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1.0 INTRODUCTION

Noranda Minerals Corporation is currently planning the further development of
the Montanore Project located between Libby and Noxon in Sanders and Lincoln
Counties, Montana, for mining and mi1ling copper - silver ore. This Design Basis
Memorandum describes the scope of work, design criteria and work approach for
final design of the Little Cherry impoundment, to store tailings resulting from
milling operations.

Structures required for tailings impoundment development include the following:

Tailings dam, consisting of starter dam and toe dike.
Two saddle dams

Diversion dam

Diversion channel

Seepage collection dam

C O 0 o 9

A geotechnical investigation is part of the final design and the investigation
supplements the 1988 geotechnical data base developed during the preliminary
design stage.

2.0 PROJECY GOAL

The goal of the engineering work and geotechnical investigation outlined in this
Design Basis Memorandum is to finalize the design for the Little Cherry tailings
impoundment. To accomplish this goal, the scope of work described in Section
3.0 has been developed to (1) better define geotechnical conditions at the
impoundment site, (2) prepare a final design and (3) provide construction cost
estimates. The design will form the basis for which contract plans and
specifications can subsequently be prepared.
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3.0 SCOPE OF WORK

The scope of work for final design consists of the following tasks:

0 Conduct a field investigation that includes the foliowing activities:
- Seismic refraction surveys
- Exploratory drilling
- Test pit excavations
- Laboratory testing

o Perform the following final design studies:
- Stability analyses
- Tailings settlement analysis
- Diversion channel design
- Dam and dike design
- Reclamation plan
- Construction cost estimates

0 Prepare the following technical reports:
- Geotechnical Report
- Tailings Impoundment Final Engineering Report

0 Attend meetings with Noranda Minerals Corporation and regulatory
agencies.

4.0 DESIGN CRITERIA

4.1 Tailings Production

During the operational stages of the impoundment, the embankment dam will be
constructed by the downstream method using cycloned tailings sand. A two-stage
cycloning process will be required to produce a sand having about 10 percent
passing the No. 200 Sieve. The amount of fines should not be greater than about
10 percent in order to promote drainage within the embankment dam. The
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anticipated gradation of the tailings feed (based on flotation test results) is
shown in Table 4-1 below:

TABLE 4-1
TAILINGS FEED GRADATION

Particle Size

Tyler Sieve No. (Microns) Cumulative % Passing Sieve
65 208 99.5
100 147 90.2
150 104 69.4
200 74 52.1
270 52 35.9
400 37 25.0

For tailings impoundment sizing, the tailings production rate will be as shown
in Table 4-2 below:

TABLE 4-2
TAILINGS PRODUCTION

Year Tailings Production (tons per day)
1 11,000
2 15,000
3 15,000

>4 20,000

The cyclone overflow (fine tailings) will be stored in the impoundment. The
total required storage for both fine and coarse tailings will be about
120,000,000 tons. Coarse and fine tailings production curves and impoundment
staging curves will be developed. A cyclone analysis will be done to determine
the percent split of coarse and fine tailings. Dry unit weights of tailings will
be determined by laboratory testing of flotation test samples (Subsection 5.2.E).
For preliminary planning, the dry unit weight of the coarse tailings will be 100
pcf and for the fine tailings, 70 pcf will be used.
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4.2 Stability

The following stability analyses will be performed:

] Conventional static and seismic stability analyses
0 Dynamic response and deformation analyses
0 Liquefaction analyses.

Conventional stability analyses will be performed for the starter and final
stages of the tailings dam. The starter dam will be evaluated for the
end-of-construction, steady-state seepage and seismic conditions. The final dam
will be evaluated for steady-state seepage, seismic and flood conditions. The
analyses will be performed by using the strength parameters determined from the
results of the laboratory testing program (Subsection 5.2.E). The tailings in
the impoundment will be conservatively assumed to behave as a dense fluid and,
therefore, will be assigned zero shear strength.

The minimum acceptable factors of safety for use in design are shown in Table

4-3. The criteria for long-term, end-of-construction and seismic conditions are
as recommended by the Corps of Engineers (Ref. 1).
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TABLE 4-3
STABILITY CRITERIA

Minimum

Acceptable
Load Condition Embankment Stage Slope Factor of Safety
End-of-Construction Starter Dam Upstream 1.3
{before tailings & Downstream
deposition)
Long-term (full Starter and Downstream 1.5
tailings pond) Final Dams
Flood Condition Final Dam Downstream 1.4
Seismic Starter and Downstream 1.0

Final Dams

The project site is located close to the boundaries of Seismic Zones 1, 2 and 3
(see Figure 1). Based on a review of site seismicity during preliminary design,
a seismic coefficient of 0.10g will be used in the seismic stability computations
as recommended by the Corps of Engineers for Seismic Zone 3 (Ref. 1).

In the "pseudo-static™ method of stability analysis, the effects of an earthquake
on a potential slide mass are represented by an equivalent static horizontal
force determined as the product of a seismic coefficient and the weight of the
potential sTide mass. The use of the maximum ground acceleration as the seismic
coefficient would produce an equivalent static horizontal force equal to the
maximum transient inertia force developed on the mass during the design
earthquake. However, the length of time for which the force acts is an important
factor in the development of deformations. Therefore, the use of the maximum
transient force as an equivalent static force would be unduly conservative (Ref.
2) and the recommended seismic coefficient of 0.10g should be used.

An MCE event for use in both seismic deformation and liquefaction analyses was
determined based on magnitudes of historical earthquakes and correlations between
magnitude and length of active faults (potential activity during Pleistocene or
Holocene). The MCE is defined as the largest rationally conceivable event that
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could occur in the tectonic environment in which the project is 1oc5f€d (Ref. 3).
For impoundment design, the MCE was determined to be as follows {Ref. 4):

0 Source: Bull Lake Fault
0 Distance: 20 km

o Magnitude: 7.0

0 Peak Bedrock Acceleration: 0.22q

Due to the large size of the ultimate dam (nearly 400 feet high) and the
potential for a strong nearby earthquake, an analysis will be conducted to
confirm that embankment deformations resulting from the design earthquake will
be acceptable. Of particular concern is that there should not be an excessive
reduction of embankment freeboard due to seismically-induced deformations. The
analysis approach is described (Subsection 5.3.A.2).

Foundation Tiquefaction analyses will be performed. Liquefaction is defined as
the rapid build-up of pore-water pressures and the resulting loss of soil
strength caused by seismic shaking (Ref. 5). Soil deposits that are particularly
susceptible to liquefaction consist of loose, saturated sands. Liquefaction
potential of sandy foundation soils due to the Maximum Credible Earthquake (MCE)
event will be evaluated by methods outlined in Refs. & and 7.

4.3 Design Flood

The designation of the tailings impoundment design flood is based on size and
hazard potential classifications. The tailings retention dam will be raised
incrementally to increase impoundment storage capacity. Size classification is
determined by either impoundment storage or dam stage height, whichever gives
the larger size category. For this project, dam stage heights control size
ctassification.

The distance, in river miles, to the nearest dwelling and to U.S. Highway 2 from

the Little Cherry impoundment site is 5.4 and 5.7, respectively. The review
agencies consider the impoundment site to have moderate to high hazard potential.
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Based on dam stage size and hazard potential classifications, the agencies
designated the following design flood criteria:

0 For containment: 24-hour geperal storm
Probable Maximum Precipitation (PMP)
0 For diversion: 72-hour general storm

Probable Maximum Flood (PMF)

Because thunderstorm events should also be considered, for small watersheds, the
local storm PMF (resulting from the 6-hour PMP) was also considered for
diversion. This flood is the more critical of the two diversion floods and will
therefore be used for diversion system design.

For interim stages less than 100 feet high that would be present for short term
{(Tess than 5 years), the containment flood will be calculated from the 24-hour

general storm 1/2 PMP.

The minimum embankment dam freeboard (above the peak flood water surface) will
be 3 feet.

4.4 Channel Design

The 6-hour Tocal storm PMF will be used to develop the channel design flow rate.
The design flow rate will be calculated by routing the inflow flood hydrograph
through the diversion pond and the diversion channel. The U.S. Army Corps of
Engineers HEC-1 computer program will be used for this purpose. The peak flood
inflow was computed to be 5230 cfs. (Ref. 8).

The diversion channel will have adequate longitudinal slope and cross-sectional
area to pass the design flow with a minimum of 2 feet of freeboard to the top
of the riprap. Velocities will be sufficiently high to flush out sediments.
The channel will have a trapezoidal cross-section. The bottom width, side slopes
and channel gradient will be designed to promote stability and minimize erosion
potential.
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To protect against erosion, portions of the channel in soil will be lined with
rock riprap. The Safety Factors Method (Ref. 9) will be used to design the
median (D50-min) rock size. Rock properties, including specific gravity,
friction angle and porosity, will be estimated from published values that are
typical for riprap. Manning’s roughness coefficient will be calculated using
the U.S. Army Corps of Engineers method (Ref. 10).

Gradation and thickness of the riprap lining will be designed based on the Corps
of Engineers method (Ref. 10). Bedding Tayers beneath the riprap will be
provided to prevent the migration of finer subgrade materials through riprap
materials. Filter criteria for the bedding will be as indicated in Ref. 11.

The outlet will be designed to reduce flow velocities to a level that will not
erode the natural material in the receiving drainage channel. This design
concept could be accomplished by providing for a gradually divergent outlet and
reduction of the channel slope. A rockfill toe will be provided to protect the
channel outlet against potential headward erosion.

Initially, erosion protection is not planned for the stream channel downstream
of the diversion channel. Erosion protection will be constructed if erosion is
observed during operations. Such protection would consist of rockfill check dams
to dissipate flow energy. The stream channel erosion protection would be based
on the 100-year flood. If needed, check dams will be constructed of well-graded,
durable rockfill that will retain sediment. The rockfill gradation will be
designed to be stable under the design flood. The check dams will be keyed into
the stream channel.

The spacing of the rockfill check dams will be based on check dam height, channel
gradient and the expected final slope of the channel after sediment has
accumulated behind the dams. For a final sediment deposit slope, the height and
spacing of the check dams will be calculated to minimize the total required
rockfill volume.

The check dams will be considered as broad-crested weirs and the discharge
relationship will be based on weir flow formulas. Rockfill aprons will be
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constructed, if necessary, to dissipate energy of the flow over the check dams.
The iengths of the aprons will be based on the heights of the check dams and
channel slope.

4.5 MWaste Rock Production
The mine waste rock available for dam construction is shown in Table 4-4 below:

TABLE 4-4
MINE WASTE ROCK SCHEDULE

In-Place Cum. Tons Rock
Year Project Stage Tons (X1000) {X1000) Designation
Evaluation 192 192 Crushed
2 187 379 Crushed
3 Preproduction 587 966 Run of Mine
Development
535 1501 Run of Mine
Initial 0 1501 -
Production
664 2165 Run of Mine
7 1091 3256 Run of Mine
Full 537 3793 Gobbed in Mine
Production
9 485 4278 Gobbed in Mine
10 75 4353 Gobbed in Mine
11-17 75/yr. 4878 Gobbed in Mine
>18 0 4878 Gobbed in Mine

Table 4-5 shows the anticipated gradations of both crushed and run of mine waste
rock. If gobbed rock is needed for construction, it will have to be crushed
for transportation to a loading area via conveyor.
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TABLE 4-5

WASTE ROCK GRADATIONS

Crushed Rock Run of Mine Rock
Size (in.) % Passing Size (in.) ¥ Passing
10 100 24 100

8 90 16 90
7 80 13 80
6 70 10 70
5 60 9 60
4 50 7 50
3 40 5 40
2 30 3 30
11/2 20 2 20
3/4 10 1 10

The dry unit weight of all mine waste rockfill placed and compacted in
embankments will be 140 pcf.

5.0 APPROACH

5.1

General

This section presents the approach for final design of the Little Cherry Tailings

impoundment site.

in Section 3.0:

2 o Q o

Geotechnical Investigation
Final Design Engineering
Technical Reports

Review Meetings

- 10 -

The section is divided into the following tasks as outlined
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5.2 Geotechnical Investigation

A. General - A field investigation program was undertaken during the
summer of 1989 to supplement the 1988 geotechnical data base developed for the
permit application. The program consisted of seismic refraction surveys,
drilling and test pit excavations. The locations of the 1988 and 1989 seismic
Tines, drill holes and test pits are shown on the Exploration Plan, Figure 2.

Due to access limitations during the initial investigation program in July and
August 1988, drilling could not be performed along the diversion channel
alignment. Therefore, a large part of the 1989 investigation was focused on the
diversion channel.

Existing tracks and roads were used for site access to the maximum possible
extent. However, since the investigation plan involved access track construction
in timbered areas for drill sites, close coordination with the Forest Service
was required for timber cutting and construction activities. Al1 tracks and
sites for drilling and test pits will be restored as required by the Forest
Service.

B. Seismic Refraction Surveys - The subsurface investigation began with
a seismic survey of the impoundment site. Seismic refraction surveys were
performed along the diversion channel alignment to (1) estimate depths %o
bedrock, (2) confirm boring locations and (3) estimate rippability of the
materials to be excavated. Seismic velocities also will be useful to contractors
to estimate excavation equipment requirements. Seismic refraction surveys also
were performed in the dam foundation to provide supplemental data on depths to
bedrock. Thirty-five surveys were performed in the impoundment site.

C. Drilling - Drilling was done in the impoundment site to explore dam
foundation conditions and materials to be excavated from the diversion channel.
For the 1989 investigations, 20 borings totaling 2265 linear feet were drilled.
A summary of the drilling program is shown in Table 5-1 below.
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TABLE 5-1
SUMMARY OF DRILLING PROGRAM
Total Depth

Area Boring No. {feet)

Tailings Dam DH-1 100
DH-2 110

DH-3 367

DH-3A 25

South Saddle Dam DH-4 40
North Saddle Dam DH-5 197
Tailings Impoundment DH-6 60
Diversion Channel DH-7 13
DH-8 98

DH-9 82

DH-10 87

Diversion Dam Abutment DH-11 192
Tailing Dam DH-12 110
South Saddle Dam DH-13 80
DH-14 60

Tailings Impoundment DH-15 120
DH-17 80

DH-18 65

Tailings Dam DH-19 105
DH-20 214

TOTAL = 2265

Eighteen borings were cased with PVC pipe to monitor groundwater levels in the
dam foundation, proposed diversion channel excavation and tailings impoundment.
Field permeability tests were performed in borings to supplement permeability
values measured previously. Tests in overburden were performed by using constant
head open-end casing tests conforming to procedures in the U.S. Bureau of
Reclamation’s "Earth Manual”, Method E-18 (Ref. 12)}. Water pressure tests in
bedrock were conducted by using a single pneumatic packer. Permeability tests
also were performed in borings drilled in the diversion channel site. The
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resulis of these tests will indicate the magnitude of anticipated groundwater
flow into the channel excavation. This jnformation will be used to estimate
groundwater control measures.

Standard Penetration Tests (SPT’s) were performed in the borings at approximately
5-foot intervals to a depth of about 25 feet and at selected depths below 25
feet. The results of the SPT’s will be used to characterize foundation materials
for use in stability and liquefaction analyses (Subsection 5.3. A.).

Undisturbed samples were collected during the drilling program. Shelby tube
sampliers were used to obtain undisturbed samples of clayey soils. These samples
will be used for strength testing as described in Subsection 5.2.E below.

D. Test Pits - Twenty-five backhoe test pits were excavated in the
proposed borrow area and diversion channel excavation to confirm the suitability
and condition of the soils for use as construction materials. Also, test pits
were excavated in the impoundment site to identify any areas of permeable
materials that may need to be blanketed with clayey soils. Samples from the test
pits were taken for laboratory testing.

A backhoe with a 20-foot reach was used for final design exploration. A1l test
pit sites will be restored as required by the U.S. Forest Service.

Field density tests to measure soil densities were performed in 6 shallow test
pits excavated in the proposed dam foundation. The results of these tests will
be used to prepare samples for strength testing as described in Subsection 5.2.E
below.

E. Laboratory Testing - A laboratory testing program will be performed
to obtain engineering parameters of the soil at the tailings impoundment site.
The test data will be evaluated for use in dam design and stability analyses.

Testing of soil samples collected from the drilling and test pit excavation
program will follow American Society for Testing and Materials (ASTM) procedures
and consist of the following:

-13 - MONTANA.DBM
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Grain size analyses - ASTM D422

Natural moisture contents - ASTM D2216
Plasticity index characteristics - ASTM D4318
In-situ dry densities - ASTM D2937
Moisture/density characteristics - ASTM D698
Relative Density - ASTM D4254

Triaxial compression - ASTM D2850

(for unconsolidated-undrained tests)

0 Consolidation - ASTM D2435

o 0 o 0o 0O O o

Grain size and plasticity index tests will he performed to classify foundation
s0ils and potential borrow materials. Natural moisture contents will be measured
to determine requirements for construction moisture content conditioning of
borrow materials. Dry densities of undisturbed soil samples will be measured
for use in stability amalyses. Moisture/density tests will be performed to
determine maximum densities and optimum water contents for embankment
construction. A relative density determination will be performed on a sand
tailings sample for use in 1liquefaction and stability analyses
(Sub-section 5.3.A).

Strength parameters will be used in final design stability analyses.
Unconsolidated-undrained (UU) triaxial compression tests will be performed on
undisturbed samples of clayey foundation soils. Consolidated-undrained (CU)
triaxial compression tests with pore pressure measurements will be performed on
both foundation and embankment soil samples. Samples of granular soils from the
foundation will be prepared for CU testing by compacting them to the densities
and moisture contents determined from the results of field and laboratory tests.
Samples from test pits excavated in borrow areas will be compacied to densities
and moisture contents that are representative of those expected in the earthfill
dams {(i.e., 95% of the maximum dry density and at optimum moisture content as
determined by ASTM D698).

Since the dam will be constructed primarily of sand tailings, CU triaxial
compression test will be performed on tailings samples obtained from Noranda’s
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flotation tests. The sand tailings sample gradation will be based on the results
of cyclone analyses. Sample density will be based on research of densities
reported for tailings dams.

To estimate settlement of the fine tailings (Subsection 5.3.B), consolidation
tests will be performed on fine tailings samples obtained from the flotation
tests. The fine tailings gradation will be based on the results of cyclone
analyses.

5.3 FEinal Design Engineering

A. Stability Analyses - The following analyses will be performed:

0 Limit equilibrium static and seismic stability analyses
0 Dynamic response and deformation analyses
0 Liquefaction analyses

A.l Limit Equilibrium Analyses - Static and seismic stability

analyses will be performed for the initial and final dam stages by
using the Bishop and infinite slope methods of analysis. The
computer program STABL (Ref. 13) or other program will be used to
determine the factor of safety for circular sliding surfaces. For
cohesionless materials, calculations also will be performed using
the infinite slope method. The minimum factor of safety calculated
for each loading condition will be compared to the minimum acceptable
values given in Section 4.2. Stability will be evaluated for a wide
range of phreatic surface conditions. In addition, factors of safety
will be computed for various foundation piezometric surfaces. The
stability analyses ﬁil] be coordinated with relief well system design
{Subsection 5.3.D.2).

A.2 Dynamic Response and Deformation Analyses - The peak bedrock
acceleration (0.22g) determined for permit application studies (Ref.
4) will be used in the dynamic response and deformation analysis.
The predominant period of the site due to design earthquake motion
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will be calculated by using one-dimensional finite strain consolidation of
fine-grained material. Void ratio-effective stress and void ratio-permeability

will be estimated from Seed, Idriss and Kiefer (Ref. 14). The
duration of significant ground shaking at the site will be estimated
by procedures described in Bolt (Ref. 15).

An earthquake acceleration time-history record will be selected based
on peak acceleration, predominant period and site conditions that
are similar to those for the project site. To compute dynamic
response of the dam, the record will be scaled to the peak ground
acceleration determined for this project. Response spectra will
be computed to verify that the record is appropriately conservative,

The dynamic response of the dam (maximum crest acceleration) due to
the design ground motion will be computed by using the computer
program SHAKE (Ref. 16) for a one-dimensional seismic wave
propagafion analysis. Shear modulus parameters of tailings and
foundation materials for use in the analysis will be obtained from
published literature. Earthquake induced deformations will be
estimated from the procedures developed by Makdisi and Seed
(Ref. 17).

A.3 Liquefaction Analyses - Foundation liquefaction analyses will
be performed. Shear stresses caused by seismic shaking (MCE
acceleration) will be computed during the dynamic response analysis
described in Subsection 5.3.A.2 above. The resistance of soils to
liquefaction will be obtained from published correlations with
Standard Pepetration Test data obtained during drilling (Ref. 18).
The effect of silt content in soils on liquefaction potential will
be evaluated (Ref. 7). Factors of safety against potential
Tiquefaction (resistance te liquefaction/seismic shear stress) will
be computed.

Tailings Settlement Analysis - Settlement of the fine pond tailings

relationships from one-dimensional consolidation testing will be used to estimate
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settlement. Estimates of settlement with time will be obtained from the results
of Tlaboratory consolidation tests and procedures that relate percent
consolidation to time (Ref. 19). Procedures have been developed for different
vaid ratio distributions within the consolidating material and different drainage
boundary conditions. Consolidation of soft layers will be calculated by use of
the computer program CSLFS {Consolidation of Soft Layers, Finite Strain) (Ref.
20). This information will be used for designing the final reclaimed pond
surface configuration and estimating the amount of required earthwork.

C. Diversion Channel Design - The design of the diversion channel will
be based on the results of the geotechnical investigation. The results of the
investigation may indicate the need to revise the channel location or modify the
channel invert profile.

Ta determine the size of the channel and diversion dam height, the design flood
proeduced by the 6-hour local storm PMP event will be routed through the diversion
pond by using HEC-1 procedures. A peak discharge of 5230 cfs produced by the
6-hour PMF (Ref. 8) will be used as the design flood to calculate flow depths
and velocities in the diversion channel.

The Tocation of bedrock will be a major consideration in channel design.
Ideally, the lower portion of the channel will be in sound bedrock, thus
eliminating the need for riprap. If the channel invert will be in soil or soft
rock, riprap protection will be designed to resist erosion from the routed design
flood flows. The required thickness and gradation of the riprap layer will be
determined from the results of hydraulic analyses. Filter requirements between
the riprap and foundation soils will be determined. Flow energy dissipation
measures at the downstream end of the channel will be designed to minimize
potential scour. Channel side slopes will be analyzed to confirm that they will
have adequate stability.
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The following diversion channel drawings will be prepared:

0 Plan and Profile
o Channel Sections and Details
0 Inlet and Outlet Plans, Sections and Details

Dam and Dike Design

D.1 Embankments - The earthfill embankment structures required for
the Little Cherry tailings impoundment will consist of the
following:

Tailings dam, consisting of starter dam and toe dike
Two saddle dams

Diversion dam

Seepage collection dam

o QO o

The design of the structures developed during the preliminary stage
will be used as a starting point for final design. Final
construction quantities and material availability will be estimated.
Construction quantities will be used to compute mass-balance
relationships.

The embankment dams will be constructed of (1) required excavation
material, e.g. diversion channel, (2) materials excavated from the
impoundment, (3) evaluation adit and mine waste rock and (4) tailings
sands. The embankment dam zone configurations will be designed to
take economical advantage of material availability.

A major effort of this work item will be directed towards designing
the filter and drain system of the dam. Mine waste rock will be
processed to provide materials for filters and drains. To prevent
piping {internal erosion) of embankment materials the gradations of
filters and drains will be designed on the basis of established
filter criteria (Ref. 11). Drains will be designed to conduct
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estimated seepage through the dam and from the foundation to the
downstream toe. Required thickness of the drain will be based on
seepage volume and permeability of the drain. Permeability of the
drain material will be based on the D15 size of the drain rock
material (Ref. 21).

Construction requirements for the embankment zones, including
material gradations, placement and compaction will be determined.
These requirements will form the basis for preparing construction
specifications.

The ultimate impouhdment will be sized to store 120 million tons of
tajlings. The starter impoundment will be sized to store tailings
resulting from at least the first year of production. For capacity
calculations, the tailings density will be based on results of the
Taboratory soil testing plus experience with similar tailings
materials. Area-capacity curves and tailings production rates will
be used to develop construction staging curves.

Final design of the tailings dam will include an instrumentation plan
to measure piezomeiric pressures and seepage, A plan showing the
seepage measurement weir and piezometer installation details will
be prepared.

The following drawings will be produced:

Impoundment Site Plan - Starter Stage
Impoundment Site Plan - Final Stage

Dam Sections and Details - Starter Stage

Dam Sections and Details - Final Stage
Instrumentation Plan and Installation Details
Construction Staging Curves

0 0 QO 9 QO Q

-19 - MONTANA.DEM



A ) Led B N N R I a3

-

Survey control will be shown on the plans. This arrangement of
drawings will expedite future preparation of construction drawings
for the starter stage.

D.2 Pressure Relief Well System - The groundwater levels measured
in borings in the dam foundation indicate that artesian pressures
exist in the foundation. The highest pressure measured was 21 feet
above the ground surface at Boring DH-15. In order to prevent
excessive pressures from developing in the foundation during
impoundment operations, a pressure relief well system will be
required.

Designing the pressure relief well system requires determination of
the most cost-effective spacing, depth and diameter of the wells.
Procedures described in Ref. 22 and solutions of well drawdown
analysis will be used to design the system. Parameters required for
the analysis are foundation permeability, thickness of soil strata
and hydraulic head. Permeability parameters will be obtained from
the results of constant head tests and pump tests.

The maximum allowable head between relief wells will be based on the
results of stability analyses (Subsection 5.3.A.1). As described
in Subsection 5.3.A.1, various foundation pressure heads will be used
in stability anmalysis calculations. Factors of safety will be
compared with pressure heads to determine the maximum allowable
pressure head in the foundation.

The relief well system will be installed during the Tife of the
impoundment. As heads increase during the expansion of the tailings
impoundment, additional wells will be installed.

Typical well details will be prepared. The wells will have screens

or filters to prevent piping of the foundation soils. Filter
criteria are specified in Ref. 22.

- 20 - MONTANA.DBM
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E. Reclamation Plan - A final impoundment reclamation scheme will be
presented. Montana regulations require that the land be returned to comparable
utility that existed prior to impoundment construction (Ref. 23). The
reclamation plan will basically consist of (1) soil stripping and stockpiling
at the beginning of each impoundment construction stage, (2) placing geofabric
and waste rock in depression areas, (3) deposition of coarse tailings along the
upstream side of the crest during the final year of operation, (4) capping the
final tailings surface and downstream slope of the tailing dam with soil,
including the stockpiled soil, and (5) seeding the cap and downstream slope of
the dam. The crest of the tailings dam will be built up to prevent runoff from
draining over the downstream slope of the dam. The north saddle dam will be
removed so runoff from the tailings surface will flow through the north saddle
into Bear Creek.

The following drawings will be produced:

0 Impoundment Reclamation Plan
] Impoundment Reclamation Sections and Details
F. nstruction Cost Estimates
F.1 Initial Estimate - For planning purposes, an initial

construction cost estimate of the starter, operation and reclamation
stages of the impoundment has been prepared. Quantities were
estimated from preliminary drawings prepared for the permit
application. Standard unit costs adjusted for the project area were
used for most line items. Preliminary estimates were made for major
cost items such as the diversion channel excavation. For minor
items, where design details have not yet been developed to permit
quantity estimation, lump sum allowances were included in the
estimate. Unit costs and subtotals of each impoundment structure
were presented in the estimate.

Onty civil construction items were included in the cost estimates;
mechanical equipment (e.g., cyclones and pumps) and pipelines were
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not included. A construction materials flow diagram was included
to show the source and placement of earth and rock material.. A
conceptual impoundment construction schedule for the 1ife of the
project was included in the estimate. To assist Noranda in their
planning, a cash flow forecast table was also presented.

F.2. Final Estimate - After design studies have been completed,
construction cost estimates will be prepared for the (1) starter
stage, (2) civil work during operation and (3) reclamation of the
tailings impoundment. Costs will be estimated by assuming that the
work will be performed by an independent contractor. As Noranda
directed, only civil construction items will be estimated; mechanical
equipment (e.g., cyclones and pumps) and pipelines will not be
included in the estimate. Also, operational costs for raising the
dam by cycloning tailings will be excluded.

Supporting documentation will show the estimated quantity and labor,
material construction equipment and subcontract cost, if applicable,
for each 1ine item in the estimate. Unit cest details will be shown
where appropriate. The estimate will be accompanied by a
narrative describing basic assumptions and criteria used in the
development of estimated costs. Studies will be performed to
establish crew composition, productivity and schedules for all
significant construction activities.

Hourly construction craft labor rates (union or non-union) will be
agreed on with Noranda prior to preparation of the estimate.
Material and permanent equipment costs will be based on vendor
quotations or experience from prior prejects, as appropriate.

Allowances for material loss, damage and waste will be identified.
Standard construction equipment rental and operating costs will be
adjusted for project location and working conditions for use in the
estimates.
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Contractor mark-up including administration and overhead costs,
contingency and profit will be calculated separately and distributed
to the various estimate iine items in proportion to direct labor
costs.

Contingency allowances and inflation rates to be included in the
estimate will be discussed and agreed upon with Noranda to ensure
conformance with established policy.

Estimates will be prepared using the computerized estimating package
(CAES). Estimated costs will be sorted and presented in an easy
readable format.

A construction schedule will be prepared for the starter stage based
on the final design and cost estimate, and will identify all relevant
procurement and construction tasks. Schedule tasks will be selected
that have easily identifiable start and finish events to enable
objective monitoring of progress. Cash flow tables will be produced
from cost estimates and task activities.

Technical Reports

The following reports will be prepared:

0 Geotechnical Report
0 Tailings Impoundment Final Engineering Report

The Geotechnical Report will contain the following:

0 Site exploration plans, showing geologic data and locations
of drill holes, test pits and seismic refraction lines
0 Maps showing bedrock contours, soil depth contours and
potentiometric surface contours
0 Geolegic sections
0 Results of seismic refraction surveys
- 23 - MONTANA.DBM
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0 Drill hole and test pit logs
0 Laboratory test results

The geotechnical report will include field and laboratory test results from the
1988 preliminary engineering study.

The final engineering report will present the results of the tailings impoundment
engineering studies. The report will include results of stability and settlement
analyses. For completeness, the results of hydrologic studies performed for the
preliminary report will also be included in the final report. Drawings (plans
and sections) will be presented showing the impoundment features. Analysis
back-up will be presented in readily accessible appendices.

The technical reports will be organized in formats agreed upon with Noranda
Minerals Corporation. Each report will begin with a summary section that gives
a complete overview of the work completed and results. A1l support information
and data will be contained in readily referenced appendices.

5.5 Review Meetings

As the work progresses, periodic meetings will be held with Noranda Minerals
Corporation, the Montana Depariment of State Lands and the U.S. Forest Service,
The meetings will be used to discuss results of investigations and any critical
project decisions.
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APPENRDIX B
SEISMIC REFRACTION SURVEY

B.1 PURPOSE

The purpose of the seismic refraction survey is to provide information on the
depths to soil layers, the approximate depth to bedrock, and the rippability of
near surface material. The locations of the seismic lines are shown on the
exploration plan (Figure 4).

B.2 SEISMIC REFRACTION METHOD

The seismic refraction methed permits calculation of seismic velocity versus
depth of near-surface soil and rock layers. A seismic survey is performed by
producing a seismic wave and measuring the time of arrival of the waves at
varying distances from the source. In this survey, seismic waves were generated
by detonating one-third pound explosive charges jn shallow holes or striking an
aluminum plate with a 10~pound sledge hammer.

Arrivals of resulting compressional seismic waves were detected by 12 geophones
generally placed at 25-foot intervals along a straight line from the shot point.
Electric signals generated at the geophones were transmitted through a coaxial
cable to a signal enhancement seismograph (Nimbus 1225 or 1210F). The
seismograph contains amplifying and timing circuits and an electric writing
oscillograph which provides a permanent record of seismic waves received.

On a time-distance graph plotted from the data, each subsurface Tlayer is
represented by a straight line segment of constant velocity. Compressional wave
velocities of these layers are equal to the inverse slopes of the line segments.
Depths to increasingly higher velocity material can be calculated from the
locations of the changes in slope of the plotted data on the graph. The maximum
depth that can be determined is approximately 1/3 to 1/4 of the total distance
from either shot point to the farthest geophone.
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The interpretation of seismic data is generally well established and
straightforward. A potential problem inherent in the method, however, is that
of velocity reversals. The reversal problem exists when lower seismic velocity
material underlies higher velocity material. Refraction data analysis is based
on the assumption that seismic velocity increases with depth.

B.3  SEISMIC REFRACTION PROGRAM AND RESULTS

Forty-two seismic refraction lines were surveyed to determine velocity layers
at the Little Cherry tailings impoundment site. Shot points were generally
located 25 feet from the nearest geophone. For some lines, in order to evaluate
subsurface horizons to a greater depth, the shot points were offset by as much
as 500 feet from the nearest geophone.

Table B.1 summarizes the results of the seismic refraction investigation at the
site. The table 1ists the seismic velocity values and depths to the velocity
interfaces. Seismic velocities ranged from 1200 feet per second to approximately
15,000 feet per second. Three to four subsurface horizons were defined based
on seismic velocity ranges.

Seismic velocities below 2,500 feet per second correspond to surface materials
consisting of silt, sand, or gravel. Velocities in the 4,500 to 9,000 feet per
second range probably correspond to increasingly denser or compacted gravels,
sands or silts. Velocities greater than 7,000 feet per second correspond to
weathered rock or possibly very dense gravel, cobbles and boulders.

In some cases, as noted in the table, the minimum depth to a layer with an
assumed velocity was calculated. This layer was not observed on the seismic
record, but assuming a value for velocity enabled the minimum depth to rock to
be estimated.

B -2 MONTANA.AFPE



EXPLANATION OF SEISMIC REFRACTION TABLES

ViF : Velocity of surficial deposits from forward seismic shot.

¥IR : Velocity of surficial deposits from reverse seismic shot.

V2, V3, V4 : Average velocity of intermediate layers.

DiF : Depth to bottom of layer i at forward end of seismic line.

DiR : Depth to bottom of layer i at reverse end of seismic line.

* : Assumed velocity.

*k : Minimum depth to layer with assumed velocity

ek : Velocity and corresponding depth obtained at offset shot point.

NOTE: Not all layers are present at each location.
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APPENDIX C
DRILL LOGS

C.1 DRILLING

During the 1988 and 1989 field explorations, drilling equipment consisted of a
Mobile B-53, an Acker AD II, a Schramm Rotadrill and a skid-mounted Longyear 28
drill rig. One hole, DH-15, was drilled as a monitor well, using the Schramm
Rotadrill rig and air-rotary drilling method. Al11 other holes were drilled with
a continuous hollow stem flight auger, tricone rotary bit or diamond bit in soil
and a diamond bit in rock. An engineering geologist or geotechnical engineer
of Morrison-Knudsen Engineers (MKE) observed the drilling progress and kept a
1og of soil, rock and water encountered.

Where soil conditions permitted, hollow stem augers with outside diameters (0.D.)
of 7 to 9 inches were ijnitially used to advance the borings. In dense or
gravelly soils or where the auger could not be advanced, rotary drilling with
a 2-15/16 inch tricone drill bit and clean water or an NQ or HQ diamond drill
bit and triple-tube core barrel were used to advance the hole. Three-inch I.D.
(NW) flush joint casing was used when drilling with tricone drill bits.
Descriptions of the auger and tricone drill cuttings, core recovery, and drill
water return were entered on the boring logs.

Bedrock was cored with a 2.98-inch 0.0. (NQ) diamond drill bit and double or
triple-tube core barrel, or with a 3.78-inch 0.0. (HQ) diamond drill bit and
triple-tube core barrel. Each piece of core was withdrawn from the core barrel
and placed in proper sequence in the core box. Core boxes were labeled with
project name and number, boring number, coring interval, core box number and
date. Photographs were taken of the cores.

Rock information entered on the drill logs includes percent recovery, Rock
Quality Designation (RQD), rock type, coler, weathering, hardness, texture,
structure and any other notable features. RQD is the ratio of the cumulative
length of the core pieces greater than 4 inches to the total length of the core
run. Mechanical core breaks caused by drilling or handling are disregarded.
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Other conditions recorded on the drill logs included color of the return water,
areas of water loss, penetration rates and drill action. The boring locations
were surveyed by others, with the exception of DH-3A which was located by the
MKE geotechnical engineer.

Water Tevels measured in the borings during and after drilling are presented in
Table C.1

C.2 AMP

Soil samples were generally taken at 5-foot intervals to a depth of 25 feet;
below 25 feet, samples were generally taken at 10- to 40- foot intervals where
possible. Both undisturbed and Standard Penetration Test (SPT) samples were
obtained. The number of undisturbed samples was limited due to the absence of
cohesive non-gravelly soils.

Disturbed soil samples were obtained using standard 2-inch (ASTM D1586) and
2.5-inch 0.D. split barrel samplers, driven by a 140-pound hammer with a 30-inch
free-fall drop. After a boring was cleaned of all loose material, the sampler
was jnserted and measurements made to verify that the sampler reached the bottom
of the boring. The sampler was driven 18 inches or until refusal (more than 50
blows to penetrate 6 inches). The number of blows required to drive each 6
inches of penetration was recorded. The sampler was removed from the boring and
opened. The length of material recovered from the sampler was measured and
recorded. A pocket penetrometer was used to obtain an approximate unconfined
comprassive strength in sections of the recovered sample that appeared cohesive.
A complete material description was entered on the boring log including soil
type, particle shape, color, moisture, density or consistency and plasticity.
Visual classification of the samples was made in conformance with the Unified
Soil Classification System (Figure C-1). Samples were double sealed in plastic
bags labeled with sample number, boring number, project number and sample depth
interval. Drive samples were not taken from DH-9, 10 or 15 because the skid
mounted Longyear 28 and Schramm Rotadrill drill rigs were not equipped with a
hammer or cathead.
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Undisturbed Shelby tube samples were obtained in cohesive soil in conformance
with ASTM D1587. The boring was cleaned of all loose material and the sampler
inserted to the bottom of the hole. A thin-walled 3-inch or 2-inch diameter
sampler, 30 inches long, was advanced 2 feet, or until refusal, by hydraulically
pushing in one continuous motion with the drill rig. Upon retrieval, the length
of the sample was measured and recorded. Any space at the end of the tubes was
filled with plastic bags, the ends sealed with plastic caps, and the caps sealed
with duct tape. The sample tubes were labelled with project number, boring
number, sample number and sample depth interval. The tubes were also marked
“Top" and "Bottom" to show sample orientation. Care was taken during handling
and transport to maintain the tubes in a vertical position and to minimize soil
disturbance. ’

Two and one-half inch diameter brass tube samples were obtained in non-gravelly
soils that were too dense for Shelby samplers. The equipment used for taking
ring samples was similar to that used for SPT samples, except that the split tube
was lined with three 6-inch long brass tubes. The sampler was pushed or driven
into the soil to a maximum distance of 18 inches to obtain a relatively
undisturbed sample. The tubes were sealed as described for the Shelby tubes.

The brass tubes were identified by project name and number, boring number, depth
interval and sample number.

C.3 PERMEABILITY TESTS

Field permeability tests consisted of constant head tests in soil and water
pressure tests in bedrock. Tests were performed by using method E-18 procedures
outlined in the U.S. Bureau of Reclamations "Earth Manual™ (1974).

Constant head tests were performed in an uncased section at the bottom of the
boring. After advancing the hole and pulling up the core barrel to the top of
the test section (typically 10 to 30 foot length), the uncased section was
cleaned out with water. A single pneumatic wireline packer was used to seal
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the hole below the core barrel. No pressure was applied using this method,
except in Boring DH-11 where 10 psi was applied due to artesian conditions at
the time of testing.

Water inflow was measured by two methods. A flow metering system was used to
measure flow at constant head. When flow was not sufficient for the flow meter
to operate accurately, the water level was allowed to drop a minimal measured
amouni (approximately 0.1-foot) and the casing was refilled at intervals to the
original water level. The rate of flow into the hole was then determined from
the total water level drop.

During the 1988 field exploration, some constant head tests {in USB-4 and USB-5)
were performed in casings. The casing was lowered to the bottom of the boring
and carefully cleaned out. The water inflow was measured by the two methods
described above. 1In these tests, permeabilities were computed from the following
formula:

K = Q/(5.5rH)
where: K = permeability
Q = constant rate of flow into the hole
r
H

= internal radius of casing
= differential head of water

Permeability values for tests performed in uncased sections in soils were
determined from the formula given below for water pressure tests using packers.
For this type of constant head test, the differential head of water equals the
gravity head only {(except in Boring DH-11) since there is no applied pressure.

Water pressure tests in bedrock were performed by using a single pneumatic
wireline packer. Prior to testing, the holes were flushed with clean water until
the water return was clear. The maximum applied water pressure was approximately
1 psi per foot of depth above the packer. However, due to equipment limitations,
the total maximum applied pressure was 75 psi. Each packer test was generally
run in three segments of water pressure: the first at one-half of the maximum
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water pressure determined for the test interval, the second at the maximum water
pressure, and the third at one-half of the maximum pressure. Tests were run at
a constant pressure and a generally constant flow rate for 5 minutes. The flow
meters were calibrated periodically.

The permeability was calculated from the following formula:

k =@ In(L/r)/2nLH

where: k

permeability
Q= constant rate of flow into the hole
L= test section length

H= differential head of water (gravity head
plus applied pressure head)

r= radius of hole tested

The results of the constant head and packer tests are shown in Table C.2.
C.4 PIEZOMETER INSTALLATION

Piezometers were installed in selected borings immediately after drilling was
completed. A piezometer typically consisted of 1-inch I.D., Schedule 80 PVC
pipe, with 20 feet of 0.02-inch width machine slotted screen section at the
bottom. Number 16 silica sand was used to backfill around the bottom of the
piezometer. The sand extended to at least 5 feet above the slotted section.
In borings where artesian conditions were encountered, holes were sealed by
grouting, from above the slotted portion to ground level, in accordance with
Montana state well installation regulations. A steel protective casing with a
lockable 1id was set in concrete at each piezometer. Construction details of
the piezometers are presented on Figures C-2 and C-3.



BORINE

DATE COMPLETED
KOLE DEPTH FT)

USB-1

6-3-88
10.8

e

- -89
8-11-8%
f-12-8%
8-14-8%
p-18-B%
B-21-8%
§-22-8%
8-23-8%
B-24-8%
8-2%-8%
9- &-89
§- 7-8%
%-11-89
9-12-89
9-13-8%
§-14-89
7-13-89
9-19-8%
9-24-89
9-25-89
9-24-89
9-27-99
9-208-89
§-29-8%
10- 1-B%
10- 2-8%
10- 3-89
10- 4-89

{0~ 5-89 -

10- 5-89
10- 9-89
to- 9-89
10-10-8%
11-i0-89
11-16-89
11-19-89

NDTEE:

€3}

{31
3
3}
3}
3}

{3}
{z1
{3

2Lé
23.4
2.9
22.9

21.0

216 BRD. L¥L.

11} Prezoseters were not installed in lhese borings,

[2) Tuo piszoaelers were inslalled in lhese barings.

Uss-2  USB-3 (1) UsE-3  PLOA-6 (2
4 B
g-1-89 7-29-88  ©-24-88 7-21-88
80,8 70.0 50.3 56.0
31,5734 1.2 3.7 psi
2.8
2.9
1.8 3.4 pst
2.1 7.1
| 7.6 3.5 psi
5.8
4.0 3.3 psi
4.1 psi
0.2 22.1
25.7
2.0 3.0 psi
In £H-3

waler level readings were equal.
In PLCK-5, A is shaliow mell, B is ceep well.

{3) alee leveis on this date were azasured 2nd reporled
by Moranda anelot Chen-Northers.

(41 #F = Aclesian Flow

Len-8  LCH-9
1-21-88 7-20-B8
140.0 2.0
9.2

12.4 9.8
13.4 10.9
10.4 8.3
2.9 1.8
10.7 1.1
153 8.5
10.% 8.0

LLH-10
7-25-88
0.0

12.1

5.4

LEn-11
7-22-88
$2.5

12.8
1.7
£.5

13.5

5.1

DH-1

B-14-89
100.0

1.0

21.0

21.6

21.5

21.3

1%.6

DH-2  DE-3 (2

§-20-89 9-1B-89
110.9 341.0

GRD. LWL.

ZamR

6.0

4.1 pei B psi

TABLE C.1

BEPTH TG WATER FRGH GROUND SURFALE (FEET)

oe-§ DH-5 (1) DH-4
9-8-8% B-25-89
10.0 192.0 0.0
(13
1.9
£9.5
125.0
#F
BRY
141.7
13%.6
oAy
BRY 9.5 psi

CH-7

13.0

DAY

by
RY

CH-8 -9 DH-I0

OH- 11

OH-12

8-21-89 8-1i-8% B-12-8% 9-25-8% 9-¢9-8% 10-10-89 ¥-28-89

9.0 82.0 a1.0 12,0 l10.0
ORY
62.0
DRY
bRy
£%.0
!
3
l
HF
DORY
DRY
I5.¢
4.0
125.0
72.¢  BS.2 i89.1 30 psi
oRY
DRY 105.2

bH-13 DH-14  BH-15  DH-17 DH-18 bR-19
9-8-8% 9-9-g9 9-7-89 8-13-8% 8-13-8% {0-4-BY
80.0 60,0 1200 8O0 630  105.0
2.3
DRY
in.¢
12 psi
PRY 11.¢
a.0 IRY
3.2 ORY
2.0
BRY 15.0 hF
1.3 psi
1.7 psi
DRY 4.9 10,4 psi &7 DRY 4.4 3si
6.8 psi
L

bH-20

10-8-89
218.0

-
] O
L)
o L

9.8



TABLE C,2
FIELD PERMEABILITY TEST RESULTS

paga 1 of 2
HOLE DEPTH TO TOP BOTTOM LENGTH Q APPLIED WATER k
BEDROCK SECTION SECTION PRESSURE TABLE
(FT) {FT) (FT) (FT) (GPM) {PSI) ({FT) (10-6 CM/SEC)
usp-3 - 27.0 38.8 -55.0 - 6.2 0.000 20 34.3 <l.
27.0 as.8 55.0 l6.2 0.000 40 34.3 <1
27.0 8.8 55.0 l6.2 0.000 20 34.3 <1
27.0 50.3 70.0 19.7 0.760 25 34.3 26
27.0 50.3 70.0 19.7 1.360 50 34.3 29
27.0 50.3 70.0 19.7 0.68C 25 34.3 23
usb-4 NE 15.0 15.0 0.0 0.280 0 NE 1a00
NE 20.0 20.0 0.0 0,020 0 NE 100
Use-S NE 10.0 10.0 0.0 0.007 0 NE 7¢
NE 10.0 15.0 5.0 0.022 0 NE 14
NE 10.0 20.0 1¢.0 0.019 0 NE 6
NE 10.0 25.0 15.0 0.013 0 NE 3
NE 10.0 40.0 30.0 0.064 0 NE ?
DH1 77.0 jo.o 35.0 5.0 0.000 0 21 <1
77.0 35.0 40.0 5.0 0.020 0 21 6
77.0 65.5 70.0 4.5 0.020 o 21 6
77.0 80.0 90.0 10.0 0.040 42 21 2
77.0 0.0 90.0 10.0 0.100 75 21 2
77.0 0.0 90.0 10.0 0.080 41 21 3
DH2 54.0 55.0 74.0 19.0 0.460 25 6 is
54.0 55.0 74.¢0 19.0 0.720 40 6 19
54.0 55.0 74.0 19.0 0.400 25 6 16
54.0 70.0 90.0 20.0 B8.500 38 6 234
54.0 70.0 90.0 20.0 10.100 50 6 215
54.0 70.0 90.0 20.0 6.200 35 6 184
54.0 90.0 110.0 20.0 6.600 40 6 173
54.0 50.0 110.0 20.0 10.800 65 6 179
54.0 0.0 110.0 20.0 4.800 40 3 126
DH4 9.0 18.0 40.0 22.0 0.300 10 NB 14
9.0 18.0 40.0 22.0 0.620 20 NE 20
5.0 18.0 40.0 22.0 0.400 10 NE 18
DHS = 145.0 8.0 15.0 7.0 0.067 o l40 28
145.0 Jo.o 40.0 10.0 0.001 0 140 <}
145.0 60.0 65.0 5.0 0.010 0 140 1
145.0 147.0 167.0 20.0 0G.140C 20 140 2
145.0 147.0 167.0 20.0 0.140 40 140 2
145.0 147.0 167.0 20.0 0.100 20 140 1
145.0 167.0 187. 20.0 0.000 20 140 <1
145.0 167.0 187.0 20.0 0.000 40 140 <l
145.0 167.0 187.0 20.0 0.000 20 l40 <}
145.0 187.0 197.0 10.0 0.040 15 140 1
145.0 187.0 197.0 10.0 0.040 50 140 1
145.0 187.0 157.0 10.0 0.000 15 140 <1

NE = Not Encountered



TABLE C.2
FIELD PERMEABILITY TEST RESULTS

page 2 of 2
HOLE DEPTH TO TOP BOTTOM LENGTH Q APPLIED WATER k
BEDROCK SECTION SECTION : PRESSURE TABLE -
(FT} (FT) - (FT) (FT) {GPH) (PSI) (FT) (10-6 CM/SEC)
DHB 50.0 3.0 ~15.0 7.0 0.000 0 * <1
40.0 22.0 30.0 8.0 0.0N0 0 % <1
DH7 34.0 47.0 64.0 17.0 2.900 23 NE 79
34.0 6l1.0 73.0 12.0 0.820 30 NE 23
34.0 61.0 73.0 12.0 1.500 60 NE 28
34.0 61.0  73.0 12.0 0.0007 30 NE <1?
DH8 15.0 65.0 73.0 8.0 0.120 32 NE 4
15.0 65.0 73.0 8.0 0.280 64 NE 7
15.0 65.0 73.0 8.0 0.100 32 NE 4
DHS 41.0 60.0 2.0 22.0 4.000 3o NE 72
41.0 60.0 82.0 22.0 9.300 58 NE 115
41.0 60.0 g82.0 22.0 6.400 30 NE 115
DH10 18.0 63.0 73.0 10.0 95.170 0 86 621
18.0 68.0 73.0 5.0 9.150 12 86 721
18.0 78.0 87.0 9.0 &4.500 40 -1 131
DH11 1806.0 97.0 125.0 28.0 0.500 10 125 7
180.0 180.0 192.0 12.0 0.060 50 138 . 1
180.0 180.0 192.0 12.0 0.200 70 125 3
180.0 180.0 192.0 12.0 0.100 50 125 2
DH13 16.0 29.5 80.0. 50.5 1.240 15 NE 17
16.0 55.0 80.0 25.0 0.070 15 NE 2
16.0 55.0 80.0 25.0 0.210 30 NE 3
16.0 55.0 80.0 25.0 13.700 60 NE lde
16.0 55.0 80.0 25.0 5.800 3o NE 93
16.0 55.0 80.0 25.0 1.500 15 NE 32
DH14 30.0 30.0 50.0 20.0 0.BBO 15 14 46
30.0 50.0 60.0 10.0 0.180 15 14 ls
30.0 50.0 60.0 10.0 ©0.300 30 14 16
30.0 50.0 60.0 10.0 0.140 15 14 12
DH17 65.0 34.5 45.0 10.%5 0.000 0 23 <l
65.0 64.5 70.0 5.5 0,000 10 23 <l
&5.0 64.5 70.0 5.5 0.000 30 23 <1
65.0 64.5 70.0 5.5 0.000 40 23 <l
DH18 NE 8.0 15.0 7.0 0.9500 0 NE <1l
: NE 25.0 30.0 5.0 0.000 o NB <l
NE £5.0 60.0 5.0 0.020 [+] NE %
DH19 60.0 59.5 80.0 20.5 3.200 30 A 11
60.0 59.5 80.0 20.5 5.500 60 A 101
60.0 59.5 80.0 20.% 2.400 30 A 87
60.0 79.0 105.0 26,0 8.700 40 A 1986
60.0 79.0 105.0 26.0 13.000 70 A 169
60.0 79.0 105.0 26,0 7.000 40 A 157
DH2Q 205.0 38.0 68.0 30.0 0.005 0 17 <l
205.0 177.0 214.0 37.0 0.02%5 (1] 17 2
205.0 205.0 214.0 9.0 0.040 50 17 1
205.0 205.0 214.0 9.0 0.020 70 17 1l
205.0 205.0 214.0 9.0 0.000 50 17 <1
HME = Not Encountered
A = Artesian
¥ = Tests were performed above the elevation at which

artesian water was encountered.



TABLE C-3
LITTLE CHERRY CREEK IMPOUNDMENT SITE
DRILLHOLE LOCATIONS

DRILLHOLE  NORTHING EASTING  Goreniion B D oK
OH-1 487758.694 527263.995 3446.3 3445,6
DH-2 486677.992 528074.218 3415.9 3414.4
DH-3 495575,782 527949.51S 3437.6 3435.4
QH—{ 484764.90% 522429,.967 3612.3 3609.5
CH-5 4BELS4,584 522€65.375 *36?4.4
DH-6 4844§40.829 623630.76) 3564,2 3593.7
CH-7 483509.745 522930,633 3769.% 376%.3
CH-8 481675.677 523498.066 3746.3 3745.9I
CH-% 483792.201 524412,699 3678.) 3677.7
DH-10 483551.539 525356.672 3658.2 31657.5
bE-11"" 484783 €21863 3761.9 3762.4
Dr-12 487651.238 528476.99% 3394.6 3391.2
DK-13 484474.478 526856.254 3684.0 3682.5
DH-14 484568.628 524408.593 3575.6 3574.7

" DH~15 486561.¢96 526331.806 3443.1 3440.5
CH-16 CAILLYGLE DELETED  TRON PRCGRAM
DH-17 484957.903  $24076.336 3542.0 9241, 8
DH-18 487282.832 523415.049 3660.7 3659,2
DE-19 486436.8632 528220.918 3415.4 3413.4
DH-20 485644.762 528624.176 . 3429.0 3428.4

LCTM-8 486397.755 529138.762 3383.1 3380.5

LCM-9 488681 .850 528960.135 3423.7 3420.6
LCM-10 483218.556 521784.337 3743.2 3740.2
LCM-11 486511.636 522369.022 3758.9 3756.2
PLCH-6 483342.261 527855.229 3447.6 3445.1
USB-1 485165.718 528493,950 3463.4 3462.6
USB-2 486208, 367 527088.738 3441.9 *3440.9
yse-3 488365,499 526659.469 3580.7
UsB-4 486220.404 523741.162 *3646.6
Us8-5 487654,050 525610.845 3517.0 3516.0
* ‘Elev. at ground surface only, no casing installed

** | gcation approximate; surveyed before hole was drilled



EXPLANATION OF BORING LOGS

1. Descriptions of materials in the logs are based on visual classifications
made in the field and the descriptions are therefore approximate. Where
Taboratory data are available, the visual classifications were modified
to reflect those data.

2. Classifications of soils are based on the Unified Soil Classification
System, Figure C-1. The relative proportions of the various soil types
in a soil sample are defined by the following terms:

fine-grained ' coarse-grained
o trace: 1less than or equal 5% o few: Tless than or equal 10%
o some: 5% to 12% o little: 10% to 20%
o suffix "y"

(e.g., silty): 12% to 50%

3. Blow count values shown on the logs were influenced by the presence of
gravels, cobbles and boulders.

4. The description of weathering is based on the following:

fracture
decomposition disintegration discolorization condition

highly or moderate extensive extensive extensively

intensely to complete coated with mud,
oxides, or
carbonates

moderately slight change little moderate moderately
coated

slightly no megascopic little or slight few stains on

decomposition no affect fractured
on cement surface

fresh unaffected unaffected none fractures less
numerous than
joints

1 MONTANALOG



10.

11.

Rock Quality Designation (RQD) is defined as the sum of the lengths of
rock core pieces greater than 4 inches divided by the length of core
run.

Groundwater level data are shown in Table C.1.

Field permeability test data are summarized in Table C.2.

Piezometer construction details are shown on Figures C-2 and C-3.

Boring locations were surveyed by others. Coordinates, boring collar
elevations and ground elevations are presented in Table C.3.

Borings were drilled by a Mobile B-53, Acker AD II, Shramm Rotadrill or
skid mounted Longyear 28 drill rig.

The sampler types indicated on the boring logs are as follows:
0 SPT: 2-inch 0.D. Standard Penetration Test Sampler (ASTM D1586)

0 S: 2-1/2-inch Split Spoon Sampler
0 SH: Shelby Tube Sampler
0 BR: Brass Ring Sampler

2 MONTANALOG
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Unified Soil Classification Syslem
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Major Dividons S):::ls T)_rpnul Numes Labaratary Clasification Criteria
u“
- Cuw = Greater than 4
= £ cw Well graded gravels. gravel-sand = = Y De
L= miztures_ fitlle er no fhines. E z G B 4
=E§ ,EE £ k- - DexDas efween 1and 3
P E & S _
HEE Poorly graded gravel I-sand 3 E:
L == v graded gravels. gravel-san -m B . - !
E E =3 GP mi:'l:.ru. “"31! phi nosfi:nu £ e =3 Not meeting all gradation requirements far Gt
- = Tl am
AL ul T
T lase| . g $ SiST imits below
E £ E T CAF Silty gravels. poorly graded = UL'-_EE “‘_"‘.'.b'?i hmxupbelau
':_E sz | = = o gravel-sandclay mixturas ¢E ZFET : line. or Pl les Above A~ line with PY
£ £ E: ZES ) ze U= thand between 4 and 7 are
= s | ® £z Ezﬂ ool borderline cases re-
=2 =1z EE | 3= o . quiring uses of dual
< : * f< e cc Clayey gravels. poorly graded [ = E Aterberg limits above svmnbals
w2 =8 gravel-sand-clay mixtures £< : A" line, or P greater b
E = 55 .o than 7
£« = -
[ EE -
] . C < - D
= - =3 .. L ] tha
7k . E sw Well graded cands. gravelly sands. ':E oo Cu [ Greater than &
H £ - == little ar no fines g 5 it - (D .
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= F €2 =g ro:
£1 i) i Poorly graded sand ell TEgii:
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c | » 2= EEE D0
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2= sar Silty sands. poorly graded sand- | § ES A © Atterberg “'“'“P aw
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H plasmiciry
£
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N £ ct plasticity. gravelly clavs. sandy -
= - 3 2 clayy, siliy clays. tean clays . .\\:‘, NN
= = .- N 1
F == s ¢ \§ N :\\gy/
£ = {\:.\ RS TRy
z 3 = oL Organicsilisand organicsiliclays u /L\\ss\":b%{*;\“l
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T3 z NN
E i 321
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‘= v = 0 L-1
= a: OL or ML ‘
H T3 , . , 0 I
£ T CH Inorganic clays of high plasiicy. 0 10 20 30 40 %0 €0_ 70 B0 %0 100
£ . - fat clays =
E == _-? Liquact Infrut
H ==
= = Plasticity Chart
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= OH plasticity. organic silts For 1aboratory classibicgnon of hne-granad sols
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[ = PVC CAP
c 4" 1.D. STEEL PROTECTIVE
CASING WITH LOCKABLE LID
H .,'.’-no.:' (a7 Ja-. DRIG[NAL
O GROUND SURFACE
s | CONCRETE MIX
o N ON SITE BACKF ILL+BENTONITE
0 ]| ] GEL OR CEMENT GROUT
== BLANK 1“ 1.D.
= - hi— . —
=2| B= SCHED. 80 PVC PIPE
' BENTONITE SEAL(VOLCLAY TABLETS)
=T ND.16 SILICA SAND
= SLOTTED 1* 1.O. SCHED. 62
= PVC PIPE(22 ET TYPICAL)
gﬁf:‘“ —} PYC CAP
":"_'—;.-:-_-r-__:
E BT SOIL (CAVE-IN OR BACKFILL)
r =2
=T e
BORING DIMENSIONS(FT.)
No. [ A1 B[ €O E NOTES
USB-1 81| 6] 89 | 43 | 2
USB-2 st} e8| 12| 55 | eo
USB-5 so] so| 18| 25 | 20
DH-1 we ] we | 86 | 75 | 1o
DH-2 me | ue | 13| 78 | 18 4 cement orout 1o 77 FT.
DH-3 67 | 1.0 | 12 - _ 1 see FIGURE c-3 FOR DETAILS
- | 243 | 12 - -
DH-4 w| | 27| 2| s0
g::g Gﬂ— SE 2.5 36 4.8 4 PUT ABOUT 4 FT. CEMENT MIXTURE+CONCRETE
DH-7 73| 73| @2 | 4 | 25 | AT ToP To SEAL OFF ARTESIAN FLOW
DH-8 g | 98 | e4«] 73] 25
DH-9 62| e2 ]| 5| 5 | ee
DH-18 87 a7 f.8 57 6.0
DH-11 192 | 198 | 15 | 185 | s
DH-12 110 110 1.3 64 1.5
DH-13 8o ag 1.8 56 11.9
DH-14 ) 6@ 2.7 355| 85
ots | 126 | m3 | 21 | es | 8.2 InsTaLLeD 20 scHED.4g PYC PIPE 420 FT OF €
- S N _ | casING as STEEL PROTECTION, CEMENT GROUT
DH-17 s | e | g2 | s9 | e | TOZ2FT.
OH-18 65| 65| 11 | 40 | s
DH-19 s | 185 | 18 | 76 - 4 cement GrouT TO 76 FT.
pHze | 214 | 154 | e7 | 136 | s.@ J useo 10 FT. screen N DHze

PIEZOMETER CONSTRUCTION

FIGURE C-2 (Not to scale)




PVC CaAP
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PVC CAP

4" [.D. STEEL PROTECTIVE
CASING WITH LOCKABLE LID

. ORIGINAL

GROUND SURFACE

BLANK 1" LD.
SCHED. 88 PVC PIPE

CEMENT GROUT

28’ SLOTTED SCHED. 89
1* L.0. P¥C PIPE

PVC CAP

NO. 16 SILICA SAND

CEMENT GROUT

PIEZOMETER CONSTRUCTION FOR DH-3

FIGURE C-3 (Not to scale)




BORING LOGS
(1988)



PROJECT MONTANA SILVER VENTURE i, 8029 [i*f wsB-1
SITe Little Cherry Tallings T b
LOCATION DEPTH TO DEPTH TO

Libby, Montana

MATER(FT)

21.6  |gock ¢FT)

DRILLING CONTRACTOR

Northern Eng.& Test,

CORE BOXES

DEPTH OF

0 HOLE (FT) 80.8

DRILL MAKE - WODEL

Mobile B-53

M.I. Schauer

|RE\HE‘hED BY

D.A. Baskin

Hﬁ % o :; DISCONT- MATERIAL DESCRIPTION E REMARKS
ELEv. [oepth | B M | F& | B | INUITIES COLOR, CONSISTENCT, GRAIN SIZE, -t SR "AGrioN RATER PRESSURE AT
my |em (g5 @ | 62| @ PUASHICITY. ‘cOASSIFICATT NE TOIWATER LOSS ~ LAB_CLASSIFICATION
nzl o x | TYPE [oip EATHERIHG HARDNESS, STRUCTURE 51 CORE L PIEZOMETERS
] | Roed fill at surfoca
- SILTY SANDY GRAVEL gcga]. Started drilling (8/2/88, 8:00 ._
e to coarse, brown, wei, danse, _ _
34601 7] maxdmum gravel sise 1-3/87; annd is :.,::,l:l“t cal.mm 50 deg.F,
- fine to medium. ' -
T BPT-1 1 | o Rotary drilled to 6.0°, used 4* |
=1 18 tricone bit, drilling fluid return m
- 20 light brown, losa 0 —
J 0 1 1 | (e _____ Recovered 20% with basket ]
catcher
— SANDY SILTY CLAY - BANDY Spun casing to 6.0' (NWFJ, -]
10 | CLAYEY SILT (CL-ML), $-1/2°0D, $"ID) |
BPT-1 7T 13 orangish brown, low plasticity, wet, Rotary drilled 5.0°-56.0", used
= g medinm stiff. 2-15/18" tricone bit 5.0'-10.0" 7
- 12 Z and 17.56°-55.0', and finger bit .
34504 ] 10"-17.5' B
SILTY SAND - CLAYEY SIL.T
| 7 =9ILTY CLAY £ ML), N
15 ¥%] wat, very denss, hard, interlayered. —
EPT-9 14 | 73 ﬁﬁ'ﬁ Sl.lty aand layers are llght gray, 2°
- 27 4%]  to 8" thick, nonplastic, recovered m
- %3 %] one conrse ‘gravel-size piece (looks Sandy cuttings and white fluid -
_ 4  like decomposed rock). Clayey ailt _| [return at 16.5’-19.8"* ]
17T 'l layers are orangish brown, 1* to 2" ! Hard drilling at 17.6"-18.6"*
=7 {1 I.ﬁlnck lhggtl tgluigc. m:it;dloma , ' -
11 ne, roun subrounded gravel. —
A EPT-4 38 | 73 T ‘. ___________________ )
- 41 SILTY SAND { Y 7]
i [{1] light gray to ornnguh brown, noh = —
plastic, wet, very dense; some __
34401 7] , g&ravel, fine o coarse, angular '
— , quartsite, maximum size 1%, . -
2% . iwnumoftenhudbutunbe ¢ _—
PP 50300~ . E“ en by hand (looks like soft :
. ] . Orangi rown sones have : -
_ ' nome ve fine, rounded o 1 -
_ ; wmubrounded gravel. I _l
- ai."ri Em;; Y GRAVEL '(C:jﬁ)f - 4
30 . TOWD, -et very dense, —
\ Sle‘d to subrounded; send is fine; ,r
] 1] ﬁnu are non plastic. Contains : m
- 11 occ:luionnl I tmyk, h;rd, 'ill)to,;ed ' -
i ] 1} 1 wund pieces {looks like decom f i
3430 y rock). X i
- SILTY BAND (@D, ]
2 BPT-4 29 | 100 fine, orangish brown, non plastic,
1 18 denss, wal; some gravel, fine, -
- 31 rounded to subrounded. —
40_ p—
3420+ - -
43 BPT -4 18 | 160 Very dense, trace medium to coarse ]
= 30 sand; sorne gravel, fine to conrse, —
— 1] rounded to subrounded, otcaaionally —
] sngular, |
MORRISON-KNUDSEN ENGINEERS, INC. SHEET 1 OF
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J0B LE
PROJECT MONTANA SILVER VENTURE s, 8029 |l0° USB-1
wur| o - =1 MATERIAL DESCRIPTION REMARKS
W T | Ny | 2 |DISCMI- | O E SAMPLING  STAWDARD PENETRATION|
o oo |80 (B8] B M| B | mmener cmmm i o ERR o SR RIS
21 8 W [ TYPE [oip| & | WEATHERING, HARDNESS, STRUETuRE 3 C{WATER L0SS LB CLASSIFICA
34101 - —
5 PT-8 32 | 100 Gravelly, dark orangish brown to Stopped drilling at 66.0' (8/2/88, ~ |
[B0/.4 light gray, very densa; gravel Is 3:.00 PM
- coarse, rounded to subrounded. ??u ) drilling at §5.0" (8/8/88, —
N 'I:e.mperstun 40 deg F, clenr, calm ]
- Water lavel - dry (hole caved at —
13.0° —_—
60— Rotary drilled 56.0'-65.0°
00{ - -
65 PT-8 27 | 8B Some coarae gravel, rounded to Spun caslng 65.0'-20.0" ]
i 50/-3 subrounded Rotary drilled 65.0'-80.0° ]
70— —
3390- - -
— Some fine gravel, rounded to —
75—— mbrounded 1
AN TAT
PT-1] 50/.3] 100 -
- GRAVELLY SILTY SAND 1s -
B0——— fine to coarse, orangish brlgsw:l?wet gmped drilling (8/3/88, 1:00 _
SPT-1p 22 |75 very denss; gra.vel ia fine, rounded
] 50/.3 \ to subrounded. =
saod BOTTOM OF HOLE AT 80.8° Installed piesometer to 80.8' i
1"ID Schedule 80 PVC pipe,
- ttom 20" machine slotted .02" .
85 widthk, backfilled with no. 16 _
silica sand to 46.0°)
N Removed all casing m
— Set ateel protectiva surface —
_ casing in concrete, .8’ atickup ]
sbove ground surface)
90— —
70 ] 8/6/8B - Water lavel 21.6 ]
* Reported hy driller i
95— —
| NOTE: Drilled new hole USB-1A ]
4.6' SE along road, augered to
= 10°, pushed Shelby tube 10°-11.8'
- (1.8'), used pocket penetrometer
on bottom of nample:
- UC=3.5-8.75 tsf 7]
100— p—
3340+ - —
105— -

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY
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PROJECT
MONTANA SILVER VENTURE v 8028 |t USB-2
SITE crs ATE - STARTED FINISHED HOLE ORIENTATION
S Little Cherry Tailings 1 - AUG 88 |size 3" i
ELEVA FT DEPTH T0 DEPTH 10
M— Libby, Montana ( 3441 WATERCFT) 2.8 ROCK (FT)
DRILLING oR BOXE
Northern Eng.& Test, LS gy [OREBE SoE (808
DRILL MAKE - MODEL OGGED EWED
Mobile B-53 LOGSED BY  pq 1. Schauer  |FVIE™ BY 1y A, Baskin
wur| o . 2 MATERIAL DESCRIPTION E REMARKS
Ju | Z > {DISCONT- { © REMARKS
ELEV. |pepTy | RO} H ln-\_E g |wurties | @ COLOR, CONSISTENCY, GRAIN SIZE,)- SANPLING  on SIAIDARD PENETRATION
D | D &5 g [ oF | w > PUSHENY, cRSSIFICAT] ¢ SOIWATER 0SS CLASSTFICATION
2| & . [Tve ie) @ VEATHERING, HARDNESS, STRUCTURE 3 CIHATE 532 e TERS
340 - e .
| 1s|| GRAVELLY SILTY SAND (sM), Started drilling (7/29/63, 1230
PT- 17 100 | g crangish brown, non En satic, dry, A 4 Temperature 06-100 deg.F, clear, -
] 50/2 i very dense; gravel is fine (o coarse, = lalight wind ' '
} ;‘_‘%g’ to subangular, maximum sise Augered to 18.6* with hollow stem "]
“ $.1|  Boulder at 4.5*-6.5" suger (9°0D, 3-3/8°ID) ]
] I -1
- 3 -
= e
—pPT-3 /0] o $2)]  Boulder at 80205 .
10— s —
3430 - s -
— i P . . —
J i o ol Qrangish brown to light brown,
ET rs;?.z 100 E ? dan‘::lp, sample iooks like decompoasd Z 7
— nt m . - —
15— i 21l Boulder at 13.2'-14.57 —
= V|| Boulder at 16.0°-17.6" .
- ] léght brown, damp, sample looks like -
T 4 alzl = econ:poucl rock.
. Saf 4100 Teil Boulder at 17.9°-18.5", 18.5'-1a.8" .
— - bl R Stopped drilling st 18.5°(7/20/88,
20— e :30 PM .
= 50731 100" "#| SILTY SANDY GRAVEL (GM), Resutmed work (7/30/88, 8:00
3420+ ] el fine ko conrse, orangish brown, wet, AM -
— 'E; " wery dense, angular to subangular, Temperature 85 deg.F, clear, calm _|
| . quartgite, maximum sice 1-1/2%; sand Removed augers
i o in fine; fines are non pluatic. Drove casing to 18' (NWFJ, .
. o 3-1/2°0D, $"ID -
= 5073183 all Rotary drilled 18.5'-44 5', using __|
2- 15[ 16" tricone bit, d.nllmc
- fluid water, return I.ight brown, -]
_ no loss -
_ Eard gravel /boulders at 27.6'-30.2'* N
| 30— —
410 . Boulders at 31.0'-33.2' .
EFT—1 5072 U | —
¥ / Sand, gravel, and boulders st
7 SM.T-41.0 i
40— —
3400+ - 1 1 1 ! | I'sst-————"—""===-=-"="=-"=-"-"-"=="=== ~
_ Bit keepa blocking off due to
] SANDY SILTY GRAVEL, (GM) oL p S mateme st
fine, oru:suh br;wn to whitis ]
‘ 5__%_% &% send 1o aege, maxdimum sika Hole caved in when pulled tricome |
" p{utlc to slightly plaatic. to do SPT test at 44.5' =
— Drovea casing 18'-40'
_ Stopped work ( -{ {88 3:15 PM) |
Resumed work (7/31/88
— AM —
- Temperature 85 deg.F, clear, calm _|
: Drove casing 40.0'-44.6'

MORRISON-KNUDSEN ENGINEERS, INC,
A MORRISON KNUDSEN COMPANY :
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PROJECT

HOLE

08
MONTANA SILYER YVENTURE i:o, 8029 wo. USB-2
we @ Iy = MATERIAL DESCRIPTION REMARKS
JWi Z | No{ 2 |DISCONT- | O E STANDARD PENETRAT 10N
ELEv. |DEPTHI SR | & |EQ( & [Mumies | 8 melg?'#“ CCONSISTENCY  GRAIN SIZE, ) DRILL ACTION VATER PRESSURE TEST
G D [g5| g | % | o > & WATER LOSS  LAB CLASSIFICATION
1390, ] Grm're.l mth silty [clayay lumps at
44.9-546 Rotary drilled 44.5’-64.5' 7
5 ) so7-3[100 SILTY SANDY GRAVEL (GM), ]
. fine to conrse, orangish brown, wet, -
— very dense, angular to subangular,
_ maximum sise 1-1/2"; sand is fine; ]
fines are non plastic to dlightly
-1 plustic. —
50— Gravel st 54.8'-64.5'* —

3380 - -

=] Stopped drilling at 84.5 7]
65—4PT-1 9 [ 0 ] ;31133 3:30 PM] —
. 50/.2 umed drilling at 64.5' (8/1/88, |

] 7:00 AM)
Temperature 60-60 deg.F, clenr, 7
- ealm -
70— —
33704 - -
- v ¢ 7457200 Fole st o wenpuitd ione ]
] " light brown §
80 7] Stopped drilling (8/1/88, 12 ]

§PT-1) 22 [ 100 NGON)

3350 50/ 3 =
— BOTTOM OF HOLE AT 808" .
| Installed peizometer to 80.8' ]

LOID Schedule BDPVCpege
- ttom 20" machine alotted 02" -
85— width, backfilled with no. 16 —_
silica sand to 55')
7 Removed all casing 7
— Set stee! protective surface —
_| casing in eoncrete (271D, 5 lon _
1' stickup above ground ‘surfuce ﬁ
90— —

3350 — -
N WATER LEVEL 7]
7] date level 7]

9 7/30/88 135" ]
i 7/31 /88 24" I

_ 8/1/ 2.4 -

| g/e/ss 28 |
100— —

33404 . -

] * Reported by driller 7]
105— —_—
HOLE
MORRISON-KNUDSEN ENGINEERS, INC. sieer 2 o 2140 USB-2
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PROJECT MONTANA SILVER VENTURE Vo 8029 [no- USB-3
:::Tl ON Litde Cherry Ta“ings PATE!';I:%:::ED = FmIIJSE:I"EI'I:I TO H?IiE ¥ DEPTHfLEHTA”NI
LEV.
Libby, Montana )3581 VATERCETY 343 rock ¢F1y 27.0
iN BOXES P F
DRILLING CONTRACTOR Northera Eng.& Test. [FANPLES 7 |coRe 3 RoLE (p1y 70.0
DRILL MAKE - MODEL Mobite B-53 LOGGED B py ¥, Schawer  |*V'= ™ B p, A, Baskin
R | © : MATERIAL DESCRIPTION REMARKS
o | 2 s |oiscowr- | 3 REMARKS
zo| o | 2| 8 |niTtes | @ COLOR, CONSISTENCY, GRAIN SIZE, [ H SAMPLING STANDARD PEWETRATION
| (85 2 (69 8 | e B (o B AR
&1 S B ITTPE DIP| & | WEATHERING, RARDNESS, STRUETURE WATER 0325 HIB.GhMREIE
3580- TE}  Road fill at surface
N ¥ SAND Started drilling (7/26/88, 11:30
] BI‘I)'..r'l.':s“h bmmonpluhc dry, AM o
SPT-% 13 83 1T 1 Temperature 05 deg.F, clear, calm
T 21 1117| deass; gravelly, fine to coarse, Augered to 36.0° with hollow stem
23 1t subangula.r. maximum size 3. auger (D'OD. $-3/8"ID)
B 1|  Gravel st 700757 ]
_fPT 3 ;I 83 E H damp
26 11 N
1 11 —
By ; Gravel at 11.0" .
_EPT-3 18 68 -
41 131 _
15— 111 —]
. 1 sn.('nr mm;: -S8ANDY SILT a
] Ghi-ME.
PT-4 18 | 100 i ﬁne, orangish brown, non plulh%,n 7

— ] L ENN ery dense, damp; some grave &, -

20 40/.1 153N gray. n.uguinr hfm angular, lljtlte —_—
T14] maximum sige 1/2°.
3560- -1 nENN =

. B[ - -~~~ "~~~ ---—------ Hard drilling st 21.5" * .

BT f 4 11 EH1t -
50/1 T4} SILTY SAND
— 11} HAne, orangish brown non plultlr., -1
25 111 very dense, damp; l-ome grave —
11 angular, white and buff quartnl:e and
. 1 | qray and white siltite, maximum size 7]
i ] 172", . -
e v _{_ _________________ . Drilling very hard 27.0°-35.0"*

—$FT-4§ 236/0| 0 -~ ¢ TOP OF BEDROCK AT 370" T Probably bave been in coreable -

- "]  Cuttings include conrse, subangular, rock -
30— 1——]  gravel sise pieces of white to gray Stopped drilling at 35.0° ]

(7] quartzite, miltite, and argillite. ('mafsa 3:00 PM{
3550 - - \/|Resumed drilling at 35.0° -

] 1 —1— - g!fz.(!as 7:00 AM) -

- emperature 85 deg.F., clear,

_Fm so/-1] ¢ -1 4 calm, water lavel - d.ry 7
zc — = |Cored 35.0'-55.0" (NQ, hole ]
= Cc-1 20 |7 dinmeter 2.98", core diameter

- QUARTZITE st 36.0' to 37.0", 1.875"} uaing augern ns casing. ]

- -], white with some iron oxide strining, Used dinmond impreguated coring -

1=| wet, moderately weathered, fine bit Drilling fluid water, return i

] - ined. Contains Iarge square light orangieh brown, loss 0%,

- 1—1- mened glassy cryatals, poulf:ly 10.0' lang double tube core -
40 1| andalusite, almandine, or garnet. barrel.

C-2 28 | 56 =1 Gradational contact with underlying Drilling rate $ min/ft 35.0'-40.0'
35404 -1 -1 rock.
=1

7] | SILTTITE/ARGILLITE at 37.0', Drilling rate 2 min/ft 40.0°-50.0°

— r—i=|  grangish brown and light to medium

— o] gray, silt-sige grains, occasionally -
45 1=t clay-size, wet, soft, highly —

- C-3 16 | 72 =13 weathered, sometimes vuggy.

- i~ Bedding spacing 1/4" to 1-1/27, to 7]

- 1=  [aminated in places, dip angle 40-50 -

_ 7]  degrees. Fracture e:fchmgrﬂl :lo 6". .

1—~|  Fractures nre generally p to * Reported by drill

- 1—1 bedding, planar, rough o smooth, PO ¥ o -1

71 cloped, occasionally with thin,

MORRISON-KNUDSEN ENGINEERS, INC.
‘A MORRISON KNUDSEN COMPANY
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JE J08 HOLE
PROJECT MONTANA SILVER VENTURE xo. 8029 |k~ USB-3
jusl e ] 3 MATERTAL DESCRIPTION E REMARKS
SAMPLING STANDARD PENETRATION
oo {en 35| 8 (62| 8 PLASHENY cRssIichiow, " *' g HIRILE ATiow WATER SRESSUEC TEST
nz!| O i LEATHERIHG HARDNESS, STRUETURE 3 CORE LGSS PLEZOMETERS
C-4 0 42 smooth, elosed, slightly
35301 P s e A Drilling rate 1 min/ft 50.0°-55.0°
vuggy, with iron-and ' ! ' -
manganesas-gxide staining.
Stopped drilling at 56.0°(7/28/88, |
5% i 40 4:16 P eJ
work (7/28/88, 7:00
rature 60- 60 deg.F, broken
' dou«r alight wind
Vary soft at 50.0' to 65.0°, fa‘&’s‘;';'““ Test 1:
&0 completely weathered, highl - : —
0 50 fractured core pieces. (lengt. Stopp-ed work (7/28/88, 9:30 AM) i
3520+ 2-1/2%). urned drilling at 5.0
;‘_139133 8:30 AM -{
emperntu.ru 50-556 deg.F, clear,
&5 10 92 Fra:ltl.ln ll]:ui.ns to 2-172", Cored 56.0"-70.0"
€5.0'-70.0 Stopped drilling at 70.0°
(7/29/88, 8:16 AM)
Water Pressure Teat 2:
50.3'-70.0"
3510+ BOTTOM OF HOLE AT 70.0"
No pierometer installed
Average RQD of bedrock = 12% Ramoved nll casing
Average recovery = 668
75— Avernge drilling rate = 2 min/ft
WATER LEVEL
35001 date time leval
7{!8!33 7:00 AM 31.5'
7/28/88 6:30 AM 343
85—
90—
3490
95—
100—
34801
105—

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY
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PROJECT HOL
MONTANA SILVER VENTURE N8 8029 (i USB-4
SITE Little Cherry Tailings Dﬁ% bs;mren ~ FINISHED g?ég 3" onne:mr;oul
LOCATION ELEVATIONCFT DEPTH TO DEPTR 10
Libby, Montana (3645 * WATERCFT ot encount)ROCK (FT)
CONTRACT
DRILL HHG oR Northern Eng & Test. PLES 4 CORE BOXES 0 iﬁf{"tgj 25.0
MAKE - MODEL . .
DRILL Mobile B-53 LOGGED BY  p._ A, Baskin IRE“EHED ® M. P. Forrest
we | 2 o S g MATERIAL DESCRIPTION REMARKS
etev. joeemn [BE | H [ PG B @ | NAME, COLOR, CONSISTENCY, GRAIN SIZE, LG, AR e lEIRALIOM
(FD [ (FD) | @5 & | o | © £ [ PLASHICITY, CIASSIFICATION, WATER LOSS LA CLASSIFICATION
OZ| O [ # | WEATHERING, HARDKESS, STR E CORE LOSS  PIEZOMETERS
_ - .
- #|| SILTY SANDY GRAVEL (GM), Started drilling (8/20/88, 7:55
_ ]| orangish brown and gray, nonplastic, Rotary drilled with water usinga
*a]  very dense, damp; gravel is fine, 2-15/16* tricone bit
— " gray, slightly weathered, hard, fine Cohbles on surfacs to -
36401 S—fr— | grained quartsite. approximately 1.0’ —
I P Brown water return, 100%, return ~ _|
Fg Reamed casing to 5.0' (NWFJ
— - s"ID, 8-1/2"0D)
7 el brounded to subangul Reamed casing to 10.0’ 7
-1 - gray, subroun ¢ subangular,
’ 1 : Constant head water teat at 10.0°,
10—t w| bard, fine grained quartsite. water leaking nt surface hard to = —]
- - senl casing in gravel .
- . Alternates brown and brownish i
- gray water retumn
— ‘-. —
7] - Stopped drilling at 15.0° .
36301 BTy 5|  Cobbles and boulders 100" b0 76.0", {8730/ 5, L4 :;}:Jo ndriviog
n - gray and white, quartsite an P —
- I lilt:’;e. alternating with Iayers of g‘"‘? (8/23/88, 0:46 A,M) -
- gilty sand. asing driven to 15.0
] - Conatant hend water teat at 16.0°
20 - Silty sand, brown, non plaakic, wet; Cusing driven to 20.0' -
SRT 50,5 - some gravel, fine, gray, hard, fine Conatant head water test at 20.0°
1 = . greined quarteite. =1
: || Boulder st 21.5’ to 28.0", white and Hole keeps caving after drill rods |
= gray niltite, hard. removed -
L1 "
- BOTTOM OF HOLE AT 25.0’ 3;31’“‘ drilling (8/23/88, 3:00 |
30— —
3510 35— —
40— —]
35007 45— —

< MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY
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T J0B HOLE
PROJE MONTANA SILVER VENTURE wo. 8029 |yo.- USB-5
- 1 E ORIENT
SITE Little Cherry Tailings ATE - STARTED  FINISHED g?'is | ATION
LOCATION LEVATIONCFT DEPTH TO DEPTH 70
Libby, Montana 3516 farencrn 27.1  LRoek oy
N lsaeLES CORE BOXES DEPTH OF
ORILLING CONTRACIOR  Northern Eng & Test. L 7 0 e 503
NAKE - REVIEWED BY
DRILL MODEL Mobile B-53 LOGGED BY 1y A, Baskin | M. P, Forrest
e | o : MATERIAL DESCRIPTION REMARKS
au| z DISCONT- | & MATERIAL DESCRIPTION REMARKS
eev. loeere | B8 | & [ °2| B |Thurries g | s, color, CONSISTENCY GRAIN size, [SEISINPLING | STANOARD PENCTRATION
¢y | ¢ | §5| & [ W | B E | PLAShicITY, "cLASSIFICATION, WATER LOSS CLASSIFICATION
&2 & & [TYPE 1P| 2, | VEATHERING, HARDWESS, STRUETURE UARER BO3S  EAB LLASIIE
_ GRAVELLY SANDY SILT (ML), Started drilling (8/24/88, 0:20
- crangish brown, non plastic, very 2-16/16" tricone bit and water -
| ﬁ::i maist bo wet; sand o fine: Cobbles and boulders at surface |
5 whita, slightly weathered t _ gf;ﬁ_ﬂagl)’s to 5.0' (NWFJ 8"ID, |
3510 _BPT-! 35,1- 100 completaly weathered, fine grained. Orange brown water return |
- 50/.2 : -
i 2 GRAVELLY JILTY SAND (SM) i
1 4|  orangish brown, non plastic, very Ream casing to 10.0°
ERT TYETI T i dense, moist; gravel is fine to Constant head water test at 10.0°
- coaree, orangish brown, gray, and 007 GPM i =
- N white, fine grained to aphanitic. Return waler alternates orangish
- brown and gray, silty sand and
7 - cobbles
N ]| Cobbles 110 to 10.0°
15— BT TTToTTTTTTTTooT Constant head water test at 16.0°, |
35001 - BILTY CLAY - CLAYEY SILT casing at 10.0° .
- (CL-ML), : _
_| bhard, trace to some fine gravel, |
gray, fine grained, complately
-1 weathered. -1
25T 18 | 80 ]
B - i
- 60
EPT-4 32 | 88 Some corree gravel, gray, slightly Constant head water test at 26.0°,
34904 6074 weathered v casing at 10.0°
30— —_
. Cobble at 31.0°
= Cobble at 33.0 7
3=5Fr® b o B
3480 - .
7] Constant hend water test at 0.0,
&0 PR 507 2| o0 | casing at 10.0° ]
- Cobbles 41.0° to 50.0° n
1 Stop drilling at 50.0' (8/24/88, |
- ;;:5 PM n
45— talled piezometer to 50.2' —
14701 n (1"ID Schedule 80 PVC pipe,
bottom 20* slotted 02" width,
- backfilled to 25' with ne. 16
- silica sand, backfilled to 3' with
4 1 1V V0 | \é8____--_ .- _________ bentonite peliets} _

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY
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PROJEET MONTANA SILVER VENTURE lvo: 8029 [} USB-5
wr | @ . MATERIAL DESCRIPTION REMARKS
il 2 [ Ng| 3 [orscour- [ & E SAMPLING _ STAWDARD PENETRATION
. e NAME R TENCY, GRAIN ,
ELev. (o | BE| B [ Eg | B [TITEs | B | Rt v clRSSIFIEATION, - o - [g@ORILL ACTION WATER PRESSURE TSt
21 & Y 7vpe [o1p| & | WEATHERING, HARDNESS, STRUETURE S EAEN 692 PIEZGHETERS
PT= 807 ™= BANDY GHAVEL
T ! m,?,ﬁﬂ':v& Egﬂhh brown, Depth to water 27.1' (8/26/88, N
— slightly weathered, mubrounded to 7:10 AM) -
_ rounded, madmum sise 1/2°, |
. BOTTOM OF BOLE AT §0.5° .
55— —_—
360 -
1 =
60— —
65— —
3450 — -
70— —
— =
75— —
3440 4 - -
80— —
85— —
x30{ - -
90— .
95— —
3#20] - -
05— —
MORRISON-KNUDSEN ENGINEERS, INC. sieer 2 of 2[{0F  USB-5
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BORING LOGS
(1989)



I"“‘“‘" NORANDA o $029 e -]
SITE ) abotment of 5 hni}s dam DAT-EI--%RTED gt 89 lo%i 3.78.2" c\'}é‘%“#fé%{.
LOCATIONL bby  Montana ELEVATION o7 [XPTR 10 ) DEFTH 10
Innzu.lm CONTRACTOR 4.1, Helsh SAMPLES 5 CORE BOXER 3 EEoEéH °F/DD'
DRILL MAKE - MDOEL ACKER _ADT LOGGED BY ™o r | LVA REVIEWED BY UJ CORDON
ELEV. o~ ITIES 3 - ¢ ) s SSLRE TEST
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WELL LOGS
(1988)

(By Chen - Northern)



Horthern Enginecring and Testing, Inc.

WELL COMPLETTON LOG

Hole Hame
Stata: _Montana County: _Lincoln Project: _Hontana S{lver Venture or Humber: _PLCH-6
Legal Descriptive
Location: T R Sec Tract tocation: Little Ch. Ck. Loop Rd., (Between Poorman & L.Ch. Sites}
Recorded Hole Started: . Hale Complated:
By: M. _Corbett Time: _1000 Date: 07/21/88 Time: _1500 o0Date: 07/21/88 Driller : BZB
britt pritling water Filaot Hole Reamed Hole
Method: _air rotary Fluids Used: {n silty sections Dipometer: [-hd Diamater:
Total Depth Total Depth . Total Depth 56 ft (deep) Dlameter and
Drilled: 567 Reameds Cased Below G.5.: 45.5-55.5% Type of Casing: 2" PVC tube + screen
Weight or Interval Perforated Target Bedrock & Packer Type and

. Gage of GCasing: or Screened Below G.5.: Aquifer: shallow gravel zone Depth Below G.5.:

Hethod Perforated or Scresned

DURTHG THSTALLATICH WAS: YES NO

Well Develeped? X Ho rasing in hole

Well Test Pumped? X Open battom

Water Samples Taken? X Slotted with Hill’s Xnife
Material Samples Taken? % Bedreck Slotted with a torch
E-Logs? X Screencd by pulling casing

Field saw cut
X Mechanical slats
pual Comoletion
5 ft. 0.03 conc slot deep
10 ft. 0.01 cont slot,
shallow
Other (specify)

|

- Statfe Fluid Level Heasured shallow SWL 85 $.9' below HP (above ground-woiting to mesasure lster) 07/23/E8 0845
Below Heasuring Point: Aoorox. 9.5¢ sbove ground before flow slows much on deegp Date/Time Mesasured: 07/23/88 1000

Keasuring Peint ) HEP Height Above (+/-)
Description/Elevation: _north side steel casing, too or Below G.S5.z ' __+2.5'

Vell Annulus
Corpletion Description: _567 to 52¢8" Colorado 10/20 sard: 5278" to &4778" PVLC .03 cont. slot sereen with Coloraco

10720 sand filter pack: 4778 o 4674m Colorado 10720 sand: 441&" vo L5710 bentonite pallets: 45710% to LA4710¢

Colorado 10720 sand; &LL710Y to 3278 volelay qrout; 3278" to 19446" cemant sand; 1996" to 77/, Silica sand Colorado

10/20: 18* to 87 PVC .01 cont. slot sereen; 77 to 6.5' bentonite pellets: §.57 to &' cemont sard: neat cement

inside and cutside surface casing frem &/ to ground level (3 sacks)

Well Development Descriptions

Remarks: _Use 5' 0.03 screen for bottem Interval {aporox. &B-577); use 107 0.01 screen for too {aporox. B-18})

Put_10/20 sand over pollets to keep tremie pipe awny -« purm 75 gal. Voleclay grout include 2-3 guarts bentonite

mixed in to thicken -- probe will not stabilize at & given depth -- water disolaced uo but void present and volclay

grout remains fluid. Shut down at 1700 to lat set cvernite (Donft wich to have agrout invade zone for upoer screen

*Hote: Lower screcn maved up &Y on 1st pipe facking -- then stablized




Horthern Engineering and Testing, Inc.

DRILLING AMO LITROLOGIC LOG PLLH-4

th Below G.5.) i
;Eg: Jo PRILLING LOG Geological, Oritlfng, ard Uater Conditionz and Samoling

ground 4 Soil layer

4 7 Gravelly colluvium
7 9 silty, some pebbles
g 13 Clean gravel, medium cosrse gravel. Water at 9.57
13 17 pirty, sitty gravel, fine-medium, tan-brown colers

7 £5.5 silt, minor gravel in upper portion, Clean silt below 207, Buff to light yellow-orange brouns

£5.5 L9 Siity-clayey gravel, dark gray, medium coarse. Orilled a boulder at top. Let sit few minutes --
air blew water at 45.57 : .

L9 50 Very coarse sand-fine gravel, dark gray with coaser buff subrounded fragments

50 52 Highly fractured coarse chips - bedrock. Dark gray argillite with
52 55.5 fracture fillings {?). Changes to pinkish or brown. Making lots of water. Clesning fast.



Werthern Engincering and Testing, Inc.

WELL COMPLETION LOG

Hole Mame
State: _Monrana LCounty: _Lincoln Project; Montaru Sllver Venture or Humber: _(CIM-8
Legal Descriptive (Charcion property)
Ltocation: T L See Tract Location: _east side L. Ch. site, south of L. Ch. Ck
Recorded Hole Started: fole Coanpleted:
By: M. Corberr Time: 1035 Oate: 07/25/88 Time: 1730 Date: 07/27/E8 Driller : _8 %8
prill prilling Pilot KHole Reared Hole
Hathod: _Alr fatary Fluidy Used: water a3 needed Diameter: &n Diameter:
Tétal Depth Total Oepth Total Depth Diancter and
Brilled: _140 fr. Reamed: Cased Below G.S.: 93¢ Type af Casing: 4% steel with &% PVC Liner
Weight or Interval Perforated 13-93; etc. for 48/-437 and Target Packer Type and

Gage of Casing: Sch &0 or Screened Below G.S.: 9%87-53/ and 8A'-93/- tatal Acuifer: __ Depth Below G.5.:
457 screened

DURING INSTALLATICN WAS: YES ND Method Perforated or Screened
Well Developed? . X Mo casing in hole
Well Test Pumped? X Cpen bottom
uatar Samples Taken? X X Slotted with Mill’s Xnife
Material Samples Taken? X outside steel casing
E-Logs? X Slotted with a torch
- Sereened by pulling casing
—_— Field saw cut
X Kechanical slots 016  (size)
exc. .03; bet. &B4-537,
Total &57. .
Other {specify)
statiec Fluid Level
Belew Measuring Point: Date/Time Kessured: +2.5¢
Measuring Paint MP Reight Abowe (/)
Oescription/Elevation: _Top well protecter or Below G.5.:

Vell Annulus
Completion Deseription: _Backfilled with cement sand 1407 to 95/: aet scresn colum between 88° ond 33¢, filter

packed with Colo 10.20 sand from 947 to 267: volelay grout from 257 to &° (on too 1/ cement sand); cemented &' to

surface

Well Development Description:

Remarks: Screen column w BE? to Y37 4 105, 5t 5a_ Se. 303 (top dn): Steel casing could rot be [ackad. Effort

resulted in Life and remaval of 77 casing plus bending of upper sbave ground (?) segment. Slotting made sf steet

casing 2/7ft. over total screened segments, Y3-8R8 ft.
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{Depth to G.5.)
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DRILLING AMD LITHOLOGIC LOG LCIN-8

DRILLIKG LOG Geological, Or{lling, end Uster Conditions and Samoling

$ilt rich soil.
Boulder? minor gravel pebbles mixed with silt

Mostly sitt with occasional cobbiles or gravel pebbles. Orilling boulder at 67-97; suitched to
haarmer,

fea gravel, relatively clean

Silty gravel, mediun size clasts, very clayey/ailty
Sile, sliight chocolate brown colors, dry

Clean gravel pes sfze, slt water -
Very sflty gravel (7). $till with hammer

very silty gravel; switch to tricone

Chocolate brown silts followed by coarse gravel; cobbles silty gravels with yellow/orange brown
colors

Large boulder followed by more silty gravel with chocolate coler ard cobbles. Continuved gray, dark
gray, cobbles, boulders ete., with brown, arange brown, buff, silty/cleayey matrix; medium/coarse
grained, small clasts sre brown, buff to orange and orange brown; coarse material gray-dark gray

Change to yellow brown matrix material

e
Kore of sama

Cleaner more rounded/aubrounded gravels, medium coarse grained with multi color clasts (gray, red,
brown, tan) Fluvisl gryvel; making fair smount water at 37¢. Not muxh silt matrix.

Back to coarse gravel with silty matrix. Boulders

Clean well rounded pebble gravel -- mske slt. water

Silty graval? Pebble gravel with silt matrix - msking more water??
Boulders, silty gravel. Vater dec. to nothing

Clean gravel -= some water (well rouned to subangular)

Coarse cobbles and toulders. Tough drilling

Small pea gravel - dirty. No visible water

Silty gravel, coarse, tulders

Page 1 of 2



Northern Engineering and Testing, Inc.

DRILLING AND LITHOLOGIC LOG LCTN-8

{Depth to G.$.)
From To DRILLING LOG Geological, Britling, snd Weter Conditions and Samling

75 ) Clean gravel, minor water

e Fad siity gravel ns sbove

Fad 80 Clesn gravel, small-medivm Brownish clasts

20 " Siley gravel

B IBS - Pea gravel (added -:-re uater)

85 92 silty gravel, boylders, atc. Drilled large quartzite boulder

92 9% Cleaner medium gray gravel with some pea size clasts. No obwious sater addit.

- 96 brilting quartzite boulder

85 a8 Pea gravel change to clasts 1" or more. Mo water

% 99 brilling boulder

9 10 Back into gravel, boulders ete. Clean without silt matrix but not making much water (if any);
highly varisble clast conpositions amd colors {quartz, quartzite, argiliite, and carbonate)

110 114 Some silty gravel for short distance

114 116 More gravel, boylders? bedrock?

116 .- Tripped out ard In with hammer bit

1156 120 Tough rock (bedrock?) HRole drilled ahesd

120 125 Resl dirty silty pes gravel -- made water? hole driiled shead

125 140 Yery silty with pea gravel, ufith iimr vater, still open hole, silty content Incressing.

10

Note: Driller sdded heavy amounts water to drill clean theu very sflty gravel. S{lty very much
{ike lacustrine silts elsevhere, Gravel mostly sll fine gravel cubd to well rounded. Very low
permeability due te silt.

Also, driller notes same mixture silt ard flne pea gravel In Libby valley (recent well) down to
615¢ to bedrock

Page 2 of 2



Northern Engireering ard Testirg, Inc,

WELL COMPLET(OM 1LOG

Hole Wame
State: _Montana County: _tincoln Project: Montana §ilver Venture or Numer: LCH-9
Legal Descriptive
Location: T | Sec Teact Locstion: L. Ch. = Wesr Creek ares {on Chamion rorthline)
Recorded Hole Started: Hole Conpleted:
8y: M. Corbett Time: 1033 Date: 07720788 Time: _1645_ Date: 07720788 Driller : B L 8
oritt oritling Pilot Xole Reaned Nole
Methoc: _air rorary fluids Used: mix or water  Diameter: & Dismeter:
Total Depth Total Depth Total Depth Ciameter ard 2" #VC, .
Drilled: 65.5 Reamed: Cased Below G.5.; 2 Type of Cazing: flush foint threaded
Veight or Interval Pectorated Target Packer Type and

Gage of Casing: _Sch &0 or Screened Jelow G.5.: _S7!-67!  Aquifer: Depth Below G.5.:

Method Perforated or Screemed

DURING IKSTALLATION WAS: YES [ 1]
Yell Ceveloped? X No casing in hole
Well Test Pumped? X Open bottom
Water Samples Taken? X Slotted with Hill's Knife
Material Samples Taken? X Bedrock Slotted with a torch
E-Logs? X Sereened by pulling casing
Field saw eyt
X ¥echanical slots _.010 (size)
Other (specify)
Static Fluid Level
Below Messuring Point: 15.%7 BGS Date/Time Measured: 0900: 07/2%
Kensuring Polnt KP Helght Above (+/-)
Oescription/Elevation: Top of steel, northside or Below §.5.: +5. 1

Usll Anrulus
Completion Description: _72-647, corcrete sand: 64/-547, 10720 Colorado Silica Saned: 567.55.57 bentonite pellets

$5.57-457, wolclay grout: 45777, concrete sand; 1¢-07 concrete surface seal; & steel from 10¢ tao 3.1/

Vell Development Description:

Renarks: Started camolerion at 1100 hours; 07/21/38, finished commletion at 1530 hours
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DRILLING AMO LITHOLOGIC LOG LCH-9

(Depth Below G.5.)
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DRILLTNG 106G Geological, Deitling, and Uater Corditions snd Sampling
L)

Resicdual soil
Dirty clay-silt rich gravel; yellow brown ta red-ofarge brown
Medium-coarsa gravel, gray-tan

Dlirty clay/aitt rich gravelly material; buff to orange-brown (¢colluvium); petbles light-dark gray,
clays/silts more orange yellow browns

Orange-brown silt (mediun dark tones rather than lighter buff of other wells to acuth., Very dry;
very Little clay or sand

More yellew brown 831lt with more clay sticky and damp. Slight Light grey mottling, water added by
driller at 23 ft. in silt; allt getting richer in clays; pedium yellow brown

Hit boulder -- gravel and clay/silt aixed

Clean medium gravel Light-medium gray; drilling easy

Coarse gravel (boulders) dritllimg slow. Had very light water show at 32 ft.

Dirty gravel, clayey

silty, dry, orange brown (drilled Light gray boulder &4-457)

Sftty -+ buff, minor rocks

Gravelly, with silts (Ight gray rock chips siternating with silt (buff to orange brown}

Sity, buff, dasp? clayey -

Clesn pea gravel - gray to dark geay. Darp; shut down for sdded drill stes and fasing, Back In 2
ft. water (57 1)

$ilt, minar gravel. Ory. Priller adding water.
More gravel, dirty

Bedrock == casing nat driving. No water roted.
Drilled ahesd for sample. Still no water,

Wote: Campletion with 10 ft. screen on bedrock + up?
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DRILLIRG AND LITHOLOGIC LOG LCH-10

{Depth Below 6G.5.)

From
0
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DRILLING LOG Geological, Orilling, snd Uater Corviitions and Sasoling

Top soil, organic saterial

Gravel, ailty, sandy, light brown, stightly moist, subangular to subrounded gravel clasts to 1%;
oczasional cobbles and boulders of gray argillte; &0X ‘yravel, JOT gand, 30T sile; boalders at 467,

ar, 154
Gravel, silty, sandy, light brown, moist at 207, -slight moist below

Gravel, bouldary, sandy, some grey-brown silt. Predominantly gray argillite clasts with minor yellow
and green clasts. Approximately 0.5 gpm water at 32¢

Gravel, sflty sandy, light gray brown. Mostly gray clasts with some orange-yellow, green, and
light brown clasts. Making spproximately 1 gpm at 347

Gravel, silty, sandy, orange silt, gray gravel claszts



Morthern Engincering and Testing, Inc.

WELL COMPLETION LOG

Hole Name
State: _Montana County: Lircoln Project: _Kontana Silver Venture or Kumber: LeM-11
Legal Descriptive
Location: T [} Sec Tract tocation: Uoper Little Cherry Creek site, mortherd
Recorded ) Hole Started: Hole Completed:
Sy: M. Corbetr & D, Hezen Time: 0930 Oate: 07/22/88 Time: _1400 Date: 07/22/88 Oriller 31 _8 L8
prill Peilling Pilet Hole Reamed Role
Kethod: Bir totary Flulds Used: . minor uster Dismeter: [ Diameter:
Total Depth Total Depth Total Depth Dianeter and

Orillea: 62.5¢ Reamed: Cased Belouw G.5.: Type of Casing: 2% PVC with §' of 0.0Y screen

veight or Interval Perforated Target Packer Type and
Gage of Casing: _Sch &0 or Screened Beiow G.5.: _S57-62¢ Aquifer: Depth Below G.S.:

DURIHG IMSTALLATICH WAS: YES [ Hethod Perforated or Screened -
Well Developed? X No casing in hole
Well Test Pumped? X - Open bottom
Vater Satples Taken? X Siotted with Millfs Knife
Material Samples Taken? : X Slotted with & torch
E-Logs? X Screened by pulling casing
Field saw eut
X Mechanical slots _0.03  (size)
1-5 fr. 2% sect.
Other (specify)
Static Fluid Level
Below Memsuring Polnt: 44.56° BGS Date/Time Measyred: 07/26/88 1115
Keasuring Point . KP Height Abave {(+/-)
Deseription/Elevation: _north side steel casing or Below G.5.: »2.7

Well Annulus
Campletion Description: _4276" to &27, Colorads 10720 S{llcs $and; Rase screen at 627 with top at 577, fliter

pack Colorado 1020 sand from base o 5417%: 54/ to 53/7" volelay pellets: 53/ to 27/ cement sand; L417% to

27) eaved; 27! to 20¢ wolclay grout; 20" to surfsce cement sand; Weat Portland cement surface casing outside

§sack)

Well Development Description:

Remacks: _Some caving of hole after 10 ft. cement sand placed above Volclasy petlet sesl. Stesl [scked st 10 ft.

fncrements (20 fr. sectiorn)




Northern Ergineering and Testing, Inc.

WELL COMPLETION LOG

Hole Name
Stare: _HMontana County: _Lincoln Project: Montans Silver Yenture or Number: _LCM-10
Legal Descriptive )
Location: T  § See Tract Locations
Recorded Hole Started: Nole Compieted:
By: D. Hazen Time: _09CO Date: 07/2(/88 TIme: 1600 Oate: 07725788 Oriller : 8 & 8 Orilllng
pefil Orilling pPitot Bole Ream=d Nole
Method: air rotary Fluicds Used: _minor water Diameter: & . Diemeter:
Total Depth Total Depth Total Depth Diameter and

orilled: 40* Reamed: Cased Below G.S.: Type of Casingz 2" PVC flush joint threaded

Yeight or Interval Perforated Target Packer Type sand
Gage of Casing: Sch &0 o Screerwd Below G.S.: 257-40r Aquifers: Depth Below G.S5.:

DLRING INSTALLATICH WAS: YES No Method Perforated or Screened
Vell Developad? X Mo caging [n hole
Well Test Pumped? X Open bottom
Vater Samples Taken? X Slotted with Hill’s Knife
Material Samples Taken? 1 Slotted with a torch
E-Logs? X Screened by pulling casing
) Fleld saw cut
X Mechanical stots 0,010 (size)
Other (specify)
Static Fluid Level
Belouw Measuring Poine: Date/Time Keasured:
Keasuring Point NP Meight Above {+/-}
Pescription/Elevation: Yop of ateel well protector or Selow G.5.; +3.4

Vell Arvulus '
Completion Description: 407-237, 10720 Colorada Silica Sand: 23-197 bentonite pellers: 197-3/ coment sand:

B3r-surface, concrete surface seal

Well Development Description:

Resmarks: 1! piece of rebar left {n ssnd pack
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DRILLIKG ARD LITHOLOGIC LOG LEK-11

{Depth Selow G.5.)
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PRILLING LODG Gealegical, Brilling, and Water Conditions and Samoling

$oil (brown)

Soulder

Gravel with silt {tan)

Gravel water; small-medius size . -
Gravel « gile; Llght brown - -
Gravel, cobbles, wvater

Silty, gravel;

boulders (clay filling) dark gray to black argillites with yellow brown (acts ss 1f very coarse
talus mat, with 2-3 feet rocks

Boulders (clay filling) elays filling, boulders. Lost water 28-41 fr,

Crange-brown silt with angular gravel clasts; some sand; gravel {2 dark gray argillite with some
Llight gray mottling

Silty gravel with minor clay, gravel Is angular, gray argillite with light brown frisble sandstone,
orange brown silt

As above with orange silt
Silt with minor gravel + sand, orange

Sandy gravel with sile, Light gray brown, subangular; subrounded gravel clasts, to 19, making water
approxioately 1 gpm gravel 1z (ight gray argillite and sandstone

Light gray (boulder?}, orgillife, very hard dril{ling with tricone
&2.5
& easing to £2.5 (pulled) -
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APPENDIX D
TEST PIT LOGS

The exploration test pits were excavated by using Case 580D and Cat 215
backhoes. The pits were 3 to 3-1/2 feet wide and 10 to 22 feet lTong. The pits
were at least 8 feet deep unless refusal on boulders or bedrock occurred. Test
pit logs were kept and representative soil samples taken. Generally, 50 to 60
pounds of samples were taken from the piles of excavated materials and placed
in bags. Approximately 1 pound of sample was also collected in plastic bags for
moisture content determination. Al1 pits were backfilled with the deeper soils
first and topsoil Tast. The ground was then smoothed and compacted by backhoe.
Test pit locations were surveyed by others, or were visually located.

Information entered on the test pit logs included soil type, color, moisture,
density or consistency and plasticity. Zones of water inflow were also noted.
Visual classification of the samples was made in conformance with the Unified
Soil Classification System (Figure D-1}.

p-1 MONTANA.APD
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EXPLANATION OF TEST PIT LOGS

Descriptions of materials in the logs are based on visual classifications
made in the field and the descriptions are therefore approximate. Where
laboratory data are available, the visual classifications are modified to
reflect those data.

Classifications of soils are based on the Unified Soil Classification
System, Figure D-1. The relative proportions of the fines in a soil sample
are defined by the following terms:

o trace: less than or equal to 5%
0 some: 5% to 12%
o suffix "y" (e.q., silty): 12% to 50%

The relative proportions of gravels, cobbles and boulders were made
visually in the field are therefore approximate.

ATl test pits were excavated by a Case 580D backhoe equipped with 2.0-foot
wide bucket and Cat 215 backhoe equipped with 3.5-fool wide bucket.

D-2 MONTANAAPD



Unified Soil Classification System

Mujor Divigions 5?-:::!: Typical Names Laboralory Classification Criteris
2
- Cu~ b:- Greater than 4
- E ow Well graded gravels, gravel.zand ® L »
E= mixiures litils or no fines. £ 3 o n 0=l Between 1 and 3
Eel 56 g £ <" DuoxDe_
tHEY _ : L
EL | T= GP Pzi’t::;fﬁﬁ’::l;ﬂiu':'“"d £ o ';'—;' Not meeting all gradailan requirements for G’
- = = - = FRI=
s |§iz £y 2%
2| ac E i = weES
2| C5 d R imi :
g 2Z|E c =1 aar Silty gravels. poorly graded 5 D_l.'-__é-g Al.!:'be‘rg I“““’Ftr:““
'; EE|==E gravel-sand-clay mixtures sE ETFETE ba Jne. or Eis Above "A~ line with Pl
z = u . rn LCx thand between 4 and 7 ar
c E—: xEC Sg barderline cases re.
. z | e 5% €< i . iring uses of dual
3% = tck Clayey gravels. poorlv graded | = £l Atterberg limits above - :lf;'hnoril“" oo
£ & ST G graval-sand-clay mixtures €% i “A” line. or Pl greater )
< s & sF 1l than 7
E w = - -
= EE I ::
s = : £ g : Cum D Greater than &
FE .= sw Wellgraded sands.gravellysands, | £ £ © @ ! D
= E s = little or no fines ;E e : Dl
x| fg)éc T il Ce™ Dby _Peiweentand?
5 i | s LA B
c | SE]SE Poorly graded sands. gravelly | 3o £ : ©
_E ; E =3 SP T::‘é‘.?;:“g - I:I;'in‘a.s.s“ elly 25 £ Mot meeting all gradatien requirements for Sy’
e =3 - TEE ;L
= ToF e=w I I
3|53 ; : LB
Es | m g Ees an | berg 1imits below
£= Silty sands. poorly graded sand- A B Alterberg
£ |2 SM ] sl mistures EgZtcs A Line o BLIews 1. above =A™ line with P!
=2 | < v ..-Ec=éf" between 4 and 7 are
H |z .E; £r ;i borderline cases re-
== | = cExRsh Al o quiring wses of dual
H , EES~2w terberg limils above -
£ sc Clavey n_nd_s. poorly graded EEE “A" line. or Pl greater srmbals
- pand-clay mixtures == then 7

Inorganic silts snd very fine sands.
rock flous. silty or clavey fine
sands or clayey silis with slight
plasticiny

ML

b
: | L2
= = E 1 | Inorgdnic clays of law Lo medium
~ T = CL P plamicity, gravelly clavs. sandy
S T 2 clavy, sty clays, lean clays &0 W va
: 53 © NN
. £ = \c\ NN
s i = oL Organicsilisand organic siliclays " /\“ \
%3 of low plastieity .§ 40 IR
T £ NN
Ex z 3 ek
E-E Inomganic sifts. miceceous ar % CL-2 3 lel MH
ol . - 1T
_g z b MH distomacesus fine sandy or silty 5 2 /’
>~ E E soils. alastic silts CL-M e
= =< 10 | L1
= zr \ DL o ML
- i ] . -
= - _ . L
g s cH | Imorganic clays of high plasicity, % 0 20 50 @0 50 €0 70 & 90 100
= = 'llcl-l}‘l
c = E Ligug b
H w
z = . Plasticlly Chart
= OH Organic chays of medium to bigh For laboratory classidcahon of ling-granal sols

plasticity, organic silis

Highlv Organic Sails Pt Peoat and other bighly organiczollc

"Duviuon o &M and S5 groops thtu subdivisions of d and u for roads and arfialds anly. Subdiviuon s baved on Atterbaeg Limats, suffes  used shen hiquid limitiy 28 less and
the Pl iy & of dewn_ i sulfix w used when hiquid hmit is greater than 28

=Hardertneclosufirution Suwlt paas essing characienancs of lwo groups are dusignated by combindtians of group symboli For arample GW.GC, well graded grarel-wand misiure
wilh clav binder

\ FigureNo D-1 A_)




TEST PIT LOGS
(1988)
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APPENDIX E
FIELD DENSITY TEST RESULTS
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APPENDIX E
FIELD DENSITY TEST RESULTS

In August 1989, concurrently with the test pit excavation program, six pits (DT-
1 through DT-6) were excavated in the tailings dam foundation to perform field
density tests in the soils. These pits were excavated to depths of 5 or 6 feet
by using a Cat 215 backhoe. MWater was not encountered in any of these pits.
Soils in the pits consisted of gravelly sandy clayey silt. Density test pit logs
are included in this appendix.

The field density tests were performed by the nuclear densometer method (ASTM

D2922) and by sand cone method (ASTM D1556). Resulis of these field tests are
included in this appendix.

E-1 MONTANA_APE



IChen-Northern, Inc.
D A member of the’ (HIIH) group of companies TE@HNH@AL REPORT

528 SMELTER AVENUE
P O. BOX 851
GREAT FALLS, MT 59403
E (406} 453-1641
FAX (406) 727-2070

REPORT TO: : pate: August 18, 1989
Jos Numper:  88-152-1
MORRISON-KNUDSEN ENGINEERS, INC. (2) SHEET: 1 oF pd
5 ATTN: MIKE FORREST INVOICE NO.: 74828

180 HOWARD STREET
SAN FRANCISCO, CA 94105

ReEpPoRT oF: Field density tests of in-place material for density determination in
[ir natural state, Montana Project, Libby, MT

:‘——'3-

SAMPLE IDENTIFICATION:

Atlached are the results of field dlansity tasts performad on the obove-referanced project on
the dotes and at the locations shown. Unless otherwise noted, our parsonnel utilizad the nuclear
densometer mathod of testing in accordance with ASTM D2922. In accordance with our quality

conirol procedures, occasionol routine correlation tasts are parformed using sand cone methods
in accordance with ASTM D1556.

L

B |

Contractor: Morrison-Knudsen Engineers, Inc.

Test Locations were selacted by: Contractor personnel
Minimum required in-place density: N/A

Maximum density os determined by: N/A

Remarks:

! 7
Ml

Raviewed BV@WM@‘%

7 v

Distribution:

AS A MUTUAL PROTECTION TD CLIENTS, THE PUBLIC AND OURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUA CLIENTS AND ALTHORIZATION FOR
PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OR AEGARDING OURA REPOATS IS AESERVED PENDING OUR WRITTEN APPROVAL. SAMPLES WILL BE DISPOSED
OF AFTEA TESTING IS COMPLETED UNLESS OTHER ARRANGEMENTS ARE AGREED TO IN WRITING,



IChen-Northern, Inc.

A member of the @ group of companies
528 SMELTER AVENUE

TECHNICAL REPORT

P O. BOX 951
GREAT FALLS, MT 53403
(406) 4531641
¥ FAX (406) 727-2070

REPORT TO: DATE: August ]8, ]939
JOB NuMBeER:  88-152-1
MORRISON-KNUDSEN ENGINEERS, INC. (2) SHEEER | OF 2
E ATTN: MIKE FORREST INVOICE NO.: 74828

£z B

REPORT OF:

180 HOWARD STREET

SAN FRANCISCO, CA 94105

Field density tests of

natural state, Montana Project, Libby, MT

in-place material for density determination in

Sample Identification:

sSummarized below are the results of field density tests performed on the above

F referenced project for the dates and at the Tocations shown. Unless otherwise

v noted, these tests were performed using sand-cone methods in accordance with

_ ASTM D1556.

‘ Test Tocations were selected by Chen-Northern at random locations.
o i dens ity ac. detarminad by ASTM BISE7. b
TEST RESULTS:

8 Field

L Moisture Field Dry
Test Date Lab No. Content pcf Density pcf
8/10/89 38867 2.9 118.5

i] Location: DT-2, 6' below ground surface.

. 8/10/89 38868 12.0 117.0

i} Location: DT-T1, 5' below ground surface,
8/10/89 38869 15.2 112.6

i] Location: DT-3, 6' below ground surface.
8/10/89 38870 15.2 111.1
Location: DT-4, 4.5' below ground surface.
8/10/89 38871 15.0 122.5

- Location: DT-5, 6' below ground surface.

D 8/10/89 38872 23.2 94.8
Location: DT-5, 4' below ground surface.

@ 8/10/89 38873 14.0 110.4
Location: DT-6, 4' below ground surface.

REVIEWED BY:__@@M«}%
/ L

. AS A MUTUAL PROTECTION TO CUENTS, THE PUELIC AND QURSELVES, ALL REPOHTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLUENTS AND AUTHORIZATION FOR
PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OA REGARDING OUR REPOHTS IS RESEAVED PENDING OUR WRITTEN APPROVAL SAMPLES WILL BE DISPOSED
OF AFTER TESTING 1S COMPLETED UNLESS OTHEA ARAANGEMENTS ARE AOREED TO IN WRITING.
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Chen-Northern, Inc

NucTear Density Testing
Morrison-Knudsen Engineers, Inc.
San Francisco, California

August 18, 1989
Job No. 88-152-1
Sheet: 2 of 2

Location: DT-6,

5' below ground surface.

NUCLEAR
TEST RESULTS:

Field

Moisture Field Dry
Test Date Lab No. Content pcf Density pcf
8/10/89 38867A 12.5 123.9
.Location: DT-2, 6' below ground surface.
8/10/89 38868A 14.0 116.2
Location: DT-1, 5' below ground surface,
8/10/89 38869A 15.7 119.7
Location: DT-3, 6' beTow ground surface.
8/10/89 38870A 15.0 113.0
Location: DT-4, 4.5' below ground surface.
8/10/89 38871A 14.8 117.2
Location: DT-5, 6' below ground surface.
8/10/89 38872A 23.9 98.1
Location: DT-5, 4' below ground surface.
8/10/88 388734 . 13.1 109.6
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EXPLANATION OF DENSITY TEST PIT LOGS

Descriptions of materials in the logs are based on visual classifications
made in the field and the descriptions are therefore approximate. Where
Taboratory data are available, the visual classifications are modified to
reflect those data.

Classifications of soils are based on the Unified Seil Classification
System, Figure D-1. The relative proportions of the fines in a soil sample
are defined by the following terms:

0 trace: Tess than or equal to 5%
0 some: 5% to 12%
] suffix "y" (e.g., silty): 12% to 50%

The relative proportions of gravels, cobbles and boulders were made
visually in the field are therefore approximate.

A1l test pits were excavated by a Cat 215 backhoe equipped with a 3.5-foot
wide bucket.

E-2 MONTANA.APE
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( Unified Soil Classification System \
. e, Group . . , .
Major Divigions Symbeals Typical Names Laborsiary Claxification Criteria
(419
- Cy= —— Creater than 4
= E cw Well graded gravels. gravel-sand T € Dw
€= mixlures. little or no fines. c = (O]
E. Tc = = ™ Doz Do Betwewn 1and 3
- .- - = =
3 - e € 2 A
il s Poorly graded gravel Lsand H 83
F:) T = cP Qotly graced gravels. gravel-san g om Nat meeting all gradatian requirements for GW
= = mixtures. linde of no fines - R §E
=T - £ V_=E
Pl 5<3 : T =L 3
LT d| P ousT
= - ads = fmi
& EZ|E T | car Silty gravels. poorly graded = UCE AEuhalrg 1""'“?1:"}"“
'; cE=|l=== geavelsand clay mixtures e® XEZET hA ine. or e Above “A” line with Pl
Z £z | X0 u . gn CLm thand between 4 and 7 wre
5 E- | FE2 tE i borderline cases re-
= £ il = Ee :° . ) quiting uses of dual
T s = E 'E: Gc Clayey gravels. poorily graded =L i Al:“_b]t_rg lim;:ls abave symbols
£ = E s gravel-sand-clay mixtures £: ¢ “‘:“’:e'“r areater
£ L1 :
i3 EE ¢ D
= . - - L
= = - - = : Cym —— Greaterthan 6
7 E . L sw Well graded cands. gravelly sands. TE G " D e
HIF <3 little or no fines ST Il (Dwl?
L Ez| =& B : Co= poapo  Betweend and 3
= FE IR =E i
= =zl Ex Poorl | H AR
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APPENDIX F
LABORATORY TEST DATA

Laboratory testing of soils was performed by Chen-Northern, Inc., in Great Falls
and Billings, Montana. Tests were performed on selected bag samples obtained
from the test pits, and SPT, Shelby tube and ring samples obtained from the
borings. Tests include dry density, grain size distribution (ASTM D422),
Atterberg limits (ASTM D4318), moisture content (ASTM D2216), moisture-density
(ASTM D698), specific gravity (ASTM 0D854), and triaxial compression
(consol idated-undrained, CU, and unconsolidated-undrained, UU). The test results
are summarized in Table F-1.

Visual classification of samples was made in conformance with the Unified Soil

Classification System. Material descriptions noted in the boring and test pit
logs were revised based on results obtained from the laboratory tests.

F-1 MONTANAAPF
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NDEX OF LABORATORY TEST SULTS

TEST

GRAIN SIZE

Tailings Retention Dam Foundation

Impoundment Area

Diversion Channel Site

SUMMARY OF ATTERBERG LIMITS

MOISTURE CONTENT VS. PERCENT FINE GRAINED SOIL
UU TRIAXIAL TESTS - DAM FOUNDATION

Mohr Circles

Deviator Stress-Strain Curves and Data Summary
UNDRAINED SHEAR STRENGTH AND MOISTURE CONTENT VS. DEPTH
CU TRIAXIAL TESTS - DAM FOUNDATION

P-( Stress Paths

Mohr Envelope

Deviator Stress, Stress Ratio & Pore Pressure vs.
Strain Curves and Data Summary

CU TRIAXIAL TESTS - COMPACTED EARTHFILL
P-Q Stress Paths
Mohr Envelope

Deviator Siress, Stress Ratio & Pore Pressure vs,
Strain Curves and Data Summary

MOISTURE-DENSITY RELATIONSHIP DATA
INDIVIDUAL GRAIN SIZE CURVES

FIGURE
F-1
F-2
F-3
F-4
F-5

- 6A
F - 6B
F-7

F - 8A
F - 8B
F-~8C

(2 sheets)
- 9A

F - 9B

- 9C
MONTANAITR
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A R R T R o - R S

R E R o - [ O3 Lad L

' _ LIQUID PLASTIC PLASTICITY % PASSING

SYMBOL  CLASSIFICATION AND SOURCE  LIMIT (¥) LIMIT (%) INDEX (¥) #200 SIEVE
1 TP-103  4'-11'  (CL-ML) 21 17 4 64
2 TP-107 8'-9' (CL-ML) 20 14 6 57
3 TP-109 8'-10' (ML) 20 19 | 54
4 USB-1 15'-16.5" (CL-ML) 25 21 4 58
5 TP-121  9'-11' (CL) 24 13 11 63
6 TP-127 3'-5' (CL) 26 16 10 64
7 TP-128 3'-5' {cL) 26 16 10 71
8 TP-128 11'-14'  (CL) 41 22 19 90
9 TP-131 1'-2° (ML) 28 23 5 —_—
10 TP-136 2'-4' ~ (CL) 42 20 22 67
11 TP-138 2'-4' (CL) 25 16 9 59
12 TP-144 3'-5' (CL) 26 17 9 64
13 DT-2 4'-5' {(ML-CL) 23 17 6 55
14 DT-6 4’-5' (CL) 30 18 12 63
15 DH-1  23'-24.5' (CL-ML) 22 18 | 67
16 DH-2 4'-5.5' (ML) 20 17 3 59
17 DH-2  12'-12.5' (CL) 33 16 17 72
18 DH-3  15'-16.5' (CL) 33 18 15 66
19 DH-3  20'-21.5' {(Ci) 37 19 18 -
20 DH-3A  13'-14.8"' (CL) 31 18 13 78
21 DH-6  10'-11.5' (ML) 20 17 3 42
DH-12  4'-5.5' (GM) Non-Plastic 11
22 DH-18 48'-48.5' (CL) 30 19 11 70
23 DH-19 11'-12' (ML) 21 20 1 -
DH-19 20'-21' (GM) Non-Plastic 35
24 DH-20  4'-5.4' (SM) 27 24 3 16
DH-20 16'-18' (ML) Non-Plastic 61
25 DH-20 20'-22' (ML) 24 21 3 —
26 DH-20 39'-39.5' (CL) 36 19 17 62
27 TP-124 6'-8' (CL-ML) 33 24 9 99
28 TP-145 5'-7' (CL) 3l 16 15 68

MONTANORE PROJECT

SUMMARY OF ATTERBERG LIMITS

(SHEET 20F 2}
FIGURE F-4
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MOISTURE CONTENT (%)
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SOIL PASSING #200 SIEVE (%)

MONTANORE PROJECT

MOISTURE CONTENT VS,
PERCENT FINE - GRAINED SOIL

FIGURE F-5
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UNDRAINED SHEAR
MOISTURE CONTENT{% )| STRENGTH (KSF)
0 10 20 30 | 2 3 4 §
's] 1 1 | | I I W I |
5 Ly
C:5.15
& o O c/h'eaa
GM)
{EI
~ 10—
w
wl
w o) ¥
- 8
= A—%
w |5 . .
a f 9 C:1.23
A cﬂ""cau
oo D op=2.
NON-PLASTIC (DH-19) c:1.89
20 A o/p's0.7
2
c=1.79
5 & /P07
25
NOTES:

LEGEND:

SYMBOL FOR BORING NO.
? 5 {SEE BELOW)

t t  LioupumiT

PLASTIC LIMIT

MOISTURE CONTENT OR UNDRAINED

SHEAR STRENGTH :

SYMBOL  BORING
A DH-3 & DH-3A
© DH-19
o] DH-20

|. ALL TESTS WERE PERFORMED ON FINE-GRAINED (ML OR CL) SOIL, EXCEPT

AS NOTED OTHERWISE,

2 L C__ COHESION FROM UNCONSOLIDATED~UNDRAINED TRIAXIAL COMPRESSION TEST
‘P’ EFFECTIVE VERTICAL OVERDURDEN PRESSURE

MONTANORE PROJECT

FIGURE F~7

UNDRANED SHEAR STRENGTH AND
MOISTURE CONTENT VS. DEPTH
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MOISTURE-DENSITY RELATIONSHIP DATA



§ ‘"n MOISTURE-DENSITY RELATIONSHIP
528 Smeiter Avenue
] s DATA SHEET
E——— Great Falls, MT 59403
_ h——— (406} 4531641
E Engunegring
and lesting. Inc.
E .. REPORT 10: Morrison-Knudsen Engineers, Inc, DATE: 10/07/88
San Francisco, California JOB NUMBER: 88-152

SHEET: 1 OF 1
INVOICE NO.: 63946
LAB NO.: 32287
DATE SAMPLED: N/R
DATE RECEIVED: August 1988
PROJECT: Montana Silver Venture Mine SAMPLED BY: Morrison-Knudsen
Little Cherry Site

SAMPLE LOCATION; *P-106, 6.0'~8,0%, s-1

By

]
1

MECHANICAL ANALYSIS

a - SIZE % PASS SPECS.
N/A
MOISTURE-DENSITY RELATIONSHIP
.| Zero Air Voids Curve
Measured Gs = 2,70
] \
- N
130
. i
-'; \
bl 3
[] 3 T N VISUAL CLASSIFICATION
Z125 > ) Silty SAND
o 2 /| \\ Qg\\ SPECIFIC GRAVITY: Fine Aggregate~2.70
D B /] ; N, N ) SPECIFIC GRAVITY: Coarse Aggregate-
% ¥ N N 2.69
o Y H \
f'] ~ TEST PROCEDURE ASTM D698 Method C
. 120 S MAX. DENSITY: 125.5
) OPT. MOIST.: 9.5
RAMMER TYPE: 5.5
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R

7 8 9 10 11 12 13 14 15
WATER CONTENT Percent of Dry Weight

DISTRIBUTION:

AS A MUTUAL PROTECTION TO CLINTS THL PUBLIC AND CURSELVES, ALL REPORTS ARF SUBNMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORIZATION FOR PUBLICATION OF
STATEMINTS. CONCLUSIONS DR EXTRACIS FROM Ol REGARDING OUR REPORLS IS RESIEVID PENDING DUR WRITTEN APPROVAL. SAMPLES WILL BE DISPOAED OF AFTER TESTING 15 COMPMETID LUNLESS
OTHER ARRANGIMINTS ARE AGREID 1O 1N WRITING

iDEL s DY RIET 11 4 Y



i Northern
§

‘ I I a o MOISTURE-DENSITY RELATIONSHIP
528 Smeltar Averus

W[ sl DATA SHEET

————— Great Falis, MT 59403

T—— | (a08) 453164
Engineenng
and Teshing. Inc

REPORT TO: Morrison-Knudsen Engineering Inc. DATE: 10/07/88

San Francisco, California JOB NUMBER: 88-152

’ SHEET: 1 OF 1

INVOICE NO.: 63946

LAB NO.: 32288

DATE SAMPLED: N/R

DATE RECEIVED: August 1988
PROJECT: Montana Silver Venture Mine SAMPLED BY: Morrison—Knudsen

Little Cherry Site

SAMPLE LOCATION: TP-107, 8.0'-9.0', s-1

MECHANICAL ANALYSIS

{'] SIZE % PASS SPECS.
N/A
—} MOISTURE-DENSITY RELATIONSHIP
~ Zero Alr Voids Curbe
-~ Measured Gs = 2.66
¥ N
N
; 130
N
13
-4 0 VISUAL CLASSIFICATION
E 125 (o q Silty SAND
j Z - 3 SPECIFIC GRAVITY: Fine aggregate-2.69
[=] . \-)(.\ W SPECIFIC GRAVITY: Coarse aggregate-
= _V N ~ 2.65
o N\
g TEST PROCEDURE ASTM D698, Method D
120 MAX. DENSITY: 125.2
D OPT. MOIST.: 9.4
O, RAMMER TYPE: 5.5
PREPARATION PROCEDURE: Moist
| PENETRATION RESIS.: N/R
6 7 8 9 10 11 12 13 14
El WATER CONTENT Percent of Dry Weight
DISTRIBUTION:

AS A MUTUAL PROTECTION TD CUENTS THE PUBLIC AND DURSELVES, ALL HIFORTS ARE SUBMITIID AS THE CONFIDENTIAL PROPERTY OF OUE CLIENTS, AND AUTHORIZATION FOR PUBLICATION OF
ATATLAINTS . CONCLULIONS OF EXTRACTS FEOM OR RIGARRING QuUR REPOATS 15 RESIQVID PENDING OUR WRITTEN APPROVAL SAMPUS Wil Bt DISPOSED OF AFTIR TESNNG 15 COMPLETED UNLISS
OTHEZ ARRANGIMINTS ARE AGEIED TO IN WRITING



D /@enéNorthem, Inc. Consulting Engineers & Scientists

D MOISTURE-DENSITY RELATIONSHIP
‘ DATA SHEET ] GREAT FALLS

528 SMELTER AVENUE
P Q. BOX 851
GREAT FALLS, MT 55403
{406} 4531641
FAX (408) 7272070

REPORT TO: DATE: Dec. 27,. 1989
MORRISON-KNUDSEN ENGINEERS, INC. JOB NUMBER: 88-152-2
ATTN: MICHAEL P. FORREST SHEET: 1 OF 1
180 HOWARD STREET INVOICE NQ.: 84837
SAN FRANC!SCO, CA 94105 LAB NO.: 39455
DATE SAMPLED: --
DATE RECEIVED: --
PROJECT: Montana Silver Venture Mine SAMPLED BY: Chen-Northern
CONTRACTOR: N/R
SAMPLE LOCATION: TP 128, 5-1, 3.0' - 5.0°

i
]

MATERIAL USE: Subgrade MECHANICAL ANALYSIS

SIZE % PASS SPECS.
yn 100
3l| 96
MOISTURE-DENSITY RELATIONSHIP 2" 32
i 1-1/2" 92
Zero air voids curve " 90
Measured Gs = 2.68 3/4" 90
1/2" a8
3/8" 87
No. & 85
S No. 10 83
N No. 20 80
N No. 40 79
N No. 80 76

AN No. 200{wash) 71
‘\ UNIFIED CLASSIFICATION (ASTM D2487)

Lean CLAY with Gravel (CL)
A~ SPECIFIC GRAVITY: 2.68

1 . LIQUID LIMIT: 26

1 AN PLASTICITY SNDEX: 10

]

I~
7

—
—

DRY DENSITY Iby/ cu ft,

73
\\

»
7

TEST PROCEDUREASTH D698, Method D
11 \\ \\ MAX. DENSITY: 116.8

N AN OPT. MOIST.: 13.3

RAMMER TYPE: 5.5 pound manual
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/A

11 12 13 14 15 16 17 18 REMARKS:

WATER CONTENT Percent of Dry Weight

DISTRIBUTION:

' Reviewed BV:M ‘Q,M:‘:{?

AS A MUTUAL PROTECTION TO CLIENIS. THE MUNLIC AND QUR3ELVES, ALL REPORTS ARE SUSMITTED AS THE CONFDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORIZATION FOR MIBUCATION OF

!
j STATEMENTS. CONCIDEIONS OR EXTRACTS FROM OR REGARDING QUE SEPORTS IS RESEQVED PENDING QUR WRITIEH APPROVAL SAMPLES WILL &F DISPOSED OF AFTER TESTING IS COMPLETED UNLESS
OTHER ABRANGEMEMTS ARE AGIEED TO IN WEMNG.

Dy & &G MU 114



:]‘—ehel‘léNOl'thCI‘Il, ].HC. Consulting Engineers & Scientists

_ MOISTURE-DENSITY RELATIONSHIP
1 DATA SHEET O GREAT FALLS

528 SMELTER AVENUE
P 0. BOX 331
GREAT FALLS, MT 58403

(406) 4531641
g FAX (408) 727-2070

REPORT TO: DATE: Decembes 27, 1983
MORRISON-KNUDSEN ENGINEERS, INC, JOB NUMBER: 88-152-2
ATTN: MICHAEL P. FORREST SHEET: 1 OF 1
180 HOWARD STREET INVOICE NO.: 84837
SAN FRANCISCO, CA 94105 LAB NO.: L0747
DATE SAMPLED: --
DATE RECEIVED: --
PROJECT: Montana Silver Venture Mine SAMPLED BY: Chen=Northern
CONTRACTOR: N/R
SAMPLE LOCATION: TP 133, S-1, 1.0' - 3.0f

MATERIAL USE: Subgrade MECHANICAL ANALYSIS
SIZE % PASS SPECS.
gn 100
3" 87

MOISTURE-DENSITY RELATIONSHIP 2" 93

1-1/2" 88

Zero air voids curve " 81

Measured Gs = 2.54 3/4" 74

172" 64

Y 3/8" 57

E\ . No. & 45

120 No. 10 34

No. 20 28

No. 40 24

No. 80 20

N No. 200(wash) 16

N UNIFIED CLASSIFICATION (ASTM D2487)
115 < P Silty GRAVEL with Sand (GM)
N, N, SPECIFIC GRAVITY: 2.54
X\ N LIQUID LIMIT: N/R
/ N\ N PLASTICITY INDEX:N/R

A

DRY DENSITY lbv/ cu .

7 3 TEST PROCEDUREASTH D698, Method D
MAX, DENSITY:115.5

OPT. MOIST.: 11.8

RAMMER TYPE: 5.5 pound manual

PREPARATION PROCEDURE: Moist

PENETRATION RESIS.: N/A

110

——

RKS-
8 9 1 1 12 13 14 15 16 REMARKS

WATER CONTENT Percent of Dry Weight

- ReviewedBy: onne LY M

DISTRIBUTION:

AS A MUTUAL PROTECTION TO CLIENTS. THE PUALIC AND QURAELYES, ALL REPORTS ARE SURMITIED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENIS, AND AUTHOSZATION FOR PUBLICATION OF
STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDING QLR REPORTS 1S RESERVED PENDING OUR WRITTEN APPROVAL SAMPLES WILL BE DISPOSED OF AFTER TESTING IS COMPLETED UNLESS
OTHER ARZANGEMENTS ARE AGEREED TO IN WRMING.

Rav. 589 CNI 114-D3
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DRY DENSITY lby cu 1.

DATA SHEET

REPORT TO:
MORRISON-KNUDSEN ENGINEERS, INC.

ATTN: MICHAEL P, FORREST
180 HOWARD STREET
SAN FRANCISCO, CA 94105

PROJECT: Montana Silver Venture Mine
CONTRACTOR: N/R
SAMPLE LOCATION: TP 1’42, S—I' 2.0" - 3.0r

MATERIAL USE: Subgrade

MOISTURE-DENSITY RELATIONSHIP

Zero'aiTr voids curve
Measured Gs = 2.68
N
130 b
N\
= \\
125 -
/// -\\\
/ \\ y
)4 N N\
N N
b \\
120 " A
/ N
/ N N
8 9 10 11 12 13 1% 15
WATER CONTENT Percent of Dry Waight
DISTRIBUTION:

Gonsulting Engingars & Sclerlists

MOISTURE-DENSITY RELATIONSHIP

[ GREAT FALLS
528 SMELTER AVENUE
P 0. BOX 951
GREAT FALLS, MT 59403
(406) 4531841
FAX (406) T27-2070

pATE:December_ 27, 1989
108 NUMBER: 88-152-2
SHEET: 1 OF 1

INVOICE NO.: 84837

LAB NO.: 39466

DATE SAMPLED: ~-

DATE RECEIVED: -~

SAMPLED BY: Chen-Northern

MECHANICAL ANALYSIS

SIZE % PASS SPECS.
34 100
2“ 99
1-1/2" 97
1ll 91}
/4" 92
/2" 88
3/8" 87
No. & 82
No. 10 75
No. 20 68
No. 40 63
No. 80 59

No. 200{wash) 53

UNIFIED CLASSIFICATION (ASTM D24B87)
Sandy Lean CLAY with Gravel (CL)}
SPECIFIC GRAVITY:2.68

LIQUID LIMIT: N/R

PLASTICITY INDEX: N/R

TEST PROCEDURE ASTH D698, Method D
MAX. DENSITY: 124.9

OPT. MOIST.: 10.3

RAMMER TYPE: 5.5 pound manual
PREPARATION PROCEDURE: Hoist
PENETRATION RESIS.: N/A

REMARKS:

. MA?’M,%

L

AS A MUTUAL PROTECTION TO CLIENIS. THE PUBLIC AND OURYELVES, ALL REPORTS ARE SUBMITED AS THE CONHDEMTIAL PROPERTY OF OUR CLIENTS. AND AUTHOMIZATION FOR MIBLICATION OF
STATEMENTS, CONCLUSIONS OR EXTRACTS FROM Of REGARDING OUR REPORTS IS RESERVED PENDING CUR WRITTEN APPROVAL SAMPLES WILL BE DISMOYED OF AFIER TESTING |15 COMPLETED UNLESS

QTHER ARBANGEMENTS ARE AGLEED TO IN WRMNG.

Oae @0 CM LAD%
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