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APPENDIX A
FIELD EXPLORATION AND LABORATORY TESTS

PURPOSE AND SCOPE

This appendix documents the environmental and geotechnical drilling, sampling,
and testing methods as well as field observations that Hart Crowser made during
the Remedial Investigation of the Van Stone Mine (Site). The mine is located in
Stevens County in the upper Onion Creek watershed, about 23 miles northeast
of Colville, Washington.

DRILLING AND CONE PENETROMETER PROCEDURES

A CME-850 track drill (subcontracted by Hart Crowser) was used to collect
subsurface data and samples downgradient of and on the Upper and Lower
Tailings Piles, and on the Pit Lake Dam (North Pit). The CME-850 is a
convertible drill capable of using either hollow steam augers (HSA) or mud
rotary drilling to advance borings. Downgradient of the tailings piles, borings
were advanced using HSA; on the tailings piles and Pit Lake Dam, drilling was
done with a tri-cone bit.

An electric cone (piezocone) penetrometer (CPT) was used to gather continuous
subsurface profiles of conditions within the Upper and Lower Tailings piles. The
system used is mounted on a truck that provides the necessary reaction for the
applied loads.

The locations of monitoring wells, soil borings, and cone penetrometers were
surveyed to establish elevations. Elevations are based on mean sea level.
Horizontal coordinates were recorded using a Trimble GPS and referenced to
latitude/longitude coordinates using the World Geodetic System 1984 datum
(WGS 1984). The method controls the accuracy of the location and elevation of
the explorations.

The following sections describe HSA, mud rotary, and CPT drilling/probing
methods, and procedures for monitoring well installation and development.

Hollow-Stem Auger
Five HSA borings, designated MW-1 through MW-5 (RI Figure 4), were drilled

and monitoring wells were installed from November 1-8, 2011. Boring depths
ranged from 30 to 82 feet below the ground surface. Two of the borings were
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located downgradient of the Upper Tailings Pile and three of the borings were
located downgradient of the Lower Tailings Pile.

During drilling, one boring did not encounter groundwater. The boring was
logged and abandoned by backfilling to the surface with bentonite chips. The
abandoned boring is included in the boring log record as MW-2A. A new boring
was drilled nearby, and monitoring well MW-2 was installed.

At each location, borings were advanced using an 8-inch-diameter HSA. A Hart
Crowser engineering geologist observed the drilling and recorded Standard
Penetration Test (SPT) blow counts and logged and collected split spoon
samples (see mud rotary section for a description of those procedures). Samples
were classified using the soil classification code presented on Figure A-1 - Key to
Exploration Logs. The figure also provides a legend explaining the symbols and
abbreviations used in the logs. Detailed boring logs and monitoring well
installation details are presented on Figures A-2 through A-7.

Monitoring Well Installation

At each boring location, once the HSA reached a target water-bearing zone,
drilling stopped. A well screen and well casing consisting of 2-inch-diameter,
0.020-inch machine-slotted screen and 2-inch-diameter Schedule 40 PVC pipe
was assembled and lowered through the center of the hollow-stem auger to the
target completion depth. When the screen was set at the target depth, a
number 10/20 silica sand filter pack was placed in the annular space between
the auger wall and screen from the bottom of the boring to approximately 2 feet
above the top of the well screen. Bentonite chips were placed in the annular
space from the top of the filter sand to within 1.0 to 1.5 feet of ground surface.
During placement of filter pack sand and bentonite, the top of the casing was
weighted down and the HSA was gradually retracted.

Each monitoring well was completed to grade with a concrete surface seal. For
protection of the monitoring well, a locking stick-up steel monument was set in
the concrete surface seal. The monitoring well construction details are illustrated
on the boring logs, Figures A-2 through A-7.

The monitoring wells were installed in accordance with Washington State
Department of Ecology regulations.

Monitoring Well Development

Each installed monitoring well was developed using a surge block and purging
methods. The well development procedure was:
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m  Measure and record sediment thickness at the bottom of the well before and
after well development;

m  Remove sediment from the bottom of the well using a stainless steel bailer
and submersible pump;

m  Surge the well to remove fine material from the screen and filter pack and
remove sediment at the bottom of the screen (If the well yield allowed it, a

minimum of 10 casing volumes were purged.);

m  Develop the well until water was visibly clear and turbidity readings
stabilized;

m Clean the surge and purge equipment between monitoring wells to prevent
cross-contamination of wells; and

m  Record well development observations on a Well Development Data form.

Monitoring well development data is summarized in Table A-7.

Mud Rotary Borings

With depths ranging from 34 to 85 feet below the ground surface, five mud
rotary borings, designated UT-HC-1, UT-HC-2, LT-HC-3, LT-HC-4, and PL-HC-5,
were drilled from November 8-11, 2011. The borings were made with an
approximately 2-3/4-inch-diameter, tri-cone bit. The drilling was continuously
observed by a geotechnical engineer or engineering geologist from Hart
Crowser. Detailed field logs were prepared for each boring. Six vibrating wire
piezometers (VWPs) were installed in selected borings to measure groundwater
pore pressure in the tailings piles and Pit Lake Dam. Using the Standard
Penetration Test (SPT) and thin-walled Shelby tubes, we obtained samples at
2-1/2 to 5-foot-depth intervals.

The geotechnical boring logs are presented on Figures A-8 through A-12 at the
end of this appendix.

Vibrating Wire Piezometers

To evaluate long-term fluctuation of groundwater levels in the tailings piles and
Pit Lake Dam, six vibrating wire piezometers (VWPs) were installed by Hart
Crowser in selected borings. VWP data loggers were installed by Hart Crowser
on June 22, 2012, to monitor long-term groundwater levels in the tailings piles
and Pit Lake Dam during the spring snowmelt, summer, and fall. The VWPs
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were grouted in place using a grout mixture consisting of approximately 1 part
Portland cement, 0.4 parts bentonite, and 6.6 parts water by weight. During
field work, Hart Crowser field staff collected real-time readings from the VWPs to
check current site conditions.

The VWPs convert water pressure to a frequency signal via a diaphragm and a
tensioned steel wire. The piezometer is designed so that a change in pressure
on the diaphragm causes a change in wire tension.

Calibration factors, which establish a relationship between pressure applied to
the diaphragm and the frequency signal (Hertz) generated are used to convert
recorded frequencies to pressure values in pounds per square inch.

The calibrations certificates for each VWP are presented on Figures A-13
through A-18.

Standard Penetration Test Procedures

The Standard Penetration Test (SPT) is an approximate measure of soil density
and consistency. To be useful, the results must be used with engineering
judgment in conjunction with other tests. The SPT (as described in ASTM D
1586) was used to obtain disturbed soil samples. This test uses a standard 2-inch
outside diameter split-spoon sampler. Using a 140-pound autohammer, free-
falling 30 inches, the sampler is driven into the soil for 18 inches. The number of
blows required to drive the sampler the last 12 inches only is the Standard
Penetration Resistance. This resistance, or blow count, measures the relative
density of granular soil and the consistency of cohesive soil. The blow counts
are plotted on the boring logs at their respective sample depths.

Soil samples were recovered from the split-barrel sampler, field classified, and
placed in watertight jars. The samples were taken to Hart Crowser's laboratory
for further testing.

In the Event of Hard Driving

Occasionally, very dense materials preclude driving the total 18-inch sample.
When this happens, the penetration resistance is entered on logs as follows:

Penetration less than 6 inches. The log indicates the total number of blows
over the number of inches of penetration.

Penetration greater than 6 inches. The blow count noted on the log is the sum
of the total number of blows completed after the first 6 inches of penetration.
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This sum is expressed over the number of inches driven that exceed the first 6
inches. The number of blows needed to drive the first 6 inches is not reported.
For example, a blow count series of 12 blows for 6 inches, 30 blows for 6
inches, and 50 (the maximum number of blows counted within a 6-inch
increment for SPT) for 3 inches would be recorded as 80/9.

Standard Split-Spoon Sampler

A standard split-spoon sampler was used during exploration. This 2.5-inch inside
diameter sampler was driven with a 140-pound hammer. The
density/consistency of the soil is interpreted from the blow counts.

Shelby Tubes

To obtain a relatively undisturbed sample for classification and testing fine-
grained soils, a 3-inch-diameter, thin-walled steel (Shelby) tube sampler was
pushed hydraulically below the auger (as described in ASTM D 1587). The
tubes were sealed in the field and taken to the laboratory for extrusion and
classification.

Electric Cone (Piezocone) Penetrometer Probes

An electric cone (piezocone) penetrometer (CPT) was used to probe the tailings
for this study. Completed by In-Situ Engineering, the probes, designated CPT-1
through CPT-11, were advanced to depths ranging from 15 to 90 feet below the
ground surface on November 1 and 2, 2011. In-Situ Engineering used an
electric piezocone (See Figure A-19). This figure also shows the classification
method used to develop the soil behavior index represented on the individual
logs for classification purposes. The piezocone is arranged to measure the
following parameters, which are used for the soil classification:

m Tip resistance, Q. in tsf (resistance to soil penetration developed at the cone
tip);

m  Friction resistance, F, in tsf (resistance to soil penetration developed along
the friction sleeve); and

m Pore water pressure behind the cone tip, U, in psi.

The electric piezocone penetrometer test procedure involves hydraulically
pushing a series of cylindrical rods into the soil at a constant rate of 2
centimeters per second and monitoring soil and pore fluid response near the
conical tip. The cylindrical rod at the bottom of the drill string houses the
pressure transducer and load cells that, during probing, measure these
parameters. To be useful, the results must be used with engineering judgment in
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conjunction with other tests, preferably the SPT procedure, which allows soil
sample collection for direct comparison. Tests were performed in general
accordance with procedures outlined in ASTM D 3441, Standard Method for
Deep, Quasi-Static, Cone and Friction-Cone Penetration Tests of Soil.

The cone tip has a surface area of about 10 square centimeters (cm?) and an
angle of 30 degrees from the axis. The friction sleeve has a surface area of
about 150 cm?. Before testing, a plastic filter element that has been saturated
under vacuum in glycerin is placed behind the cone tip. This filter element
transmits pore pressure to the transducer. Load cells measure end resistance on
the tip and frictional resistance on the friction sleeve. As the cone penetrates
the soil, measurements are continuously recorded on a portable computer at
depth increments of about 5 centimeters.

The classification method used to develop an interpreted soil profile is based on
normalized parameters provided by the piezocone, as no soil samples are
collected.

The relationship between the cone tip resistance and friction ratio, which has
been normalized for soil overburden stresses, can be established to predict soll
behavior (Robertson et al. 1986). This relationship has been applied to the soil
classification chart developed by Robertson (Figure A-19) according to the
following equations:

g, =0, +ux(l-a)

R, = (f,/q,)=x100%

Where:

O = Total corrected cone resistance (tsf or MPa)
R = Friction Ratio (%)

a = Net area ratio for cone (default to 0.80)

de = Measured cone tip resistance

f = Measured sleeve friction

u = Measured penetration pore pressure

Using the above equation and the classification chart presented on Figure A-19,
we were able to develop the interpreted soil profiles provided on Figures A-20
through A-30. The classification chart used for this study was established based
on observed soil behavior from many studies for different soil types.
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Pore pressure dissipation tests were conducted at locations where excess pore
water pressures were encountered during probing. Dissipation tests are
performed by stopping the probe and measuring the variation of pore pressure
with time. Plots of the pore pressure dissipation tests are presented on Figures
A-31 through A-43

/n situ measurements of shear wave velocity were obtained at four of the probe
locations (CPT-1, CPT-4, CPT-8, and CPT-11). At these four locations a seismic
adapter was added to the standard cone, and shear wave velocity data was
collected in the same push that the CPT data was generated. At approximately
1 meter intervals a surface shear wave is generated, and the time for the shear
wave to travel to geophone on the penetrometer is recorded. The results of the
/n situ shear wave measurements including delay times are presented on Figures
A-44 through A-47.

GEOTECHNICAL LABORATORY TESTING

A laboratory-testing program was performed for this study to evaluate the basic
index and geotechnical engineering properties of waste rock and tailings pile
material on the Site. Both disturbed and relatively undisturbed samples were
tested. The tests performed and the procedures followed are discussed below.

Soil Classification

Field Observation and Laboratory Analysis

Soil samples from the geotechnical explorations were visually classified in the
field and then taken to our laboratory where the classifications were verified.
Field and laboratory observations included density/consistency, moisture, and
grain size and plasticity estimates. The classifications of selected samples were
checked by laboratory tests such as grain size analysis. Classifications were
made in general accordance with the Unified Soil Classification (USC) System,
ASTM D 2487, as presented on Figure A-1.

Water Content Determination

Water content was determined for most samples recovered in general
accordance with ASTM D 2216, as soon as possible following their arrival in our
laboratory. Water content was not determined for very small samples or
samples containing large gravel that would result in unrepresentative values.
The results of these tests are plotted at the respective sample depth on the
exploration logs (Figures A-8 through A-12). In addition, water contents are
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routinely determined for samples subjected to other testing. These are also
presented on the exploration logs.

Grain Size Analysis (GS)

Grain size distribution was analyzed on representative samples in general
accordance with ASTM D 422. Wet sieve analysis was used to determine grain
size distribution greater than the U.S. No. 200 mesh sieve. The size distribution
for particles smaller than the No. 200 mesh sieve was determined by the
hydrometer method for a selected number of samples. The results of the tests
are presented as curves on Figures A-48 through A-51 plotting percent finer by
weight versus grain size.

Triaxial Consolidated Undrained Compression Test

Triaxial consolidated undrained compression (TCU) and pore pressure tests were
conducted to measure the effective strength of the soil at various stress levels.
This test was performed in general accordance with ASTM 4767. A relatively
undisturbed tailings sample was trimmed to about 6 inches, encased in a rubber
membrane, and placed in the triaxial cell. The tailings pile samples were
heterogeneous with visible layers of silty fine Sand and fine sandy Silt. All three
test points for the Lower Tailings Pile were obtained from the same sample tube;
however, the four Upper Tailings Pile test points were obtained from three
different sample tubes.

With the sample in the triaxial test cell, drainage lines from the sample were
closed and back pressure was applied to saturate the sample. The tailings
samples took longer than typical to saturate, possibly because of stratification or
cementation of the samples. When saturation was complete, an all-around
hydraulic pressure was applied. The sample was allowed to consolidate under
the applied pressure with drainage occurring through slotted filter paper placed
around the sample. When consolidation was complete, the sample was loaded
to failure under undrained conditions by applying an increasing axial load at a
constant strain rate. The strain rate is reported to two significant figures on the
test results. Strain rates that are displayed as 0.00 have an actual value of
0.0007 inches per minute.

The magnitude of excess porewater pressure that developed during loading was
recorded. An effective stress plot was then developed from the data to illustrate
the variation in effective shear strength with varying consolidation (or
overburden) pressures. The data are plotted as Mohr’s circles using shear stress
versus principal stress. The tangent to the Mohr’s circles for a test series
represents the effective angle of internal friction (). The intercept along the
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vertical axis is the apparent cohesion (c). The test results are shown on Figures
A-52 through A-53.

Proctor Test

A modified Proctor test was completed on a homogenized combination of
several Shelby tube samples according to ASTM D 1557-02. Five sample layers
were accumulated in a 4-inch-diameter mold and compacted with a 10-pound
rammer dropping 18 inches. The compaction curve, shown on Figure A-54,
shows the relationship between the sample’s water content (%) and its dry
density (pcf).

SOIL, SEDIMENT, GROUNDWATER, SURFACE WATER SAMPLING

Characterization of the Site included collecting samples from site media for
chemical analyses. This section describes the types of samples collected and
methods of sample collection, storage, and submittal to the analytical laboratory.
The procedures were presented in the Sampling and Analysis Plan (SAP), which
is Appendix B of the Final Work Plan for Remedial Investigation/Feasibility Study
(Hart Crowser 2011).

Locations and descriptions of soil, sediment, surface water, groundwater, and
background sampling locations are included in Tables A-1 through A-11. In the
tables, media descriptions are grouped by Area of Interest (AOIS).

Composite Soil Sampling Procedures

Background Composite Soil Samples

Background soil sample locations were identified in the RI/FS Work Plan (Hart
Crowser 2011) and are shown on Figure 2. Each background soil sample
collected for chemical analysis was a composite sample consisting of five
discrete soil subsamples. The procedure for composite sample collection was:

m Establish a center sub-sampling point at each background soil sample
location;

m  Measure out to a point 10 feet north from the center sub-sampling point and
measure 10 feet to the east and west to establish two corner sub-sampling
locations;
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m  Measure out to a point 10 feet south from the center sub-sampling point and
measure 10 feet to the east and west to establish two corner sub-sampling
locations;

m  Collect approximately equal amounts of soil at each of the five subsample
locations using a pre-cleaned stainless steel spoon, and place the soil in a
pre-cleaned stainless steel bowl;

m  Homogenize the soil in the stainless steel bowl, transfer the composited soil
to a laboratory-supplied, 8-ounce glass sample jar, and seal and label the jars;
and

m Store filled sample jars in a cooler with bagged ice and submit them to the
analytical laboratory under chain of custody protocols.

Between each sampling location, sampling equipment was decontaminated
using non-phosphate-based cleaner and deionized water.

Waste Rock Composite Samples

The general locations of composited waste rock samples were identified in the
SAP and are shown on Figures 5, 6, and 7. Each composited sample consisted
of 30 discrete subsamples. Before field work, 30 subsample locations were
selected at each composite sample location, using aerial photographs to
determine accessibility within the subsample collection area. If, during field
work, a subsample location contained mostly large waste rock, the location was
adjusted to obtain sufficient material to pass through a No. 10 mesh (2 mm)
sieve.

The procedure for subsample collection and compositing was:

m  Collect 30 discrete subsamples using a pre-cleaned stainless steel spoon and
place each subsample in a labeled, clean plastic bag;

m  Air dry the 30 subsamples and screen each subsample using a No. 10 mesh
sieve;

m  Combine approximately equal amounts from each subsample in a pre-
cleaned stainless steel bowl and homogenize the sample, transfer the
composited soil to a pre-cleaned, laboratory-supplied 8-ounce glass sample
jar, and seal and label the jars;
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m  Store filled sample jars in coolers and submit them to the analytical
laboratory under chain of custody protocols;

m Collect and archive sufficient subsample material to allow for XRF screening
later, if needed; and

m  Decontaminate sampling equipment between each waste rock sampling
location using non-phosphate-based cleaner and deionized water, as
described in the SAP.

Discrete Soil Sampling Procedures

Soil sampling locations are shown on Figures 5, 6, and 7. At each discrete soil
sample location, the following procedure was used.

m  Remove and set aside surface groundcover.

m Collect a soil sample from 0 to 3 inches deep using a pre-cleaned stainless
steel spoon and place the sample in pre-cleaned, laboratory-supplied,
8-ounce glass sample jars. Remove organic material such as worms, rootlets,
leaves, twigs, and debris from the jar.

m  Collect soil for volatile analysis into 40ml VOA vials.

m  Seal and label the jars and store them in a cooler with bagged ice before
submitting them to the analytical laboratory under chain of custody
protocols.

m Decontaminate equipment between each sampling location using non-
phosphate-based cleaner and deionized water, as described in the SAP.

XRF Transect Sampling and Screening Procedures

A portable x-ray fluorescence (XRF) spectrometer was used to field screen soil
for metal concentrations and to screen soil for metal concentrations following
sample collection. Soil was screened for selected metals following EPA Method
6200, Field Portable XRF Spectrometry for the Determination of Elemental
Concentrations in Soil and Sediment. The instrument used a Delta XRF analyzer
manufactured by Olympus Innov-X Systems. The XRF was factory calibrated and
a calibration check was performed at the beginning of each field day. The
instrument was used according to manufacturer’s recommendations and
procedures in the manufacturer’s User’s Guide. The instrument was operated by
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an environmental scientist who was trained by a manufacturer’s representative.
The scientist also received Level | Radiation Safety Training.

Transect Screening

Eighteen sample collection transects, T1 through T18, were established outward
from the toe of waste rock piles and the Upper and Lower Tailings Piles. (See
Figures H-1, H-2, H-3 in Appendix H for map locations). Transects T16, T17, and
T18 were used to fill data gaps and XRF screening was not used.

Transect lengths were established using the following procedure.

m A transect starting point was established at the toe of a pile and GPS
coordinates were recorded and photographs taken.

m The starting point for the XRF screening location was measured out 500 feet
from the toe of the pile. GPS coordinates were recorded and photographs
taken.

m /n situsoil at the 500-foot point was screened using the XRF. The forest duff
layer was removed and the soil surface was cleared of rocks and gravel to
present a uniform, fine-grained flat surface. To prevent damage, the XRF unit
was protected by a thin plastic bag and measurements were taken through
the bag. If /n situ soil samples could not be screened, a soil sample was
collected in a thin plastic bag, homogenized, and the XRF unit was
uncovered to analyze the soil in the sample bag.

m If metals of concern (lead and zinc) were detected above the published
natural background (see Appendix B) at the 500-foot point, another sampling
point located 250 feet farther out from the toe of the pile and the XRF soil
screening was repeated. This procedure was repeated until lead and zinc
concentrations did not exceed natural background.

m The location where XRF screening indicated that lead and zinc were below
natural background became the transect end point.

m  The transect end point was considered the first discrete soil sample location.
The distance from the transect end point to the transect starting point was
divided into five equidistant segments to establish four more soil sample
locations. A discrete soil sample was then collected from each of the five
soil sample locations.
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m  With the exception of the soil sample collected at the transect end point
(below background) the four other samples were taken to a sheltered
staging area and the XRF was used to screen the soil samples. Following XRF
screening, soil samples were selected for laboratory analysis. The remaining
soil samples were archived.

In the event that additional information might be needed for the risk
assessments, two additional soil samples were collected beyond the transect end
point at 250 foot increments. These samples were archived.

Post Sample XRF Screening

Five-point composite samples from the mine site, Upper and Lower Tailings Piles,
and soil samples collected along the pipeline were collected and screened. The
XRF screening was used to help determine which soil samples would be
submitted to the laboratory for analysis. XRF screening procedures described
above were used to evaluate these samples.

The 30-point composite waste rock samples were returned to the Hart Crowser
office in Seattle. The 30 subsamples were dried, sieved, and composited. The
composite sample was analyzed by the XRF unit through a thin plastic bag.

XRF sample descriptions and measurements are presented in Appendix H.
Sediment Sampling Methods

The McNeil sediment sampler described in the SAP could not be used because
of large-grained material in the stream beds (gravel to cobbles) and relatively
narrow stream beds. Sediment samples were collected with a pre-cleaned
stainless steel spoon from shallow, low-energy pools. Samples were collected
slowly in order to capture the <2mm fraction of sediment at each location.
Sediment was placed directly in pre-cleaned, laboratory supplied, 8-ounce glass
sample jars. The jars were sealed and labeled. Filled sample jars were stored in
a cooler with bagged ice and submitted to the laboratory under chain of custody
protocols.

Equipment was decontaminated between each sampling location using non-
phosphate-based cleaner and deionized water, as described in the SAP.

Water Sampling Methods

Groundwater data were obtained from seven residential wells and seven
monitoring wells. The groundwater levels were used in the RI to assess
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groundwater gradients and flow directions. Surface water samples were
collected from Onion Creek and the Northeast and Southeast Tributaries.
Groundwater and surface water sampling locations are shown on Figure 8 in
the RI.

Groundwater Sampling

Seven residential wells were sampled to evaluate water quality in the upper
portion of the Onion Creek watershed. Wellhead configurations limited the
ability to measure water levels in wells RW-1 and RW-3. Depth to groundwater
was measured using a water-level indicator. The water-level probe was
decontaminated before use at each well. Groundwater samples, RW-1 through
RW-7, were collected between November 5-11, 2012. A duplicate sample
(RW-50) was collected from residential well RW-5.

Groundwater samples were collected from seven monitoring wells on the site,
(W-1, W-2, DH-2, MW-2, MW-3, MW-4, and MW-5) between November 8711,
2011, and between June 21-27, 2012. No duplicate samples were collected
from the monitoring wells. Water level measurements were recorded before
well development on November 7 and 9, 2011, before groundwater sampling
from November 9-11, 2012, and between June 21-27, 2012. Well
development parameters are summarized in Table A-8 and water level data are
in Table A-9. Overall well construction and water level data are summarized in
Table A-10.

Sampling Equipment
Equipment used for the collection of groundwater samples included:

m  pH, temperature, specific conductivity, dissolved oxygen, turbidity, total
dissolved solids, and oxidation-reduction potential meters;

m  Water level indicator;

m Disposable bailer and peristaltic or submersible pump with disposable
polyethylene tubing;

m Laboratory-supplied, pre-cleaned and preserved sample containers;

m  Coolers with ice; and

m  Hart Crowser Sample Custody Record and Groundwater Sampling Data
forms.

Sampling Procedures

Upon arrival at a well field, personnel recorded well conditions and depth to
water and sediment (where possible) using a water level indicator. Groundwater
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samples were collected using low flow rates to minimize suspended solids in the
water column. Purging and sampling was done using a disposable bailer and a
peristaltic or submersible pump.

When using the peristaltic pump or submersible pump, clean sample tubing was
used and disposed of after each use. During sampling, the tubing or pump
intake was set at the approximate center of the screened interval. When
sampling residential wells, the intake was set based on the conditions of the
wellhead and information on the depth of the screened interval.

The field parameters of pH, temperature, specific conductivity, dissolved oxygen,
turbidity, and oxygen redox potential meters were measured and recorded
periodically during well purging. Once the field parameters remained stable
between measurements, a groundwater sample was collected. The final
stabilized readings measured just before sampling were recorded on a
Groundwater Sampling Data form. The final stabilized readings are summarized
in Table A-9.

Pre-cleaned and preserved sample bottles were filled directly from the
polyethylene tubing at relatively low-flow rates. To prevent cross-contamination
of the wells, sampling equipment was decontaminated between well locations
using non-phosphate-based cleaner and deionized water.

Surface Water Sampling

Surface water samples were collected from Onion Creek and its tributaries.
Samples collected for dissolved chemical analysis were field-filtered using a
peristaltic pump with a disposable, in-line 0.45-micron filter cartridge and
dedicated, disposable tubing. Samples were collected from the filter outlet
directly into pre-cleaned and preserved sample containers obtained from the
laboratory. A minimum of 25 mL of water was flushed through the sampling
tubing and filter before samples were collected. All other unfiltered samples
were collected directly from the peristaltic pump dedicated tubing or collected
directly from the creek.

The field parameters of pH, temperature, specific conductivity, dissolved oxygen,
turbidity, and oxygen redox potential were measured periodically when flushing
the disposable tubing. Once the field parameters remained stable between
measurements, the surface water sample was collected. The final stabilized
readings measured just before sampling were recorded in field notebooks. The
final stabilized readings are summarized in Table A-11.
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SAMPLE HANDLING AND LABORATORY ANALYSIS

Soil, sediment, surface water, and groundwater samples collected during the
sampling event were submitted to Test America of Tacoma, Washington, for
chemical analysis. A summary of analytical tests and samples are presented in
Table C-1 in Appendix C. Samples were packed on ice and placed in coolers
following chain of custody protocols. Samples from the field were transferred to
the analytical laboratory by overnight FedEx. Soil samples returned to Hart
Crowser for drying, sieving, and compositing were transferred to the laboratory
by courier.

One field duplicate sample for each set of background (BG), Onion Creek (OC),
and residential well (RW) samples collected was submitted to the laboratory to
assess combined field and laboratory variability. The background and Onion
Creek samples were assigned the same exploration label with the number 2 at
the end of the number. The residential well sample was assigned the same
exploration label with one zero at the end of the number.

INVESTIGATION-DERIVED WASTE STORAGE AND DISPOSAL

Soil Cuttings

Water

Soil cuttings generated on and near tailings piles were spread and left on the
tailings pile in areas protected from erosion. Drill cuttings from monitoring wells
were placed on the tailings piles so that wind or precipitation would not cause
erosion or transport of the material.

Development, groundwater sampling, and decontamination water was poured
onto the ground.

Incidental Trash

REFERENCES

Incidental trash generated during this investigation (including discarded nitrile
gloves, aluminum foil, paper towels, and disposable equipment) was placed in
plastic trash bags and disposed of as solid waste.
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ASTM D1587

ASTM D3441, Standard Method for Deep, Quasi-Static, cone & Friction Cone
Penetration Tests of Soil.

Robertson ET Al, 1986
ASTM D2487

ASTM D2216

ASTM D422

ASTM D1557-02

HC 2011 Final Work Plan for Remedial Investigation/Feasibility Study of the Van
Stone Mine

EPA 6200, Field Portable XRF.
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Van Stone Mine
Onion Creek, WA

Vibrating Wire Calibration Certificates

17800-11 2/13
:.l' Figure
HARTCROWSER A-18
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Cone resistance, qo/pa

Schematic of Electric Piezocone (Typical)

Inclinometer (I, & Iy)

Thermistor (T)

Load Cells Friction Sleeve (fy)

Pore Pressure
Transducer (U)

Porous Filter
Element

Cone Tip (Qp)

)
'

Simplified Classification Chart (Robertson et al., 1986)

SBT plot

0.1

1
Friction Ratio, Rf (%)

Total corrected cone resistance, q; (tsf or MPa)

4t =dc +ux(1-a)
Measured cone tip resistance, q.
Measured penetration pore pressure, u
Net area ratio for cone, a (default to 0.80)

Friction ratio, R; (%)
R¢ = (fs/q;) x 100%
Measured sleeve friction, f

SBT legend
. Sensitive fine grained
. Organic material

. Clay to silty clay

. Clayey silt to silty clay
. Silty sand to sandy silt

. Clean sand to silty sand

. Gravely sand to sand

. Very stiff sand to clayey sand

O o NNk W

OEOO0ONEEE

. Very stiff fine grained

Van Stone Mine
Onion Creek, WA

Electric (Piezocone) Cone Penetrometer Key

17800-11 2/13

rE Figure
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Cone resistance gt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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SBT legend
- 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand
. 2. Organic material |:| 5. Silty sand to sandy silt . 8. Very stiff sand to clayey sand

- 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained

6

38

e

[ 7
HARTCROWSER
UT-CPT-1

17800-11 2/13
Figure A-20

Location: Lat: 48.760462 Long: -117.777290 Approximate Ground Surface Elevation: 3170 feet
Horizontal Datum: WGS 1984 Vertical Datum: MSL

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Cone resistance gt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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SBT legend
. 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand
. 2. Organic material I:I 5. Silty sand to sandy silt . 8. Very stiff sand to clayey sand -
. 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained Ll
HARTCROWSER
. ) ] . o UT-CPT-2
Location: Lat: 48.760483 Long: -117.777216 Approximate Ground Surface Elevation: 3170 feet 17800-11 213
Horizontal Datum: WGS 1984 Vertical Datum: MSL \ -
Figure A-21

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Cone resistance qt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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SBT legend
. 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand

. 2. Organic material I:I 5. Silty sand to sandy silt I:l 8. Very stiff sand to clayey sand
. 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained

e
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UT-CPT-3

17800-11 2/13
Figure A-22

Location: Lat: 48.762554 Long: -117.776025 Approximate Ground Surface Elevation: 3172 feet
Horizontal Datum: WGS 1984 Vertical Datum: MSL

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Cone resistance gt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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SBT legend
. 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand
. 2. Organic material I:I 5. Silty sand to sandy silt I:l 8. Very stiff sand to clayey sand -

. 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained aw
HARTCROWSER

UT-CPT-4
17800-11 2/13
Figure A-23

Location: Lat: 48.762486 Long: -117.775834 Approximate Ground Surface Elevation: 3186 feet
Horizontal Datum: WGS 1984 Vertical Datum: MSL

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Cone resistance gt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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46 g . 1

SBT legend

- 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand

. 2. Organic material |:| 5. Silty sand to sandy silt . 8. Very stiff sand to clayey sand
- 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained
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HARTCROWSER
UT-CPT-5

17800-11 2/13
Figure A-24

Location: Lat: 48.761039 Long: -117.776806 Approximate Ground Surface Elevation: 3168 feet
Horizontal Datum: WGS 1984 Vertical Datum: MSL

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Cone resistance qt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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Tip resistance (tsf) Friction (tsf) Rf (%) Presszure {psi) SBT (Robertson et al, 1986)

SBT legend

- 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand

. 2. Organic material |:| 5. Silty sand to sandy silt . 8. Very stiff sand to clayey sand -

- 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained Ll
HARTCROWSER

. ) ] . o LT-CPT-6

Location: Lat: 48.776014 Long: -117.800633 Approximate Ground Surface Elevation: 2738 feet 17800-11 213

Horizontal Datum: WGS 1984 Vertical Datum: MSL X i
Figure A-25

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Cone resistance qt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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SBT legend

. 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand

. 2. Organic material I:l 5. Silty sand to sandy silt . 8. Very stiff sand to clayey sand
. 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained
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17800-11 1/13
Figure A-26

Location: Lat: 48.776126 Long: -117.800608 Approximate Ground Surface Elevation: 2742 feet
Horizontal Datum: WGS 1984 Vertical Datum: MSL

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Cone resistance gt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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SBT legend

. 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand

. 2. Organic material I:I 5. Silty sand to sandy silt . 8. Very stiff sand to clayey sand
. 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained
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Figure A-27

Location: Lat: 48.776272 Long:-117.800563 Approximate Ground Surface Elevation: 2763 feet
Horizontal Datum: WGS 1984 Vertical Datum: MSL

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Cone resistance gt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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SBT legend

- 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand

. 2. Organic material |:| 5. Silty sand to sandy silt I:l 8. Very stiff sand to clayey sand
- 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained
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17800-11 2/13
Figure A-28

Location: Lat: 48.778600 Long: -117.798663 Approximate Ground Surface Elevation: 2745 feet
Horizontal Datum: WGS 1984 Vertical Datum: MSL

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Cone resistance gt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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SBT legend

- 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand

. 2. Organic material |:| 5. Silty sand to sandy silt . 8. Very stiff sand to clayey sand
- 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained
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17800-11 2/13
Figure A-29

Location: Lat: 48.778509 Long: -117.798681 Approximate Ground Surface Elevation: 2743 feet
Horizontal Datum: WGS 1984 Vertical Datum: MSL

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Cone resistance qt Sleeve friction Friction ratio Pore pressure Soil Behaviour Type
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SBT legend

- 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand

. 2. Organic material |:| 5. Silty sand to sandy silt I:l 8. Very stiff sand to clayey sand
- 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained
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17800-11 2/13
Figure A-30

Location: Lat: 48.778382 Long: -117.798703 Approximate Ground Surface Elevation: 2762 feet
Horizontal Datum: WGS 1984 Vertical Datum: MSL

Note: Refer to Electric (Piezocone) Cone Penetrometer Key for additional information
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Particle Size Distribution Test Report

GRAIN SIZE 1780011-BL.GPJ HC CORP.GDT 12/28/12

100 T i T gik T
90
. e
5 6o 41 \
P \ z
L : :
S 50 A\
. N
L \ :
O ——
x A\
o 40 Y
30
20
b
, .
’h\*\‘\
0 z Lk : I ‘\kﬁ SR
100 10 1 0.1 0.01 0.oopt
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
[ ) 0.0 0.0 71.6 28.4
| 0.0 0.0 59.7 40.3
A 0.0 0.0 62.4 37.6
LL PI D85 DGO D50 D30 D15 D10 Cc Cu
[ ) 0.358 0.196 0.151 0.079 0.038 0.02 1.62 10.02
| 0.302 0.14 0.102 0.057 0.028 0.019 1.23 7.45
A 0.266 0.138 0.105 0.06 0.022 0.011 2.39 12.80
MATERIAL DESCRIPTION USCS NAT. MOIST.
® silty SAND, trace clay SM 18.6%
B very silty SAND, trace clay SM 18.0%
A slightly clayey, very silty SAND SM 18.4%
Remarks: Project: Van Stone
[
Client: Washington Department of Ecology
] ® Source: LT-HC-3 Sample No.: S-4  Depth: 21.0 to 22.5
® Source: LT-HC-3 Sample No.: S-10 Depth: 51.0 to 52.5
A Source: LT-HC-4 Sample No.: S-1  Depth: 5.0 to 6.5
4 re
e 17800-11 1111
HARTCROWSER Figure A-48




6in
-} 3in.
2in

< 1-1/21in.

| tin.

Particle Size Distribution Test Report
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GRAIN SIZE 1780011-BL.GPJ HC CORP.GDT 12/28/12

100 T T
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: o
o 40 :
30 ’R
A
20 '\ E\
kx
0 z | : {11 e B
100 10 1 0.1 0.01 0.oopt
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
[ ) 0.0 0.0 58.0 42.0
| 0.0 0.0 47.7 52.3
A 0.0 0.0 55.1 449
LL PI D85 DGO D50 D30 D15 D10 Cc Cu
[ ) 0.236 0.117 0.091 0.059 0.035 0.022 1.34 5.37
| 0.154 0.089 0.07 0.041 0.025 0.015 1.28 5.92
A 0.244 0.117 0.087 0.052 0.027 0.019 1.22 6.21
MATERIAL DESCRIPTION USCS NAT. MOIST.
@ very silty SAND, trace clay SM 19.3%
B very sandy SILT, trace clay ML 21.9%
A very silty SAND, trace clay SM 27.6%
Remarks: Project: Van Stone
[
Client: Washington Department of Ecology
™ ® Source: LT-HC-4 Sample No.: S-8  Depth: 40.0 to 41.5
® Source: UT-HC-1 Sample No.: S-3  Depth: 15.5to 17.0
A Source: UT-HC-1 Sample No.: S-6  Depth: 30.5 to 32.0
4 re
e 17800-11 1111
HARTCROWSER Figure A-49




Particle Size Distribution Test Report

GRAIN SIZE 1780011-BL.GPJ HC CORP.GDT 12/28/12

100 : : : * iR \t T T
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T ——
L : \
O -
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a 40 \
30 \
20 \A
Ll
10 Al
0 : K : HERE N\W *:.:H
100 10 1 0.1 0.01 0.oopt
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
[ ) 0.0 0.0 52.9 47.1
| 0.0 0.0 65.9 34.1
LL PI D85 DGO D50 D30 D15 D10 Cc Cu
[ ) 0.181 0.099 0.08 0.055 0.031 0.021 1.47 4.72
| 0.314 0.153 0.116 0.065 0.032 0.021 1.33 7.37
MATERIAL DESCRIPTION USCS NAT. MOIST.
@ very silty SAND, trace clay SM 11.5%
B silty SAND, trace clay SM 13.2%
Remarks: Project: Van Stone
[ ]
Client: Washington Department of Ecology
] @ Source: UT-HC-2 Sample No.: S-2  Depth: 10.5 to 12.0

® Source: UT-HC-2

Sample No.: S-4  Depth: 20.5 to 22.0

-
an
HARTCROWSER

17800-11

11/11

Figure A-50




Particle Size Distribution Test Report

GRAIN SIZE 17800-11-MW.GPJ HC CORP.GDT 12/28/12

100 T T T T
80 ﬁ\ﬁ
" \\ VI
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% 50 :
O "
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a 40 :
30 ’x
n
20 \:\\
, LN
0 z | z {11 ‘*’Tﬁt**#
100 10 1 0.1 0.01 0.oopt
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
[ ) 0.0 0.0 47.7 52.3
| 0.0 0.0 55.1 449
LL PI D85 DGO D50 D30 D15 D10 Cc Cu
[ ) 0.154 0.089 0.07 0.041 0.025 0.015 1.28 5.92
| 0.244 0.117 0.087 0.052 0.027 0.019 1.22 6.21
MATERIAL DESCRIPTION USCS NAT. MOIST.
@ very sandy SILT, trace clay ML 21.9%
B very silty SAND, trace clay SM 27.6%
Remarks: Project: Van Stone
[
Client: Washington Department of Ecology
] @ Source: MW-1 Sample No.: Depth: to
® Source: MW-1 Sample No.: Depth: to
re
e 17800-11 1111
HARTCROWSER Figure A-51
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. [ (L Hi 1 \ !
0 11 HOT 0 | |
0 40 80 120 160 200 240
Total Normal Stress, psi
Effective Normal Stress, psi — — —
800 Sample No. 2 3 4
Water Content, % 232 18.6 17.0
250 __ | Dry Density, pcf 1004 107.8 107.2
.8 | Saturation, % 92.2 81.6 75.6
£ | Void Ratio 0.7854 0.6787 0.6499 0.6303
@ 200 Diameter, in. 2.83 2.85 2.85
& Height, in. 6.62 6.10 6.93
4 = Water Content, % 44 27 221
% 150 BRSNS 4| + | Dry Density, pcf 101.6  108.0 107.9
g / \ 3| 2 | Saturation, % 100.0  100.0  100.0
S / z | Void Ratio 0.7359 0.6589 0.6474 0.6201
S 10 2|~ | Diameter, in. 282 285 284
/// Height, in. 6.58 6.09 6.92
// 1] 1 [ Strain rate, in./min. 0.01 0.01 0.01
50 Eff. Cell Pressure, psi 26 45 47
I/ Fail. Stress, psi 106 163 174
aV Total Pore Pr., psi 42 16 32
0 0 10 20 30 40 Strain, % 13.5 9.8 14.4
) o Ult. Stress, psi
Axial Strain, % Total Pore Pr., psi
Strain, %
Type of Test: O Fa!lure, ps 140 213 231
. o, Failure, psi 34 50 57
CU with Pore Pressures
Sample Type: Client: Washington Department of Ecology
Description:

Specific Gravity= 2.8

Remarks: Sample No. 1 = HC-2 ST-2 A
Sample No. 2 =HC-1 ST-3 A
Sample No. 3 =HC-1 ST-4 C
Sample No. 4 =HC-1 ST-4 A

Figure A-52 1 of 2

Project: Van Stone Mine

Source of Sample: Upper Tailings

Proj. No.: 17800-11

Sample Number: Upper Tailings CU
Date Sampled: 11/9/11

HARTCROWSER
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Client: Washington Department of Ecology

Project: Van Stone Mine

Source of Sample: Upper Tailings

Project No.: 17800-11

Sample Number: Upper Tailings CU
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120 Total Effective / — A
C, psi 0 0.34 // w7z
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0 11 | L | | | |
0 40 80 120 160 200 240
Total Normal Stress, psi
Effective Normal Stress, psi — — —
800 Sample No. 1 2 3
Water Content, % 19.1 27.3 223
250 __ | Dry Density, pcf 100.6 96.7 94.9
.8 | Saturation, % 74.3 94.1 74.0
£ | Void Ratio 0.7061 0.8138 0.8424
'g 200 Diameter, in. 2.82 2.89 2.81
& Height, in. 6.89 5.06 6.45
4 Water Content, % 246 259 295
@150 P += | Dry Density, pcf 1024 101.6 95.7
% ™ 1|2 | Saturation, % 100.0 100.0 100.0
S z | Void Ratio 0.6768 0.7266 0.8260
S 100 Diameter, in. 280 283 284
J Height, in. 6.88 5.00 6.29
/ Strain rate, in./min. 0.01 0.00 0.00
50 e 3 Eff. Cell Pressure, psi 27 10 55
] — Fail. Stress, psi 148 39 48
| Total Pore Pr., psi 25 10 50
oL m % % o | Strain, % 129 245 149
) o Ult. Stress, psi
Axial Strain, % Total Pore Pr., psi
Strain, %
o o o non0
CU with Pore Pressures Js P
Sample Type: Client: Washington Department of Ecology
Description:
Project: Van Stone Mine
Assumed Specific Gravity=2.75 Source of Sample: Lower Tailings
Remarks: Sample Number: Lower Tailings CU
Sample No. 1 =HC-3 ST-12C Proj. No.: 17800-11 Date Sampled: 11/10/11
Sample No. 2 =HC-3 ST-12 A e
Sample No. 3 = HC-3 ST-12 B e
Figure A-53 1 of 2 HARTCROWSER
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Client: Washington Department of Ecology
Project: Van Stone Mine
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Project No.: 17800-11 Figure A-53 2 of 2 Hart-Crowser, Inc.




COMPACTION TEST REPORT

135
130
- 125
o
o
% 0.9%, 122.3 pcf
P — —
% o= ™~
> ~
[a)
120
|
ZAV for
Sp.G. =
2.70
115
110
4 6 8 10 12 14 16
Water content, %
Test specification: ASTM D 1557-02 Method A Modified
Elev/ Classification Nat. % > % <
. Sp.G. LL Pl
Depth USCS AASHTO Moist. #4 No0.200
136 27 NA NA 0

TEST RESULTS

MATERIAL DESCRIPTION

Maximum dry density = 122.3 pcf
Optimum moisture=9.9 %

siity SAND; Composite from Shelby remnantg

Project No. 17800-11 Client: Washington Department of Ecology
Project: Van Stone

OSource: Composite Shelby Sample 072412 Sample No.: Composite

HARTCROWSER

Remarks:

Figure A-54
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