgramCalifornia 9

TestAmerica Seattle L2236DoD ELAPL-A-B

TestAmerica Seattle L2236ISO/IEC 17025L-A-B

TestAmerica Seattle N/AState ProgramMontana (UST) 8

TestAmerica Seattle WA100007NELAPOregon 10

TestAmerica Seattle LE058448-0FederalUS Fish & Wildlife

TestAmerica Seattle P330-14-00126FederalUSDA

TestAmerica Seattle C553State ProgramWashington 10

Accreditation may not be offered or required for all methods and analytes reported in this package. Please contact your project manager for the laboratory’s 
current list of certified methods and analytes.

TestAmerica Seattle03/28/2016Page 7 of 11



A & L WESTERN AGRICULTURAL LABORATORIES
10220 SW NIMBUS AVE  Bldg K-9   l   PORTLAND OREGON  97223   l   (503) 968-9225   l   FAX (503) 598-7702

REPORT NUMBER: 16-078-097
CLIENT NO: 4290

SEND TO: TESTAMERICA ANALYTICAL TESTING CORP     SUBMITTED BY: KRIS ALLEN                    
5755 8TH STREET EAST                    
TACOMA, WA 98424-    GROWER: PROJ #:10045300004.064.02     

DATE OF REPORT: SOIL ANALYSIS REPORT      PAGE: 1

Potassium Magnesium Calcium Sodium Hydrogen Cation

P1 NaHCO3-P Exchange

** (Weak Bray) (OlsenMethod) Soil Buffer H Capacity

ENR ****  * ****  * pH Index meq/100g C.E.C.

lbs/A ppm ppm meq/100g

31001 59778  1.7L 65   14L  11L   62L  537VH 1339L   39L 6.2 6.9 1.6 13.0 1.2 34.0 51.5 12.0 1.3

31004 59779  2.1L 71    3VL   6**   66L  620VH 1013L   37L 5.7 6.4 2.8 13.3 1.3 38.4 38.1 21.0 1.2

31005 59780  1.5L 60    1VL  39**   64L  622VH  971L   46L 5.6 6.6 3.2 13.5 1.2 37.9 35.9 23.5 1.5

                             ** NaHCO3-P unreliable at this soil pH

Nitrogen Sulfur Zinc Manganese Iron Copper Boron Excess Soluble Chloride

NO3-N SO4-S Zn Mn Fe Cu B Lime Salts Cl SAND SILT CLAY

ppm ppm ppm ppm ppm ppm ppm Rating mmhos/cm ppm % % %

31001          2VL                                                  

31004          7L                                                  

31005          6L                                                  

    *     CODE TO RATING: VERY LOW (VL), LOW (L), MEDIUM (M), HIGH (H), AND VERY HIGH (VH). This report applies only to the sample(s) tested.  Samples are retained a maximum
   **     ENR - ESTIMATED NITROGEN RELEASE of thirty days after testing.
  ***    MULTIPLY THE RESULTS IN ppm BY 2 TO CONVERT TO LBS. PER ACRE OF THE ELEMENTAL FORM 
 ****   MULTIPLY THE RESULTS IN ppm BY 4.6 TO CONVERT TO LBS. PER ACRE P2O5

*****  MULTIPLY THE RESULTS IN ppm BY 2.4 TO CONVERT TO LBS. PER ACRE K2O
MOST SOILS WEIGH TWO (2) MILLION POUNDS (DRY WEIGHT) FOR AN ACRE OF SOIL 6-2/3 INCHES DEEP  A & L WESTERN LABORATORIES, INC.

03/28/16

Ca             
***  *            
ppm   

Na             
***  *            
ppm   

SOIL TEXTURE

PARTICLE SIZE ANALYSIS

K             
%

Mg            
%

PERCENT                                           
CATION SATURATION (COMPUTED)

K              
*****  *          
ppm

Mg             
***  *            
ppm

SAMPLE        
NUMBER

SAMPLE        
ID

Organic  Matter
Phosphorus

*               
% Rating

LAB      
NUMBER Na            

%

pH

Darcy L. Peebles, CCA

Ca            
%

H             
%
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Shipping and
Receiving
Documents
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Login Sample Receipt Checklist

Client: Ecology and Environment, Inc. Job Number: 580-58100-1

Login Number: 58100

Question Answer Comment

Creator: Presley, Kim A

List Source: TestAmerica Seattle

List Number: 1

N/ARadioactivity wasn't checked or is </= background as measured by a survey 
meter.

N/AThe cooler's custody seal, if present, is intact.

N/ASample custody seals, if present, are intact.

TrueThe cooler or samples do not appear to have been compromised or 
tampered with.

TrueSamples were received on ice.

TrueCooler Temperature is acceptable.

TrueCooler Temperature is recorded.

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

FalseIs the Field Sampler's name present on COC? Not requested on COC.

TrueThere are no discrepancies between the containers received and the COC.

TrueSamples are received within Holding Time (excluding tests with immediate 
HTs)

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

TrueAppropriate sample containers are used.

TrueSample bottles are completely filled.

TrueSample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 
MS/MSDs

TrueContainers requiring zero headspace have no headspace or bubble is 
<6mm (1/4").

TrueMultiphasic samples are not present.

TrueSamples do not require splitting or compositing.

N/AResidual Chlorine Checked.

TestAmerica Seattle 03/28/2016Page 11 of 11



ANALYTICAL REPORT

Job Number: 580-58737-1

Job Description: EE-004439-Laboratory BOA 14-06-0006

For:
Ecology and Environment, Inc.

Pacific Building
720 Third Avenue

Suite 1700
Seattle, WA  98104

Attention: Mr. Mark Woodke

_____________________________________________

Approved for release.
Kristine D Allen
Manager of Project Management
4/27/2016 12:50 PM

Kristine D Allen, Manager of Project Management
5755 8th Street East, Tacoma, WA, 98424

(253)248-4970       
kristine.allen@testamericainc.com

04/27/2016  

TestAmerica Seattle is a part of TestAmerica Laboratories, Inc.

This report is issued solely for the use of the person or company to whom it is addressed.  Any use, copying or
disclosure other than by the intended recipient is unauthorized.  If you have received this report in error, please notify
the sender immediately at 253-922-2310 and destroy this report immediately.

This report shall not be reproduced except in full, without prior express written approval by the laboratory.  The results
relate only to the item(s) tested and the sample(s) as received by the laboratory.

The results included in this report have been reviewed for compliance with the laboratory QA/QC plan and meet all
requirements of NELAC.  All data have been found to be compliant with laboratory protocol, with the exception of any
items noted in the case narrative.

TestAmerica Laboratories, Inc.

TestAmerica Seattle   5755 8th Street East, Tacoma, WA  98424

Tel (253) 922-2310  Fax (253) 922-5047 www.testamericainc.com
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Job Narrative
580-58737-1

Comments
No additional comments. 

Receipt 
The samples were received on 3/24/2016 8:57 AM; the samples arrived in good condition, properly preserved and, where required, on 
ice.

Subcontract Work 
Methods ASTM D-2487 Visual Classification, ASTM D-3080 Direct Shear, ASTM D4318 Atterberg Limits, ASTM D-5084 Hydraulic 
Conductivity, ASTM D-5321 Interface Shear Strength, ASTM D-698 Compaction, ASTM Methods D-421/422 Grain Size Sieve:  These 
methods were subcontracted to GeoTesting - Boxboro.  The subcontract laboratory certifications are different from that of the facility 
issuing the final report.
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SAMPLE SUMMARY

Client:   Ecology and Environment, Inc. Job Number:   580-58737-1

Client Sample IDLab Sample ID Client Matrix Sampled Received
Date/Time Date/Time

580-58737-1 16031001 Solid 03/11/2016  0001 03/24/2016  0857

580-58737-2 16031002 Solid 03/11/2016  0001 03/24/2016  0857

580-58737-3 16031003 Solid 03/11/2016  0001 03/24/2016  0857

580-58737-4 16031004 Solid 03/11/2016  0001 03/24/2016  0857

580-58737-5 16031005 Solid 03/11/2016  0001 03/24/2016  0857
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METHOD SUMMARY

Client: Ecology and Environment, Inc. Job Number: 580-58737-1

Preparation MethodMethodLab LocationDescription

Matrix: Solid

General Sub Contract Method GeoTesting Subcontract

Lab References:

GeoTesting = GeoTesting - Boxboro

Method References:
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DATA REPORTING QUALIFIERS

Lab Section Qualifier Description
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/15/16
Test Id: 370696

Tested By: cam
Checked By: emm

 USCS Classification - ASTM D2487

printed 4/15/2016 10:42:46 AM

 Boring ID  Sample ID  Depth  Group Name  Group
Symbol 

Gravel, %  Sand, %  Fines, % 

Umpqua

Umpqua

Umpqua

Bonanza

Bonanza

16031001

16031002

16031003

16031004

16031005

Unscreened Topsoil

Washed Sand

3 Inch Minus

Top Repos

Bottom Repos

Clayey sand

Poorly graded sand

Well-graded gravel
with sand

Sandy Lean clay
with gravel

Sandy Lean clay

SC

SP

GW

CL

CL

4.2

1.5

75.2

16.2

8.2

55.1

95.1

21.3

33.0

38.9

40.7

3.4

3.5

50.8

52.9

Remarks: Grain Size analysis performed by ASTM D422 results enclosed

Atterberg Limits performed by ASTM D4318, results enclosed
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Umpqua
Sample ID: 16031001
Depth : Unscreened Topsoil

Sample Type: bucket
Test Date: 04/04/16
Test Id: 370682

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark brown clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 4/15/2016 10:41:54 AM
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Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

2 in 

1.5 in 

1 in 

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

50.00

37.50

25.00

19.00

12.50

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

100

99

99

98

98

97

96

94

90

80

69

55

41

 Coefficients
D   =0.6040 mm85

D   =0.1813 mm60

D   =0.1187 mm50

D   =N/A30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Clayey sand (SC)

 AASHTO Clayey Soils (A-6 (1))

 Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Umpqua
Sample ID: 16031002
Depth : Washed Sand

Sample Type: bucket
Test Date: 04/01/16
Test Id: 370683

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark olive brown sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 4/15/2016 10:41:54 AM
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0.85

0.42
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54

26
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3.4

 Coefficients
D   =2.8783 mm85

D   =1.0965 mm60

D   =0.7765 mm50

D   =0.4673 mm30

D   =0.2695 mm15

D   =0.1934 mm10

C   =5.670u C   =1.030c

 Classification
 ASTM Poorly graded sand (SP)

 AASHTO Stone Fragments, Gravel and Sand 
(A-1-b (1))

 Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Umpqua
Sample ID: 16031003
Depth : 3 Inch Minus

Sample Type: bucket
Test Date: 04/01/16
Test Id: 370684

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark olive gray gravel with sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 4/15/2016 10:41:55 AM
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Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

3 in 

2 in 

1.5 in 

1 in 

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

75.00

50.00

37.50

25.00

19.00

12.50

9.50

4.75
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0.42
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91

87
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54

43
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8

6

5

4

3.5

 Coefficients
D   =33.9764 mm85

D   =14.3957 mm60

D   =11.3291 mm50

D   =5.7633 mm30

D   =2.1146 mm15

D   =1.1009 mm10

C   =13.076u C   =2.096c

 Classification
 ASTM Well-graded gravel with sand (GW)

 AASHTO Clayey Gravel and Sand (A-2-6 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Bonanza
Sample ID: 16031004
Depth : Top Repos

Sample Type: bucket
Test Date: 04/04/16
Test Id: 370685

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, light olive brown sandy clay with gravel
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 4/15/2016 10:41:57 AM

0

10

20

30

40

50

60

70

80

90

100

0.0010.010.11101001000

P
e
rc

e
n
t 
F

in
e
r

Grain Size (mm)

3 
in

 
2 

in
 

1.
5 

in
 

1 
in

 
0.

75
 in

 
0.

5 
in

 
0.

37
5 

in
 

#
4 

#
10

 

#
20

 

#
40

 

#
60

 

#
10

0 

#
20

0 

% Cobble

---

% Gravel

16.2

% Sand

33.0

% Silt & Clay Size

50.8

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

3 in 

2 in 

1.5 in 

1 in 
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12.50
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0.42
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96
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92
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79
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69

60

51

 Coefficients
D   =6.1631 mm85

D   =0.1532 mm60

D   =N/A50

D   =N/A30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Sandy Lean clay with gravel (CL)

 AASHTO Clayey Soils (A-7-6 (8))

 Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Bonanza
Sample ID: 16031005
Depth : Bottom Repos

Sample Type: bucket
Test Date: 04/04/16
Test Id: 370686

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, light olive brown sandy clay
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 4/15/2016 10:41:58 AM
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 Coefficients
D   =0.8573 mm85

D   =0.1268 mm60

D   =N/A50

D   =N/A30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Sandy Lean clay (CL)

 AASHTO Clayey Soils (A-6 (6))

 Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Umpqua
Sample ID: 16031001
Depth : Unscreened Topsoil

Sample Type: bucket
Test Date: 04/01/16
Test Id: 370687

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark brown clayey sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 4/15/2016 10:39:16 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

16031001 UmpquaUnscreened
Topsoil

15 29 18 11 -0.2 Clayey sand (SC)

Sample Prepared using the WET method

20% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Bonanza
Sample ID: 16031004
Depth : Top Repos

Sample Type: bucket
Test Date: 04/04/16
Test Id: 370690

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, light olive brown sandy clay with gravel
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 4/15/2016 10:39:17 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

16031004 Bonanza Top
Repos

22 43 19 24 0.1 Sandy Lean clay with gravel
(CL)

Sample Prepared using the WET method

25% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Bonanza
Sample ID: 16031005
Depth : Bottom Repos

Sample Type: bucket
Test Date: 04/05/16
Test Id: 370691

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, light olive brown sandy clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 4/15/2016 10:39:17 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

16031005 Bonanza Bottom
Repos

24 37 19 18 0.3 Sandy Lean clay (CL)

Sample Prepared using the WET method

19% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Umpqua
Sample ID: 16031002
Depth : Washed Sand

Sample Type: bucket
Test Date: 03/31/16
Test Id: 370698

Tested By: pmh
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark olive brown sand
Sample Comment: ---

Compaction Report - ASTM D698

printed 4/15/2016 10:44:15 AM
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Dry density, pcf

Moisture Content, %
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Method : A

Preparation : DRY

As received Moisture :8 %

Rammer : Manual

Zero voids line based on assumed specific gravity of 2.65

Maximum Dry Density= 113.2 pcf
Optimum Moisture= 14.7 %
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Umpqua
Sample ID: 16031003
Depth : 3 Inch Minus

Sample Type: bucket
Test Date: 04/04/16
Test Id: 370699

Tested By: pmh
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark olive gray gravel with sand
Sample Comment: ---

Compaction Report - ASTM D698

printed 4/15/2016 10:49:03 AM
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Method : C

Preparation : DRY

As received Moisture :6 %

Rammer : Manual

Zero voids line based on assumed specific gravity of 2.95

Maximum Dry Density= 132.3 pcf
Optimum Moisture= 11.0 %

 Oversize Correction (27.7% > 3/4 inch Sieve)
Corrected Maximum Dry Density= 138.8 pcf

Corrected Optimum Moisture= 8.0 %
Assumed Average Bulk Specific Gravity = 2.55
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Bonanza
Sample ID: 16031004
Depth : Top Repos

Sample Type: bucket
Test Date: 04/04/16
Test Id: 370700

Tested By: pmh
Checked By: emm

Test Comment: ---
Visual Description: Moist, light olive brown sandy clay with gravel
Sample Comment: ---

Compaction Report - ASTM D698

printed 4/15/2016 10:51:56 AM
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Method : C

Preparation : DRY

As received Moisture :22 %

Rammer : Manual

Zero voids line based on assumed specific gravity of 2.65

Maximum Dry Density= 108.4 pcf
Optimum Moisture= 17.6 %

 Oversize Correction (9.6% > 3/4 inch Sieve)
Corrected Maximum Dry Density= 111.9 pcf

Corrected Optimum Moisture= 15.9 %
Assumed Average Bulk Specific Gravity = 2.55
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Client: Test America
Project: Bonanza Mine
Location: --- Project No: GTX-304536
Boring ID: Bonanza
Sample ID: 16031005
Depth : Bottom Repos

Sample Type: bucket
Test Date: 04/04/16
Test Id: 370701

Tested By: pmh
Checked By: emm

Test Comment: ---
Visual Description: Moist, light olive brown sandy clay
Sample Comment: ---

Compaction Report - ASTM D698

printed 4/15/2016 10:46:29 AM
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Method : B

Preparation : DRY

As received Moisture :24 %

Rammer : Manual

Zero voids line based on assumed specific gravity of 2.75

Maximum Dry Density= 106.8 pcf
Optimum Moisture= 19.1 %
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Client: Test America
Project Name: Bonanza Mine
Project Location: ---
GTX #: 304536
Start Date: Tested By: jcw
End Date: Checked By: emm
Boring #: Umpqua
Sample #: 16031001
Depth: Unscreened Topsoil
Visual Description: Moist, dark brown clayey sand

Sample Type: Remolded Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 9/15

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 92.03 Increased Cell Pressure, psi: 96.96 Cell Pressure Increment, ps 4.93
Sample Pressure, psi: 87.03 Corresponding Sample Pressure, psi: 91.49 Sample Pressure Increment 4.46

B Coefficient: 0.90
FLOW DATA

Time, Temp,
Permeability 
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/6 --- 92.0 87.1 86.9 1.9 12.30 13.50 --- --- --- --- ---
4/6 73 92.0 87.1 86.9 1.9 13.30 12.50 1.00 1.00 20.4 0.991 1.8E-04
4/6 ---- 92.0 87.1 86.9 1.9 12.50 13.60 --- --- --- --- ---
4/6 49 92.0 87.1 86.9 1.9 13.10 13.00 0.60 0.60 20.4 0.991 1.6E-04
4/6 ---- 92.0 87.1 86.9 1.9 12.50 13.20 --- --- --- --- ---
4/6 58 92.0 87.1 86.9 1.9 13.20 12.50 0.70 0.70 20.4 0.991 1.6E-04
4/6 ---- 92.0 87.1 86.9 1.9 12.60 13.50 --- --- --- --- ---
4/6 40 92.0 87.1 86.9 1.9 13.10 13.00 0.50 0.50 20.4 0.991 1.6E-04

21.4
103.3

95

Pressure, psi Flow Volume, cc

15.1
103.3

67

*B value did not increase with increase in pressure.
Final degree of saturation >95%.

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/5/2016
4/7/2016

Initial

125.5

Test specimen compacted with moderate effort at the as-recieved moisture content. Values specified by 
client. Material >3/8-inch removed from sample prior to testing (3% of sample). Trimmings moisture 
content = 15.4%

Final
2.98
2.86
6.42

PERMEABILITY AT 20o C:   1.6 x 10-4  cm/sec   (@ 5 psi effective stress)

Parameter
2.98
2.86
6.42
19.1
599

119.0

19.1
632
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Client: Test America
Project Name: Bonanza Mine
Project Location: ---
GTX #: 304536
Start Date: Tested By: jcw
End Date: Checked By: emm
Boring #: Umpqua
Sample #: 16031002
Depth: Washed Sand
Visual Description: Moist, dark olive brown sand

Sample Type: Remolded

Sample Information: Maximum Dry Density: 113.2 pcf
Optimum Moisture Content: 14.7 %
Compaction Test Method: D698
Classification (ASTM D2487): SP
Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %
Void Ratio, e

Date
Reading 

#
Volume of 
Flow, cc

Time of 
Flow, sec

Flow 
Rate, 
cc/sec Gradient

Correction 
Factor

4/7 1 2.7 10 0.27 0.04 1.023
4/7 2 2.7 10 0.27 0.04 1.023
4/7 3 2.7 10 0.27 0.04 1.023
4/7 4 4.5 10 0.45 0.08 1.023
4/7 5 4.4 10 0.44 0.08 1.023
4/7 6 4.5 10 0.45 0.08 1.023
4/7 7 6.2 10 0.62 0.14 1.023
4/7 8 6.1 10 0.61 0.14 1.023
4/7 9 6.1 10 0.61 0.14 1.023

Note:  This standard has been withdrawn by ASTM with no replacement.

8.4E-02

7.0E-02

---

8.5E-02
7.0E-02

5.6E-02

8.5E-02

7.1E-02
7.2E-02
5.8E-02

19.1

5.7E-02
5.6E-02

6.9E-02
19.1
19.1

124.4
22.8
101.3
95.3

0.8
101.3

---

4.03

Permeability,
cm/sec

12.4
50.1
1637

102.1

3.98
4.03
3.98

0.63

04/07/16
04/07/16

Target Compaction: 90% of maximum dry density (113.2 pcf) at air-dried moisture 
content. Values specified by client. Material >3/8-inch removed from sample prior to testing (0% 
of sample).

Permeability of Granular Soils (Constant Head) by ASTM D2434

Sample Preparation / Test 
Setup:

Parameter Initial Final

cm/sec

Temp.,
oC

19.1
19.1
19.1
19.1
19.1

7.2 x 10-2

7.1E-02
8.6E-02

12.4
50.1
1344

PERMEABILITY @ 20 oC =

19.1

Permeability @
20 oC, cm/sec

8.7E-02
8.6E-02

5.7E-02
5.7E-02

0.0E+00
1.0E-03
2.0E-03
3.0E-03
4.0E-03
5.0E-03
6.0E-03
7.0E-03
8.0E-03
9.0E-03

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

V
el

oc
ity

, 
cm

/s
ec

Hydraulic Gradient, i

Velocity vs. Hydraulic Gradient
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Client: Test America
Project Name: Bonanza Mine
Project Location: ---
GTX #: 304536
Start Date: Tested By: jcw
End Date: Checked By: emm
Boring #: Bonanza
Sample #: 16031004
Depth: Top Repos
Visual Description: Moist, light olive brown sandy clay with gravel

Sample Type: Remolded Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 6/7

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.03 Increased Cell Pressure, psi: 95.00 Cell Pressure Increment, ps 4.97
Sample Pressure, psi: 85.00 Corresponding Sample Pressure, psi: 89.70 Sample Pressure Increment 4.70

B Coefficient: 0.95
FLOW DATA

Time, Temp,
Permeability 
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/7 --- 90.0 85.1 84.9 1.9 12.50 13.40 --- --- --- --- ---
4/7 31 90.0 85.1 84.9 1.9 12.90 13.00 0.40 0.40 20.5 0.988 1.7E-04
4/7 ---- 90.0 85.1 84.9 1.9 12.80 13.50 --- --- --- --- ---
4/7 49 90.0 85.1 84.9 1.9 13.50 12.80 0.70 0.70 20.5 0.988 1.8E-04
4/7 ---- 90.0 85.1 84.9 1.9 12.20 13.20 --- --- --- --- ---
4/7 50 90.0 85.1 84.9 1.9 12.90 12.50 0.70 0.70 20.5 0.988 1.8E-04
4/7 ---- 90.0 85.1 84.9 1.9 12.50 13.30 --- --- --- --- ---
4/7 55 90.0 85.1 84.9 1.9 13.30 12.50 0.80 0.80 20.5 0.988 1.9E-04

24.9
97.6
95

Pressure, psi Flow Volume, cc

17.9
97.2
68

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/6/2016
4/8/2016

Initial

121.9

Target Compaction: 90% of maximum dry density (108.5 pcf) at the optimum moisture content 
(17.6%). Values specified by client. Material >3/8-inch removed from sample prior to testing (13% of 
sample). Trimmings moisture content = 17.5%

Final
2.99
2.86
6.42

PERMEABILITY AT 20o C:   1.8 x 10-4  cm/sec   (@ 5 psi effective stress)

Parameter
3.00
2.86
6.42
19.3
581

114.6

19.2
616

04/27/2016Page 22 of 39



Client: Test America
Project Name: Bonanza Mine
Project Location: ---
GTX #: 304536
Start Date: Tested By: jcw
End Date: Checked By: emm
Boring #: Bonanza
Sample #: 16031005
Depth: Bottom Repo
Visual Description: Moist, light olive brown sandy clay

Sample Type: Remolded Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 2/5

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.00 Increased Cell Pressure, psi: 94.97 Cell Pressure Increment, ps 4.97
Sample Pressure, psi: 84.99 Corresponding Sample Pressure, psi: 89.70 Sample Pressure Increment 4.71

B Coefficient: 0.95
FLOW DATA

Time, Temp,
Permeability 
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/7 --- 90.0 85.3 84.8 4.6 12.50 13.00 --- --- --- --- ---
4/7 136 90.0 85.3 84.8 4.6 12.80 12.70 0.30 0.30 20.5 0.988 1.1E-05
4/7 ---- 90.0 85.3 84.8 4.6 12.40 13.10 --- --- --- --- ---
4/7 122 90.0 85.3 84.8 4.6 12.70 12.80 0.30 0.30 20.5 0.988 1.3E-05
4/7 ---- 90.0 85.3 84.8 4.6 13.00 13.30 --- --- --- --- ---
4/7 152 90.0 85.3 84.8 4.6 13.30 13.00 0.30 0.30 20.5 0.988 1.0E-05
4/7 ---- 90.0 85.3 84.8 4.6 12.90 12.90 --- --- --- --- ---
4/7 120 90.0 85.3 84.8 4.6 13.20 12.60 0.30 0.30 20.5 0.988 1.3E-05

PERMEABILITY AT 20o C:   1.2 x 10-5  cm/sec   (@ 5 psi effective stress)

Parameter
3.00
2.86
6.42
19.3
579

114.2

19.1
610

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/6/2016
4/8/2016

Initial

121.1

Target Compaction: 90% of maximum dry density (106.8 pcf) at the optimum moisture content 
(19.1%). Values specified by client. Material >3/8-inch removed from sample prior to testing (5% of 
sample). Trimmings moisture content = 19.3%

Final
2.98
2.86
6.42

25.6
96.4
95

Pressure, psi Flow Volume, cc

19.3
95.8
70
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Client: Test America
Project Name: Bonanza Mine
Project Location: ---
GTX #:
Test Date:
Tested By: md
Checked By: njh
Boring ID:
Sample ID: 16031002
Depth, ft: Washed Sand
Visual Description:

Test No.:
Initial Diameter, in:
Initial Height, in:
Initial Mass, grams:
Initial Dry Density, pcf:
Initial Moisture Content, %:
Initial Bulk Density, pcf:
Initial Degree of Saturation:
Initial Void Ratio:
Final Dry Density, pcf:
Final Moisture Content, %:
Final Bulk Density, pcf:
Normal Stress, psf:
Maximum Shear Stress, psf:
Shear Rate, in/min:

Sample Type:
Estimated Specific Gravity:
Liquid Limit:
Plastic Limit:
Plasticity Index:
% Passing #200 sieve:
Soil Classification:
Group Symbol:

Notes: Material greater than #5 sieve screened out of sample prior to testing
Moisture content obtained before shear from sample trimmings
Moisture Content determined by ASTM D2216
Percent passing #200 sieve determined by ASTM D422

"---" indicates testing required to determine these values was not requested.

Poorly Graded Sand

20.2

Values for cohesion and friction angle determined from best-fit straight line to the data for the specific test 
conditions.  Actual strength parameters may vary and should be determined by an engineer for site-specific 
conditions.

  

3.4

Non-Plastic
Non-Plastic
Non-Plastic

2.65

403 788.0

137.3

116.9 116.9

114.3 111.1

133.0

111.6
19.8 19.1

59.2 59.259.2

138

0.61 0.61 0.61

132.9
1000

304536

Umpqua

SP

DS-1 DS-2 DS-3
2.5

151 151 151
102.9 102.9
13.6 13.6
116.9

2.5

Target Compaction:  90% of the maximum dry density (113.2 pcf) at the optimum moisture content (14.7%).  
Values specified by client.

13.6

04/12/16

Moist, dark olive brown sand

2.5
1.0 1.0

102.9

Direct Shear Test of Soils Under Consolidated Drained Conditions
by ASTM D3080
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Client: Test America
Project Name: Bonanza Mine
Project Location: ---
GTX #: 304536
Start Date: 04/16/16 Tested By: dln
End Date: 04/19/16 Checked By: jdt
Boring ID: Umpqua
Sample ID: 16031003
Depth, ft: 3 inch minus
Soil Description: Moist, dark olive gray gravel with sand

Soil Preparation:

Compaction Characteristics: Corrected Maximum Dry Density 138.8 pcf
Corrected Optimum Moisture Content 8.0 %
Compaction Test Method ASTM D698

Test Equipment:

Maximum Particle Size Used, in: 0.5 Horizontal Displacement, in/min: 0.02
Soil Height, in: 3 Test Condition: inundated
Gap Between Boxes, in: 0.25

Parameter Point 1 Point 2 Point 3 Point 5 Point 6
Initial Moisture Content, % 8.3 8.3 8.6 --- ---
Initial Dry Density, pcf 124.3 124.4 124.0 --- ---
Percent Compaction, % 89.6 89.6 89.3 --- ---
Normal Compressive Stress, psf 100 500 1000 --- ---
Peak Shear Stress, psf 141 485 1049 --- ---
Final Moisture Content, % 14.6 12.9 14.3 --- ---

Peak Friction Angle: 45.4 degrees

Peak Cohesion: 17.8 psf

Direct Shear Test Series by ASTM D3080

Notes:

Figure b. Shear Stress vs. Normal StressFigure a. Shear Force vs. Horizontal Displacement

Point 4
---
---

Target Compaction: 90% of Maximum Dry Density at Optimum Moisture Content

---

Notes: These results apply only to the sample tested for the specific test conditions.  The test procedures employed follow accepted industry practice and the indicated 

test method.  GeoTesting Express has no specific knowledge as to conditioning, origin, sampling procedure or intended use of the material. Values for cohesion and 

friction angle determined from best-fit straight line to the data for the specific test conditions. Actual strength parameters may vary and should be determined by an 

engineer for site-specific conditions.

---

Top box = 12 in x 12 in; Bottom box = 12 in x 12 in; Load cells and LVDTs connected to 
data acquisition system for shear force, normal load and horizontal displacement readings; 
surface area = 144 in2

---
---
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Client: Test America
Project Name: Bonanza Mine
Project Location: ---
GTX #: 304536
Start Date: 04/15/16 Tested By: dln
End Date: 04/18/16 Checked By: jdt
Boring ID: Bonanza
Sample ID: 16031005
Depth, ft: Bottom Repos
Soil Description: Moist, light olive brown sandy clay

Soil Preparation:

Compaction Characteristics: Maximum Dry Density 106.8 pcf
Optimum Moisture Content 19.1 %
Compaction Test Method ASTM D698

Test Equipment:

Maximum Particle Size Used, in: 0.5 Horizontal Displacement, in/min: 0.02
Soil Height, in: 3 Test Condition: inundated
Gap Between Boxes, in: 0.25

Parameter Point 1 Point 2 Point 3 Point 5 Point 6
Initial Moisture Content, % 18.7 18.4 18.8 --- ---
Initial Dry Density, pcf 96.2 96.5 96.2 --- ---
Percent Compaction, % 90.1 90.4 90.0 --- ---
Normal Compressive Stress, psf 100 500 1000 --- ---
Peak Shear Stress, psf 113 386 817 --- ---
Final Moisture Content, % 29.6 25.4 23.8 --- ---

Peak Friction Angle: 38.1 degrees

Peak Cohesion: 19.9 psf

Notes: These results apply only to the sample tested for the specific test conditions.  The test procedures employed follow accepted industry practice and the indicated 

test method.  GeoTesting Express has no specific knowledge as to conditioning, origin, sampling procedure or intended use of the material. Values for cohesion and 

friction angle determined from best-fit straight line to the data for the specific test conditions. Actual strength parameters may vary and should be determined by an 

engineer for site-specific conditions.

---

Top box = 12 in x 12 in; Bottom box = 12 in x 12 in; Load cells and LVDTs connected to 
data acquisition system for shear force, normal load and horizontal displacement readings; 
surface area = 144 in2

---
---

Direct Shear Test Series by ASTM D3080

Notes:

Figure b. Shear Stress vs. Normal StressFigure a. Shear Force vs. Horizontal Displacement

Point 4
---
---

Target Compaction: 90% of Maximum Dry Density at Optimum Moisture Content

---
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Client: Test America
Project Name: Bonanza Mine
Project Location: ---
GTX #: 304536
Start Date: 04/15/16 Tested By: dln
End Date: 04/21/16 Checked By: jdt
Boring ID: Bonanza
Sample ID: 16031004
Depth, ft: Top Repos
Soil Description: Moist, light olive brown sandy clay with gravel

Soil Preparation:

Compaction Characteristics: Corrected Maximum Dry Density 111.9 pcf
Corrected Optimum Moisture Content 15.9 %
Compaction Test Method ASTM D698

Test Equipment:

Maximum Particle Size Used, in: 0.5 Horizontal Displacement, in/min: 0.02
Soil Height, in: 3 Test Condition: inundated
Gap Between Boxes, in: 0.25

Parameter Point 1 Point 2 Point 3 Point 5 Point 6
Initial Moisture Content, % 16.1 14.1 14.3 --- ---
Initial Dry Density, pcf 100.3 102.1 101.9 --- ---
Percent Compaction, % 89.6 91.2 91.1 --- ---
Normal Compressive Stress, psf 100 500 1000 --- ---
Peak Shear Stress, psf 121 378 902 --- ---
Final Moisture Content, % 28.5 28.6 27.7 --- ---

Peak Friction Angle: 41.2 degrees

Peak Cohesion: 0.2 psf

Direct Shear Test Series by ASTM D3080

Notes:

Figure b. Shear Stress vs. Normal StressFigure a. Shear Force vs. Horizontal Displacement

Point 4
---
---

Target Compaction: 90% of Maximum Dry Density at Optimum Moisture Content

---

Notes: These results apply only to the sample tested for the specific test conditions.  The test procedures employed follow accepted industry practice and the indicated 

test method.  GeoTesting Express has no specific knowledge as to conditioning, origin, sampling procedure or intended use of the material. Values for cohesion and 

friction angle determined from best-fit straight line to the data for the specific test conditions. Actual strength parameters may vary and should be determined by an 

engineer for site-specific conditions.

---

Top box = 12 in x 12 in; Bottom box = 12 in x 12 in; Load cells and LVDTs connected to 
data acquisition system for shear force, normal load and horizontal displacement readings; 
surface area = 144 in2

---
---
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Client: Test America
Project Name: Bonanza Landfill
Project Location: ---
GTX #: 304536
Start Date: 04/12/16 Tested By: dln
End Date: 04/15/16 Checked By: emm
Soil ID: Umpqua, 16031003, 3 inch minus
Soil Description: Moist, dark olive gray clayey gravel with sand
Geosynthetic ID: Geocomposite: Roll #G14E407251
Geosynthetic Description: Black, single sided nonwoven biplanar geocomposite

Test Series #: 4
Test Profile - Top to Bottom:

Soil Preparation:

Compaction Characteristics: Corrected Maximum Dry Density 138.8 pcf
Corrected Optimum Moisture Content 8.0 %
Compaction Test Method ASTM D698

Geosynthetic Preparation:

Test Equipment:

Horizontal Displacement, in/min: 0.04 inundated

Parameter Point 1 Point 2 Point 3 Point 5 Point 6
Initial Moisture Content, % 8.7 8.6 8.8 --- ---
Initial Dry Density, pcf 123.8 124.0 123.7 --- ---
Percent Compaction, % 89.2 89.3 89.1 --- ---
Final Moisture Content, % 17.0 14.6 14.9 --- ---
Normal Compressive Stress, psf 100 500 1000 --- ---
Peak Shear Stress, psf 121 435 935 --- ---
Post Peak Shear Stress, psf 115 392 753 --- ---
Peak Secant Friction Angle, o 50.5 41.0 43.1 --- ---
Post-Peak Secant Friction Angle, o 49.0 38.1 37.0 --- ---

Peak Friction Angle: 42.3 degrees
Peak Adhesion: 13 psf
Post Peak Friction Angle: 35.3 degrees
Post Peak Adhesion: 42 psf

---
---
---
---

---

Test set-up saturated at normal load for 1 hour prior to shear

Top box = 12 in x 12 in; Bottom box = 12 in x 12 in; Load cells and LVDTs 
connected to data acquisition system for shear force, normal load and horizontal 
displacement readings; Flat plate clamping device; surface area = 144 in2

---

---

---

steel plate / SOIL/ GEOCOMPOSITE / textured gripping surface

Soil compacted to 90% of Maximum Dry Density at Optimum Moisture Content

Notes: These results apply only to the sample tested for the specific test conditions.  The test procedures employed follow accepted industry practice and the

indicated test method.  GeoTesting Express has no specific knowledge as to conditioning, origin, sampling procedure or intended use of the material. Values 

for cohesion and friction angle determined from best-fit straight line to the data for the specific test conditions. Actual strength parameters may vary and 

should be determined by an engineer for site-specific conditions.

Interface Shear Test Series by ASTM D5321

NOTES:

Figure b. Shear Stress vs. Normal StressFigure a. Shear Force vs. Horizontal Displacement

Test Condition:

Point 4
---
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Client: Test America
Project Name: Bonanza Landfill
Project Location: ---
GTX #: 304536
Start Date: 04/12/16 Tested By: dln
End Date: 04/15/16 Checked By: emm
Soil ID: Bonanza, 16031005, Bottom Repos
Soil Description: Moist, light olive brown sandy clay
Geomembrane ID: Roll 3/24/16 (Roll # not provided)
Geomembrane Description:

Test Series #: 1
Test Profile - Top to Bottom:
Soil Preparation:

Compaction Characteristics: Maximum Dry Density 106.8 pcf
Optimum Moisture Content 19.1 %
Compaction Test Method ASTM D698

Geosynthetic Preparation:
Test Equipment:

Horizontal Displacement, in/min: 0.04 inundated

Parameter Point 1 Point 2 Point 3 Point 5 Point 6
Initial Moisture Content, % 20.0 19.9 20.0 --- ---
Initial Dry Density, pcf 97.2 97.3 97.2 --- ---
Percent Compaction, % 91.0 91.1 91.0 --- ---
Final Moisture Content, % 30.0 26.1 25.4 --- ---
Normal Compressive Stress, psf 100 500 1000 --- ---
Peak Shear Stress, psf 125 364 732 --- ---
Post Peak Shear Stress, psf 125 325 722 --- ---
Peak Secant Friction Angle, o 51.3 36.1 36.2 --- ---
Post-Peak Secant Friction Angle, o 51.3 33.0 35.8 --- ---
Pre-Test: Average Asperity, mils 37.0 38.1 41.1 --- ---
Post-Test: Average Asperity, mils 36.3 37.8 39.1 --- ---

Peak Friction Angle: 34.1 degrees
Peak Adhesion: 46 psf
Post Peak Friction Angle: 33.8 degrees
Post Peak Adhesion: 34 psf

steel plate / SOIL / GEOMEMBRANE / textured gripping surface

Figure b. Shear Stress vs. Normal StressFigure a. Shear Force vs. Horizontal Displacement

Test Condition:

Black, 40 mil Agru textured LLDPE geomembrane

NOTES:  Asperity measurements taken on side of membrane involved in 

shear plane in general accordance with ASTM D7466.  Six measurements 

taken at the same locations before and after test.  

Point 4
---
---

---

Soil compacted to 90% of Maximum Dry Density at Optimum Moisture Content.

---
---

Interface Shear Test Series by ASTM D5321

Notes: These results apply only to the sample tested for the specific test conditions.  The test procedures employed follow accepted industry practice and the

indicated test method.  GeoTesting Express has no specific knowledge as to conditioning, origin, sampling procedure or intended use of the material. Values 

for cohesion and friction angle determined from best-fit straight line to the data for the specific test conditions. Actual strength parameters may vary and 

should be determined by an engineer for site-specific conditions.

---

Test set-up saturated at normal load for 1 hour prior to shear
Top box = 12 in x 12 in; Bottom box = 12 in x 12 in; Load cells and LVDTs 
connected to data acquisition system for shear force, normal load and horizontal 
displacement readings; Flat plate clamping device; surface area = 144 in2

---

---
---

---

---
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Client: Test America
Project Name: Bonanza Landfill
Project Location: ---
GTX #: 304536
Start Date: 04/12/16 Tested By: dln
End Date: 04/15/16 Checked By: jdt
Soil ID: Bonanza, 16031004, Top Repos
Soil Description: Moist, light olive brown sandy clay wih gravel
Geosynthetic ID: Geocomposite: Roll #G14E407251
Geosynthetic Description: Black, single sided nonwoven biplanar geocomposite

Test Series #: 2
Test Profile - Top to Bottom:

Soil Preparation:

Compaction Characteristics: Corrected Maximum Dry Density 111.9 pcf
Corrected Optimum Moisture Content 15.9 %
Compaction Test Method ASTM D698

Geosynthetic Preparation:

Test Equipment:

Horizontal Displacement, in/min: 0.04 inundated

Parameter Point 1 Point 2 Point 3 Point 5 Point 6
Initial Moisture Content, % 15.8 17.2 16.7 --- ---
Initial Dry Density, pcf 101 99 100 --- ---
Percent Compaction, % 89.9 88.8 89.2 --- ---
Final Moisture Content, % 27.7 24.0 22.8 --- ---
Normal Compressive Stress, psf 100 500 1000 --- ---
Peak Shear Stress, psf 127 423 953 --- ---
Post Peak Shear Stress, psf 127 402 904 --- ---
Peak Secant Friction Angle, o 51.8 40.2 43.6 --- ---
Post-Peak Secant Friction Angle, o 51.8 38.8 42.1 --- ---

Peak Friction Angle: 42.7 degrees
Peak Adhesion: 9 psf
Post Peak Friction Angle: 41.0 degrees
Post Peak Adhesion: 14 psf

steel plate / SOIL / GEOCOMPOSITE / textured gripping surface

Soil compacted to 90% of Maximum Dry Density at Optimum Moisture Content.

Notes: These results apply only to the sample tested for the specific test conditions.  The test procedures employed follow accepted industry practice and the

indicated test method.  GeoTesting Express has no specific knowledge as to conditioning, origin, sampling procedure or intended use of the material. Values 

for cohesion and friction angle determined from best-fit straight line to the data for the specific test conditions. Actual strength parameters may vary and 

should be determined by an engineer for site-specific conditions.

Interface Shear Test Series by ASTM D5321

NOTES:

Figure b. Shear Stress vs. Normal StressFigure a. Shear Force vs. Horizontal Displacement

Test Condition:

Point 4
---

---
---
---
---

---

Test set-up saturated at normal load for 1 hour prior to shear

Top box = 12 in x 12 in; Bottom box = 12 in x 12 in; Load cells and LVDTs 
connected to data acquisition system for shear force, normal load and horizontal 
displacement readings; Flat plate clamping device; surface area = 144 in2

---

---

---
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Client: Test America
Project Name: Bonanza Landfill
Project Location: ---
GTX #: 304536
Start Date: 04/12/16 Tested By: dln
End Date: 04/15/16 Checked By: jdt
Soil ID: Umpqua, 16031002, Washed Sand
Soil Description: Moist, dark olive brown sand
Geomembrane ID: Roll 3/24/16 (Roll # not provided)
Geomembrane Description: Black, 40 mil Agru textured LLDPE geomembrane

Test Series #: 3
Test Profile - Top to Bottom:
Soil Preparation:

Compaction Characteristics: Maximum Dry Density 113.2 pcf
Optimum Moisture Content 14.7 %
Compaction Test Method ASTM D698

Geosynthetic Preparation:
Test Equipment:

Horizontal Displacement, in/min: 0.04 inundated

Parameter Point 1 Point 2 Point 3 Point 5 Point 6
Initial Moisture Content, % 13.5 13.8 13.6 --- ---
Initial Dry Density, pcf 102.8 102.5 102.6 --- ---
Percent Compaction, % 90.8 90.6 90.7 --- ---
Final Moisture Content, % 20.7 19.7 19.6 --- ---
Normal Compressive Stress, psf 100 500 1000 --- ---
Peak Shear Stress, psf 106 364 811 --- ---
Post Peak Shear Stress, psf 95.8 326 762 --- ---
Peak Secant Friction Angle, o 46.6 36.1 39.0 --- ---
Post-Peak Secant Friction Angle, o 43.8 33.1 37.3 --- ---
Pre-Test: Average Asperity, mils 40.1 41.7 40.3 --- ---
Post-Test: Average Asperity, mils 39.6 41.3 39.7 --- ---

Peak Friction Angle: 38.2 degrees
Peak Adhesion: 7 psf
Post Peak Friction Angle: 36.7 degrees
Post Peak Adhesion: 0 psf

---
---

Soil compacted to 90% of Maximum Dry Density at Optimum Moisture Content.

Point 4

Figure b. Shear Stress vs. Normal StressFigure a. Shear Force vs. Horizontal Displacement

Test Condition:

steel plate / SOIL / GEOMEMBRANE / textured gripping surface

---
---

---
---

---

---

Interface Shear Test Series by ASTM D5321

Notes: These results apply only to the sample tested for the specific test conditions.  The test procedures employed follow accepted industry practice and the

indicated test method.  GeoTesting Express has no specific knowledge as to conditioning, origin, sampling procedure or intended use of the material. Values 

for cohesion and friction angle determined from best-fit straight line to the data for the specific test conditions. Actual strength parameters may vary and 

should be determined by an engineer for site-specific conditions.

---

Test set-up saturated at normal load for 1 hour prior to shear
Top box = 12 in x 12 in; Bottom box = 12 in x 12 in; Load cells and LVDTs 
connected to data acquisition system for shear force, normal load and horizontal 
displacement readings; Flat plate clamping device; surface area = 144 in2

---

---

NOTES:  Asperity measurements taken on side of membrane involved in 

shear plane in general accordance with ASTM D7466.  Six measurements 

taken at the same locations before and after test.  
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Login Sample Receipt Checklist

Client: Ecology and Environment, Inc. Job Number: 580-58737-1

Login Number: 58737

Question Answer Comment

Creator: Gamble, Cathy L

List Source: TestAmerica Seattle

List Number: 1

TrueRadioactivity wasn't checked or is </= background as measured by a survey 
meter.

TrueThe cooler's custody seal, if present, is intact.

TrueSample custody seals, if present, are intact.

TrueThe cooler or samples do not appear to have been compromised or 
tampered with.

TrueSamples were received on ice.

TrueCooler Temperature is acceptable.

TrueCooler Temperature is recorded.

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

TrueIs the Field Sampler's name present on COC?

TrueThere are no discrepancies between the containers received and the COC.

TrueSamples are received within Holding Time (excluding tests with immediate 
HTs)

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

TrueAppropriate sample containers are used.

TrueSample bottles are completely filled.

TrueSample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 
MS/MSDs

TrueContainers requiring zero headspace have no headspace or bubble is 
<6mm (1/4").

TrueMultiphasic samples are not present.

TrueSamples do not require splitting or compositing.

N/AResidual Chlorine Checked.

TestAmerica Seattle 04/27/2016Page 39 of 39
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Appendix D-1 Initial Conditions Survey
Appendix D-2 Record (As-Built) Survey
Appendix D-3 Slide Survey



D-2

This page is intentionally left blank.



7-9-2014







    This page intentionally left blank.



E-1

E Veneer Stability Calculations



E-2

This page is intentionally left blank.



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for a Uniformly Thick Cover Soil

Bonanza Mine Site

2014 Design Parameters

Slope Inputs
g = 17.70 kN/m3 Unit weight of the cover soil
h = 0.31 m Thickness of the cover soil
L = 76 m Length of slope measured along the geomembrane
B = 18.4 degrees Soil slope angle beneath the geomembrane
F = 30 degrees Friction angle of the cover soil
ca = 0 kN/m2 Adhesion between the cover soil and the geomembrane
d = 41.5 degrees Interface friction angle between cover soil and geomembrane
c = 0 kN/m2 cohesion of the cover soil

Total weight of the active wedge
WA = g * h2 * (L/h - 1/sinB - tan(B/2)) = 413

Effective force normal to the failure plane of the active wedge
NA = WA * cosB = 391

Adhesive force between the cover soil of the active wedge and the geomembrane
CA = ca * (L - h/sinB) = 0

Total weight of the passive wedge
WP = g * h2 / sin(2*B) = 2.8

Cohesive force along the failure plane and the passive wedge
CP = c * h / sinB = 0

Quadratic Equation to solve for FS
aq(FS)2 + bq(FS) + cq = 0

aq = (WA - NA*cosB) * cosB = 39
bq = -[(WA - NA*cosB )*sinB*tanF + (NA*tand + CA*sinB*cosB + sinB*(CP + WP*tanF)]

= -112
cq = (NA * tand + CA) * sin2

B*tanF = 20

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 2.67



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for a Uniformly Thick Cover Soil

Bonanza Mine Site

2016 Sample Parameters for Repository Top

Slope Inputs
g = 17.58 kN/m3 Unit weight of the cover soil
h = 0.08 m Thickness of the cover soil
L = 75 m Length of slope measured along the geomembrane
B = 18.4 degrees Soil slope angle beneath the geomembrane
F = 41.2 degrees Friction angle of the cover soil
ca = 0.430922 kN/m2 Adhesion between the cover soil and the geomembrane
d = 42.7 degrees Interface friction angle between cover soil and geomembrane
c = 0.009576 kN/m2 cohesion of the cover soil

Total weight of the active wedge
WA = g * h2 * (L/h - 1/sinB - tan(B/2)) = 100

Effective force normal to the failure plane of the active wedge
NA = WA * cosB = 95

Adhesive force between the cover soil of the active wedge and the geomembrane
CA = ca * (L - h/sinB) = 32.075528

Total weight of the passive wedge
WP = g * h2 / sin(2*B) = 0.2

Cohesive force along the failure plane and the passive wedge
CP = c * h / sinB = 0.0023117

Quadratic Equation to solve for FS
aq(FS)2 + bq(FS) + cq = 0

aq = (WA - NA*cosB) * cosB = 9
bq = -[(WA - NA*cosB )*sinB*tanF + (NA*tand + CA*sinB*cosB + sinB*(CP + WP*tanF)]

= -39
cq = (NA * tand + CA) * sin2

B*tanF = 8

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 3.88



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for a Uniformly Thick Cover Soil

Bonanza Mine Site

2016 Sample Parameters for Repository Bottom

Slope Inputs
g = 16.78 kN/m3 Unit weight of the cover soil
h = 0.61 m Thickness of the cover soil
L = 75 m Length of slope measured along the geomembrane
B = 18.4 degrees Soil slope angle beneath the geomembrane
F = 38.1 degrees Friction angle of the cover soil
ca = 0.430922 kN/m2 Adhesion between the cover soil and the geomembrane
d = 42.7 degrees Interface friction angle between cover soil and geomembrane
c = 0.952817 kN/m2 cohesion of the cover soil

Total weight of the active wedge
WA = g * h2 * (L/h - 1/sinB - tan(B/2)) = 743

Effective force normal to the failure plane of the active wedge
NA = WA * cosB = 705

Adhesive force between the cover soil of the active wedge and the geomembrane
CA = ca * (L - h/sinB) = 31.347333

Total weight of the passive wedge
WP = g * h2 / sin(2*B) = 10.4

Cohesive force along the failure plane and the passive wedge
CP = c * h / sinB = 1.8401366

Quadratic Equation to solve for FS
aq(FS)2 + bq(FS) + cq = 0

aq = (WA - NA*cosB) * cosB = 70
bq = -[(WA - NA*cosB )*sinB*tanF + (NA*tand + CA*sinB*cosB + sinB*(CP + WP*tanF)]

= -226
cq = (NA * tand + CA) * sin2

B*tanF = 51

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 2.97



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for a Uniformly Thick Cover Soil with Parallel to Slope Seepage Buildup

Bonanza Mine Site

2014 Design Parameters

Slope Inputs
gsat = 19.76 kN/m3 Saturated unit weight of the cover soil
g = 17.70 kN/m3 Unit weight of the cover soil (engineered condition)
gw = 9.80 kN/m3 Unit weight of water
h = 0.30 m Thickness of the cover soil
L = 76 m Length of slope measured along the geomembrane
B = 18.4 degrees Soil slope angle beneath the geomembrane
F = 30 degrees Friction angle of the cover soil
d = 41.5 degrees Interface friction angle between cover soil and geomembrane

Vertical height of the slope measured from the toe
H = L * sinB = 24 m

Vertical height of the free water surface measured in the direction perpendicular to the slope
hw = Set equal to h for worst case scenario = 0.3 m

Total weight of the active wedge
WA = g*(h - hw)*(2*H*cosB - (h + hw))/sin(2*B) + gsat*hw*(2*H*cosB - hw)/sin(2*B)

= 456 kN/m
Resultant of the pore pressures acting perpendicular to the slope

Un = (gw * hw * cosB * (2 * H * cosB- hw))/sin(2 *B)
= 215 kN/m

Resultant of the pore pressures acting on the interwedge surfaces
Uh = gw * hw

2 / 2 = 0.5 kN/m
Effective force normal to the failure plane of the active wedge

NA = WA * cosB + Uh * sinB - Un = 218 kN/m
Total weight of the passive wedge

WP = (g * (h2-hw
2) + gsat * hw

2 )/ sin(2*B) = 3.1 kN/m
Resultant of the vertical pore pressures acting on the passive wedge

Uv = Uh * cotB = 1.4 kN/m
Quadratic Equation to solve for FS

aq(FS)2 + bq(FS) + cq = 0

aq = WA * sinB * cosB - Uh * cos2
B + Uh = 137 kN/m

bq = -WA * sin2
B * tanF + Uh * sinB * cosB * tanF - NA * cosB * tand - (WP - UV) * tanF

= -210 kN/m
cq = NA * sinB * tand * tanF = 35 kN/m

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 1.35



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for a Uniformly Thick Cover Soil with Parallel to Slope Seepage Buildup

Bonanza Mine Site

2016 Sample Parameters for Repository Top

Slope Inputs
gsat = 19.37 kN/m3 Saturated unit weight of the cover soil
g = 17.58 kN/m3 Unit weight of the cover soil (engineered condition)
gw = 9.80 kN/m3 Unit weight of water
h = 0.08 m Thickness of the cover soil
L = 75 m Length of slope measured along the geomembrane
B = 18.4 degrees Soil slope angle beneath the geomembrane
F = 41.2 degrees Friction angle of the cover soil
d = 42.7 degrees Interface friction angle between cover soil and geomembrane

Vertical height of the slope measured from the toe
H = L * sinB = 24 m

Vertical height of the free water surface measured in the direction perpendicular to the slope
hw = Set equal to h for worst case scenario = 0.1 m

Total weight of the active wedge
WA = g*(h - hw)*(2*H*cosB - (h + hw))/sin(2*B) + gsat*hw*(2*H*cosB - hw)/sin(2*B)

= 110 kN/m
Resultant of the pore pressures acting perpendicular to the slope

Un = (gw * hw * cosB * (2 * H * cosB- hw))/sin(2 *B)
= 53 kN/m

Resultant of the pore pressures acting on the interwedge surfaces
Uh = gw * hw

2 / 2 = 0.0 kN/m
Effective force normal to the failure plane of the active wedge

NA = WA * cosB + Uh * sinB - Un = 52 kN/m
Total weight of the passive wedge

WP = (g * (h2-hw
2) + gsat * hw

2 )/ sin(2*B) = 0.2 kN/m
Resultant of the vertical pore pressures acting on the passive wedge

Uv = Uh * cotB = 0.1 kN/m
Quadratic Equation to solve for FS

aq(FS)2 + bq(FS) + cq = 0

aq = WA * sinB * cosB - Uh * cos2
B + Uh = 33 kN/m

bq = -WA * sin2
B * tanF + Uh * sinB * cosB * tanF - NA * cosB * tand - (WP - UV) * tanF

= -55 kN/m
cq = NA * sinB * tand * tanF = 13 kN/m

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 1.37



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for a Uniformly Thick Cover Soil with Parallel to Slope Seepage Buildup

Bonanza Mine Site

2016 Sample Parameters for Repository Bottom

Slope Inputs
gsat = 19.37 kN/m3 Saturated unit weight of the cover soil
g = 16.78 kN/m3 Unit weight of the cover soil (engineered condition)
gw = 9.80 kN/m3 Unit weight of water
h = 0.61 m Thickness of the cover soil
L = 75 m Length of slope measured along the geomembrane
B = 18.4 degrees Soil slope angle beneath the geomembrane
F = 38.1 degrees Friction angle of the cover soil
d = 42.7 degrees Interface friction angle between cover soil and geomembrane

Vertical height of the slope measured from the toe
H = L * sinB = 24 m

Vertical height of the free water surface measured in the direction perpendicular to the slope
hw = Set equal to h for worst case scenario = 0.6 m

Total weight of the active wedge
WA = g*(h - hw)*(2*H*cosB - (h + hw))/sin(2*B) + gsat*hw*(2*H*cosB - hw)/sin(2*B)

= 870 kN/m
Resultant of the pore pressures acting perpendicular to the slope

Un = (gw * hw * cosB * (2 * H * cosB- hw))/sin(2 *B)
= 418 kN/m

Resultant of the pore pressures acting on the interwedge surfaces
Uh = gw * hw

2 / 2 = 1.8 kN/m
Effective force normal to the failure plane of the active wedge

NA = WA * cosB + Uh * sinB - Un = 408 kN/m
Total weight of the passive wedge

WP = (g * (h2-hw
2) + gsat * hw

2 )/ sin(2*B) = 12.0 kN/m
Resultant of the vertical pore pressures acting on the passive wedge

Uv = Uh * cotB = 5.5 kN/m
Quadratic Equation to solve for FS

aq(FS)2 + bq(FS) + cq = 0

aq = WA * sinB * cosB - Uh * cos2
B + Uh = 261 kN/m

bq = -WA * sin2
B * tanF + Uh * sinB * cosB * tanF - NA * cosB * tand - (WP - UV) * tanF

= -430 kN/m
cq = NA * sinB * tand * tanF = 93 kN/m

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 1.39



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for Geomembrane Interface beneath a Uniformly Thick Cover Soil

Bonanza Mine Site

2014 Design Parameters

Slope Inputs
g = 17.70 kN/m3 112.7 pcf Unit weight of the cover soil
h = 0.31 m 1 ft Thickness of the cover soil
L = 76 m 250 ft Length of slope measured along the geomembrane
B = 18.4 degrees 18.4 Soil slope angle beneath the geomembrane
F = 30 degrees 30 Friction angle of the cover soil
ca = 0.67 kN/m2 14 psf Adhesion between geomembranes
d = 16.2 degrees 16.2 Interface friction angle between geomembranes
c = 0 kN/m2 0 psf cohesion of the cover soil

Total weight of the active wedge
WA = g * h2 * (L/h - 1/sinB - tan(B/2)) = 413

Effective force normal to the failure plane of the active wedge
NA = WA * cosB = 391

Adhesive force between the cover soil of the active wedge and the geomembrane
CA = ca * (L - h/sinB) = 50.420333

Total weight of the passive wedge
WP = g * h2 / sin(2*B) = 2.8

Cohesive force along the failure plane and the passive wedge
CP = c * h / sinB = 0

Quadratic Equation to solve for FS
aq(FS)2 + bq(FS) + cq = 0

aq = (WA - NA*cosB) * cosB = 39
bq = -[(WA - NA*cosB )*sinB*tanF + (NA*tand + CA*sinB*cosB + sinB*(CP + WP*tanF)]

= -57
cq = (NA * tand + CA) * sin2

B*tanF = 7

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 1.34



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for Geomembrane Interface beneath a Uniformly Thick Cover Soil

Bonanza Mine Site

2016 Sample Parameters for Repository Top

Slope Inputs
g = 17.58 kN/m3 111.9 pcf Unit weight of the cover soil
h = 0.08 m 0.25 ft Thickness of the cover soil
L = 75 m 245 ft Length of slope measured along the geomembrane
B = 18.4 degrees 18.4 Soil slope angle beneath the geomembrane
F = 41.2 degrees 41.2 Friction angle of the cover soil
ca = 0.67 kN/m2 14 psf Adhesion between geomembranes
d = 16.2 degrees 16.2 Interface friction angle between geomembranes
c = 0.01 kN/m2 0.2 psf cohesion of the cover soil

Total weight of the active wedge
WA = g * h2 * (L/h - 1/sinB - tan(B/2)) = 100

Effective force normal to the failure plane of the active wedge
NA = WA * cosB = 95

Adhesive force between the cover soil of the active wedge and the geomembrane
CA = ca * (L - h/sinB) = 49.895266

Total weight of the passive wedge
WP = g * h2 / sin(2*B) = 0.2

Cohesive force along the failure plane and the passive wedge
CP = c * h / sinB = 0.0023117

Quadratic Equation to solve for FS
aq(FS)2 + bq(FS) + cq = 0

aq = (WA - NA*cosB) * cosB = 9
bq = -[(WA - NA*cosB )*sinB*tanF + (NA*tand + CA*sinB*cosB + sinB*(CP + WP*tanF)]

= -26
cq = (NA * tand + CA) * sin2

B*tanF = 2

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 2.66



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for Geomembrane Interface beneath a Uniformly Thick Cover Soil

Bonanza Mine Site

2016 Sample Parameters for Repository Bottom

Slope Inputs
g = 16.78 kN/m3 106.8 pcf Unit weight of the cover soil
h = 0.61 m 2 ft Thickness of the cover soil
L = 75 m 245 ft Length of slope measured along the geomembrane
B = 18.4 degrees 18.4 Soil slope angle beneath the geomembrane
F = 38.1 degrees 38.1 Friction angle of the cover soil
ca = 0.67 kN/m2 14 psf Adhesion between geomembranes
d = 16.2 degrees 16.2 Interface friction angle between geomembranes
c = 0.9528 kN/m2 19.9 psf cohesion of the cover soil

Total weight of the active wedge
WA = g * h2 * (L/h - 1/sinB - tan(B/2)) = 743

Effective force normal to the failure plane of the active wedge
NA = WA * cosB = 705

Adhesive force between the cover soil of the active wedge and the geomembrane
CA = ca * (L - h/sinB) = 48.762518

Total weight of the passive wedge
WP = g * h2 / sin(2*B) = 10.4

Cohesive force along the failure plane and the passive wedge
CP = c * h / sinB = 1.8401366

Quadratic Equation to solve for FS
aq(FS)2 + bq(FS) + cq = 0

aq = (WA - NA*cosB) * cosB = 70
bq = -[(WA - NA*cosB )*sinB*tanF + (NA*tand + CA*sinB*cosB + sinB*(CP + WP*tanF)]

= -97
cq = (NA * tand + CA) * sin2

B*tanF = 16

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 1.20



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for Geomembrane Interface beneath a Uniformly Thick Saturated Cover Soil

Bonanza Mine Site

2014 Design Parameters

Slope Inputs
g = 19.76 kN/m3 125.8 pcf Unit weight of the cover soil
h = 0.31 m 1 ft Thickness of the cover soil
L = 76 m 250 ft Length of slope measured along the geomembrane
B = 18.4 degrees 18.4 degrees Soil slope angle beneath the geomembrane
F = 30 degrees 30 degrees Friction angle of the cover soil
ca = 0.67 kN/m2 14 psf Adhesion between geomembranes
d = 16.2 degrees 16.2 degrees Interface friction angle between geomembranes
c = 0 kN/m2 0 psf cohesion of the cover soil

Total weight of the active wedge
WA = g * h2 * (L/h - 1/sinB - tan(B/2)) = 460

Effective force normal to the failure plane of the active wedge
NA = WA * cosB = 437

Adhesive force between the cover soil of the active wedge and the geomembrane
CA = ca * (L - h/sinB) = 50.420333

Total weight of the passive wedge
WP = g * h2 / sin(2*B) = 3.2

Cohesive force along the failure plane and the passive wedge
CP = c * h / sinB = 0

Quadratic Equation to solve for FS
aq(FS)2 + bq(FS) + cq = 0

aq = (WA - NA*cosB) * cosB = 44
bq = -[(WA - NA*cosB )*sinB*tanF + (NA*tand + CA*sinB*cosB + sinB*(CP + WP*tanF)]

= -62
cq = (NA * tand + CA) * sin2

B*tanF = 7

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 1.30



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for Geomembrane Interface beneath a Uniformly Thick Saturated Cover Soil

Bonanza Mine Site

2016 Sample Parameters for Repository Top

Slope Inputs
g = 19.37 kN/m3 123.3 pcf Unit weight of the cover soil
h = 0.08 m 0.25 ft Thickness of the cover soil
L = 75 m 245 ft Length of slope measured along the geomembrane
B = 18.4 degrees 18.4 Soil slope angle beneath the geomembrane
F = 41.2 degrees 41.2 Friction angle of the cover soil
ca = 0.67 kN/m2 14 psf Adhesion between geomembranes
d = 16.2 degrees 16.2 Interface friction angle between geomembranes
c = 0 kN/m2 0 psf cohesion of the cover soil

Total weight of the active wedge
WA = g * h2 * (L/h - 1/sinB - tan(B/2)) = 110

Effective force normal to the failure plane of the active wedge
NA = WA * cosB = 104

Adhesive force between the cover soil of the active wedge and the geomembrane
CA = ca * (L - h/sinB) = 49.895266

Total weight of the passive wedge
WP = g * h2 / sin(2*B) = 0.2

Cohesive force along the failure plane and the passive wedge
CP = c * h / sinB = 0

Quadratic Equation to solve for FS
aq(FS)2 + bq(FS) + cq = 0

aq = (WA - NA*cosB) * cosB = 10
bq = -[(WA - NA*cosB )*sinB*tanF + (NA*tand + CA*sinB*cosB + sinB*(CP + WP*tanF)]

= -27
cq = (NA * tand + CA) * sin2

B*tanF = 3

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 2.50



Limit Equilibrium Forces involved in a Finite Length Slope Analysis

for Geomembrane Interface beneath a Uniformly Thick Saturated Cover Soil

Bonanza Mine Site

2016 Sample Parameters for Repository Bottom

Slope Inputs
g = 19.37 kN/m3 123.3 pcf Unit weight of the cover soil
h = 0.61 m 2 ft Thickness of the cover soil
L = 75 m 245 ft Length of slope measured along the geomembrane
B = 18.4 degrees 18.4 degrees Soil slope angle beneath the geomembrane
F = 38.1 degrees 38.1 degrees Friction angle of the cover soil
ca = 0.67 kN/m2 14 psf Adhesion between geomembranes
d = 16.2 degrees 16.2 degrees Interface friction angle between geomembranes
c = 0 kN/m2 0 psf cohesion of the cover soil

Total weight of the active wedge
WA = g * h2 * (L/h - 1/sinB - tan(B/2)) = 858

Effective force normal to the failure plane of the active wedge
NA = WA * cosB = 814

Adhesive force between the cover soil of the active wedge and the geomembrane
CA = ca * (L - h/sinB) = 48.762518

Total weight of the passive wedge
WP = g * h2 / sin(2*B) = 12.0

Cohesive force along the failure plane and the passive wedge
CP = c * h / sinB = 0

Quadratic Equation to solve for FS
aq(FS)2 + bq(FS) + cq = 0

aq = (WA - NA*cosB) * cosB = 81
bq = -[(WA - NA*cosB )*sinB*tanF + (NA*tand + CA*sinB*cosB + sinB*(CP + WP*tanF)]

= -110
cq = (NA * tand + CA) * sin2

B*tanF = 19

Factor of safety against cover soil sliding on the geomembrane
FS = (-bq + sqrt(bq^2 - 4 * aq* cq)) / 2 * aq = 1.15
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Design Assumption Cover Soils Compacted silty or clayey fine sands at 1E-5 cm/s permeability

Maximum Critical Slope Angle

FSCS = 0.5 * (tan d/ tanB)

FSCS = 1.5 factor of safety for critical slope angle
d = 16.2 degrees interface friction angle
B = 5.5 degrees critical slope angle

Total Serviceability Factor

TSF = RFIN*RFCR*RFCC*RFBC*FS, where
RFIN = 1.1 geotextile intrusion reduction factor
RFCR = 1.25 creep reduction in geonet core thickness reduction factor
RFCC = 1.1 chemical clogging reduction factor
RFBC = 1.35 biological clogging reduction factor

FS = 1.5 factor of safety
TSF = 3.06 Total Serviceability Factor

Minimum Required Transmissivity

The longest and flattest slope is 250 feet long at 30 degrees.

tdown max = TSF * qh * L / kdown * sin(Bdown) and T = tdown max * kdown

tdownmax = Unknown m thickness of geonet core in geocomposite
kdown = Unknown m/s hydraulic conductivity of drainage layer

Since tdown max and kdown are both unknowns, combine the two equations to form the one equation
T = TSF * qh * L / sin(Bdown) , where

TSF = 3.06 Total Serviceability Factor
qh = 1E-07 m/s impingement rate, permeability of soil 0.00001 cm/s
L = 76 m length of drainage layer 250 feet
B = 18.4 degrees slope angle of drainage layer
T = 7.39E-05 m

2
/s minimum required transmissivity of drainage layer

The slope angle at which the cover system will remain stable against a veneer sliding failure even under
non-freely-draining subsurface conditions (i.e., without the buildup of seepage forces). Additional
subsurface drainage is not required for veneer stability of slopes less than the critical slope angle.

To avoid pore pressure buildup between the geosynthetics a free-draining layer must be installed on any
slope steeper than 5.5 degrees (1:18).

The long-term capacity of the geocomposite drainage layer is likely less than the capacity of the
laboratory test results. This reduction is expressed through the Total Serviceability Factor.

The minimum required transmissivity is based on the longest and flattest slope with a gradient steeper
than 5.5 degrees.



Borrow Source Cover Soils Non-compacted clayey sand at 1.6E-4 cm/s permeability

Maximum Critical Slope Angle

FSCS = 0.5 * (tan d/ tanB)

FSCS = 1.5 factor of safety for critical slope angle
d = 16.2 degrees interface friction angle
B = 5.5 degrees critical slope angle

Total Serviceability Factor

TSF = RFIN*RFCR*RFCC*RFBC*FS, where
RFIN = 1.1 geotextile intrusion reduction factor
RFCR = 1.25 creep reduction in geonet core thickness reduction factor
RFCC = 1.1 chemical clogging reduction factor
RFBC = 1.35 biological clogging reduction factor

FS = 1.5 factor of safety
TSF = 3.06 Total Serviceability Factor

Minimum Required Transmissivity

The longest and flattest slope is 245 feet long at 30 degrees.

tdown max = TSF * qh * L / kdown * sin(Bdown) and T = tdown max * kdown

tdownmax = Unknown m thickness of geonet core in geocomposite
kdown = Unknown m/s hydraulic conductivity of drainage layer

Since tdown max and kdown are both unknowns, combine the two equations to form the one equation
T = TSF * qh * L / sin(Bdown) , where

TSF = 3.06 Total Serviceability Factor
qh = 1.6E-06 m/s impingement rate, permeability of soil 0.00016 cm/s
L = 75 m length of drainage layer 245 feet
B = 18.4 degrees slope angle of drainage layer
T = 0.001159 m

2
/s minimum required transmissivity of drainage layer

The slope angle at which the cover system will remain stable against a veneer sliding failure even under
non-freely-draining subsurface conditions (i.e., without the buildup of seepage forces). Additional
subsurface drainage is not required for veneer stability of slopes less than the critical slope angle.

To avoid pore pressure buildup between the geosynthetics a free-draining layer must be installed on any
slope steeper than 5.5 degrees (1:18).

The long-term capacity of the geocomposite drainage layer is likely less than the capacity of the
laboratory test results. This reduction is expressed through the Total Serviceability Factor.

The minimum required transmissivity is based on the longest and flattest slope with a gradient steeper
than 5.5 degrees.



Repository Top Cover Soils Compacted sandy clay at 1.8E-4 cm/s permeability

Maximum Critical Slope Angle

FSCS = 0.5 * (tan d/ tanB)

FSCS = 1.5 factor of safety for critical slope angle
d = 16.2 degrees interface friction angle
B = 5.5 degrees critical slope angle

Total Serviceability Factor Compacted sandy clay at 1.8E-4 cm/s permeability

TSF = RFIN*RFCR*RFCC*RFBC*FS, where
RFIN = 1.1 geotextile intrusion reduction factor
RFCR = 1.25 creep reduction in geonet core thickness reduction factor
RFCC = 1.1 chemical clogging reduction factor
RFBC = 1.35 biological clogging reduction factor

FS = 1.5 factor of safety
TSF = 3.06 Total Serviceability Factor

Minimum Required Transmissivity

The longest and flattest slope is 245 feet long at 30 degrees.

tdown max = TSF * qh * L / kdown * sin(Bdown) and T = tdown max * kdown

tdownmax = Unknown m thickness of geonet core in geocomposite
kdown = Unknown m/s hydraulic conductivity of drainage layer

Since tdown max and kdown are both unknowns, combine the two equations to form the one equation
T = TSF * qh * L / sin(Bdown) , where

TSF = 3.06 Total Serviceability Factor
qh = 1.8E-06 m/s impingement rate, permeability of soil 0.00018 cm/s
L = 75 m length of drainage layer 245 feet
B = 18.4 degrees slope angle of drainage layer
T = 0.001304 m

2
/s minimum required transmissivity of drainage layer

The slope angle at which the cover system will remain stable against a veneer sliding failure even under
non-freely-draining subsurface conditions (i.e., without the buildup of seepage forces). Additional
subsurface drainage is not required for veneer stability of slopes less than the critical slope angle.

To avoid pore pressure buildup between the geosynthetics a free-draining layer must be installed on any
slope steeper than 5.5 degrees (1:18).

The long-term capacity of the geocomposite drainage layer is likely less than the capacity of the
laboratory test results. This reduction is expressed through the Total Serviceability Factor.

The minimum required transmissivity is based on the longest and flattest slope with a gradient steeper
than 5.5 degrees.



Repository Bottom Cover Soils Compacted sandy clay at 1.2E-5 cm/s permeability

Maximum Critical Slope Angle

FSCS = 0.5 * (tan d/ tanB)

FSCS = 1.5 factor of safety for critical slope angle
d = 16.2 degrees interface friction angle
B = 5.5 degrees critical slope angle

Total Serviceability Factor

TSF = RFIN*RFCR*RFCC*RFBC*FS, where
RFIN = 1.1 geotextile intrusion reduction factor
RFCR = 1.25 creep reduction in geonet core thickness reduction factor
RFCC = 1.1 chemical clogging reduction factor
RFBC = 1.35 biological clogging reduction factor

FS = 1.5 factor of safety
TSF = 3.06 Total Serviceability Factor

Minimum Required Transmissivity

The longest and flattest slope is 245 feet long at 30 degrees.

tdown max = TSF * qh * L / kdown * sin(Bdown) and T = tdown max * kdown

tdownmax = Unknown m thickness of geonet core in geocomposite
kdown = Unknown m/s hydraulic conductivity of drainage layer

Since tdown max and kdown are both unknowns, combine the two equations to form the one equation
T = TSF * qh * L / sin(Bdown) , where

TSF = 3.06 Total Serviceability Factor
qh = 1.2E-07 m/s impingement rate, permeability of soil 0.000012 cm/s
L = 75 m length of drainage layer 245 feet
B = 18.4 degrees slope angle of drainage layer
T = 8.7E-05 m

2
/s minimum required transmissivity of drainage layer

The slope angle at which the cover system will remain stable against a veneer sliding failure even under
non-freely-draining subsurface conditions (i.e., without the buildup of seepage forces). Additional
subsurface drainage is not required for veneer stability of slopes less than the critical slope angle.

To avoid pore pressure buildup between the geosynthetics a free-draining layer must be installed on any
slope steeper than 5.5 degrees (1:18).

The long-term capacity of the geocomposite drainage layer is likely less than the capacity of the
laboratory test results. This reduction is expressed through the Total Serviceability Factor.

The minimum required transmissivity is based on the longest and flattest slope with a gradient steeper
than 5.5 degrees.
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C-3

NOTES:
THIS GRAPHIC DISPLAYS THE
SLOPE ANALYSIS OF THE MARCH
2016 SURVEY SURFACE. SLOPE
INTERVALS FOR EACH COLOR
ARE CODED IN THE LEGEND
BELOW.

PROFILES OF THE 2016 SURVEY
SURFACE ARE ALSO PLOTTED
FOR THE 5 ALIGNMENTS
SHOWN.  SLOPES (%) ARE
LABELED FOR THE 2016
SURFACE.

MARCH 2016 SURVEY - EXISTING CONDITIONS

Feet

0 60 120
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C-4

NOTES:
THIS GRAPHIC DISPLAYS THE SLOPE
ANALYSIS OF THE DECEMBER 2014
SURVEY SURFACE ("AS-BUILT").
SLOPE INTERVALS FOR EACH COLOR
ARE CODED IN THE LEGEND BELOW.

PROFILES OF THE AS-BUILT SURVEY
SURFACE ARE ALSO PLOTTED FOR
THE 5 ALIGNMENTS SHOWN.
SLOPES LABELS (%) ARE SHOWN FOR
THE AS-BUILT SURFACE ONLY.

DECEMBER 5, 2014 SURVEY - "AS-BUILT"
Feet

0 60 120
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C-2

NOTES:
THIS GRAPHIC DISPLAYS THE ELEVATION DIFFERENCE BETWEEN THE GROUND SURVEY
CONDITION FROM MARCH 2016 TO THE GROUND SURVEY FROM DECEMBER 2014 TITLED
"AS-BUILT".  RED COLORS INDICATE A DECREASE IN ELEVATION (0 TO -4 FT), GREEN COLORS
INDICATE AN INCREASE IN ELEVATION BETWEEN 0 AND 6 FT, AND BLUE COLORS INDICATE
INCREASES OVER 6 FT.  SEE ELEVATIONS TABLE BELOW FOR ELEVATION INTERVALS
CORRESPONDING TO EACH COLOR.

PHOTOGRAPH OF REPOSITORY COVER
NEAR COMPLETION, NOVEMBER 5, 2014.

Feet
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NOTES:
THIS GRAPHIC DISPLAYS THE
MARCH 2016 SURVEY SURFACE
OVERLAYING THE "AS-BUILT"
SURVEY SURFACE FROM
DECEMBER 2014. PROFILES ARE
PLOTTED FOR THE 5
ALIGNMENTS SHOWN, ALONG
WITH SURFACES FROM SURVEY
DATA COLLECTED IN SEPTEMBER
AND NOVEMBER 2014 DURING
REPOSITORY CONSTRUCTION.
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