NP -55-0%

Fen 198D

MORRISON-KNUDSEN ENGINEERS, INC.

A MORRAISON KHUDSEN COMPANY

180 HOWARD STREET
SAN FRANCISCO, CA 94105



MONTANA PROJECT
SANDERS AND LINCOLN COUNTIES, MONTANA
GEOTECHNICAL REPORT

Neoranda Minerals Corp.
Montana Project
10] Woodland Road

- P.O. Box A.L.
Libby, MT 59923

by:
Morrison-Knudsen Engineers, Inc.
180 Howard Street

San Francisco, California 94105

February 1939



MORRISON-KNUDSEN ENGINEERS, INC.

A MORRISON KNUDSEN COMPANY

2029-910
HEADQUARTERS OFFICE :
mrém?sggﬁwommu.sx 94105 15 February 1983

TELEX: (WUI) 677058, (TTT) 470040, (RCA) 278162, {WUD} 34376
PHONE: (415) 442-7300

Noranda Minerals Corp.
Montana Project

10} Woodland Road
P.O. Box A.L.

Libby, MT 59923

Attention: Mr. Joe Scheuering
Project Manager

Subject: Montana Project
Sanders and Lincoln Counties, Montana
Geotechnical Report

Gentlemen:

Morrison-Knudsen Engineers, Inc. (MKE) is pleased to submit this geotechnical report
for the Montana Project,

The purpose of this report is to provide geotechnical background to select sites for
plant facilities, a mine portal, a tailings impoundment and an evaluation adit, The
following sites were investigated:
o  Tailings Impoundment Sites
- Little Cherry
- Poorman

- Midas

o Plant Sites and Mine Portals
- Libby Creek

- Ramsey Creek

o Evaluation Adit Sites
- Heidelberg Tunnel
- South end of Rock Lake
- Upper Heidelberg Road
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The geotechnical investigations consisted of (1) geologic mapping, (2) seismic
refraction surveys, (3) drilling, (4) test pit excavations and (5) laboratory testing.
The results of the exploration and laboratory testing prograrms are presented, and site
and subsurface conditions are described. Seismic design criteria are also presented in

this report,

If you have any questions about this geotechnical report, please call me at
(415) B42-7593.

Sincerely,

M. P. Forrest
Project Manager
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CHAPTER |
SUMMARY AND CONCLUSIONS

Noranda Minerals Corp. is planning the development of the Montana Project in Sanders
and Lincoln Counties, Montana, for mining and milling copper-silver ore. The project
involves surface facilities consisting of a plant, mine adits, evaluation adits and a
tailings impoundment. Morrison-Knudsen Engineers, Inc. (MKE) performed geotechnical
investigations to select sites for these facilities.

This report presents the results of the field investigation program and includes
discussions of (1) geologic setting, (2} seismicity, including seismic design criteria, (3)
field exploration and laboratory testing programs and (4) site and subsurface
conditions. The following sites were investigated:

o Tailings Impoundment Sites
- Little Cherry
= Poorman
-  Midas

o  Plant Sites and Mine Portals
- Libby Creek

- Ramsey Creek

o  Evaluation Adit Sites
-  Heidelberg Tunnel
-  South end of Rock Lake
-  Upper Heidelberg Road

The plant, mine portal and tailings impoundment sites are located on the east side of
the Cabinet Mountains and the evaluation adit sites are located on the west side. The
impoundment sites are characterized by glaciofluvial and lacustrine deposits that are as
thick as 200 or 300 feet. The plant sites are covered by colluvial and glacioﬂuvial
deposits, generally on the order of 30 to 60 feet thick. Bedrock consists of Precambrian
meta-sedimentary argillite, quartzite and siitite. The evaluation adit sites are located
in extensive exposures of the meta-sedimentary rocks.
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A seismicity study was performed to determine appropriate seismic design criteria. To
assess earthquake sources, regional and local seismicity were evaluated and research of
fault activity was performed. The results of our studies indicate that the design
earthquake would be a magnitude 7 event originating on the Bull Lake fault, 20
kilometers to the west of the project site. The peak ground acceleration was estimated
to be 0.22g.

The field investigation program in the plant, mine portal, evaluation adit and tailings
impoundment sites consisted of (1) geologic mapping, (2) 50 seismic refraction survey
lines, (3) 1,400 linear feet of drilling and (&) 42 test pit excavations. Field permeability
tests were performed during the drilling work. Monitoring wells were constructed in
selected borings. The results of the exploration at the Little Cherry and Poorman
impoundment sites conducted by Chen-Northern of Helena, Montana, were also used in
this study.

Soil samples collected from the borings and test pits were submitted for index and
compaction laboratory testing. Unconfined compressive strengths were determined for
undisturbed samples from the Midas site. At this stage of the project, triaxial
compression tests were not performed. Such tests would be performed during a

subsequéent desigh development phase for use in final stability analyses.

The Little Cherry impoundment site is in a valley that drains into Libby Creek. Highly
weathered rock was found at a depth of 27 feet in the north abutment. Borings were
not drilled in the south abutment due to access limitations. However, bedrock was
found at a depth of 50 feet in a stream channel just south of the south abutment.
Geophysical results (seismic refraction and Chen-Northern's resistivity surveys)
indicate that 200 to 300 feet of glaciofluvial silty sandy gravels and lacustrine silty clay
cover the valley bottom. The results of permeability tests indicate that bedrock in the

north abutment and site soils have low to moderate permeabilities.

Soils found in the Poorman site are similar to those found in the Little Cherry site. The
Poorman site is a relatively flat area on the east side of Cable Mountain. Bedrock
outcrops were found on the north side of the impoundment site. From the results of
geophysical surveys, bedrock in the south and east sides of the site was estimated to be
more than 200 feet deep. The soils were measured to have low to moderate
permeabilities.
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Artesian groundwater conditions were found in both sites. The artesian conditions
result from confinement of the glaciofluvial materials by the less pervious silty clayey
lacustrine sediments. However, higher artesian heads were found at the Poorman site.
A groundwater level (piezometric surface) in a monitoring well installed by
Chen-Northern at the east side of the Poorman site was found to be 17 feet above the
ground surface. The effect of artesian groundwater conditions on impoundment design
is that uplift water pressures could develop in the foundation of an impoundment dam

that would have to be controlled by the use of pressure relief wells.

The Midas site is located in a valley that drains into Libby Creek. Many weathered rock
outcrops were observed on the east side of the valley., The results of seismic refraction
surveys indicate that bedrock is less than 50 feet thick at potential abutment locations
on the west side of the valley. In the valley bottom, lacustrine deposits consisting of
silty and clayey soils with some gravels were found to be more than 100 feet thick.
More fine grained low-permeability soils were found at this site than at the other two

impoundment sites.

Conditions at both the Libby and Ramsey plant sites are similar. Dense silty sandy
graveily soils with cobbles and boulders cover both sites. Bedrock was probably
penetrated by one boring in the Libby site at a depth of about 30 feet, From the results
of seismic refraction surveys, the depth to bedrock could be between 30 and 65 feet at
the porial site. At the Ramsey plant site, it is unclear whether bedrock or very dense
bouldery ground was found at a depth of 4| feet in one boring. Bedrock outcrops were
observed in the Ramsey mine portal vicinity. Groundwater was measured at depths of
12 and 16 feet at the Libby plant site; at Ramsey, groundwater was measured at a depth
of 22 feet. There is more evidence of avalanches at the Libb‘y site than at Ramsey.
Depending on planned excavation depths at the plant sites, very dense bouldery ground
and bedrock may be encountered. In addition, groundwater could be encountered at
either site.

Three evaluation adit sites were explored. All three sites are located in hard
meta-sedimentary rock. The existing 720-foot long Heidelberg Tunnel is more than 18
years old and remains stable. Groundwater emerging primarily from foliation planes

amounts to an estimated 80 gpm.
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The adit location at the south end of Rock Lake would require some talus excavation to
expose bedrock. The tunnel on the upper Heidelberg road is located in hard but
weathered rock. Timber supports in the tunnel are in bad repair, and about 30 feet into
the tunnel, the roof has caved. Rock conditions farther from the entrance could not be
observed, but would be expected to improve.

The preliminary investigations described in this report were sufficient for preliminary
design and site selection. However, further field investigations and laboratory testing
will be needed to better define foundation conditions at the selected sites and to

develop the tailings impoundment design.
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CHAPTER 2
INTRODUCTION

2.1 PURPOSE AND SCOPE

Noranda Minerals Corp. is currently planning the development of the Montana Project
located in Sanders and Lincoln Counties, Montana, for mining and milling copper=-silver
ore. The project area is located in the Kootenai and Kaniksu National Forests (Figure
1). As part of this project, Morrison-Knudsen Engineers, Inc. (MKE) performed
geotechnical investigations to select the preferred sites for plant facilities, mine
portal, tailings impoundment and evaluation adit portal. The following sites were
investigated (Figure 2):

o Tailings Impoundment Sites
- Little Cherry
- Poorman
- Midas

o Plant Sites and Mine Portals |
- Libby Creek
- Ramsey Creek

o  Evaluation Adit Sites
- Heidelberg Tunnel
- South end of Rock Lake
- Upper Heidelberg Road

The goal of the engineering work and geotechnical investigation is to select the
preferred sites, from an engineering standpoint, for plant facilitie's, mine portal,
tailings impoundment and evaluation adit. To accomplish this goal, the scope of work
outlined below has been developed to define geotechnical conditions at the sites. The
approach to the project study is described in the Design Basis Memorandum, in

Appendix A.
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The scope of work for site selection and preliminary design consists of the following
tasks:

o Conduct a field investigation that includes the following activities:
- Data review
- Reconnaissance
-  Geologic mapping
- Selsmicity evaluation
-  Seismic refraction survey
- Test pit excavations
-  Exploratory drilling
-  Laboratory testing

o Perform site evaluations that include the following:
-  Tailings impoundments (including seepage, design floods and stability)
-  Plant sites and mine portais
-  Evaluation sites

o Prepare the following technical reports:
-  Geotechnical Report
-  Geotechnical Site Evaluation Report

-  Tailings Impoundment Preliminary Engineering Report
o Attend meetings with Noranda and regulatory agencies.

This geotechnical report presents the results of the field investigation program. The
Geotechnical Site Evaluation Report presents recommendations for selection of the (1)
plant site, (2) mine portal location, (3) tailings impoundment site and (4) evaluation adit
site. The Tailings Impoundment Preliminary Engineering Report presents the results of

preliminary engineering analyses and design for the selected tailings impoundment site.

2,2 AUTHORIZATION

United States Borax & Chemicat Corporation initially authorized the work for this
project on 9 May 1988. On 6 September 1988, U. S. Borax transferred its interest to
Noranda Minerals Corp.

7997G 2-2



CHAPTER 3
GEOLOGIC SETTING

The focus of the Montana Project is an area near Rock Lake in the Cabinet Mountains
Wilderness which consists of mineral bearing quartz veins adjacent to the Rock Lake
Fault. The primary geological feature of the area is the Cabinet Mountains, a rugged
range with altitudes of more than 7,000 feet. Cirques with high walls at the heads of
the valleys were formed during the last Pleistocene glaciation. Many of the cirque

basins contain iakes that are fed by snowmelt.

The project area is underlain by Precambrian meta-sedimentary rocks of the Belt
Supergroup. The rocks form a north-trending structure bounded on the east and west by
high-angle faults. The rock structure in general is tilted northward. The bedrock
consists primarily of argillite, siltite and quartzite with some carbonate horizons.
Bedrock is exposed over most of the wilderness area except for talus and rock slides
that cover many of the steep slopes. Surficial soils related to glaciation cover much of
project area at the lower elevations (U.S. Geological Survey and U.S. Bureau of Mines,
1981).

An extensive period of glaciation and erosion during the Pleistocene Epoch followed
uplift of the Cabinet Mountains, Glacial striations on ridges indicate that ice {probably
alpine or mountain glaciers) once covered all but the highest peaks of the range.
Continental glaciers may not have covered the project area. However, the effect of
the ice sheets moving south from Canada during the Pleistocene glacial stages was to
dam the north flowing rivers, creating huge lakes. Glacial Lake Missoula formed in this
manner in the Clark Fork drainage west of the Cabinet Mountains. The water backed
up into southern Montana some 250 miles, reached depths of over 2,000 feet, and rose
to an elevation of 4,150 feet (Montana Bureau of Mines and Geology, 1962). Ice also
blocked the north flowing Kootenai and other local rivers creating lakes along the
eastern side of the Cabinet Mountains. Sediments from one of these lakes reach an
elevation of 3,550 feet in the project area which appears to be slightly lower than that
of Glacial Lake Missoula (Chen-Northern, 1989),

Surficial deposits at the lower elevations of the eastern slopes in the project area
include alluvial flood plain deposits, colluvium, and glaciolacustrine and glaciofluvial
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deposits. The floodplain deposits consist primarily of silts, sands, gravel and cobbles
and the colluvium consists of slope wash boulders and soils. The glaciofluvial deposits
consist of sands and gravel overlain in places by poorly sorted till-like deposits. The

glaciolacustrine deposits consist primarily of gravelly silt with some varved clays.

7398G 3-2



CHAPTER &
SEISMICITY

4.1 GENERAL

This chapter provides background information on seismicity of the region surrounding

the Montana Project area and describes procedures used to derive the project design

earthquake and ground motion parameters.

4.2 REGIONAL SEISMICITY

The site region lies near the northernmost end of the Intermountain Seismic Belt (ISB),
a north-south oriented zone of seismic activity that includes the Wasatch Front in
Central Utah, the Teton-Yellowstone area of Wyoming and parts of the Northern
Rockies in western Montana. The ISB is characterized by moderate to large magnitude
earthquakes with shallow focal depths. Throughout the ISB and also in the site area, the

predominant type of faulting is normal, along north to northwest oriented faults.

Tabie 4.1 summarizes significant earthquakes in the region and it includes the two
largest events known to have occurred in the ISB, the M7.5 Hebgen Lake earthquake of
1959 and the M7.3 Borah Peak, Idaho, earthquake of 1983, These earthquakes were both
approximately 300 miles from the site so that ground motions felt in the site region
were mild. No significant damage occurred in Libby during either earthquake (Stover,
1985).

Swarms of moderate to small earthquakes have occurred repeatedly near Flathead Lake
as shown on Figure 3. Despite the long history of intense activity, magnitudes reported
by the National Oceanic and Atmospheric Administration (NOAA) have never exceeded
5.0. However, Qamar and Stickney (1983) estimated magnitudes of 5-1/2 for
earthquakes in 1943 and 1952 based on unusually large areas where ground motions were
felt.

Although there have been no large historic earthquakes in the site region, the frequency
of small to moderate events and the presence of long faults of undetermined activity
Indicate that a large earthquake is possible. Algermissen et alL (1982) attributed a

maximum magnitude of 7.3 to the Flathead Lake zone and areas to the southeast.
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TABLE 4,1
SIGNIFICANT EARTHQUAKES IN SITE REGION(D

Approx. Distance

Maximum to Project Site

Date Location Magnitude(z) Intensﬂ:_{(B) (miles)
2-25-71  S.E. of Libby, MT — IV 14
6-26-64  Marion, MT 4,7 B 21
3-12-18 Lake Pend Oreille, ID —_— v 27
4-15-52  Whitepine, MT — v 30
8-16-60  Sandpoint, ID — v 47
7-10-30  Missoula, MT — v 48
12-19-57  Wallace, ID 5.0 v 48
11-28-26 Wallace, ID _— v 48
5-9-4% °  Wallace, ID — v 48
6-8-54 Wallace, ID — v 50
9-23-61  Wallace, ID — Iv 51
11-01-42  WA/ID border —_ VI 52
9.23-45 Flathead Lake, MT 5.5(5J VIl 65
2-4-75 Creston/Kalispell, MT® 4.6 VI 66
3-31-52  Big Fork, MT 5.5 viI 70
7-31-69 to Canada (9 event)'® 5.0 to 5.3 vi 116 to 128

10-30-70
12-20-72 Canada 5.1 VI 116
7-16-36 Milton-Freewater, OR 5.75(5) vl 205
8-17-59  Hebgen Lake, MT 7.5 x, v 293
10-28-83  Borah Peak, ID 7.3 ix, v(7) 310
Notes:

(1) Sources of data: NOAA data file and Qamar and Stickney (19332).
Earthquakes with M less than 5 and more than 50 miles from the site
are not included.

(2) Magnitudes are body wave magnitudes (mp) except as otherwise noted.

(3) Epicentral Modified Mercalli Intensity

(#) Swarm of 9 earthquakes with M greater than 5

(5) Estimated magnitude

(6) Surface wave magnitude (Mg)

(7) Reported local intensity at Libby, Montana

(8) Representative event; numerous other earthquakes with M less than 5
have occurred near Flathead Lake.
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Other clusters of earthquakes have occurred near Wallace, Idaho, 50 miles south of the
site, and in Canada, more than 115 miles to the north. In both areas, the maximum
magnitudes have not exceeded 3.3, Many of the events originating from the Wallace
area are rock bursts related to mining operations in the Coeur d'Alene mining district
(Qamar and Stickney, 1983).

4,3 LOCAL SEISMICITY

The area extending from the Bitterroot Valley north into Canada and from Flathead
Lake west to the Washington-Idaho border is characterized by low seismicity. There is
no record of a moderate earthquake in the area. However, there have been scattered
small earthquakes in the Idaho panhandle in the vicinity of Lake Pend Oreille and a few
smail earthquakes between Libby and Kalispeil. As shown in Table 4.1, the largest and
most significant of these was a M4.7 earthquake in 1964 located 2l miles east of the
project site. The closest event was small and occurred about 14 miles east of the site
in 1971. No earthquakes exceeding M4-1/2 have occurred in northwest Montana in the

last five years (M.C. Stickney, personal communication).

There has been a notable lack of seismicity associated with geologic structures such as
the Hope, Bull Lake, and Rainy Creek faults (Figure 3), Nevertheless, uncertainties in
knowledge of fault activity and a rather short historical earthquake record lead
Algermissen et al. (1932) to select a maximum earthquake of Mé.5 for the area, which

is greater than the largest observed event (M5.0). This earthquake is not attributed to
any specific fault.

4,4 FAULTS

Witkind (1975) identified and classified faults in the region that have evidence of
movement in the last 20 million years. Of those faults, only two in the site area, the
Rainy Creek and Bull Lake faults, show evidence displacing Pleistocene deposits, This
places the age of fault movement as younger than 1.5 to 2 million years. Orientations

and locations of the faults are indicated on Figure 3.

7995G : 4-3



o Rainy Creek Fault: Witkind (1975) classified this fault as active based on a
report that it ruptured the ground surface during an earthquake in 1964, However, the
Corps of Engineers performed further field investigations of the Rainy Creek fault in a
study for Libby Reregulating dam (Corps of Engineers, 1978, cited in Camp, Dresser &
McKee, Inc., 1988). A conclusion of this study was that the reported fault scarp was
not tectonic in origin and that it was related to slumping of poorly compacted tailings
and overburden. There is now doubt whether this fault should be considered potentially
active.

o Bull Lake Fault: Witkind (1975) classified this fault as late Quaternary, less
than about 700,000 years old, and therefore potentially active.

o  Faults Bounding Libby Valley: Witkind (1975} evaluated these possible faults
as late Cenozoic, older than several miillion years, and questioned their existence.
Since there is little evidence for their activity, these faults were not considered as

potential earthquake sources in the present study.

o Hope Fault: This fault is about 70 miles long an'd extends southeastward from
Lake Pend Oreille along the Clark Fork River past Thompson Fallss Witkind {1975)
found it to be older than Pleistocene, more than 1.5 to 2 million years old. Therefore,

it is not considered as a potential earthquake source.

o Flathead Lake Seismic Zone:t Earthquake activity near Flathead Lake is
treated here as a seismic zone in which epicenters do not clearly coincide with known
faults. There are numerous candidate faults in the area both normal and strike slip, but
their behavior and individual potential have not been resolved. A conservative distance
of 40 miles from the site has been assumed to account for possible branching faults such

as the Big Draw fault shown on Figure 3.

5 MAXIMUM CREDIBLE EARTHQUAKES

Maximum Credible Earthquakes (MCE) were determined for potentially active

earthquake sources: the Bull Lake and Rainy Creek faults, the Flathead Lake seismic
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zone, and a random local earthquake. The MCE is defined as the largest rationally
conceivable event that could occur in the tectonic environment in which the project is
located (Seed, 1982}, MCE magnitudes were calculated using the formula of Slemmons
(1982) for normal faults:

M, = 0.809 + 1.34l logL

where L is the entire length of the longest fault segment in meters. Maximum
earthquakes for the Flathead Lake zone and for random local earthquakes were adopted

from Algermissen et al. (1982). MCE magnitudes are shown in Table 4.2 on page 4-7.

4.6 SEISMIC DESIGN CRITERIA

A. Peak Ground Acceleration

Peak ground accelerations were calculated for each of the four potential seismic
sources using current attenuation functions (Campbell, 1981; Joyner and Boore, 1982;
and Idriss, 1985). Table 4.2 summarizes the MCE magnitudes, source distances, and
resulting site accelerations. As shown in Table 4.2, the random local earthquake gives
the largest estimate of peak acceleration. However, the MCE on the Bull Lake fault
gives an acceleration that is 5% less and, because of its larger magnitude, it could
produce a longer duration of shaking (more significant stress cycles), In view of the
uncertainties in the process of calculating maximum magnitude from fault length, it is
considered appropriate to round up the Bull Lake MCE to magnitude 7. Thus, the design
earthquake likely to produce the most severe ground motion at the site is as follows:

o Source: Bull Lake Fault
o Distance: 20 km
o Magnitude: 7.0

o  Mean Peak Ground Acceleration: 0.22¢g

The design earthquake peak ground acceleration was used in liquefaction analyses of
the tailings impoundment site (MKE, 1989).
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B. Seismic Ceefficient

The project site is located close to Seismic Zone 2 for which a seismic coefficient of
0.05g is recommended (Corps of Engineers, [977). However, this coefficient is
incompatible with a nearby magnitude 7 MCE. Since the boundaries of Seismic
Zones 1, 2, and 3 are relatively close together in this region, it is appropriate to
apply the coefficient for Seismic Zone 3, which is 0.10g. This coefficient was used

in seismic stability analyses of the tailings dam (MKE, 1989).
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TABLE 4.2
PEAK GROUND ACCELERATION FOR
VARIOUS SOQURCE MAXIMUM CREDIBLE EARTHQUAKES

Site Fault
Earthquake Distance Length(l} MCE Peak Ground Acceleration(g)
Source (km) (km) _  Magnitude C(z) J+B (3) I () Average
Bull Lake Fault 20 30.6 6.8 0.18 C.19 0.21 0.20
Rainy Creek Fault 2% 23.3 6.7 0.15 0.15 0.17 o.lé
Flathead Zone 65 — 7.3% 0.09 0.06 0.09 0.08
Random Local 15 — 6.5 0.19 0.2t 0.23 0.21

Notes:

(1) Fault [engths were scaled from map shown in Witkind (1977).
(2) Campbell (198]) attenuation

{3) Joyner and Boore (1982) attenuation

(4) Idriss (1985) attenuation

(5} Algermissen et al. (1982)
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CHAPTER 5
FIELD EXPLORATION AND LABORATORY TESTING

5.1 FIELD EXPLORATION

A, General

In July and August 1988, field exploration was performed at the Little Cherry and
Poorman tailings impoundment sites, the Ramsey and Libby Creek plant and mine portal
sites, and at the Rock Lake evaluation adit sites. In November 1988, field exploration
was performed at two potential dam locations in the Midas tailings impoundment site.
The field exploration program consisted of geologic mapping seismic refraction surveys,
drilling, and test pit excavation. A summary of the field exploration program is

presented in Table 5.l at the end of this chapter.

In July 1988, Chen-Northern drilled 9 wells totating 539 linear feet in the Little Cherry
and Poorman impoundment sites. Aquifer testing was performed in the wells.and the
test results are presented in Chen-Northern's 1989 ceport. Also, Chen-Northern
conducted 39 resistivity surveys in both impoundment sites. Chen-Northern's
exploratory work supplements MKE's field exploration of the Little Cherry and
Poorman impoundment sites. The locations of the wells and resistivity surveys are

shown on Figures % and 7.

B. Geologic Mapping

Geologic mapping was performed at the plant sites, impoundment sites and adit sites.
The mapping was done to identify bedrock outcrops, rockslide areas, snowslide areas,
springs, faults, and landslides. To determine the potential for rockslides into portal
cuts; the orientation of major discontinuities were noted. The geologic data are shown
on the exploration plans and geologic maps. In addition, a geologic map was prepared of
the Heidelberg Tunnel and is presented in Appendix B, Figure B-1.

C. Seismic Refraction Surveys

In July and November 1988, 30 seismic refraction lines were surveyed in the project
area to obtain information on depth to bedrock, depths to soil layers, and rippability of
site materials. The line designations, number of seismic lines and total footage at each

of the tailings impoundment, plant, and portal sites are presented in Table 5.l.
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Forty-seven seismic lines were each 325 feet long with geophone spacings of 25 feet.
The seismic line at the Rock Lake adit site and two lines at the Midas site had a 10-foot
geophone spacing.

A twelve-channel signal-enhancement seismograph was used to record seismic
compressional wave (P-wave) velocities, and explosives or a 10-pound sledge hammer
was used as an energy source. The approximate seismic line locations are shown on
Figures 4, 7, 11, 16, 18 and 20, and a summary of the results of the seismic refraction

surveys is presented in Appendix C.
D. Drilling

In July, August and November 1988, twenty-four borings ranging in depth from 18 to
100 feet and totalling 1402 linear feet were drilled in the project area. The boring
designations, number of borings and total footage drilled for each of the tailings
impoundment and plant sites are presented in Table 5.1. To minimize ground
disturbance, preliminary exploration borings were located in readily accessible areas as
shown on Figures 4, 7, 11, 16 and (8.

The borings were drilled by Northern Engineering and Testing, Inc., of Great Falls,
Montana, using a Mobile B-53, Mobile B-50 and CME-75 rotary drilling rigs. Borings
were drilled to determine depth to bedrock, bedrock characteristics, the characteristics
of the overburden, and the depth to groundwater. The borings were generally drilled
with a 2-15/16-inch tricone bit and casing in the overburden. Bedrock was cored by
using NX or NQ diamond bits and double-tube core barrels. Standard Penetration Test
samplers (2-inch O.D., ASTM DI1586) and 2.5-inch C.D. samplers were used to obtain
soil samples where soil conditions permitted. Shelby tubes were used to obtain
undisturbed soil samples, but with the exception of Midas site, their number was limited
due to the gravelly nature of the overburden. At the Little Cherry and Poorman sites,
Shelby tube sample recovery was poor and the tubes were generally bent and creased.
Approximate unconfined compressive strengths of cohesive soil samples were measured
with a pocket penetrometer. To monitor groundwater levels, the borings were cased
with l-inch LLD. PVC pipe with the bottom sections slotted. Boring logs and monitoring
well construction details are presented in Appendix D. Water leve! data are presented
in Table D.l, Appendix D.
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Field permeability tests were performed at the Little Cherry, Poorman, and Midas
tailings impoundment sites. The tests were performed to determine permeability
coetficients of foundation materials for seepage analyses. The tests were performed in
the overburden using constant head open-end casing tests conforming to procedures in
the U.S. Bureau of Reclamation's "Earth Manual" (1974), Method E-18. Water pressure
tests were performed in bedrock using a single pneumatic packer. Results of the

permeability tests are presented in Table D.2, Appendix D.
E. Test Pits

Forty-two test pits ranging in depth from 3.5 to !6 feet were excavated at the
impoundment and plant sites to characterize the scil materials and to estimate the
amount of boulders in the soil matrix. Test pits were located in readily accessible areas
(Figures 4, 7, 11, 16 and 18). The test pits were excavated in July, August and
November by Sorlie Excavating of Trout Creek, Montana, using a Case 580D backhoe
with a l.5-foot wide bucket. Soil samples were taken from the test pits and transported
to Northern Engineering and Testing for laboratory testing. Approximate unconfined
compressive strengths of cohesive soils were measured with a pocket penetl:ometer.
Test pit designations and the number of test pits at each of the tailings impoundment
and plant sites are presented in Table 5.1. The test pit logs are presented in Appendix
E.

5.2 LABORATORY TESTING

Laboratory tests were performed to obtain preliminary engineering parameters of the
soils at the plant and tailings impoundment sites. Moisture content (ASTM D2216¢), dry
density, grain size (ASTM D422), Atterberg Limits (ASTM D#318), compaction
(ASTM D698), and specific gravity (ASTM D854) were determined for selected test pit
and boring samples. In addition, unconfined compressive strengths (ASTM DZ166) were
determined on undisturbed samples from the Midas site. The types and number of tests
at the plant and tailings impoundment sites are summarized in Table 3.2, Laboratory
test results are presented in Appendix F, |
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CHAPTER 6
SITE AND SUBSURFACE CONDITIONS

6.1 IMPOUNDMENT SITES

A. Little Cherry Site

l. Site Conditions ~ The site is located in a valley that drains northeast into Libby
Creek. The highest point in the watershed is at El 5,400. Portions of the site are

clear-cut and others are heavily timbered. Access to the site is via Forest Service

roads, about 12 miles from U. 5. Route 2.

Isolated outcrops of highly weathered, fractured and jointed meta-sedimentary rock
were observed on ridges on the north side of Little Cherry Creek (Figure 4). Elsewhere,

the ridges are covered with colluvium and glacial outwash.

At the proposed damsite, the valley slopes and creek channel are cover;ad with
colluvium, glacial outwash and lakebed sediments to a depth of 200 to 300 feet. The
colluviurn overlies the higher slopes of the valley and consists of coarse slopewash
material. The glacial outwash material is gravelly and contains a major silt fraction.
The lakebed sediments are mostly fine grained silt and varved clays with some gravel.
These surficial materials appear to interfinger below about EL 3,550, which is the
highest level that lakebed sediments have been reported (Chen-Northern, 1989). Within
the impoundment, colluvium and glacial cutwash may overlie the sediments indicating a

later period of deposition.

Little Cherry Creek is situated well above bedrock. The present channel location
approximates the pre-glacial channel location, but the stream has not eroded the

surficial materials to the pre-existing level.

Groundwater is transmitted through the more pervious layers of coliuvial and glacial
outwash materials and also through fractures in bedrock. Where groundwater is
confined by the relatively impervious lakebed sediments, aquifers under artesian
pressure result. A seepage area was observed, as shown on Figure 4.
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2. Subsurface Conditions - The results of the exploration indicate that bedrock

occurs at shallow depths in both abutments. However, in the valley bottom, bedrock
was not found in the borings or wells, the deepest of which was 140 feet (LCTM-8), The
seismic refraction and resistivity survey results indicate that bedrock is between

200 and 300 feet below the ground surface {see Figures 5 and 6).

Highly weathered quartzite, siltite and argillite were found at a depth of 27 feet in
Boring USB-3, in the north-abutment. The fracture spacing in the core varied from | to
6 inches and the core was soft. Core recoveries ranged from 40 to 96% and Rock
Quality Designation (RQD, see Appendix D) values varied from 0 to 30%, indicating
poor rock conditions. Bedrock was also reported at a depth of 65 feet in Well LCM-9,
2,400 feet east of USB-3.

Borings were not drilled in the south abutment because of access limitations. However,
bedrock was found at a depth of 50 feet in Well PLCM-6, located in a stream channel
just south of the south abutment,

Dense to very dense silty sandy and silty gravelly soils (fowest SPT value was 36), with
lesser amounts of hard silty clayey soils, were primarily observed in the borings and test
pits. Boulders and cobbles were also found in the borings, especially in Borings USB-2
and USB-4 and in Wells LCTM-8 and LCM-i1. The amount of boulders in the test pits

was visually estimated to range from about 5 to 10 % of the soil volume.

The laboratory test results indicate that the fines content generally ranges widely from
25 to 77% (see Figure F-1, Appendix F). Sandy gravel with 7% silt was found in Test
Pit TP-105. The test pit was probably located in a fluvial outwash deposit, similar to
that found in a gravel pit at the southeast side of the Poorman site (see Subsection
6.1.B.1). The soils have low plasticity with liquid limits ranging from 20 to 25 and
plasticity indices ranging from 1 to 6 (see Figure F-4, Appendix F). The dry density of
one undisturbed sample from USB-1 was 109 pounds per cubic foot (pcf). Natural
moisture contents vary widely, between 2 and 18%., The results of the moisture-density
tests (ASTM D698) show maximum dry densities of about [25 an& 126 pcf; the optimum
moisture content is about 9.5%. These data indicate that, due to the wide range of
natural moisture contents, moisture conditioning of the soils will be required for

embankment construction.

3001G 6=-2



The results of field permeability tests are summarized in Table 6.1. The results show
that the permeabilities of the silty sandy gravelly soils generally range from | X 10'5
to ]l X 10'4 cm/sec, indicating these soils are moderately pervious. -In Well PLCM-6,
> to 7x 1072
cm/fsec. As expected, the silty clayey soils were found to have lower permeability
values, ranging from 3 X 10"6 te7 X 10 -6 cm/sec (see Boring USB-5, Table 6.1). The

results of packer tests in Boring USB-3 show that the weathered rock in the north

south of the impoundment site, permeabilities range from 2 X 10

abutment has low permeability values, ranging from less than | X 10-6 to 3 X 107 3

cm/sec.

Groundwater depths were measured between 22 and 34 feet in Borings USB-1, 3 and 5.
Groundwater levels in the wells were reported to range between about 10 and 14 feet in
August 19838 (Chen-Northern, 1988). In the valley bottom near Little Cherry Creek, the
groundwater depth was measured at 2 to 3 feet in Boring USB~2, A spring was also
found in the creek downstream of the damsite (Figure 4). The shallow groundwater
Ievels in the valley bottom indicate that groundwater is discharging into Little Cherry
Creek in the impoundment site.

Seepage was observed in four test pits: TP-10l, 102, 104 and 1i{0. In Test Pits TP-101
and 102, which are located in drainages, seepage was observed at depths of 6 and
8 feet, respectively. Heavy seepage was noted at 4.5 feet in TP-10%, which is located
about 400 feet south of Boring USB-2 where shallow groundwater was also measured.
Seepage in gravelly sand at a depth of 1} feet was reported in TP-110. This seepage
depth corresponds with water levels measured in Well LCM-11 (depths of 11 feet in July
and 14 feet in August 1988). This well is located about 400 feet north of TP-110.

The results of the seismic refraction surveys show that scils have compressional wave
(P-wave) velocities ranging from about 2,000 to 8,000 feet per second (fps). The lower
velocities were measured near the ground surface; higher velocities were measured at
greater depths indicating increasing soil density with depth. Bedrock on the north

abutment was found to have a P-wave velocity greater than 12,300 fps.
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B. Poorman Site

{. Site Conditions - The site occupies a relatively flat area east of Cable Mountain,

Portions of the site have been clear-cut. The highest point in the watershed is at ElL

#,160. Access to the site is via Forest Service roads, about 10 miles from U.S. Route 2.

Highly weathered and fractured meta-sedimentary rock outcrops were mapped near the
north side of the impoundment (Figure 7). On the south and east sides of the
impoundment area, rock is covered to depths of more than 200 feet by colluvium,
glacial outwash and lakebed sediments. The colluvium consists of coarse slopewash
derived from rocky slopes. The glacial outwash is mostly grével with a major silt
fraction. Lakebed sediments consist of gravelly silt and some varved clays. The
surficial material appears to interfinger below about El. 3,550, which is the highest
level lakebed sediments are reported. Interfingering of a silty sandy gravel deposit was
observed in a gravel pit at the southeast corner of the impoundment at EL 3,450 (Figure
7), which is well below the highest level of lakebed sediments.

Surface water runoff quantities are small and occur in numerous small streams.
Surface water accumulates in an area on the south side of the impoundment, between
Test Pits TP-204 and TP-206 (Figure 7), causing swampy conditions. Groundwater
accumulates in the more pervious la{yers, as it does in the Little Cherry Creek area.
Aquifers that are confined by lakebed sediments result in artesian conditions
downstream (east) of the impoundment site.

2.  Subsurface Conditions - Highly weathered bedrock was mapped in road cuts at the

north end of the impoundment site (see Figure 7). Except for Well PLCM-6, rock was

not found in the borings in the Poorman site.

Site soils are similar to those found in the Little Cherry site and consist of dense to
very dense silty sand and silty gravels {lowest SPT value was 19) with lesser amounts of
very stiff to hard silty clayey soils. Boulders and cobbles were noted intermittently in
Boring USA-3, Well PM-2 and the test pits.
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The results of laboratory testing show that the fines content generally ranges widely
from about 32 to 75% (Figure F-2, Appendix F). The soils have low plasticity: liquid
limits were measured between 20 and 33 and plasticity indices vary from 6 to 17 (see
Figure F-5, Appendix F). The data show that the Poorman site soils have a somewhat
higher plasticity than do soils at the Little Cherry site (see Figures F-4 and F-5,
Appendix F). Dry densities were measured between 108 and 120 pcf. Natural moisture
contents were found to range from 2 to 21%, which are comparable with the data from
the Little Cherry site. Results of two moisture-density tests (ASTM D698) show
maximum dry density values of 109 and ] 16 pcf; optimum moisture contents are {3 and
15%. As for the Little Cherry site, these data indicate that moisture conditioning of
the soils will be needed for embankment construction.

The results of field permeability tests are summarized in Table 6.2. The results show
that soil permeabilities are variable, ranging from less than | X 10"6 to
7 X 1072 cm/sec. These values indicate that the soils have low to moderate
permeabilities.

Groundwater depths were measured in Borings USA-2, 3 and 4 between 25 and '58 feet..
The results of the exploration show that in the southeast and northeast corners of the
impoundment site, artesian conditions exist and groundwater levels are shallow. The
depth to groundwater In Boring USA-I, at the southeast corner of the impoundment
site, was found at a depth of 7 feet. In Boring PM-3, also in the southeast corner of the
impoundment site, the groundwater level was measured at a depth of about 13 feet. In
Well PM-5, near the northeast corner of the impoundment site, groundwater
(peizometric surface) was measured in August 1988 to be about 17 feet above ground
level. Springs were found east of the impoundment, north and south of PM-5 (Figure
7). In Test Pit TP-207, located about 1,400 feet east and [50 feet lower in elevation
than PM-5, seepage at a depth of 8 feet was observed to be perched on a lakebed
deposit of varved clayey silt.

Seismic refraction results show that the soils have P-wave velocities in the range of
about 2,000 to 9,000 fps. The velocities increase with depth indicating increasing
densities. Bedrock at the north end of the impoundment was found to have a velocity of

about 10,500 fps. Velocities greater than this value may indicate bedrock. Based on
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the results of Chen-Northern's resistivity data and MKE's seismic refraction surveys,

bedrock could be more than 200 feet deep in the eastern part of the site (see Figures 8,
9 and 10).

C. Midas Site

1. Site Conditions - The site is located in a northerly trending valley that drains
into Libby Creek. The valley lies along the edge of the glacial flood plain that
originated along the eastern slope of the Cabinet Mountain Range. The valley therefore

does not contain as much glacial debris as the easterly oriented valleys.

The highest point in the watershed s at EL. 5,660. Portions of the site are clear cut and
others are heavily timbered. Access to the site is via Forest Service roads, about
7 miles west of U.S, Route 2.

Weathered rock outcrops were observed on the east side of the valley and in the stream
channel downstream of the site. The left abutment consists of gravelly silt at the
surface. Lakebed sediments occur as terraces on both sides of the actively 'eroding
stream. The lakebed sediments are mostly fine grained silt and varved clay with some
gravel.

Two suspected landslides were mapped in clearcut areas on both abutments at the lower
impoundment site (Figure 11). These suspected slides were located in clearcut areas on
both abutments. No evidence of recent movement was observed. Avalanche chutes
were not observed in the Midas site. _

2, Subsurface Conditions - Bedrock outcrops were mapped along a road cut on

the east side of the valley and a few outcrops were mapped near the valley bottom near
the lower dam axis (see Figure 11). Shallow bedrock was found near the valley bottom
at boring location MCDH-4, where a stream eroded the soil materials. Outcrops were
also mapped along Libby Creek, west of the west abutment. The results of seismic
refraction surveys indicate that the bedrock surface is less than 50 feet deep in the
west abutments of both axis locations (see Figures 12 and 13). Due to access

limitations, borings could not be drilled on the west side of the valley.
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Bedrock at the east abutment locations (in Borings MCDH-3 and 7) and valley bottom
(Boring MCDH-4) consists of highly weathered to slightly weathered argiilite. The
fracture spacing in the core generally ranged from 1 to 6 inches. Core recoveries
varied from 60 to 100% and RQD values ranged from 0 to 67%; these RQD values
indicate that zones of poor rock conditions are present. The degree of weathering was

least pronounced at Boring MCDH-7.,

Lacustrine deposits at the Midas site, consisting of silty and clayey soils with some
gravels, were found to be more than 100 feet thick (see Figure 14). Several samples
were varved or were interbedded clayey, silty or fine sandy soils. Unconfined
compression test results on six undisturbed Shelby tube samples show undrained shear
strength values ranging from 1,000 to 4,000 pounds per square foot (psf). These values

indicate that the soils are generally stiff to very stiff.

The results of the exploration program show that more fine grained soils exist at the
Midas site than at either the Little Cherry site or Poorman site. The lowest SPT value
was 15, and because of the predominantly fine grained soils at the Midas site, the
boring logs show that the blow counts are generally less than those at the other two
impoundment sites

The laboratory test results show that fines content generally ranges from 21 to |00%
(see Figure F-3, Appendix F). The soils have low piasticity; liquid limits range from 23
to 44 and plasticity indices range from 3 to 19 (Figure F-6, Appendix F). These
plasticity test values are similar to those found at the Poorman site, but are somewhat
greater than those found at the Little Cherry site. Dry densities of soil samples vary
from 93 to 115 pcf. Natural moisture contents range from 10 to 31%, which, because
of the finer material gradation, are higher than those measured at the other two sites.
Moisture—-density test (ASTM D698) results on four test pit samples show maximum dry
densities between 103 and 123 pcf; the optimum moisture contents range from 10 to
21 %. The test results show that the natural water contents of the soils exceed the
optimum moisture content by 3 to 6%, indicating that the soils will need to be dried for
embankment construction.

The results of field permeability tests are surmmarized in Table 6.3. Due to the
fine grained composition of the lacustrine soils, the permeability values are low;

measured permeabilities range from less than 1 X 10° to 4 X 10°® cm/sec. The
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permeability of silty sand in Boring MCDH-2 is about one or two orders of magnitude
higher (6 X 10_5 cm/sec). Because of the predominantly fine soils at the Midas site,
the soils are generally less pervious than those at the other two impoundment sites.
The results of packer tests show that the rock generally has low permeability values,
ranging from less than | X l(}"6 to 4 X 10_6 cm/sec. In the upper part of Boring
MCDH-3, the permeability was measured to be 3 X lo_kcmfsec, indicating moderately
pervious bedrocle.

In November 1988, groundwater depths were measured between 20 and 84 feet in the
borings. Local seepage at a depth of 7.5 feet was observed in Test Pit TP-508,
Measurements in Borings MCDH-2, 6 and 8 show that the water levels were at or below
the stream level in November. These data suggest that the stream is discharging into

the groundwater system during the autumn months,

The seismic refraction survey results show that soils have compressional wave
velocities ranging from 1,000 to 6,000 fps. These velocities are lower than those
measured at the other two sites. Bedrock was found to have velocities ranging from

9,400 to 13,800 fps, which are similar to the velocities measured at the two other sites.

6,2 PLANT AND MINE PORTAL SITES

A. Libby Creek

I.  Site Conditions - The Libby Creek valley in the area of the plant and portal sites
is characterized by steep rock slopes to within about 200 feet of the valley floor where

increasing thicknesses of colluvium and glacial gravels mantle the lower valley slopes.
Rock outcrops were abserved in the stream channel. The rock on the slopes and in the
channel consists of slightly weathered, hard, widely fractured meta-sedimentary rock

with a steep westerly dip.
The plant site can be located in a triangular clear-cut area on the south side of Libby

Creek at about El. 4,250, Foundation conditions may be a combination of bedrock or

glacial outwash and talus overlying bedrock. No landslides or unstable slopes were
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observed in this area. Several snow chutes with lengths between 1,000 and 2,000 feet
exist on the southwest side of the plant area (Figure 15); these chutes should be
avoided. Also, several long avalanche chutes {about 5,000 feet long) exist on the north
side of the valley that will affect access roads in this area, The elevation differences
between the tops of these chutes and the plant site are sufficiently great {about 2,400
feet) that avalanches originating in them could possibly override Libby Creek and move
uphill into the plant site.

The portal could be located in a stand of timber on the north side of the valley and
about 300 feet from the wilderness boundary. Bedrock was not found in the portal area,
although one large rock exposure {possibly a boulder) was found near the site. Slopes
above the portal appear stable and no snow avalanche chutes are locally present.

Surface water follows well defined channels on both sides of the plant site. In the
valley bottom, some marshy areas exist where bedrock is shallow. Occasional seeps

were noted on the slopes along the north side of the valley.

2.  Subsurface Conditions - The Libby site exploration plan and geologic sections are

shown on Figures 16 and 17, respectively. The results of the exploration indicate that
the Libby plant site is covered with.dense silty sandy gravelly soils with cobbles and
boulders. The results of grain size tests show that two soil samples contain 17 and 18%
silty fines. Boulders were observed in the test pits to be as large as 3 feet and based on

visual estimates, account for as much as 15 to 20% of the soil volume. In addition,
large (approximately 6 feet) boulders were observed at the surface between Test Pits
TP-402 and TP-404,

Boring LCDH-2 may have penetrated bedrock at a depth of about 30 feet. The rock was
drilled to a depth of about 7 feet before coring started. About 6 feet of core drilling
was done. The rock quality was good: 100% of the core was recovered and the RQD
was 78% and 100% for the two core runs. The seismic refraction results show that
velocities in the range of 16,000 to 19,000 fps, which suggest bedrock, were measured
for depths typically ranging from 30 to 70 feet. These depths correspond to the
suspected bedrock depth indicated in Boring LCDH-2,
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Due to lack of access, drilling was not done at the portal site. However, two seismic
refraction surveys were conducted at the portal site. The results indicate that a 13,000
to 15,000 fps refractive layer, probably indicating bedrock, was found at depths ranging
from approximately 30 to 65 feet,

The depths to groundwater in Borings LCDH-2 and 3 were measured at 12 and 16 feet,
respectively. Groundwater was not found in the test pitss Groundwater measurements
have not yet been made in LCDH-|,

B. Ramsey Creek

I.  Site Conditions - The Ramsey Creek valley at the plant location resembles Libby

Creek plant site except that the avalanche danger at this site is significantly less
(Figure 15).

On the north slope of the valley, rock outcrops were observed several hundred feet
above the valley floor, and on the south slope, rock is probably shallow. The rock on the
slopes and in the channel consists of hard, widely jointed meta-sedimentary rock similar
to that at Libby Creek. The lower portions of the slopes are covered with colluvium,
talus and glacial outwash, and the slopes are heavily wooded. The valley floor is marshy
below the portal and plant sites where glacial outwash and alluvium overlie bedrock at
shallow depth.

The plant site is located in an elevated area on the north side of the valley at about
El. 4,440, The area is mostly clear-cut and no snow avalanche chutes were observed
above the site. Colluvium and glacial outwash cover the site to shallow depths and

southeast of the site, bedrock outcrops were found in the creek channel.

At the portal location, the rock is exposed in a steep face that can be adapted for a
portal. Talus that exists at the portal will need to be graded to make a tunnel entrance
and working area. Several short snow chutes are present near the portal that will need
to be avoided when the portal location is finally selected. Access roads may be

affected by the snow chutes for short distances on the south side of the valley.
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Surface water is confined to well defined channels. Marshy areas exist in the Ramsey
Creek channel, especially below the portal site.

2. Subsurface Conditions - The Ramsey site exploration plan and geologic sections

are shown on Figures 18 and 19, respectively. Subsurface conditions at Ramsey are
similar to those at the Libby site. The exploration results show that dense silty sandy
gravelly soils with cobbles and boulders cover the site. Grain size tests show that two
- s0il samples contain 19 and 25% silty fines. Boulders found in the test pits were
observed to be as large as 3 feet and, by visual estimates, account for as much as 25%

of the soil volume.

Three borings were drilled at the plant site, Bedrock may have been found in Boring
RCDH-1 at a depth of 4l feet; bedrock was not found in the two other borings. The
core recoveries were 78 and 79%, except between 49 and 53 feet, where the recovery
was 23%. RQD's were low and range from 0 to 56%, indicating poor rock quality. It
was not definitely determined if bedrock or boulders were found, The seismic velocities
are lower at Ramsey than they are at Libby: the velocities range from 9,000 to 14,000
ips below depths of 24 to 70 feet. These velocities may indicate bedrock or very dense
bouldery ground.

Bedrock is exposed in the Ramseglf portal site. Seismic refraction surveys were
performed in the talus slope below the bedrock face. High velocities (about 20,000 fps)
indicating bedrock were estimated at the portal site below depths of 40 to 60 feet.
Drilling was not done at this site due to inadequate access.

Groundwater was measured in Boring RCDH-1 at a depth of 22 feet, Groundwater was
not encountered in Boring RCDH-3 or in the test pits. Groundwater measurements

could not be made in RCDH-2 because the hoie caved.

6.3 EVALUATION ADIT SITES

A. Heidelberg Tunnel

The portal for the proposed evaluation adit could be located at the head of Rock Creek
Meadow at about El. %,100 and adjacent to a steep waterfall section of Rock Creek
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(Figure 20), The portal site is about 900 feet lower in elevation than Rock Lake,
Access to the portal is by a recently improved 4-wheel drive road. An adit about 700
feet long exists at this location. A dump exists for muck disposal immediately
downstream of the existing portal

The entire area is underlain by meta-sedimentary rock of the Belt Supergroup (mostly
argillite and siltite). Fill has been placed at the portal approach to facilitate tunnel
access. Except for local small talus slopes and some vegetation, bare rock is exposed at
the surface. The rock at the portal is unweathered, hard, sound, widely jointed and
foliated at steep angles striking to the northwest. The joint and foliation planes strike
both normal and parallel to the existing adit (which is N58° E), and dip at steep angles
(74° to 87° W). A third joint set may be a near-surface stress relief feature. This set
strikes subparalle! to the slope and dips at low angles to the south {10° to 30%. Other
random sets also exist.

An important geologic feature affecting evaluation adit construction is the Rock Lake
fault zone (Figure 20). The fault is not a distinct break but Instead may be fracture
zones several tens of feet wide. The zone is near vertical and is oriented NW<SE, Its
effect on the evaluation adit is twofold: badly fractured zones could require special
support (probably steel sets) and groundwater under pressure could be encountered that
will need to be handled either by draining to relieve pressures or by grouting. To lessen
the effect of groundwater in the excavation, the adit can be driven at an inclined grade
to facilitate gravity drainage. Initial flush flows of large volume should be anticipated
but steady flows should be less and are a function of fracture permeability and
hydraulic head. Once the fault zone is crossed, the rock would be expected to again

resemble the rock near the portal of the existing adit.

A geotechnical inspection of the Heidelberg tunnel was conducted on 9 August 1988,
Features that were noted and mapped included general rock conditions, major joint sets,
shear zones, and locations of water inflows. The tunnel has a rough modified horseshoe
cross section, approximately 4 to 6 feet wide by 7 to & feet high. Debris left over from
mining activity remains in the tunnel, particularly near the face at Station 7+00.
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Reference for mapping was made by stringing a 100 foot cloth tape along the southeast
wall beginning at Station 0+00 just inside the portal. The geologic map is presented on
Figure B-1, Appendix B.

Both the adit and portal appear stable. At the time of this inspection, there were very
few fallen rocks and the standup time appeared to be indefinite even at Station 3+77,
where the span was about 10 feet. Short side drifts at Station 3+77 follow a major
shear zone. Other similar shear zones could be encountered along the adit route.
Several large rock blocks and small collapses had occurred in the southern drift. There
are a few other localized unstable areas such as at Stations 6+10 and 6+87. There is

minor timber in the tunnel but no significant roof support.

The rock is hard, dark gray, foliated argillite, little weathered with occasional iron
oxide staining and alteration concentrated along some of the joints of the most
abundant joint set. The orientation of this set is NNW, similar to that of the foliation.
Typical spacing of joints and fractures is moderate at 6 to 12 inches and the Terzaghi
rock condition generally varies from 3 (hard stratified or schistose} to 4 (moderately
blocky and seamy, firm ground). A stereographic plot of discontinuities in the adit is

shown on Figure B-2, Appendix B.

Water flowed into the adit as minor seeps and drips downstream of Station 5+00. Leaks
became more frequent upstream of Station 5+00 and flows primarily emerged from open
joints of the NNW-oriented set (joints parallel to the foliation). Most of the water in
the tunnel entered at Station 6+87 where an estimated 50 gpm was flowing from an old
horizontal drill pipe in the left rib. This drill hole was reportedly 130 feet long and
originally flowed at 200 to 250 gpm. There is no available record of the location in the
drill hole at which water was encountered. An additional 20 gpm flowed from an open
joint at the base of the right wall at Station 6+87. The total flow of water in the tunnel

was estimated to be about 8¢ gpm.

B. South End of Rock Lake

The portal for the proposed evaluation adit could be located at the southeast end of
Rock Lake at about El. 4,975 in a steep area between two coalescing talus slopes
(Figure 20). An access road would need to be constructed down to the portal from the
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existing 4-wheel drive trail above. Both the new and existing access road would be
subjected to avalanche danger. Two avalanche chutes were alse observed in the portal
area (Figure 20).

The bedrock consists of meta-sedimentary Belt Supergroup series and generally is
exposed, except locally, where it is covered by talus. The rock is somewhat weathered,
but is hard, sound, widely jointed and foliated. On the east side of Rock Lake the
general trend of the rock mass is parallel to the lake and dipping toward the lake at
variable angles from steep to vertical. This orientation tends to promote instability of

the slope, and rock slides and resulting talus are common.

The portal could be located between two talus slopes in an area slightly above the level
of the lake that is mostly protected from rock falls and snow slidess The seismic
refraction survey results indicate that as much as 50 feet of talus would need to be
removed to reach a rock face for the portal, and side siopes along the approach would
need to be stabilized. Permanent protection of the adit portal would also be needed.

The hardness and widely spaced fracturing of the rock should result in good tunneling
conditions with minimal support. No known faults would be intersected by an
evaluation adit driven from this location but sorne groundwater could be expected in the

joint system especially as the adit is driven down-dip below lake level,

A disposal and working area could be developed in the relatively flat ground at the tip
of the lake. This area is underlain by bedrock, with talus slopes to the south.

C. Upper Heidelberg Road

The portal for the proposed evaluation adit could be located along the existing access
road to Rock Lake at about El. 5,125 in an area where a short tunnel already exists
(Figure 20). This location is about 170 feet higher than Rock Lake.

The bedrock consists of meta-sedimentary Belt Supergroup series of rock mostly

exposed at the surface. The near surface rock at this location is badly weathered and

jointed and the existing adit was supported with timbers that are now in bad repair.
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The tunnel would begin at a portal adjacent to the Rock Lake fault but on the easterly
side so that the alignment would not cross the fault, Groundwater will probably be
present in the tunnel in small quantities but should not present unusual difficulties even

though the tunnel will need to be constructed down-dip.
Some talus boulders occur on the slope above the existing adit portal but overall

stability of the slope is good. Avalanche danger does not appear to be a problem at the

portal, but several avalanche chutes are present along the access road (Figure 20).
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1.0 INTRODUCTION

On 6 September 1988, U, S. Borax & Chemical Corporation transferred its interest in
the Montana Project to Noranda Minerals Corporation. Revision No, 2 of the Design

Basis Memorandum follows the completion of the field investigation work.

Noranda Minerals Corporation is currently planning the further development of the
Montana Project located between Libby and Noxon in Sanders and Lincoln Counties,
Montana, for mining and milling copper-silver ore. The project area is located in the
Kootenai and Kaniksu National Forests. As part of this project, geotechnical
investigations are required to select the preferred sites for plant facilities, mine portal,

tailings impoundment and evaluation adit portal. The following sites will be studied:

o Plant Sites and Mine Portals {(Howard Lake Quadrangte):
- Ramsey Creek
-  Libby Creek

o Tailings Impoundment Sites (Cable Mountain Quadrangle):
-  Little Cherry
-~  Poorman
-  Midas

o Evaluation Adit (Elephant Peak Quadrangle):
~  South End Rock Lake
-  Heidelberg Tunnel
-  Upper Heidelberg Road

This Design Basis Memorandum describes preliminary design criteria, procedures and
approach for site selection and preliminary design evaluation. Other considerations in
the selection of surface facility sites, such as the proximity to the mineral deposit and

environmental factors, are not part of this Design Basis Memorandum.
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2.0 PROJECT GOAL

The goal of the engineering work and geotechnical investigation outlined in this Design
Basis Memorandum is to select the preferred sites, from an engineering standpoint, for
plant facilities, mine portal, tailings impoundment and evaluation adit. To accomplish
this goal, the scope of work described in Section 3.0 has been developed to define
geotechnical conditions at the sites. In addition, preliminary engineering evaluations

will be conducted to define basic design of the selected tailings impoundment.

3.0 SCOPE OF WORK

The scope of work for site selection and preliminary design consists of the following

tasks:
o Conduct a field investigation that includes the following activities:

= Data review

- Reconnaissance

-  Geologic mapping

-~  Seismicity evaluation

- Seismic refraction survey
-  Test pit excavations

-  Exploratory drilling

-  Laboratory testing

o Perform site evaluations that include the following:
-  Tailings impoundments {(including seepage, hydrology and stability of the
selected impoundment) '

- Plant sites and mine portals

- Evaluation adits
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Prepare the following technical reports:
-  Geotechnical Report
~  Geotechnical Site Evaluation Report

-  Tailings Impoundment Preliminary Engineering Report

Attend meetings with Noranda Minerals Corporation and regulatory agencies.

The scope of work is sufficient for (1) site selection, (2) preliminary design, and (3) an

application for Plan of Operations for mine development with the U,S. Forest Service
and Montana Department of State Lands. Additional evaluations will be needed for

final design consisting of the following tasks:

Further drilling and test pit excavations at the selected plant and
impoundment sites

Additional laboratory testing, including triaxial compression tests, to
determine strength parameters of foundation and embankment materials

Final stability analyses of the tailings dam

Optimization of tailings impoundment design.

4.0 DESIGN CRITERIA

4.1 Design Flood Criteria

A. Tailings Impoundments - 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 classification.
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The distances, in river miles, to the nearest dwelling and U.S, Highway 2 from the three

alternative impoundment sites are shown below:

Site Nearest Dwelling 11.S. Highway 2
Little Cherry 5.4 5.7
Poorman 6.0 &.3
Midas 6.9 7.2

The U.S. Forest Service and Department of State Lands consider the impoundment sites

to have moderate to high hazard potentials (Attachment 1).

Based on dam stage size and hazard potential classifications, the agencies designated

the following design flood criteria (Attachment 1) :

o  For containment: 24-hour general storm
Probable Maximum Precipitation (PMP)

o 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) will alse be considered for diversion. The

more critical of the two diversion floods will be used for diversion system design.
For interim stages less than 100 feet high that would be present for short term (less

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.

B. Plant Sites and Portals - Plant sites, mine portals and evaluation adit portais will

be located above the 100-year flood level. The 100-year flood peak discharges will be
determined by another consultant by using methods based on regression analyses as
described in Ref. 1. The flood stage calculations will be based on available topographic

maps.
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&2 Tailings Production and Tailings Effluent

A tailings slurry of 30% solids will be conveyed in a pipeline from the mill to the
impoundment site. Based on the results of bench-scale flotation tests, the tailings feed
will consist of silt and sand particles with 52% finer than the No. 200 sieve (0,074mm).

The anticipated tailings gradation from the flotation tests follows:

Particle Size

Tyler Sieve No. {Microns) Cumulative ¥ Passing
65 208 99.5
100 147 50,2
150 104 69.4
200 74 52.1
270 52 35.9
400 k¥ 25.0

For tailings impoundment sizing, the tailings production rate is 20,000 tons per day,
totaling 120,000,000 tons. The dry unit weight of tailings deposited in the impoundment

will be based on published correlations with the anticipated taillings gradation.

Storage will also be required for tailings effluent for 20 days at 8,000 gpm (about
700 acre-feet).

4.3 Stability

The maximum sections of the starter and final embankment dam stages will be checked
for static and seismic conditions. The tailings in the impoundment will be
conservatively assumed to behave as a dense fluid and therefore will be assigned zero
shear strength. In addition, the stability of the starter dam will be checked for the
end-of-construction condition before tailings are deposited. This condition will be the
most critical static case for the upstream slope since subsequent deposition of tailings

into the pond will stabilize the slope,
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The following minimum acceptable factors of safety will be used in design. The criteria
for long-term, end-of-construction and seismic conditions are as recommended by the

Corps of Engineers (Ref. 2),

Minimum Acceptable

Leoad Condition Embankment Stage Slope Factor of Safety
End-of-Construction Starter Dam Upstream and .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 |, 2 and 3 (see
Figure 1). The results of a seismicity evaluation (Subsection 5.2.D) indicated that the
seismic coefficient for use in the seismic stability computations using the
"nseudo-static” method should be 0.10g as recommended by the Corps of Engineers for
Seismic Zone 3 (Ref. 2).

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 slide mass. The
use of the maximum ground acceleration (0.22g, see Subsection 3.2.D) 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. 3) and the recommended seismic

coefficient of 0.10g should be used.
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The material properties for use in the preliminary stability analyses will be based on the
results of the field and laboratory testing programs. Foundation strengths will be
obtained from correlations with Standard Penetration Test (SPT) data. Where field or
laboratory test results are unavailable, appropriate properties will be selected based on
a review of published data on similar materials and on correlations with index

properties,
5.0 APPROACH
J.1 General

This section presents the approach for site selection and preliminary engineering. The

section is divided into the following tasks as outlined in Section 3.0:

o  Field Investigation

o  Site Evaluation and Preliminary Design
o0 Technical Reports

o  Meetings

3.2 Field Investigation

A. General
For purposes of preliminary site appraisal, it is appropriate to limit the scope of the
field investigations to the work necessary to make a reasonably accurate determination

of depths to a suitable foundation and to assess the potential hazards such as rock-

slides, avalanches, flooding and unfavorable groundwater conditions.
B. Data Review

Available data including previous reports, maps and aerial photographs were reviewed

prior to the initial field reconnaissance. Available U.S. Forest Service soils maps were
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reviewed (Ref. 4). Potential geotechnical problems at each site were identified as
much as possible from the information available, and a checklist of items to be

investigated during the field reconnaissance were prepared.

C. Reconnaissance and Geologic Mapping

A helicopter and ground reconnaissance was performed for planning of exploration
activities and overall evaluation of the geotechnical factors that can be expected to

have a significant influence on site suitability.

Geologic mapping was performed during the course of the field investigations. Geologic
data by others were also confirmed during this task. The geological maps show bedrock
outcrops, rockslide areas, snowslide areas and springs, faulting, landslides or other
evidence of surface instability. To determine the potential for rockslides into portal
cuts, the orientation of rock discontinuities were noted. In addition, a geologic map
was prepared of the existing Heidelberg Tunnel. Geologic data and locations of seismic

lines, drill holes and test pits are shown on the exploration plans.

D. Seismicity Evaluation

A seismicity evaluation was performed to establish suitable seismic criteria for
preliminary design of the tailings impoundments. The study utilized historical
seismicity data available from National Oceanic and Atmospheric Administration
(NOAA), reports on potentially active faulting in the region, and previous studies for

other projects in the site area.

A Maximum Credible Earthquake (MCE) for use in tailings dam engineering 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 could
occur in the tectonic environment in which the project is located (Ref. 5). Appropriate
attenuation formulas were used to calculate a range of maximum ground accelerations
at the site. The design earthquake was determined to be a magnitude 7 event
originaﬁng on the Bull Lake fault, 20 kilometers to the west of the project site. The

peak ground acceleration was estimated to be 0.22g.
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The project site is located close to Seismic Zone 2 for which a seismic coefficient of
0.05g is recommended (Ref. 2). However, this coeificient is incompatible with a nearby
magnitude 7 MCE. Since the boundaries of Seismic Zones 1, 2 and 3 are relatively close
together in this region, it is appropriate to apply the coefficient for Seismic Zone 3,
which is 0.10g. '

E. Seismic Refraction Survey

The subsurface investigation began with a seismic refraction survey of each site., The
results of this work provided an indication of subsurface conditions, rippability and
bedrock depth. The results of the seismic refraction survey, together with
reconnaissance observations and aerial photogtraphic interpretation, were used to select

drill hole and test pit locations and to estimate required drill footage per site.

F. Test Pits

Test pits were used in conjunction with drill holes to obtain representative samj:iles and
to enable observation of conditions to be expected in excavations. The depths of the
pits ranged from 3.5 to |6 feet. Test pits were backfilled and covered with topsoil. All
sites will be restored as required by the U.S. Forest Service.

G. Drilling

Drilling was limited at this stage to the amount necessary for determining depth to
bedrock, and to provide an understanding of bedrock characteristics, the nature of the
overburden and the location of groundwater. The results of drilling performed by the
consultant for groundwater investigations were also used. Perforated PVC pipes (1-inch
diameter) were installed in selected drill holes at each site for groundwater level

measurements. All drill sites will be restored as required by the U.5. Forest Service.
Drive samples were taken by using 2-inch O,D. Standard Penetration Test (SPT)

samplers (ASTM DI1586) and 2.5-inch O.D. samplers, Undisturbed samples of fine
grained soils were obtained by using Shelby tube samplers ({ASTM D1587),
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Field tests were performed to determine permeability coefficients of foundation
materials for seepage analyses. Permeability test methods conformed to procedures in
the U.S. Bureau of Reclamation's "Earth Manual," Method E-l18 (Ref. 6}, Open-end
casing constant head tests were performed at selected locations in soils. In bedrock,
water pressure tests were performed by using single pneumatic packers.

H. Summary of Subsurface Investigations

A summary of the subsurface investigations is given in Table 5-1.

TABLE 5-1
SUMMARY OF SUBSURFACE INYESTIGATIONS

Seismic Lines Drill Holes Test
Site {Number/Feet) (Number/Feet) Pits
Plant Sites and Portals
Ramsey Creek 6/1950 3/145
Libby Creek 6/1950 3/134 5
Tailings Disposal
Littie Cherry 7/4525 5/307 10
Poorman 15/7300 5/334 10
Midas (2 dam axes) 15/0485 83/482 12
Eval. Adit/Decline
South End Rock Lake 1/300
Heidelberg Tunnel
Upper Heidelberg Road —_—
TOTALS 50/20,510 24/1402 42

L. Laboratory Testing

A limited laboratory testing program was performed to obtain preliminary engineering
parameters of the soils at the plant and tailings impoundment sites. The tests followed
American Society for Testing and Materials (ASTM) procedures and included the

following:
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Grain size analyses - ASTM D422

Natural moisture contents - ASTM D22]6
Plasticity indices - ASTM D4318

Dry density

Moisture - density relationships - ASTM D698
Unconfined compressfon - ASTM D2le66

The results of these tests were used to characterize foundation soils and potential

borrow materials. Triaxial compression tests will be performed during a subsequent

design development phase to establish strength parameters.

5.3 Site Evaluation and Preliminary Design

A. Site Ranking System

A tabular ranking system will be used to assist the geotechnical evaluation of the

varjous sites for the plant, tailings impoundment and evaluation adit. The following will

x

be included in site evaluations:

o o o O 0 o

=]

o)

© 0 0 0 o o
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Topographical conditions

Potential for slides and avalanches

Flooding potential at portal and plant sites

Flood magnitude at the tailings impoundment sites

Diversion requirements

Foundation conditions for dams and heavy plant machinery, and depth to
bedrock

Seepage potential at the impoundment sites

Availability of embankment dam construction materials and, in particular, the
availability of clayey soils

Volume of required impoundment construction materials

Economic considerations

Impoundment capacity

Seismicity

Site access

Vegetative cover
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The results of the studies will be used to recommend the preferred sites {from an
engineering standpoint) for the mine portal, plant, tailings impoundment and evaluation
adit.

B. Tailings Impoundments

(1) Hydrologic Studies - The development of the tailings impoundment design flood

criteria is described in Subsection #4.1.A. The Corps of Engineers Hydrologic
Engineering Center's HEC-l Flood Hydrograph Package will be used for the

impoundment design flood studies.

"Hydrometeorc'ogical Report No. 43, Probable Maximum Precipitation, Northwest
States" (Hydromet 43) developed by NOAA (Ref. 7) will be used as the basis for
estimating the local storm and general storm Probable Maximum Precipitation (PMP).

The general storm PMF plus snowmelt and the local storm PMF will be considered. The
following precipitation events will be used to derive these design floods:
Tailings Dam

Purpose Stage Height Design Flood Precipitation Event
Containment 2100 feet General Storm PMF 24=hour PMP plus snowmelt
‘ as described below
Containment <100 feet General Storm 1/2 PMF  2&-hour 1/2 PMP plus snowmelt
as described below
Diversion All Stages Local Storm PMF 6-hour PMP
Diversion All Stages General Storm PMF 72-hour PMP plus snowmelt

as described below

Unit hydrographs will be developed following the Soil Conservation Service (SC3)
method, as described in the "Design of Small Dams" (Ref. 8). Infiltration and retention
losses also will be estimated following SCS curve number (CN) procedures. These
estimates will be based on soil conditions and vegetal cover as determined from field
observations and from a review of available reports and aerial photographs. The
antecedent-moisture conditions (AMC) for the PMF estimates will be AMC III (i.e., soil

is nearly saturated).
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Snowmelt will be assumed to occur during both the 24-hour and 72-hour PMP's. The’
snowmelt potential during the PMP will be assumed to be unrestricted by snowpack
depth. Snowmelt calculations will be based on the Corps of Engineers' "Runoff from
Snowmelt" (Ref. 9). Depending upon forest cover, the appropriate snowmelt equation
will be used, Dew point température and wind speed information during the PMP will

be computed by using procedures described in Hydromet 43 (Ref, 7).
Required heights of diversion dams and sizes of diversion channels will be based on the

results of routing the local storm PMF and the 72-hour general storm PMF. Routing
will be performed by using HEC-| procedures.

(2) Embankment Design and Impounament Capacity - The topographical conditions and

the results of the field investigation will be used to locate the tailings dam. The dam
will be located so that flood waters on adjacent stream channels will not encroach on

the embankment.

The ultimate impoundment will be sized to store 120 million tons of tailings. The
starter impoundment will be sized to store at least 7 million tons (1 year of
production). For capacity calculations, the tailings density will be based on experience
with similar tailings materials, Impoundment area and capacity curves will be
prepared. These curves, together with expected tailings production rates, will be used

to determine the tailings level and dam crest elevation versus time.

The required impoundment storage for the design flood will be determined from the
results of studies described in Subsection 5.3.B.(l1). Embankment slopes will be

determined from the resuits of stability analyses described in Subsection 5.3.B.(3).

The embankment dam stages will be constructed of (1) materials excavated from the
impoundment, (2) evaluation adit and mine waste rock and (3) tailings sands. Based on
an in-place rockfill density of 140 pcf, preliminary estimates indicate that
approximately 331,000 cubic yards of rockifill will be available at the time of mill
start-up. Subsequently, an estimated 74,000 cubic yards of rockfill will be available

annually.
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The operating stages after the initial stage of the impoundment will be constructed by
the downstream method by using cycloned tailings sands. A seepage control dam
downstream of the tailings dam will be required. An embankment drain system will be

designed to control seepage and prevent piping.

Plans and typical sections of the initial and final tailings impoundment at the selected

site will be prepared. Construction quantities will also be estimated.

(3) Stability Analyses - Preliminary stability analyses will be performed for the initial

and final dam stages by using the Modified Bishop and infinite slope methods of
analysis. The computer program STABL (Ref. 10) or other program will be used to
determine the factor of safety for circular sliding surfaces. Hand calculations 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#.3. Stability will be evaluated for a wide range of phreatic surface conditions.

Final stability analyses will be performed during a subsequent design development phase.

Liquefaction potential of sandy foundation soils due to the MCE event {see Subsection
5.2.D) will be evaluated by methods outlined in Refs. 11 and 12. Liquefaction is defined
as the rapid build-up of pore-water pressures and the resulting loss of soil strength
caused by seismic shaking (Ref. 13). Soil deposits that are particularly susceptible to

liquefaction consist of loose, saturated sands.

In the proposed approach to evaluate liquefaction potential, the induced shear stresses
caused by the MCE acceleration will be compared to the stresses required to cause
liquefaction. Stresses to cause liquefaction will be estimated from SPT data (see
Subsection 5.2.G) and MCE magnitude.

(4) Seepage and Contaminant Transport - For control of seepage from the

impoundments, the Montana regulations for non-degradation of water quality will be

followed (Ref. 14). Seepage potential from the impoundment site will be evaluated
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from the results of the field exploration and laboratory testing of foundation and
embankment construction materials. Permeabilities of the foundation materials will be
obtained from the results of field tests, including pump tests. The permeability of the
fine tailings will be estimated from correlations with grain size data. For preliminary
studies, simplified calculations will be performed to estimate seepage rates from the

tailings impoundment for varying pond elevations.

The potential migration of tailings effluent from the selected impoundment will be
evaluated. Seepage and contaminant transport analyses will be performed by using
~ simplified analytical methods. The computed concentration of chemical constituents at
a predetermined point of compliance will be compared with background chemistry data
and State maximum contaminant levels. The chemical assay of the effluent for the
Montana Project is shown in Attachment 2.

(5) Reclamation - A conceptual impoundment reclamation scheme will be presented.
Montana regulations require that the land be returned to comparabie utility that existed
prior to impoundment construction (Ref. 15). The reclamation plan will basically
consist of (1) subsoil stripping and stockpiling at the beginning of each impoundment
construction stage, (2) capping the final tailings surface with soil, including the
stockpiled subsoil, and (3) seeding the cap. Provisions to minimize erosion and promote

surface drainage will also be included in the reclamation scheme.

C. Plant Sites, Mine Portals and Evaluation Adits

Evaluation studies for plant sites, mine portals and evaluation adits will concentrate on
rating relative suitability of (1) access, (2) slope stability, (3) exposure to rockslides and
avalanches, (4) depth to suitable rock for establishing portals, (5) potential for
developing adequate working area, and (6) availability of suitable waste rock disposal
areas. For plant sites, foundations will be evaluated for suitability for machine
foundations. Mine portal sites will be [ocated at least 300 feet from the wilderness
boundary and plant crushers will be located at least 1,000 feet from the boundary.
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3.4 Technical Reports

The following reports will be prepared:

o Geotechnical Report
o  Geotechnical Site Evaluation Report

o Tailings Impoundment Preliminary Engineering Report
The Geotechnical Report will contain the following:

o Site eicploration plans, showing geologic data and locations of drill holes, test
pits and seismic refraction lines

o Geologic sections _
Seismicity evaluation
Resuits of seismic refraction surveys

o Drill hole and test pit logs

o Laboratory test results
The report will be organized on an individual site basis.

The Geotechnical Site Evaluation Report will present recommendations for selection of
the (1) plant site, (2) mine portal location, (3) tailings impoundment site and (%)
evaluation adit site. Each site will be evaluated in a separate section of the report.
Also, recommendations will be included for further investigation of the recommended

sites.

The Tailings Impoundment Preliminary Engineering Report will present the results of
the preliminary design studies for the selected tailings impoundment. The report will
include results of seepage, hydrology, stability and reclamation studies, Plans and

sections of the conceptual design will be presented.

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. All support information and data will be

contained in readily referenced appendices.
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3.5 Meetings

As the work progresses, periodic meetings will be held with Noranda Minerals
Corporation, the Montana Department 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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ATTACHMENT |

MOHRISON-KNUDSEN ENGINEERS, INC.

A WORAISON KNUDIEN

TECEX. Eﬂﬂﬂ (ITT) ATOOMD, T, WU Y78
PHONE (419 42.7300 Fon 2029-810

19 October 1988

U. 5. Forest Service
Kootenai National Forest
506 U,S. Highway 2 West
Libby, MT 39923

Attention: Mr. Ron Erickson
FS Project Coordinator

Subject: Montana Silver Venture Project
Response to Comments on Design Basis Memorandum

Gentlemen:

In the attached 15 September 988 letter, the Forest Service and Department of
State Lands submitted their comments on the Design Basis Memorandum (Revision 0)
for the Montana Silver Venture project. Morrison-Knudsen Engineers' (MKE) response
to those comments follows.

Comment 1: Impoundment design flood criteria. We understand that the agencies
consider the site to have moderate to high hazard potential. Based on the ultimate
large size of the tailings impoundment and on this hazard potential rating, the
agencies have designated the following design flood criteria:

o For Containment: 24-hour general storm Probable Maximum Precipitatfon
(PMP) '

o For Diversion: 72-hour general storm Probable Maximum Flood (PMF)

We will use these criteria for tailings impourdiment design. In addition, because
thunderstorm events should also be considered for small watersheds, the local storm
PMF (resulting from the 6-hour PMP) will also be computed for diversion. The more
critical of the two diversion floods will be used for diversion system design.

As discussed with the Forest Service regional office in Missoula, for short-term
(about 5 years) interim stages less than 100 feet high, the containment flood will be
calculated from the 24-hour general storm 1/2 PMP.

Comment_2: Comparison of design floods with measured flows. The agencies have
asked that the results of our studies be compared with analyses based on measured
flows. The PMF Is such a large and infrequent event that it cannot be compared with
historical streamflow data. The return period of a PMF may be on the order of tens
of thousands of years for which comparison with extrapolations of streamflow data
would not be meaningful.
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Computations of PMP magnitudes were based on procedures described In
Hydrometeorological Report No. 43, Unit hydrographs were developed following
methods developed by the Soil Conservation Service (SCS). Infiltration and retention
losses were estimated following SCS curve number procedures for forested areas,
Snowmetlt during both the 24 and 72-hour general storm PMP's were computed. Flood
hydrographs are currently being developed by using the Corps of Engineers HEC-|
procedures.

Comment 3: Method of calculation of the 100-year flood peak discharge. In the
plant sites, the 100-year flood was determined by using equations derived from
regression analysls of watershed characteristics as reported In R. J. Omang et al,,
"Methods for Estimating Magnitudes and Frequency of Floods In Mentana," U, S.
Geological Survey, 1986, - -

| Comment & Fracture and joInt data. We have measured Joint attitudes and spacing

on the west side of the Cabinet Mountains, where good exposures of
. meta-sedimentary rocks occur.: These data will be used In the evaluation of adit
portal stability. Rock exposures in the east side sites are much less prevalent and
joint data were not measured. However, joint data are noted on the drill logs where
rock coring was done. We will also obtain joint data available from Noranda's
baseline work.

Comment 3: Phreatic conditions in dam stability analyses. MKE will examine
stability of the dam for a range of phreatic surface conditions during preliminary
design studies.

Comment 6: Monitor well drilling and completion. We acknowledge that new rules
are proposed by the Department of Natural Resources and Conservation for monitor
well drilling and completion. We would appreciate information on how we can obtain
the rules,

Based in part on the |5 September letter, MKE is preparing Revision No. | of the
Design Basis Memorandum (DBM). The revised DBM will be resubmitted to the
agencies for their review.

If there are any further questions, please call me at (415) 442-7593,
Sincerely,

PGt

M. P. Forrest™
| Project Manager

Attachment: U. S. Forest Service letter, |15 September 1988

cc: K. Walther, Department of State Lands
R. White, Regional Office, U.S. Forest Service
J. Scheuering, Noranda
B. Bailey, Noranda
G. Fletcher
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Onited Statas Forest Kootenai NF 506 US Righway 2 West
Department of Service Libby, NT 59923
Agriculture .

Reply to: 2810
Date: 9/15/88

Ken Reim

U.S. Borax

3075 Wilshire Blvd,
Los Angeles, CA 90010

Dear Ken,

On July 5, 1988, Borax submitted a Design Basis Memorandwm prepared by
Morrison-Knudsen Engineera, for the preliminary geotechnical investigation work
for the Montana Silver Venture. The following sre conments on the design memo
from both the Forest Service and Department of Steate Lands,

1. Based on the attached criteria (FSM 7511.1-.2, Asendment 12, and FSM
7531.2, Amendment 10), the agencies consider the impoundment to be a Clesas
A structure (the highest rating)} of moderate to high hazard potential,
Congequently, it is recommended that the acceptable criteria for flood
hydrology design of the tailings area are:

a. 24 hour, generni storm, PMP for containment
b, 72 hour, general storm, PMF for diversion

2. In section 5.3 B (1), Hydrologic Studies, three methods of calculating
the design flood and precipitation events are documented., The agencies
would like these results compared with analyses based on measured flows.
It is recommended that MKE share their numbers and procedures early in the
design process with the agencies so that all parties are in agreement on
the actual design event figures.

3. On page 5, Section 4.1 B, it states that another consultant will
determine peek discharges. What method(s) will the consultant use?

4, The geologic mapping and field investigation, described on page 7 does
not include a fracture/joint density study. However, the geologic baseline
data Borax is collecting should include fracture and joint data, This -
information should be shared with MKE,



5. An analysis of the ezbankment stability to & variety of pbreatic
conditions should be included at some point in the atudy. This may not be

nacessary at the preliminary design phasa, but will definitely be needed
for f£inal design.

6. For your awareness, the State Department of Natural Resources and
Conservation is proposing new rules and accreditation procedures for
sonitoring well drilling and complqtion.

At Borax's request the agencies can meet to clarify the above concerns. 1If you
have questions, please contact either Kit Walther @ 4i44~2073 or me & 293-3171.

Sincerely,

Kit Walther, DSL
Mike Forrest, MKE



7511.1

TITLE 7500 = WATER“STORAGE AND TRANSMISSION
. CHAPTER 7510 ~ ADMINISTRATION

7511 = PROJECT CLASSIFICATION.' The potential effect of a
water-control structure on the safety and economy of -
downatream areas varies with the size of the structure and
probable consequences of its failure. The required scope of
investigations, precision of design, quality and capacity of

components, and subsequent cost vary with the acceptable.
degree of design risk. . _

Minimum acceptable criteria for design, operation, mainte~
nance, and monitoring should be based on the size and hazard
classifications established for the structure in order to
keep requirements in line with structure importance.

In designing or reviewing the design of a project, the
individual responsible shall investigate and evaluate all
factors that may influence the potential hazard classifica-
tion of the-dam. The hazard rating must be conslstent with
-the degree of downstream development that reaaonab1§ can be
expected during the life of the dam. See FSH 7509.11 for
details on hazard potential assessment. -

7511.1 ~ Administrative Classification. For administrative
purposes, projects are classiflied as follows:

1. Class A Projects'

" a. Dame that are 100 feet or more high or impound
50,000 acre~-feet or maore of water.’

b. Channels, flumes, and tunnels that have a delign
capacity of 1,000 cubic feet or more per second (cfaf._ -

2. Class B Projeét;

2. Dams that are 450 feet or 'more, but less thanllbo

feet high or impound 1,000: or more, but less than 50,000,
acre~-feat of watev.. .t

b. Channels, '£lui .8, and tunnels that have a aasign -
capacity of 100-cfs o. more, but less than 1,000 cfs.

e’ .10/85 AMEND 12-%



7511.2

TITLE 7500 - WATER STORAGE AND TRANSMISSION -

‘3. Class C Projects .

a. Dams that are 25 feat: or more, butlleaa:than'46:£eet

high or impound 50.0r .more,:but .less than 1,000 - acre-feet of-
water. . -

b. Channels, flumes, and- tunnels.that have andestsnni
capacity of 10 c¢fs or more, but less than 100.cfs.

4. Class D Projects

a.. Dams that are'1eda~thaﬁ;25{£éetqhigh-hnd-inpoﬁnd-
lass than 50 acre~-feet.of water. T -

b. Channels, flumes and pipes that have a deiign.
capacity.-less than 10 cfs.. . -

7511.2 - Haéﬁrﬁ;Potential'Ciasaiffcation.--Damalare alao -
classified according to hazard.potential ‘based .on the  loss

of 1ife or property damage-that:could occur-4if ithe structure
failed. .. e e ' : :

- 1. Low Hazard. Dams bullt in undeveloped areas where
fallure Would result in minor economic loss, damage would be
limited to undeveloped or agricultural lands, and.-improve-=-.
ments are not planned in the foreseeable future. Lloss of
life would be unlikely. T .-

2. Moderate Hazard. - Dams.built in areas:where failure
would result in serious environmental damage.or.appreciable-
economic loss with damage to improvements, guch as commercial
and induatrial structures,: public utiliciea and transporta-
tion systems. No urban development:- and uo more than-a amall"
number of habitable structures are involved. Loss of life
would be unlikely. < o - .

3. ' High-flazard. Daits built 4n areas where!failure would
likely 'result in loss of life or excessive economic:losas.
Generally this would iavalve urban or community development!
"with more than a small number of habitable structures.

*~FSM. 10/85 AMEND. 12-%°



7531.2~-2

TITLE 7500 - WATER STORAGE. AND TRANSMISSION

Where & spillway design flood range -is given, seleot the mag-
nitude commensurato with the involved risk.

It is recognlzed that failure of some dams with a relatively
small reservolr capacity may have little influence on the

potential damage antioipated during the aplllway design flood
event,

Excepblons to the recommended spillway design flood magnitude
may be permissible for some structures. : Requests for an
exception must {nclude sufficient documentation to demon~- .
strate that economic¢ loss and/or the potential for loss of .
life resulting from dam failure during occurence of the pro-
posed.apillway .design. flood-would be essentially the same as
would ocour without a dam failure. The Raglonal Director of
Englneering must approve exceptilons bto the recommended apill-
. way. design flood. When documentation 1s not available to

support an exception, use the recommended splllway deaign
flood criteria shown In. tadle 1.

Table't
RECOMMENDED SPILLHAY DESIGH FLOOD
Razard potential Size class "~ Spillway design flood

Aigh - PMP-

" PMF - )
1/2 PMF to PMF
100 yr. to 1/2 PMF

"PMF
1/2°PMF to PMF
100 -yr.. to 1/2 PMF

"1/2 PMP to PMF -
100 yr. to 1/2 PMF
50 yr. to 100 yr.

Moderate

Low

ow> ndiiunwb

FSM 8/82 AMEND- 10



LABORATORIES ENERGY LABORATORIES, INC. ArrAcHMeNT 2

PO BOX 30716 0 1107 BOUTH BASCADWAY ¢ BILLINGE MT 881070814 ¢ FHONE (404) 292-4323
400-8273-34127

ﬂw}'ﬂﬂy

LABORATORY REPORT

TO: Noranda, Inc, LAB NO.: 88-1680886
ADDRESS: P.0. Box 13636 DATE: 01/05/89 pit
Denver, Colorado 60215%
Attn: Brent Bailey

BATER ANALYSIG

Final Tallings Solution
Cycle 5
Submitted 12/20/8€

CONSTITUENT
Potagsium
Sedium
Calcium
Magneaium
mg/1

solv et H DISSQLVED TOTAL
Arsenic ==« <0.005 <0.003
Aluminum 0.1 0.1
Barium =~ <0.1 <0.1
Berylliunm <0.005 <0.005
Cadmium == ~~ £0,001 <0.001
Chromium ===~ <0.02 <0.02
Copper <0.01 0.02
Cobalt <0.01 <0.01
Iron 0.05 0.08
Lead <0.01 <0.01
Hanganese 0.06 Q.09
Mercury -- <0.001 <0.001
Molybdenum 0.010 0.010
"1ek01 ks (0-03 <°|03
Seleniun == <0.003 <0.003
Silver <0.008 <0.005
Antimony ==-- - 0.01 0.01
Zinc <0.01 Q.05

AHNALYTICAL BEAVICES —~ WATER, 80IL, FETROLEUM, COAL
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Station

0+10

0+70 to 0+90

0+95

1+35

0+00 to 0+20

0+30 to 2+00

2+10

2+25

2+70

2+75 to 3+00

3430

3+40

3+70 to 3+77

7296G

LOWER HEIDELBERG ADIT INSPECTION

Field Notes (9 August 1988)

Joint Attitude
(Strike, Dip)

N15W, 30W

NSOE, 70-80N

N4OE, 87W

N25W, 75W

N60OE, 32N

N70E, 80N

N35E, 80N

N15W, 63W

N&QE, Vertical

N15E, 70-75W

Comments

-1«

FeO stains

Major joint set, tight, no filling

Map Location 1: Open 0.2" aperture,

seeping

Dry walls

Generally moist walis

Tight

Spacing 2 ft., 3 in joint set, many short
joints, dry, tight

Minor FeO stain, tight, crown breaks

subhorizontal

Many short random joints

Dry, filled joint, 1/10", altered

Wet joint, FeQ stain, open 1mm

4 major parallel joints, 50 to 70 ft. long in

cross-chamber



Station
3+77

3490

4400 to 5+00

4439

4467

4480

4485

5+06

3430

S+40

7296G

Joint Attitude
{Strike, Dip)

N85W, 65N

N37E, 85W

NI5W, 70W

NI5E to NI5W,

Yertical

N8QE, Vertical

NI2W, 69W

N10-12W, 65W

N33E, 85E

Comments

Map Location 2, shear zone: 3/4" clayey
seam, within fractured brecciated zone 2"
to 10" wide; alcoves 5 feet wide and
mined out along shear zone, several drips
and light dripping overall, total +lgpm

Major joint, FeO stains, tight

Walls generally moist except at #+65-69
wet; generally Terzaghi Class 3 to 4

Several major joints, tight, dry

Map Location 3: Open joint leaking 2-4
gpm ’

Previously mapped, 5 foot
wide zone of closely spaced fracturing
(2-1/2" spacing)

In crown, tight, dry

Map Location 4: Cross joint, open 1/10",
leaking | gpm; 1/2 hour after hammering
on southwail, 35 gpm+ emerged and
continued to shoot across to the other
wall dropping 2 feet over a distance of
6-1/2 feet.

Map Location 5: Open joint 0.3" aperture

leaking 5 gpm, 1" zone of paralle! veins



Station
3+40 to 5+835

5+80

5+89

6+10 to 6+34

6+10

6+28

6+34 10 6+73

6+58

6+75

6+87

7+10

7296G

Joint Attitude

(Strike, Dip)

N70E, 20S

NI1OE, 70W

N10OW, 70W

N50E, 255E

NO5W, 72W

NS50E, 85W
EW 355

N52E, 25SE

N35W, 55-58W

NIOE, 53W

Comments

Few joints, walls generally moist,

Terzaghi Class 2 to 3

Subhorizontal joint in crown

Map Location 6: Many short (l-foot)

joints, dripping

Numerous small leaks

Map Location 7: Largest inflow at 6+10,
2 gpm, open 1/2" to 1"

One timber support

Map Location & Closed leaky fracture

zone, FeO, 6" to 24" wide zone, 1 gpm

Walls moist, few joints

2 dry, tight, major sets

Map Location %9: Subhorizontal joints,

spacing 3"-6", seeping /2 gpm
Map Location 10: 50+ gpm flows from
drill hole in left rib; shear zone in lower

right + 20 gpm

Leaky fracture zone 2 ft. across, intense

fracturing In seam 2" to 4" across

Foliation



Joint Attitude

Station (Strike, Dip) Comments
7+15 N73E, Vertical

to 85N Joints parallel to tunnel
7+24

Map Locatjon 1l: Drill hole at face
making 3 to 5 gpm

7296G _ g
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APPENDIX C
SEISMIC REFRACTION SURVEY

C.l PURPOSE

The purpose of the seismic refraction survey was to provide information on the depths
to soil layers, the approximate depth to bedrock, and the rippability of near surface
material. Seismic refraction surveys were performed at the Little Cherry and Poorman
tailings impoundment sites, at the Ramsey Creek and Libby Creek plant and portal
sites, and at the south end of Rock Lake evaluation adit site. The locations of the

seismic lines are shown on the exploration plans.

C.2 SEISMIC REFRACTION METHOD

The seismic refraction method 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 exploding one-third pound
explosive charges in shallow holes or striking an aluminum plate with a 10-pound sledge

hammer.

Arrivals of resulting compressional seismic waves were detected by |2 geophones
placed at intervals of 25 feet {10 feet for the Rock Lake seismic line} 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 layer 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 stope of
the plbtted 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.

8021G C-1



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.

C.3 SEISMIC REFRACTION PROGRAM AND RESULTS

Fifty seismic refraction lines were surveyed to determine velocity layers, and depth to
bedrock. 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 up to 500 feet from the nearest geophone.

Tables C.! and C.2 summarize the results of the seismic refraction investigation at the
impoundment sites and at the plant and portal sites, respectively. The tables list the
seismic velocity values and depths to the velocity interface. Seismic velocities ranged
from 800 feet per second to approximately 20,000 feet per second. In general, three
subsurface horizons were found based on seismic velocity ranges at the plant sites and
portal areas; at the tailings impoundment sites, two to four subsurface horizons were
found.

Seismic velocities below 2,500 feet per second correspond to surface materials
consisting of loose silt, sand, or gravel. Yelocities in the 3,500 to 9,000 feet per second
range probably correspond to increasingly denser or compacted gravels, sands or silts.
Velocities above 10,000 feet per second correspond to rock or possibly very dense

gravel, cobbles and bouiders.

In some cases, as noted in the table, estimates were made to determine the minimum
depth to an assumed 12,000 foot per second velocity layer. This layer was not observed
on the seismic record but the assumed value was used to estimate a minimum depth to
rock. Depths noted in the tables are to the closest refracting interface and are not

necessarily vertically below the seismic line.

8021G ' c-2



EXPLANATION OF SEISMIC REFRACTION TABLES

Vie @ Velocity of surficial deposits from forward seismic shot.
Vlp : Velocity of surficial deposits from reverse seismic shot.
V2, V3, V4 : Average velocity of intermediate layers.

Dig : Depth to bottom of lag.(er i at forward end of seismic line.

DiR ¢ Depth to bottom of layer i at teverse end of seismic line.

* : Estimated velocity.
% : Minimum depth to assumed {2,000 ips velocity layer
falalad : Velocity and corresponding depth obtained at offset shot point.

NOTE: Not all layers are present at each location.

8021G Cc-13
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APPENDIX D
DRILL LOGS

D.l DRILLING

Drilling equipment consisted of a CME 75, a Mobile B53, and a Mobile B50 drill rig.
Drilling was performed by using a continuous hollow stem flight auger or tricone rotary
bit in soil, and a diamond rotary bit in rock. An engineering geologist or geotechnical
engineer of Morrison-Knudsen Engineers (MKE) observed the drilling progress and kept a

fog of soil and rock encountered,

Where soil conditions permitted, hollow stem augers with OD.'s ranging from
approximately 7 to 9 inches were initially used to advance the boring. 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 was used to advance the boring. Three inch LD.
(NW) flush joint casing was used to keep the borings open. Each casing was either
reamed or driven to the bottom of the boring. Descriptions of the auger cuttings and

drill water return were entered on the boring logs included in this appendix.

Core drilling in bedrock was done with a 2.98 inch O.D. (NQ) diamond drill bit and
double tube core barrel. Coring commenced as soon as coreable rock was encountered
and continued 10 to 55 feet into bedrock. 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 included percent recovery, RQD, rock type,
color, 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. 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 the Midas site borings, which were visually
located by the MKE geologist.

Water levels measured in the borings are presented in Table D.l.
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D.2 SAMPLING

Soil samples were generally taken at 5-foot intervals to a depth of 25 feet; below
25 feet, samples were taken at 10-foot intervals to the bottom of the borings. Both
undisturbed and Standard Penétration Test (SPT) samples were obtained. With the
exception of the Midas site, the number of undisturbed samples was limited due to the

absence of cohesive non-gravelly soils.

Disturbed soil samples were obtained using a standard 2-inch O.D. split barrel sampler,
driven by a 140 pound hammer with a 30-inch free-fall drop, as described in
ASTM D1586. The boring was cleaned of all loose material. The sampler was inserted
and measurements were made to verify that the sampler reached the drilled depth of
the boring. The sampler was driven |8 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 then 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 compressive
strength in sections of the recovered sample that appeared cohesive. A cémplete
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 D-1). Samples were double sealed in plastic bags that were labeled with sample

number, boring number, project nurnber and sample depth interval.

Undisturbed Shelby tube samples were obtained in cohesive soil in conformance with
ASTM D!587. The boring was cleaned of all loose material and the sampler inserted to
the bottom of the hole. A thin walled 3-inch O.D. sampler, 30 inches in length, was
advanced 2 feet, or until refusal, by hydraulically pﬁshing in one continuous movement
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 then identified
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.

8116G _ D-2



Two and one half inch O.D. ring samples were obtained in non-gravelly soils that were
too dense to use Shelby samplers. The equipment used for taking ring samples is similar
to that used for taking SPT samples except that the split tube is lined with 1/2-inch
tong metal rings. The sampler was pushed or driven into the soil to a maximum distance
of 18 inches to obtain a relatively undisturbed sample. The recovered sample was
divided into 6~inch sections and placed in plastic tubes. The tubes were identified by

project name and number, boring number, depth interval and sample number,

D.3 PERMEABILITY TESTS

Field permeability tests consisted of constant head tests in soil and packer tests in
bedrock. Tests were performed by using procedures outiined in the U.JS. Bureau of

Reclamation's "Earth Manual," Method E-18.

The constant head tests were taken in casing or drill rod. At the Midas site, drill rod
was used to obtain permeability values in the augered holes because the inside diameter
of the augers precluded the use of the NW casing for the tests. The casing or rod was
lowered to the bottom of the boring. The casing was carefully cleaned out to the
bottom. Water inflow was measured by twe 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 amount
(approximately 0O.I-foot) and the casing or rod was refilled at intervals to the original
water level. The rate of flow into the hole was then determined from the total water

drop.
The permeability is obtained from the following formula:

Q/(5.5 ¢ H)

permeability

constant rate of flow into the hole
internal radius of casing or pipe
differential head of water

where:

TNOx ®
mw nmnmn

Some constant head tests were performed in an uncased section at the bottom of the

boring. After the casing was driven to the bottom of the boring and a constant head
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test performed as described above, the hole was advanced (without advancing the
casing}) and additional constant head tests were performed. Permeability was
determined from the formula described below for water pressure tests in bedrock. For
this type of constant head test, the differential head of water equals the gravity head
only, since there is no applied pressure. The results of the constant head tests are
shown in Table D.2.

Water pressure tests in the bedrock were performmed by using a single pneumatic
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. Each packer test was generally run in three segments oi water
pressure: the first at one-haif of the maximum 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 a duration of 5 minutes. The flow meters were calibrated periodically.

The permeability is obtained from the following formula:

Q In(L/r)/2 TLH

permeability
constant rate of flow into the hole
length of portion of test hole tested

diffe)rential head of water (gravity head plus applied pressure
head
radius of hole tested

k=
where: k
Q
L
H

-
N

The resuits of the packer tests are shown in Table D.2.

D.4 PIEZOMETER INSTALLATION

Piezometers were installed in selected borings immediately after drilling was
completed and extended to the bottom of the open boring. Piezometers consisted of
l-inch LD. Schedule 80 PYC pipe, with 20 feet of 0.02-inch width machine slotted
section at the bottom. Number 16 silica sand was used as backfill around the bottom of
the piezometer. The sand extended to at least 5 feet above the slotted section. A
steel protective casing with a lockable lid was set in concrete at each piezometer.

Construction details of the piezometers are presented on Figure D-2,
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EXPLANATION OF BORING 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 were modified to reflect those data.

2. Classifications of scils are based on the Unified Soil Classification System,
Figure D-1. The relative proportions of the various soil types in a soil sample are

defined by the following terms:
o trace: less than or equal 10 5%
o some: 5% to 12%

o suffix "y" (e.g., silty): [2% to 50%

3. The sampler types are indicated on the boring logs as follows:

o SPT: 2-inch O.D. Standard Penetration Sampler (ASTM D 1536)
o & 2-1/2-inch O.D. Split Spoon Sampler

o ST: Shelby Tube Sampler

o R: Ring Sampler

4. Blow count values shown on the logs were influenced by the presence of gravels,

cobbles and boulders.
5. Groundwater level data are shown in Table D.1.
6. Piezometer construction details are shown on Figure D-2,
7. Field permeability test data are summarized in Table D.Z2.
8. Borings were drilled by a Mobile B-53 or CME-735 rotary drilling rig.
9. Rock Quality Designation (RQD) is defined as the sum of the lengths of rock core

pieces greater than % inches divided by the length of core run.
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Unified Soil Classification System

. - G . N
Major Dividons Sy‘::l:l:h Trypical Names Laboraiory Clamification Criteria
D
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= E oW Well graded gravels, gravel-sand T D
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g ¢ E c E e D“‘—'—" O etween 1 and J
87 s & §
= £ £ L . . 1
E ] c -:_-' cp P::l’;&':f‘i?[&:‘:'::&;f'“"d E o Mol meeting all gradation eequirements for Giv
=5" = i < E"
- bl = >
£3z2 N -
- - H [ A .
g 22| g = Silty gravels. poerly graded = QTZE ‘“:“b"l limits belaw
- Ex ==& GAf gravel-sand-clay mixtures & 33 A" line. or Pl less Above A~ line with PI
s f|z32 u ) En Cioa= than 4 between 4 and 7 are
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v z| = EE s : iring uces of
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= = - s ¥ _E Il than 7
E= =T o
= - EE T
== C = . Dus
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i 5t &z BT O C DD
RN IR - 8
c s=E1 TE Poorly graded sands, gravelly } 3= 2 @ @ ¢ , . ) . .
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3 H plasticivy
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1 F]» CAP
c e————4"1.D. STEEL. PROTECTIVE
, — 4 CASING W/ LOCKABLE LID
t 1 bR Wi, ORIGINAL GROUND
:._‘ 'J.' i
E - =3
=251 F$o————— ON-SITE SOIL BACKFILL OR SAND
ol e BLANK 1" I.D. SCH. 80 PVC PIPE
b F Y I T BENTONITE SEAL
= R
Y
B :"\.;.:"::
- NO.16 SILICA SAND
.;-.:.._-s
o
Bk 1 SLOTTED 1"1.D. SCH. 80
g (| B PVC PIPE (0.02" SLOTS)
ol | PN
ety il
\d r 3 |1 mam CAP
I SoIL
A " "\
DIMENSIONS (FT. )
SITE [BORNGNOI 2T T ¢ 15 T € TF
USA-2 |805(804] 1.1 |20 | 54 | &
POORMAN | Usa-3 [so.1[801] 1.2 |50 | 25 | ©
usA-4 | so.2]s02] 1.3 |20 [ 54 | 4
usB-1 [ sos|[soslos (20 |49 | o
LITTLE —5s-2» 1808808 1.0 | 20 | 55 | ©
CHERRY
USB-5 | 503[502] 1.0 20 | 25 | 3
Liegy |-COH-1 |as0f249/ 1020 | 5 [ 0
LCDH-2 | 428|428 1.0 |20 |18 | O
RAMSEY | RCOH-1 | 530/ 530 1.7 | 20 | 28 | O
MCDH-2 [1000[1000( 1.6 | 30 | 60 | 3
MCDH-3 | 350/ 340| 24 | 20 | 7 | s
wioaAs | McOH-¢ [a60f460] 28 | 20 | 2/ [25
MCDH-6 | 965|940 05 |20 [ 70 | 3
MCDH-7 | 360|350 19 [ 20 | ta | 6
MCDR-8 | 55.5| 532 | 24 | 20 | 31 2
PIEZOMETER CONSTRUCTION
FIGURE D-2
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LITTLE CHERRY SITE
Borings USB 1-5
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JOB
PROJECT MONTANA SILVER VENTURE Mo, 8029 |No- USB-1
SITE ] . DATE - STARTED FINISHED HOLE ORTENTATION
Little Cherry Tailings AUC 2 - S17€ 3" v 1
LOCATION ELEVATION(FT DEPTH TO DEPTH TO
Libby, Montana %3463 laraaly 216 |hee o
DRILLING CONTRACTOR SAMPLES CORE BOXES DEPTH GOF
_ Northern Eng.& Te_st. 12 RE\?I goLE ¢ryy  B0.8
TLL WAXE - MODEL Moblte B-53 LOGGED BY 7y Schawer | ' ' [ 4 Baskin
we | o : =1 MATERTAL DESCRIPTION REMARKS
wi Z | Ng| 3 |DISCHI- | O E SAMPLING_ _ STANDARD PENETRATIOM
ELEV. | DEPTH §E | ha| B |murmies | @ | NAME, COLOR, CONSISTENCY  GRAIN SIZE, bty SRYTH NGy on GATER PRESSURE TEaT
e D (g5 & |[6=| § > | EEASIICITY. CLASSIFICATION, SCIMATER LOSS  LAB_CLASSIFICATION
2| & ¥ [TYPE [DIP| % | VEATHERING, HRARDNESS, STRUETURE BUUATER LO8S  LAS CLASSIF
A - Road fill at surface
i «]| SILTY SBANDY GRAVEL (GM), Started drilling (8/2/88, 9:00 -
3460 - - fine to coarse, b}o?n. 1“; adm' di Temperature 40-50 deg F
’ maximum gravel sise 1-3/8"; gand is *
- ' fine to medium. o¥ b calm 1
[ - —
©  BPT-) 4]0 I Rotary drilled to 5.0", used 4°
- 18 " tricone bit, drilling fluid return m
— 20 1 light brown, losa 0 -
J4 1 1 1 1 | ;&= ____ - Recovered 20% with basket _
_1 . catchar
SANDY SILTY CLAY - BANDY Spun cuaing to 5.0' (NWFJ, -]
10 CLAYEY SILT (CL-ML), 3-1/2°0D, 8*ID) —
HPT-1 7 o3 orangith brown, low plasticity, wat, Rotary drilled 5.0°-56.0', usad
- o meadium stiff. 2-16/16" tricone bit 5.6"-10.0' b
- 12 and 17.E'-65.0', and finger bit —
3450 _ 10°-17.6° ]
SILTY SAND - CLAYEY SILT
- -SILTY CLAY {CL-ML), -
15 wet, very derse, hard, interlayered. _
iPT-ﬁ 4 | 73 Silty sand layers wre light gray, 3°
- 27 to 3" thick, nonplaatic, recov. -
- 3% ona coarse gravel-size piece (looks Sandy cuttings and white fluid —
_ like decomposed rock). Clayey silt . return st 16.5"-19.8"* _
\ layers are orangish brown, 1 to 2* Hard drilling st 17.5'-18.5"*
— ' :-_Il:‘.ick. l.li‘:llﬂ plutl:i':, wi'ahedsome . ’ -
&, roun: to subroun. gravel. _
ke O G ST I @E T " i
. 50 light gray to Orln;ilh brown, non ; —
plustic, wet, very denss; some _
34404 = ¥ 'I gravel, fine to conrse, angular. :'
— > | Quartsite, maximum gize 1%. Li‘ht . -
25 ||, grny sones ore often hard but cen be | _—
| F o 816 = | broken by hand (leoks like soft '
- ra] | rock). Orangish brown sones heve ]
- 1| | some very fine, rounded ko ) —
] ol 1 subrounded gravel. | v |
- #]| SILTY SANDY GRAVEL (GM), -
). omngish brown, wet, vary denss, —_
30— THli rounded to subfounded; sand is fine; |
- 1{11:|1 f[ines are non plastic. Containe ' =
- [{I{, occcasional )i 3 tﬂny. hard, nilty ' {
1¥] « sand pieces {looks like decom: _
w0 o I o P
—y 1 + L o e e o om oom oom oo et e e e v e e o wr e mm ’ —
5 11{] SILTY SAND . —
3 BPT-¢ 20 | 100 1 fine, omg'ill!al:gvn, nen plastic,
- 18 {171, densa, wet; some gravel, fina, -
- il 11| rounded to subrounded. -]
40— 13 —]
34,20- - -
4 SPT-3 18 | 100 Very danse, trace medium to coarse T
= 20 -1t ssnd; some gravel, fine to coarse, 1
- [.1] 111+ rounded to subrounded, occasionally -
_ ] angular. ]
«JMORRISON-KNUDSEN ENGINEERS, INC. st 1 of 2|8 GRB-1
A MORRISON KNUDSEN COMPANY




PROJECT MONTANA SILVER YENTURE NS 8029 |ME yusB-1
W oy MATERIAL DESCRIPTION REMARKS
e | 2 S |prscont- | 8
eev. (oepru{ Em{ = | B! @ |1Wutties WAME, COLOR, COMSISTENCY, GRAIN SIZE,|UHSAMPLING  STANDARD PEMETRATION
¢y | on [ 551 8 | 82| 8 £ PLAStICITY, CLASSIFICATION SSUATER (6587 L5 CuasSIRIEaTion
i pﬁ i
3410+ -1 11 4
- 11 -
S5 5PT-E 32 100 -] Gravelly, dack orangish brown to Stopped drilling at 55.0° (8/2/88, |
5074 L1 light gray, very denss; gravel is 3:00 PM
- - coarse, rounded to subrounded. % ;! drilling at 56.0' (8/3/88,
7] Temperature 40 deg.F, clear, calm
- Wate).r level - dry { ole caved at  —
&0 13.0¢ -
Rotary drilled 66.0'-85.0"
- -J _:' -
34001 - il -
65 'FPT- 27 | 88 | Bl  Some coarse gravel, rounded to Spun casing 5.0'-20.0" ]
50/.3 [{}{ svbrounded Rotary drilled 65.0'-80.0° -
-— -.: -: L- —
neo{ A i -
— 111:| Some fine gravel, rounded to —
1T subrounded -
= 20s
2PT-11 60/.3| 100 =1
i 1 £ i
-
- =l GRAVELLY SILTY SAND - —
a0 | & fine to coarse, orangish brg?:?'et g‘ﬁﬁ“’d drilling (8/3/88, 1:00 _
aPT-1% 22 [ 75 it very dense; gravel is fine, rounded
5073 to subrounded. ]
33804 | BOTTOM OF HOLE AT 80.8' Installed piesometer to 80.8' B
1"ID Schedule 80 PYC pipe,
= ttom 20" machine slotted .02" .
85— width, bukﬁ.l.led with no. 16 —
silics snnd to 49.
. Removed all cumg 7]
- Set steel protective surface -
— casing in concrete, $' stickup ]
above ground surface)
90— b
- 7 8/6/88 - Water level 21.6 ]
704 * Raported by driller
95— —
NOTE: Drilled new bhole USB-1A
'1 4.5' SE along road, augered to
. ushed Shelby tube 10’-11.8" —|
— (1 8' used pocket penetrometer ]
on battom of sample:
I UC=3.6-1.76 tsf I
100— —
3360+ - -
105— —
oJMORRISON-KNUDSEN ENG'NEERS INC. sieer 2 of 2|80 USB-1
A MORRISON KNUDSEN COMPANY




PROJECT J08
MONTANA SILVER VENTURE jo. 8029 |i'* UsSB-2
SITE Little Cherry Tlillngs ATE - STARTED _ FIN1SHED :?;E 3 mlE:TATlCN
LOCATION LEVATION(FT DEPTH TO DEPTH TOD
Libby, Montana _ ( )3441 WATER(FT) 2.8 ROCK (FT)
N T E BOXES DEP
DRILLING CONTRACTR  Northern Eng.& Test. it U 0 P oy 80.8
MAKE - OGGED REV1
DRICL WOOEL Mobite B-53 LOGGED BY  pq J Schawer | B p A, Baskin
wr o » = MATERIAL DESCRIPTION REMARKS
TN A > |DISCONT- | D ALRANAY
ELev. [oepn | BT M 'n_'\'ér 8 |NuTies [ & | NAME, COLOR, COKSISTENCY GRAIN SIZE, ggﬂft!ﬁﬂw GATER PRESSURE TEor)
¢ | D [ g5 ¢ | wE | o | A, e A rure WATER (0SS LAB CLASSIFICATION
n) o & | TYPE DIF) @ ' . CORE LOSS IEZOMETERS
3k . ' Started drilling (7/25/88, 12:30
- - GBAVE.I.LY SILTY EAND (8M]}, 3 v _1
—-BPT- 17 | 100 » orangish brown, non plastic, dry, ; Tempersturs 95-100 deg.F, clear, -
50/ .2 ’ yery dense; gravel is fine to [conrse, slight wind
7 o ;‘jg}%ﬁ' to subanguler, maximum sisa Augered to 18.6' with hollow stem |
s : Boulder at 4.6'-5.5™ suger (°0D, 3-3/5°ID) ]
] 2 ]
= B ET ®N  Boulder at 8.0°-10.5" 7
1 £ -
3430- A -
I o o Orangish brown to light brown,
PT-3 ng‘, 100 #i|  damp, sample looks like decomposed \Vi .
— = " m - - —
15| 2l Boulder ¢ 13.2-14.5 —_
{ ‘sll  Boulder nt 16.0-17.6" -
- o light brown, damp, sunple looks like ' -
o E0 4 150 bt decomposaed rock. _
Ll I £ Boulder at 17.0*-18.5*, 18.5"-18.8""
o L L L T L T e aaa Stopped drilling at 18.5°(7/29/88, —
5 - 2:30 PM ]
= 50751 100 - SILTY SANDY GRAVEL (GM), Resumed work {7/30/88, 8:00
3420+ - rat| _ fine to coarse, orangish brown, wet, AM —
- 1 very dense, sr to subangular, Temperature 66 deg.F, clear, calm _]
- quartyite, maxamum sise 1-1/2%; send Removed augers
T o is fine; fines are non plastic, Drove casing to 18' (NWFJ, -
] e %-.olt!z.odelilse:iul) b'-44.5 i
= = ; ary 5'-44.6', using __ |
25— FFT vo7=3 ¥ 1-15/16" tricone bit, drilling
- - fluid watar, return light brown, -
- -» no loss -
_1 ' Huard gravel/boulders at 27.6"-30.2" _
— "- .
30— P~ |
34104 - -» Boulders at 31.0'-33.2 n
- - -
i - .
_ " N
s S I LR #I|  Sand, gravel, and boulders at ]
-] - A.T-41.0" =
— -'- .
R » ]
&0—1 ; —]
MH — cf | -
- Bit keeps blocking off due to |
] S]] SANDY SILTY GRAVEL (GM), ulty/clayey matrix a¢ i
_."‘ fina, orangith bl;:wn to whitish " )
— ’ gray, wet, very danse, maximum sise . . —
—r : 8/4%; sand s fine: fines are non Hole caved in when pu;lled tricone |
4s—pPi-e L Tl . p{utic. to slightly plastic. to do SPT test at 44.5
i ol gmv;e::” mftl(sr,}gfas 3:15 PM)
p top o A
] " Resumed work (7/31/84, 9:00
- .
. P~ Teamperature 85 deg.F, clear, calm
g Drove casing 40.0'-44.6'
oJMORRISON-KNUDSEN ENGINEERS, INC. seeer 1 of 2|EF  USB-2
A MORRISON KNUDSEN COMPANY "




PROJECT
MONTANA SILVER VENTURE i 8029 |Ff ysp-2
ue [ @ s MATER[AL DESCRIPTION REMARKS
Jui [ Z | Ng | 2 |DISCONT- 3 E SAMp
LING STANDARD PENETRAT JON
ELEV. JOEPTHISE | @ | B | 8 |TWITIES | B | ROSHETIT " caseirrearion. N STZE EGIDRILL ACTION WATER PRESSURE TEST
N |g5| o | v | W 5 | PLASTICITY, CLASSIFICATI Y UATER LOSS  LAB_CLASSIFICATION
&1 8 B [TYPE b1p| % | WEATHERING, HARDNESS, STRUETURE SC|UATER LOSS  Fle2NETERS
: Gravel with silty fclayey lumps at
4 - - ' v
6% i afl  A4OBAET Rotary drilled 44.6'-64.5' .
.. b3 .
- L L L D T T T i
S5—pPTy  R073TI00 all SILTY SANDY GRAVEL (GM), —
] ¥ fina to coarse, orangish brown, wet, =
- ke vory denss, angular to subangular, -
- - maxiroum size 1-1/3"; sand Is fine; n
—l I fines are non plastic to alightly
e plustic. -
&0— @] Gravel at 54.8"-64.5" ]
3380 - » -
- - i
- - l -
BT Siopped drilling at 84.5* 7
PTT . T (r/51jee, o0 ) —
66/.2 - umed drilling st €4.5' (8/1/88, |
B F T:00 AM)
- Temperature 50-60 deg.F, claar, ]
= . calm : -
_ £ _
70— L —
M' -1 . b
] 7 i
» gD o Hole caved in when pulled tricone |
75— Z Gravel at 74.5'-£0.0 to do SPT test at 74.5' —
i - ]
- ||  light brown ]
— " ‘.' .
' Stopped drilling (8/1/88, 12
PT-11 22 | 300 NOON) —]
3350 50/ 3 7]
- BOTTOM OF HOLE AT B0.8' —_
_ Installed peisometer to 80.8' _
1"ID Schedule 80 PYC pipe,
1 ttom 230" machine slotted 02" -
85— width, backfilled with no. 18 —
silica sand o 55')
a Removed all easing .
- Set steel protectiva surface -
_ casing In concrate (2°ID, 6 long, |
1* atickup sbave ground |u.rfn:5
90— —
13504 - .
- -
] WATER LEVEL 7
T data level 7]
5 7/30/88 135 ]
- ﬁanga 14 .
- a/1} 24 .
] 8/6/es 2.8 i
100— -
T340+ - .
] * Reported by driller ]
105— —]

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY
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PROJECT
MONTANA SILVER VENTURE W, 8029 [H* USB-3
SITE Little Cherry Tailings ATE - STARTED _ FINISHED l;?;g 3" CRIE:L:}!CII
LOCATION LEVATIONCFTY EPTH TO DEPTH T
Libby, Montana 3581 3,“53 ET 34.3 ROCK FFI") 27.0
DRILLING CONTRACTOR Northern Ellg & Test SAMPLES ” CORE BOXES 3 DEPTH Of 20.0
_ . . Hole (Fry 79
RILL WAKE - WODEL . By BY
PRILL Mobile B-53 LOGGED BY  py J. Schauer |V BT b A Baskin
1] 4 g > HATERIAL DESCRIPTION REMARKS
i o | 3 |piscowr-1 @ REWARKS
gal it | & O (twmirTIES | B | NAME, COLOR, CONSISTENCY, GRAIN SIZE,[SH SAMPLING STANDARD PENETRATION
e |y |Z5| @ [ag| @ T | PLASHICITY, ' CLASSTFICATION DR IER oy R R 1o
ozl o x | TYPE [pIP] @ | MEATHERING, HARDNESS, STAULTURE CORE Losogs P1EZCHETERS
35804 _ tT11 Road fill at surface
- 1| swry SAND (D0, - Started driling (7/26/88, 11:30
LT3 it orangizh brown, nonplustic, . perature 05 2 calm |
T il 1}| dense; gravally, fine to coaree, iﬁmd b0 36.0" wih hollo: siem
39 £ subsngular, maximum sise 2°. auger {9"OD, 3-8/8°ID)
5— 1171 —
] 1 Gravel at 7,075 ]
—$PT-3 17 o8 E damp ]
26 1+
10— —
357% 7] Gravel at 11.0'* -
—$PT-3 18 | 93 -
41
43 ]
15— —_
- SILTY SAND-SANDY SILT . —
PPT-4 18 | 100 fine, 3""‘{'3 brown, non pla:ltie, 7]
nt very dense, damp; some gravel, fina, -
20 0/.1 £Tay, antular to subangular, li.itite, —
3550 mAximum sise 1/2".

- 'ﬂ ﬂ --------------------- Hard drilling at 21.5" * .

PRI 41100 Hll swry sanm 7

- 50/.1 11|  fine, ornngia‘l}?ﬂ;n, pon plastic, -
25 very dense, damp; somea gravel, —

angular, white and buff quarteite and

- Ak gray and white slitite, maxirnum size B

. ALl 173 i

—LPT [ a5/ O bt e —{ ----------------- :’ Drilling very hard 27.0"-36.0""

- / -—| 't TOP OF BEDROCK AT 27.0° 1 Probably have been in coreable -
'~ Cuttings include conrse, subangujar, rock . -
. 1—1 m\rd .lj_u i.::“ of 'hjte t'o gy Stoppq:l d.nllmz at 35.0' 1
3550 !  qunartsite, siltite, and argillite. L‘Zlﬂfﬂa. mn Phﬂ 5.0
1 m i umed g o N
] It = S_ﬁ:?fss. 700 AM) -
TS b —1—1 'emperature 65 deg F., clear,

‘Fm /- !cllm,waterlnul-dry 7
= Ll =|Corsd 35.0'-55.0' (Nq' hole _—
el YV | 0 [ 70 dinmeter 2.08%, core diameter

-1 QUARTZITE at 35.0' 3o 37.0°, 1.875") wsing augers as casing. m

- white with some iron exide staining, Used diamond impregnated coring —

_ =il wet, :::dgl:]y wlaatheud, fine E'I‘thl)rll.lln‘ ﬂu.Ld wata.;, l'!tol.l*l:n i

o1 grained. Contsins Iarge square ight orangish brown, loas 0%,

-~ 1= | darkened glassy cryltal.l:qpouibly 10.0' long double tube core —
40 == | andalusite, altnandine, or garnet. barrel.

C-2 28 | o8 fpup Gradational contact with underlying Drilling rate 3 min/ft 35.0'-40.0
3540+ = 1 =1 rock.

7] <] SILTITE/ARGILLITE at 37.0", Drilling rate 2 min/ft 40.0°-50.0° |

= ‘= orangish brown and light to medium

— | gray, silt-size graing, occasionally .
L5 1—1 dly"li.lﬂ. wat, lo!'t, h.l;h]y —

- C-3 18 | 72 -1 wanthered, sometimes vugyy.

- y—1-| Bedding specing 174" to 1-1/2", to T

- «—il  laminated in places, dip angla 40-50 -

_ S gegrzu Fracture spacing 17 :10 8", N

1—1] ractures are generally parnlle! to * Raported drill
— —— bedding, planar, rough to smoath, PO by ° -
h.
%) MORRISON-KNUDSEN ENGINEERS, INC. seer 1 oF 2| M ygp 3
A MORRISON KNUDSEN COMPANY




3
PROJECT MONTANA SILVER VENTURE lio._ 8029 [NF wuse-3
welo | ] 3 MATER[AL DESCRIPTION E REMARKS
eLev. |oepTH | Lm | = | e NAME, COLOR, CONSISTENCY, GRAIN S17£, -+ SAMPLING STANDARD PENETRATION
¢ | on [ E5] 2 [ 8] @ PLASHCITY, "CLASSIFICATION, CEIDATER 1035 " AR CLASSTEICATION
21 & 4 WEATHERING, HARDNESS, STRUETURE PEIHAER 285 |8, CLASSIE
1530 C-4 1] 4 mth.- ;leodufl, alightly Oth
- -1 eni] ) clny . Br =11 H " ]
i fra-tures ame msu!ﬂlm‘u. vough, open, Drilling rata 1 m{n[ﬂ 60.0'-55.0
vuggy, with iron-and
n manganese-oxide staining. =
] Stopped drilling at 55.0'(7/28/88,
T C-S 0 40 4:156 P ( —
ﬁ Rnunﬂ work (7/28/88, T:00 -
] Temperaturs 60-80 deg.F, broken ~
- - cloug:,r:li:ht wind ¢ -
N Vary soft at 50.0' to 85.0°, pyer Pressure Test 1: -
46 complately weathered, highl - ) —_—
] C-8 0 | 50 fractured core pieces. {langth < Stopped work (7/28/88, 0:30 AM)
3520 - 2-1/7"). Resumed drilling at 56.0' -
. I‘?f”f"- 6:30 AM -
- 'emparatuce 50-65 deg.F, clear, -
] calm |
5—1o7 10 | 92 Fracture spacing to 3-1/27, Cored £5.0°-70.0° T
- 66.0'-70.0 Stopped drilling at 70.0' T
- (7/30/88, 8:15 AM) n
7] Water Pressure Test 2: T
- 50.8'-70.0' -
75
35104 j BOTTOM OF HOLE AT T0.0 =
No piasometer installed 7]
- Aversge RQD of bedrock = 12% Removed all casing B
- Average recovery = 66% -
75— Average drilling rate = 2 min/ft ]
80— WATER LEVEL R
3500+ . date  time leval 7
7 7/18/88 T:00 AM SL5'
- 7/29/88 6:30 AM 343 -
85— j
) X
90— —
34504 - T
95— —
i -
100— —
3480- — .
10 —

MORRISON-KNUDSEN ENGINEERS, INC.

sieet 2 oF 2|uoc USB-3

A MORRISON KNUDSEN COMPANY



106
PROJECT MONTANA SILVER VENTURE vo. 8029 |If ysB-4
= ST,
SITE Little Cherry Tailings Hﬁ IGS A:TED — FINISHED g?;g " mze:rmou
LOCATION ATION(FT) DEPTH TO DEPTH
Llbby, Montana LEY 3645 £ WATERCFT ROCK ;?
DRILLING COWTRACTOR Northern Eng & Test, [SARPLES 4 CORE BOXES o DEEH(?;, 25.0
MAKE - X REVIE Y
ORILL WOOEL Moblle B-53 LOGEED 8Y 1y A, Baskin [ VED BY M. P. Forrest
wel @ . ] MATERIAL DESCR!PTION REMARKS
Jui [ Z { \g | 2 |DISCONI-| © S OR CONSISTENCY  CR E SAMPLING_ _ STAWDARD PENETRATION
Elev. [pEPTH | D | M | by | § |iwiTiEs NAKE, COLOR, CONSISTENCY, GRAIN SIZE,p-LISRITL a€rion GATER PREGSURE Test|
(FN) | (FTy | G5 @ | 9% @ PLASTICITY, CLASSIFICATI WATER LOSS CLASS]FICAT[ON
2| & W YPE PIP| & | WEATHERING, HARDNESS, STRUETURE CIUATER 1055 LAD CLASSIE
- -
1| SILTY BANDY GRAVEL (GM) Stacted drilling (8/20/88, 7:55
— o r
- ]| orangish brown and gray, nonplastic, Rotary drilled with water using s
: vary dense, damp; gravel is fine, 2-15/16" tricone bit
- " T3y, ;‘l'i‘tl:“y I_::thued, bard, fine Cobbles on surfacs to ]
35404 5—+ ; grained quartsits. lapproximately 1.0 —
_PPT-! 40 | 38 - Brown water return, 100% return~ _|
A7 4 Reamed casing to 6.0' (NWFJ
_ 50/ 4 - 8*ID, 3-1/2°0D) 1
7] "l brounded to subang] Reamed casing to 10.0 7
~ - gray, subro subangulsr, , -
; bard, fine grained qusrtzite. Constent head water test at 10.0°, |
10—t e - ' fwater leaking at surface hard to
- " - seal casing in graval -
4 X Alternates brown and brownish _
- gray water return
— ‘.. —
7 » |9topped drilling a& 16.0° .
36301 15—7 5710 I#]|  Cobbles and boulders 10.0" to 25.07, (8/20/83, 1145 AM)
o ; hite quartsite and ve casing, put on driving -
mi|  sray and white, quar thoe (8/23/88, 9:46 AM)
. 5 :ﬁ::yte, aldtcmltm; with layers of Casing riven to 15.0° -
~ sand. '
~ p Constant head water test at 16.0" =
’
. o . =
20 —{ P Silty sand, brown, non plastic, wet; Cusing driven to 30.0 ]
SRT - F0— - uo:qegan:hﬁg;, gray, hard, fine Constant hend water test at 200
-] - grained quartsite. -
] #]| ~ Boulder st 21.5’ to 2.0, white and Hole keeps caving after drillrods |
7] = grey siltite, bard, removed . ]
3420125 = _—
— BOTTOM OF HOLE AT 25.0° i‘,‘;,g"“' drilling (8/23/88,3:00  _
00— —_
J _
35104 35— —_—
_ y -
40— —
300 &sj ]

< MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY

SHEET 1 OF
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PROJECT -
MONTANA SILVER VENTURE e 8029 |Mf ygB-5 |
STTE Little Cherry Tailings 1{%1 STARTED — FINISHED g?k: 3" ome:mmu
LOCATTON LEVAT IONCFT DEPTH 1o DEPTH 10
Libby, Moatara F 123516 |oaren y_ 27.1 ROCK (FT)
DRILLING CONTRACTCR Northern Eng & Test. LES = |c0RE BOXES _gj&;;ﬂ(g;) 50.3
WAKE - MODEL OGGE ] EWED BY
BRILL HoD Moblle B-53 LOGGED 8T p A, Baskin  |""" M. P. Forrest
wel| o + MATERIAL DESCRIPTION REMARKS
Jul Z | N\ piscout- | @ SAMPLING __ STANDARD PENETRATION
ELEV. | oeeTy %E ] ',',:_g § RIS | | 1 TTy  CINSe I FICATIou N STZE, ORILL ACTION GATER PRECSURL TEST
&3 & Y TYPE [DIP| & | VEATHERING, HARDNESS, STRUCTURE HATER LOSS  LAQ CLASSIFICATION
7] Started drilling (8/24/88, 9:20 N
- GRAVELLY SANDY SILT (ML), AM € (8/24/ .
- orangish brown, non plastic, very 2-16/16° tricona bit and water
{ ense, maist to wet; sand is fne; Cobbles and boulders at surface |
s 1 whit, slightly weatherod to Rexm cing to 5.0' (NWEJ 8D,
3510 _BPT-] _;é 100 completely weathered, fine grained. o brown water return i
- 50/.2 ]
- LT -
- Toll GRAVELLY SILTY SAND N . ,
10— ‘ orangish brown, non pluts:.:]ery Ream casing to 10.0 _-‘
PT— B 45 —B6— 1 danse, moist; gravel is fine to Constant head watsr test at 100/
= - course, orangish brown, gray, and 007 GPM -
- = white, fine grained to a.pf:niti:. Retum water altarnates orangish -
B o brown and gray, silty sand and
£ cobbles 7]
. | Cobbles 11.0’ to 19.0’ ~
15— St | I —
Constant head water test at 15.0°,
3500 - SILTY CLAY - CLAYEY SILT casing at 10.0° -
- CL-ML}), . _
i hard, traca to some fine gravel,
gray, fine grained, completely 7
- wanthered. .
20— HPT-3 16| 80 —
19 -
- 50 —
PT- 32 | 88 Some coame gravel, gray, slightly Conatant head water test ot 25.0°, |
34904 507 A weathared caaing at 10.0' .
] ; _
30— —_
- Cobbla at 81.0° u
N Cobble at 88.0' .
35 —
mj T -
- .
] Conatant hend water test at 40.0°, |
40—rr 5073 casing at 10.0’ %
- Cobbles 41.0' to 500’ : -
a Stop drilling at 60.0° (8/24/88,
= 4:1€PM ( =
45— Instulled piesometer t0 60.2' |
2470- | {1"ID Schedule 80 PYC pipe, |
bottom 20" slotted .02 width,
N backfilled to 26" with no. 16 —
- vilica sund, backfilled to 3’ with _
B D N N S R N N bentonita pellets)
-
MORRISON-KNUDSEN ENGINEERS, INC. seer 1 o 2|1 USB-K
A MORRISON KNUDSEN COMPANY




PROJECT MONTANA SILVER VENTURE [J%  g029 M ysm-s

we | o - 3 prscont- | & MATERTAL DESCRIPTION REMARKS
ELEV. | DEPTH | QI | = | INUTTIES NAME, (COLOR, CONSISTENCY, GRAIN SIZE,[=H{SAMPLING STANDARD PENETRAT ION[
¢y | D (25| 9 | 8| B £ | PLASHENY, ‘cASSIFICATION, ATER 1088 LA CLASSIFICATION
—SPT- 20 GRAVEL (G
N SANDY GRAVEL (CM)  brown, Depth to water 37.1° (8/26/88,
— slightly weathered, subrounded ko 7:10 AM)
_ rounded, maxirmum sixe 1/2".
- BOTTOM OF HOLE AT §0.3'
55——
3460- -
60—
J
3450

|111T

PR SR L

B

343CDJ

IIJ;llIILlilII[lIIiIIIALllllllllIIIII_IIIIIIII

R S PO Y

lJlllllllIl

?

@MORRISON—KNUDSEN ENGINEERS, INC. sieer 2 of 2|8 SB-5
A MORRISON KNUDSEN COMPANY




POORMAN SITE
Borings USA 1, 1A, 2 -4



PROJECT
E MONTANA SILVER VENTURE . 8029 [N USA-1
SITE Poorman Creek Tailings ATE - STARTED — FINISHED 2?%5 3" ORIENTATION
LOCATION TIONCFT) DEPTH TO DEPTH 10
_ Libby, Montana LEVA 3480 WATERCFT 7.0 ROCK CFT)
DRILLING RACTOR {SAMFLES COR| P
CoRT Northera Eng.& Test, LE 11 E8ES ¢ Core (o1, 75.3
DRILL MAKE - MGOEL Mobile B-53 L0GGED BY 1y 4. Baskin  |"=""™P 5" M. P. Forrest
wex | : g MATERIAL DESCRIPTION aemxs
g4 Z | ol 3 joiscor- 2 ® TE SAMPLING_ _ STAWDARD PENETRATION
E(LFET\;. oEPTH goi o | fo| B [NITIES E MAKE, COL Lo R ST STENLY ¢ STAIN SIZE, DAILL ACTION GATER PRESSURE JLar
E3| & | 9% | U [Trrrors] % | UEATHERING, MARDNESS. STRuETURE PARER BISS MR SihsiLcicaTion
i 1141 smry sanm () Sturted drilling (8/16/88,8:30 |
| (]| fine, oran brown, nonplastic to Rotary drilled with water and _
slightly plastlc, medium dense, 3-16/16" tricone bit
-1 moist; trace gravel, fine, Srly and -
5— nnm.lh brown, subrounded. _
PT-] B 70 Brown water return
8 -
1 \_ J ; 1
34701 1 SPT-2 [ 66 4 Nooplastle, moiat
- H j
i ]
N 141 Seams of gravel, 10" to 15°, gravel
- 1T layer, 12. & to 12.6. -
’ [y Hi Shelby tube sample 16.0° to 15.6' |
SPT- 12 | o0 It light grey and orangish brown, T
:g 1311 oonplastic, very dense, damp. ) N
7 ] Reamed casing to 20.0° (NWFS |
- 8-1/2°0D, 8"ID)
3801 20 %PT-'I M | 88 fine to medium sand; with inclusions Comatant head water test at 20.0°, |
-1 R 1T of silty sand, fine, my max. mizs no water take
- 3 - 1" (completely weathered graval?). -
N i} Gray water return at 33.0° to T
- 24.5' and 26.5' to 27.0° .
55— PY= #OF 3100 il Layers of gray, fine grained sand No water loas =
- K and silt 20° to 30, 7
- :‘_:‘_ —
504 30— {11 -
i i i
- {E b -
— '—, 1 —
3 sr'r=Jl BU/ TS0 1t Eor?;n-my water return 30.0° to |
- Hard drilling -
34407 40— SILTY SANDY GRAVEL (GM), ]
— ';llray. white, and oxl'lmguh bro;fn. =
- tite cuttinge with crangish brown -
_ fine sand Inr .
45—ppre 73 __‘
$)MORRISON-KNUDSEN ENGINEERS, INC. seet 1 o 2|MF USA-1
A MORRISON KNUDSEN COMPANY




PROJECT MONTANA SILVER VENTURE

[is  go29 [ho" USA-1

ux | o > 3 |oiseout- | @ MATERIAL DESCRIPTION E REMARKS i
eLev. |oepth | Bm | = | =R ] B | nviTIES NAME, COLOR, CONSISTENCY, GRAIN siz¢,fUHSAWPLING . STANDARD PENETRATION
wev. o 881 3 (08 B B | M 1O CSIE g A St BRI Rerion fen PR ISREES

nz| o @ | TYPE [p1p| @ | WEATHERING, HARDNESS, STRULTURE B|CORE t0SS PIEZCMETERS
: - 1T a:é.n':;v oaum &El;lg‘.m nonplutic Return water brown, with ]

_ H ve:y' dense, wat; with inclusjons of brownish-gray intervala 7]
HE silty sand, fine, gray, max. sise 27, 7
— J11] trace gravel (i.nei{‘uliom may be —
55—l =t . weathered gravel?). |
- 50/.1 1] ]
j 1 Layers of sandy gravel 56’ to 85", a
34201 60— ﬂf —
S opr Lm“m‘mn“ 3 ]
— ‘_J-::: p
34104 70— 7
- 11| Gravel is fine, gray, subrounded to -1
- _1_-:. rounded. -
7 i Stopped drilling (8/16/88 4:00 ;
i vy 8/ i
E-%FT-‘r s07-31-es —
- BOTTOM OF HOLE AT 75.8" .
- Constant hend water test nt 4:05 i
PM. Hole filled with water, top
34004 BO— 20' cased., No water take in 15 —
. minutes. Water level at -
- 16.0'before teat |
- _
8- Water level 7.0 (8/16/88) i
3390{ 90— —
95— —
33804 100— —
= =
105—— —

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY

sieeT 2 oF 2[ho  USA-1




PROJECT MONTANA SILVER VENTURE  |#® go20 M ysa.1a
SITE Poorman Creek Tlillngs ATE - STARTED . FINISHED !;JO;E 3" CRIE#TAT!OH
LOCATION Libby, Montana LEVATIOR(F)3480  lonvemert oo (ET)

DRILLING CONTRACTOR Northern Eng.& Test. |SABPLES 4 CORE BOXES 0 DEPTH 2; 17.8
DRILL #AXE - NOOEL Mobile B-53 LOGEED BY 1y A. Baskin REVIEVED 8T M., P. Forrest

we | 9 ol 3 2 MATERIAL DESCRIPTION E REMARKS
SAMPL ING STANDARD PENETRATION
ELEv. | oEpTy $Fl v |ag| 8 g RAKE ¢ COLOR, CONSISTENCI sy CRAIN SIZE. P HISRILL 'ACTION WATER PRESSURE. TEST
<80 2| S |" | & % | VEATHERING, WARDNESS, STRUETURE WATER LOSS  LAB CLASSIFICATION
. T _ itﬁmd drilling (8/16/88, T:05 -
- 11| SILTY BAND (SM), . , -
_\m 11|  £ae, ornugilqsI:gn_, non plastic to Egk 'IPPMJV 10 from ]
i -.hz_htly plaatic, medium dense, Hollo-t atern suger
;| HE|  Grantiah beowm, subronsgen’ ST-1,3-3/4"ID Shelby tube,
! sample recovery 1.2°, hent end of |
- Eks tube and crensed 1/4" to 1/2° —
_ H depth along length _
sT-2 T ST-2, 2-1/4"ID Shelby tube -
- sample, recovery .6', bend end of  _]
tube and creased 1/4" to 1/2°
3704 10— ERS depth along length
JR-1 131 6

R-1, 2-1/2" Ring sample, 1258’ to -
13.7", recovered 11", one 6" "
sample and one 6* sample

R-1, 2-1/2" Ring sample, 17.5' to
17.8', pushed 4" then attampted

3450+ 30—1

o

BOTTOM OF HOLRE AT 178’

recovered for tutin'z.

lILlIlIIIlIIIlIIIII|II1I|JIII|III

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY

SHEET 1 oF 1 |[NOLE USA-1A




PROJECT
MONTANA SILVER VENTURE o 8029 |wt UsA-2
SITE Poorman Creek Tlillngs ATE - STARTED - FINISHED ROLE 3" CI!IEHTAT-ICN
LOCATION LEVATIONCFT) DEPTH TO — DEPTH 70 vertic
L“be, Montana 3517 WATER(FT) 58.2 ROCK (FTY
R TRACT
DRILLING CONTRACTOR Northern Eng.& Test. LES 13 CORE BOXES 0 ﬁ_gr;!l(g;) 80.5
MAXE - L OGGED XEVT Y
ORICL MaoE Mobile B-53 i " D, A. Baskin |REWE"ED " M. P. Forrest
wr, o : MATERIAL DESCRIPTION REMARKS
28! & | ha| 3 [LSCHNT . SAWPLING _ STANDAR
NDARD PEMETRATION
pedleadh: A REC A R il B 4 v e i -
21 & ¥ I vee e VEATHERING, HARDNESS, STRUETURE MATER 5235 BB, SLAsBlEICATION
- Road fill at surface o
i SANDY GRAVEL (GM), Started drilling (8/13/88, 11:00
. orangish brown, medium dense, fine  [MIBJiiy drilied with water snd s -
ta conrse, subsngular ¢ angular with 2-16/16" tricone bit
- some silt; eand is orangish brown and —
— gray, medium to coarse. __{
PT-1 11 o Casing reamed to 5.0 (NWF.'I
10 3-1/2°0D, 3*ID) =
35101 11 Water loas approx. 60% —
SPT-1: 15% recovered wsing core
samaple retainer
_____________________ 76% water return at 7.5' -4
1°—%Fr-3 8 | 56 GRAVELLY SILTY BAND (EM), ]
— 11 fine, orangish brown, alightly =1
- 17 plastic, medium danse, with some -
| clay. _
1 EPT-3 7 45 Casing reamed to 15.0' ]
] 1 -]
. B 13 -
3500 §T-1 90 Shelby tube sample 17.0' to 17.9%,
bent tube =
) -1 Layer of gravel, 18.5' to 19’ -1
20 gPT-4 7 60 Gravel to 1%, subrounded to Cusing reamed to 30.0° ]
1 ~ subsnguler Constant head test at 20.0' ]
A ® | 37 ]
] 11 -
3490+ - 20 -
30— —
i . . - —
SPT-q T L) Luyer of gravel, 36' to 35.1’, fine When drilling completed to 45.0',
- 14 to coarse, gray and orangish brown, water continued flowing back up =
T4LB04 - 1) subrounded, slightly to modarately hole, flow slowed wnd stopped in =~ —
] weathered, quartsite/uiltita approx. 45 min. -
Cuaing reamed to 45.0, water
- flowed from g'r&?::.mcllI llu.:fu:e -
&0— approex 10.0° from hole. —
Stopped drilling at 45.0°
] WISIBB, 5:15 PM) m
. ater flow from hole stopped —
] approx. 45 minutes after drilli _
stopped
A= . e
BPT-3 15 | 86 Very dense, wet; gravel ix fine, Started drilling at 45 (8/14/88,
- 3_1‘ aray nnd_gr_eeniél.l;_my iltite, 8:20 AM)
3470, “{aT-2] 104 | TeXImm sike Shelby tube sample 47.0'-47.7’

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY

SHEET 1 OF

2 HOLE

. USA-2




PROJECT

J08

MONTANA SILVER VENTURE o 8029 [N yga.2
e | o . = MATERIAL DESCRIPTION REMARKS
Jly Z .:CI > |DISCONT- o E
ELEV. |DEPTH | Bm | H O |INUITIES | B | HAME, COLOR, COMSISTENCY, GRAIN SI2¢ [HH|SAMPLING STAHDARD PENETRATION
D | on | E5| % | 82| 8 E | prashictiy, "crasstFicATION CEUATER Loce "‘TEEL'EE??:’EETIEET
&2 & & [Tvre o1p| % | WEATHERIKG, HARDNESS, STRUETURE RC{HATER, LOSS (AR CLASSI
LTL Water stopped flowing £mm
- .| SILTY SAND (SM), surface when drilling at approx. -1
- T1F fine, orangish bmvn. non plastic, 50.0 -
H' L very dense, moist to wat; seams of
7] 1{] fine grnvel, subrounded. 7
S BPT 3 [ 72 1 ]
-] 34 1 =
3460 - 4 T .
- - ; -
pra i —
] e ]
- g /| sILTY cuw CLAYEY SILT -
£ " - |
OTFPTS 16 [ 46 U7/  oranguh Dt own, plastic to slightly
- 10 MITY]  plutic, very ltﬁpum of m
3450 - 15 E? ; sand and gravel 4
- 1
1554 -
. . :
70— 1%%% —
. i -
1277 N
- o -]
R "> GRAVEL T
s
3T o 17535 (ot —
. SILTY SAND ( ]
3440+ - orangish brown, non pluatic, very -
_ - dense, moist to wek, seams and layers _
of snndy gravel Stopped drilling (B/14/38, 1:66
- PMS T
80— = —
= BOTTOM OF HOLE AT 80.5" Instelled piezometer to BD.4” .
. 1"ID Schedule 80 PYC pipe, m
- ttom 20' machine alotted 02" =
width, backfilled with no.16 _
N silica sand to 64’ and covered
85— with 5 of bentonita slurry) —]
. Removed all casing i
34301 7 Set atee] protective casing ut ]
] surface in conerete, 1.1’ atickup =
- above ground aurface -
90— —
7 WATER LEVEL: 7]
v date time level ]
8/14 8:16 AM 2.8
34201 . 8/14 1:.00PM 14.4' -
. 8/18 B:06 AM §7.4 -
A 8/168  T:40 AM 63.2' |
100 —_
105— —
MORRISON-KNUDSEN ENGINEERS, INC. sieey 2 oF 2|M'E USA-2
A MORRISON KNUDSEN COMPANY




PROJECT
MONTANA SILVER VENTURE No. 8029 |0t USA-3
SITE Poorman Creek Tallings PATE - STARTED FINISHED HOLE ORIENTATIOH
LOCATION LEVATION(FT DEPTH TO
Libby, Montana (F 25.0  |per oy
CRILLING CONTRACTOR DEPTH OF
a - Northern Eng.& Test. - 0 wote ¢pp)  B0.1
DRILL MAKE - WOOE Mobile B-53 LOGGED BY )y I Schawer  |™V'P% ¥ b A, Baskln
wr | a . M MATERIAL DESCRIPTION REMARKS
Jwi Z | N\g | 2 [DISCONT-} © 0o CONGISTENEY R SAMPLING )
STANDARD PENETRATION
T BE| 8 | B2 8 o] § | EliShERT cRFiekTion T ERILL ACrion HATER Fressine feor
wZ| O o | TYPE pIP]| i | WEATHERING, NESS, STRUCTURE L% PE'LTEEE'_
Road fill at surface
T Started drilling {8/4/88, T AM
SANDY SILTY (.:I‘AY (cL), . Temperature 46-50 deg.F, clul, =
PT-1 1€ |10 gravally, orangish brown to light calm
14 f"y' dry, very '“%;m: el is Gne Augured to 15.5" with hollow stem
17 0 coarse, angular subangular. auger (Q-OD. 3_3)!qu)
5 |
3470 —8T-1 104 Shelby tube sample st 7.5’ to -
_BPT-1 14 | 100 8.2", bottom of tube buckled, =
18 pociet. penetrometar on bottom of -
10— 20 sample: UC=3.0-3.25 isf —
BPT-3 49 | 100 -
A 5073 i
15— —
. Boulder at 16.5* Removed sugers N
_ ol at 16.0'-19.0"* Spun casing to 16.5' (NWFJ,
Gravelat 1 ity A R A
3460+ -~ water, return light brown, lows 0% -
- = ITrisd to rotary drill with -]
2-15/16" tricona bit and tospin |
20— EPT-4 14 | 80 orangish brown, wet casing, but could not snd had to
-~ 17 remove casing -
- 16 Ratery drilled 15.5' to 19.0° with
a 4" tricons bit
n Drove casing to 16.5", tried to .
= drive further, but ruined shoe and —
25 had to remove casing ]
BPT-§ 13 | 75 . = Qcmde;t‘nlly gmp:ﬁ:l pire :’t_tnt:h
5078 uld t 265.8'-33.5 own hole and could not retrieve -
| / Boulders Drilled new hola 3.5° offset |
Rotary drilled to .0’ using 4"
3450+ — tricone bit, drilling fluid water, =
- rsturn light bm‘énﬁ n["Nl‘c'?l'?J -
10 rove cazing to 5.0° ' |
3-1/2°0D, $"ID)
= Rotary drilled 5.0° to 20.0' uing
_ 2-15/18" tricona bit -
Drove casing 5.0 to 20.0" )
: Rotary drilled 30.0'-36.0° -
35 - 11 St?ged drilling at 35.0' (B/4/88, ~ |
- 5§0/.2 g::' M o (75
I e A N drilling at 35.0° (8/6/88,
344 J - SANDY CLAYEY SILT (ML), 7:45 AM) i
0 crangish brown, nonplastic to Temperatura 50-80 deg F, clear,
— alightly plastic, hard, wet; gravel calm -
40— is na to coarse, ar to . Rotary drilled 35'-56.4' —
-l subrounded. i Drove casing 20°-56"
-] g | ‘ Rotary drilled 55.4°-80" .
i »ll SILTY SAND - SILTY GRAVEL Return erangish brown N
_ =)  (SM-GM), . 4
3 orangish brown, nonplastic, wat,
- i dense; sand is fine t;:ome; gravel -
£5————] - is angular to subangular; fines are .
35.,1-.5-—40-7 . nonpiastic.
T ‘. Graval at 46.6'-556.4"" ‘j
pul - » R -
4 Reported by drill
3430 - Ea e Y er -

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY

SHEET I OF 2




PROJECT
MONTANA SILVER VENTURE o, 8029 [N ysa-3
we | @ . i MATERIAL DESCRIPTION REMARKS
Sl | Z bﬂ > |[DISCONT- [=] h
ELEV. |DEPTH| Q@ | H =] © | NAME, COLOR, CONSISTENCY, GRAIN S1ZE,[di SAMPLING STANDARD PENETRATION
1y | (¢,Ty | E5] @ %E' o IRITIES T | PLAShICITY, "CLASSIFICATION qgaﬂélﬁ ACTioN “JEEEJSE??.‘“E TEST
. 2l S @ [TYpe [o1p| @ | VEATHERING, HARDNESS, STRUETURE SC{UATER LOSS  LAR CLASSIFICATION
] - _
— - _
- » .
55— - —
..ap'r-'ﬁ id ] o - i
- K = -
34201 - » _
a’ — o b —
— '.- —
- L |
- 5 _
&5 PPy Tt 100 "ol ]
— . -
34104 - L |
— l-. =
70— ' & —
] » -
- s J
] s . ’
= —
—yrp-1b a .
- 59/.1 f .
4 e -
3400 - A -
L Stopped drilling (8/5/88, 6:45
_ * e
~8—3prI o701 0 ] _
B BOTTOM OF HOLE AT 80.1 Resumed work (8/6/88, 8 AM)
.__ Installed piezomater to 80.1' :
E:m Schedule 50 PVC peige.
85— ttom 50’ machine slotted 0.02" —
- width, backfilled with No.18 -
silica sand to 256.0')
n Removed all easing 7
3390+ - Sat steel protective surface —
- caying in concrete (2°ID, §* long,  _|
1.2* stickup above groupd lurfn.ce)]
90— Stopped work (8/6/88, 12:30 PM) —
=] WATER LEVEL ]
_ Date Time Level _
8/4/88 6:45 AM 188’

33801 B 8/6/88 B:00AM 250’ .
160— —
105— —

MORRISON-KNUDSEN ENGINEERS, INC. sieet 2 of 2 |- USA-3
A MORRISON KNUDSEN COMPANY




PROJECT
MONTANA SILVER VENTURE vo. 8029 |M'F ysa-4
SITE Poorman Creek Tailings ATE - STARTED — FINISKED :?%E 3n MIE:TA‘I'ICII
LOCATION 1ONCFT DEPTH
Libby, Montana FLE""“ 3543 [Drenceey  37.8  [hernt 29
DR G CONT
ILLIN RACTOR Northern Eng.& Test. SAMPLES 1 CORE BOXES ngtzu(gl:_ . 802
DRILL MAKE - MODEL L J1EN
€ Mobile B-53 LOED BY 1y A, Baskin  |*™'™P B' M. P. Forrest
weri o : .l MATERIAL DESCRIPTION REMARKS
Sl 4 \Q = |[DISCONT- 0 — AR
. im| = | ¥  (INUITIES | © | NAME, COLOR, CONSISTENCY, GRAIN S1ZE, JHiH SAMPLING STANDARD PENETRATION
T o | 55] 2 (58] 8 £ | PUSHICITY, "CLASSTFICATION QUATER 1686 LAB CLASSIEICATION.
21 & & [7YPE PIF| % | WEATHERING, WARDMESS, STRUETURE PARE LIRS BIR SHASELEICATION
i Gw& B]uli.'.l)'Y SAND - CLAYEY Stasted drilling (8/16/88, 13:45
| . [-ML), . Rotary drilled with water and .
3540 ﬁne, orlntuh bro'n, ll.l‘htlr 2'15‘}{8‘ tﬁm: bit'. &r an
— plestic, dense, damp to moist; gravel Boulders st surfacs -
[ — ts fina {o coarse, gray, rounded to Brown water retum —
_BPT-I 11 (| 80 subrounded, maaximum size 2°. Reamed casing to 5.0' (NWFJ
] ;; 3-1/2"0D, 3"ID} ]
] Reamaed casing o 10.0° B
10—5pr4 13 | 83 ¢8| Constant head water test at 10.0', |
- 10 *}| GRAVELLY SILTY 3AND (SM), {no water take in 16 minutes -
- - fine to corrwa, orangish brown, -
35304 | = dense, maoist to wet, rounded to
b lﬁll?yrounged; lnte_rl;ybered with fine 7]
N e L sand, orangish brown, non -
: Conatant head water teat at 15.0°
¥ plastie. . ' pp—
15— EpTy T [ 7 2 casing ut 10.0
. 1 T ]
- 15 e |
- - . -
20 o Constant head water test at 20.0", |
_PPT-4 0 | o0 $|  Very demse gnmm‘gd.tcﬂ:o to 20.0' ]
%0/3 5 Constant head water test at 20.0",
) G | D 008 GPM ]
3520- — TE B
- 1] SILTY SAND (SM), trace gravel, e R —
25— ] 1| reddieh brown, non plastic, very sé?i’é‘fé’s dx:};xaa% » 26.0 ]
PT-A 22 | 10 13 dense, molst; gravel is fine grained, nstant head water test at 25.0'
33 J{]  red, highly weathered sandstone and e at 2; 0 ® atk 209+
H L] _ Sty questaite. 8/17/88, 7:30 AM) .
- - Sturted drilling (8/17/88, 8:10 -
. ]| sANDY SILTY GRAVEL (GM), AM) -
0 » o ¢ to conrse, gray and orangis —
3 - brown, very cienu, wat, rounded to
- » subrounded, moderataly to highly m
- 4 weathered quartxite/siltite; sand is
gt fina.
3510+ - . -
1 - Casing renmed to 35.0° 7
x 54166 - Conatant head water test at 35.0°,
- £, casing at 35.0' 1
i 2 \ 4 i
- - - -
] » i
_ - ]
3500+ - » ]
- - —
[ a— - ]
R S I Constsnt head water test at 45.0°,
] '-' casing at 35.0/
.. —
. - -
. - .

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY

SHEEY

HOLE

1 OF 2|y,

USA-4




PROJECT JO8 HOLE

MONTANA SILVER VENTURE no. 8029 no. USA-4
ux | o . MATER]AL DESCRIPTION REMARKS
AW | Z > | DISCONT- ﬂ STANDAED
ELEV. [DEPTH [ B@ | H °g 8 [urTies [ B 1 NAME, COLOR, CONSISTENCY, GRAIN SIZE,) Es.’l‘LIL-IHCTIOH UATER PREGSURE SLopy
¢#n | om (5| E | &= | & > | FEASTICHIY, CLASSIEéCAT%NEME SQUATER LOSS  LAB CLASSIFICATION
wzl| o x | Teee loir| @ EAI'HERIIIG HARDME [ CORE LOSS P1EZOMETER
- - -
3490+ - - i
55 o Reinserted split tube with core |
=1 » catcher to recover some sample =
. - .
— '-' .
- " —
O R 53 —
— "- —
-— -. -
3480 - £ A
. L i
65— - —
1 :
— _.- .
0 ] - sz? p;ddnﬂm%tt 70.0' ]
rrYan g 8/17/88, 3:50 —]
JPT-ip o7 et &tarted drilling at }o' (8/18/88,
| » 10:30 AM) ]
73,1 I . -
] -» ‘ .
75— et —
i - _
- - .
- - .
_ | -
- ]
3FT-1 2 16 Hlopped dnlling al 80" (871888, |
- BOTTOM OF HOLE AT 80.2° 10:50 AM) -
3460 - -
] Inatalled piesometer to 80.2' ]
85— 1"ID Schedule 0 PVC pipe,
N ttora 20° machine glotted .02" -
. width, backfilled with number 16  _|
silica sand to 54', bentonite
- chipa ta 60' -
" Removed all casing -
Set atee] protective casing at ]
= surface in concrets =
3450 . .
% WATER LEVEL ]
B date time lavel A
8/17/88 T05 AM 1I'
- 8/18/88 8:30 AM 3T -
i 8/26/88 7:45 AM 3T.8 .
100— —
3440 - -
10— —
J MORRISON-KNUDSEN ENGINEERS, INC. sieeT 2 ofF 2|pt  USA-4
A MORRISON KNUDSEN COMPANY




RAMSEY SITE
Borings RCDH 1 ~ 3



Libby, Montana

water¢rry  22.0

PROJECT MONTANA SILVER VENTURE "2 8029 |t prcDH-1
SITE Ramsey Creek Plant ATE - STARTED FINTSHED HOLE  4n ORTENTATION
LOCATION DEPTH TO DEPTH TO

rock (F7y)  41.0

DRILLING CONTRACTOR

DEPTH OF

2JMORRISON-KNUDSEN ENGINEERS, INC.

A MORRISON KNUDSEN COMPANY

SHEET 1 OF

- Northern Eng.& Test. 7 1 HoLE ¢F1y 3.0
- MODEL R REVIEWED BY
DRILL MAKE CME 75 LOGGED BT 5, A. Baskin I EVIEVED BY . M, P. Forrest
. el o » P MATERTAL DESCRIPTION REMARKS
Ju| Z | ng| 2 |D1scowt- | B ESCR REMARKS
aaol| i | = O [ INUITIES MAME, COLOR, CONSISTENCY, GRAIN SIZE,jHt SAMPLING STAKDARD PENETRATION
Wy 85| 8 8| 8 £ | PLASHENTY. cLASSIFICAT 0 BRLE MTIon KA Sees 1
oz | O & | TYPE oir] ® WEATHERING, HARDNESS, STRUCTURE CORE LGSS EZOMETERS
EAGN'DY SILT ), ay gl’ﬁrtcd drilling (7/26/88, 4:45 -
&460 1 - rown, non plastic, densa, ; some
7-1/4"0D Hollow Stem Auger
7] ::l.;:;l&fln;:,t:il:ﬁ:fu' it Cobbles and boulders on eurface -
31 0 |33 | WS craver (GP. oy T 7T Stopped drilling st 4.0' (5:00 PM
5— 22 L (O ), e, alightly Stareed driling ot 40° (V737758 —
- 19 weathered, fine grained, quarteite; 8:30 AM) -
— some fine pand and mlt. -
o—t 22 40 | 100 SANDY BILTY GRAVEL (GM), i
1 50/.3 fine to coarse, gray, subn(mn ed to ]
n subsogular, slightly weathered, -1
4450+ . quartsite, maximurn sisa 1-3/2"; fines .
are light brown, non plastic, dry to |
7 damp. ,
33 TRER Boulder at 11.0 -
15— 28 —
-] 26 -
51 R Gravel subrounded, 1/2" to 1-1/2" —
20— 5073 —
- -
sagd A A 4 -
5F e Boulder st 24.0" -
25— —
-] Very bard drilling at 28.0° 7]
30— i g —
= ]
44301 T98 E0/.1 % ]
35— _
i M| Basier dritling at $7.0° ]
q9-7 [ 20 | 100 | Flowing gravelfsand at 39.0° 7]
L0 50/.1 ]
c-1 56 | 78 Auger refusal at 41.0° 7]
4420- — QUARTZITE Wr:& Stop augering (12:16 PM) -
_ my,e'dllshtg wenthe ' hlrd, fine Start coring at 41.0' _
grained, FeQ staining on joint - ;
- nul{:;ul. Core lu:fa.elu alightly Tf( 1” {ﬁ‘)'_“?g:o tary with water -
itted: longest core langth C-1 i ' - —
45— r-"'hf’" '3), o8 S'g' G- }Jcom Return water gray-green
= bre: at eg. to 90 deg_, C-2 at i ' ' . 7]
c-2 0 ™ 30 deg., pnrnllerto folintion? 30 :i 0:' :36,35 ;:{: o stast 11:40 AM, -
] deg. foliation [relic badding?) is ) .
apparant in core runos. C-32
~ fracture spacing 1° to 3°. —
G-3 18 | 23

218 RCDH-1




PROJECT MONTANA SILVER VENTURE

JOB

v 8029 [N pepH-1

ELEV.
(FT)

MATERIAL DESCRIPTION

NAME, COLOR, CONSISTENCY, GRAIN SIZE,
PLASFICITY, 'CLASSIFICATION
WEATHERING, HARDNESS, STRULTURE

DISCONT -
IRUITIES

TYPE |DIP

DEPTH
(FT)

9AMPLE
NUMBER

CASING
PT
Rad
RECOY.
SYMBOL

-
KL
=]

REMARKS

SAMPLING STANDARD PENETRAT
DRILL ACTION WATER PRESSURE TEST
WATER LOSS  LAB CLASSIgICATlON

CORE LOSS PIEZOMETER

TON

4410+

C-3, 40.2'-63.0", atart 12:45 PM,
stop 2:30 PM -

4390+

4370-

4360

- ' BOTTOM OF HOLE AT §3.0

105—

Conrse sand/fine gravel washing
cut with cuttings
Installed piexometer to 63.0°
SI'I.D Schedule 80 PYC, bottom
0’ machine alotted .02" width,
backfilled with silics sand to
28.0° , backfilled to 2° with
cuttings)

WATER LEVEL
date time level

7/27/88 11:00 AM  37.5'
7/28/88 ©:20 AM  28.0°
7/29/88 ©0:00 AM  21.5'
7/30/88 1:20PM 218
1:10 AM  2L7
AM 22,00

]IllllllllllI|LIIlllIIJJIIIJJIlIIIIIIILIlIllllIILll_l

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY

seer 2 o 2| IOHE RCDH-1




PR Jog HO
oJEcT MONTANA SILVER VENTURE . 8029 |i3F RCDH-2
SI1E Ramsey Creek Plant ATE - STARTED  FINISHED gc':;E 3" oms:unou
LOCATION LEVATION(FT) DEPTH T0 DEPTH TO
Libby, Montana 4430.0 |uarererr) ROCK_(FT)
DRILLIN TOR CORE BOXES DEPTH ©
ING CONTRAC Northern Eng.& Test. SANPLES 6 1 HOLE fF-;) 52.7
OR - L Y . REVIEWED BY
TLL MAKE - MoOE CME 75 LOGGED BY  p_ A, Baskin - M. P. Forrest
ue | o . 1 MATERIAL DESCRIPTION REMARKS
S| Z | Ny | 2 |DISCONT- | © O CONSISTENCY CR h SAMPLING _ STANDARD PENETRATION
T BE] 5% | § Lol © | CESHEHE RSO TIL T O, Mo e R
$2| & 19 | Y [Tvec pIp| #» | VEATHERING, HARDNESS, STRUCTURE SCJWATER LOSS  LAB CLASSIF
— -' SILTY SANDY CGRAVEL (GM), Started drill.ing (7[39}'38, 9:30 -1
— @1l coarse, with trace cobbles, AM) -
] "  subrounded, slightly wasthered, 7-1/47 Hollow Stem Auger i
F quartsite; sand i fine; fines are
- W light brown, non plastic. -
S_ﬁ-l 07.1] 100 | : Cobble at 5.0° -
- - .
- 1 ’ -
- '. —
4420y 10—z e - ]
- @l Cobbleat 11.0° .
- .' —
o ' _
15 =3 #0730 - ]
-1 J ;.‘ -
_ 2 ] -
— ..- -
. L. i
4610{ 20 = T L, _
_ L |
N yE~ {
] - A
25— il —
55 | 5071 O | | Cobble at 26.0° Auger refusal at 26.0'
= & Started rotary drilling (3:30 PM)  ~
- - drilled with water and 2-15/16" -
- tricone _
n F g Driller reported ible clay
— ' seams %7.0°-27.8°, and 30.0’'-30.3"
44004 30— Flgd —
FEANNEATY 2 cwar@o. P TR
_ - past hole dept , 3"ID, ]
= .. Gg:bblel H(d:%‘o)ﬁlden, gray, fine ;; 1/ 2'03 . 7/30/88, 8:10 g
- > | grained, lllightly :::;he;:gd tci mﬂ‘“d coring ( ' B
.: - moderately weathered, ; longeat et 8 _1
S N T @ core (C-1) 0.4"; remaining core .05’ prilling alternates hard and soft,
- : to .1'; highly broken, FeO stains on S0 ': l“ u;;‘o._sg o -
- - surfaces, surfaces alightly pitted; c.Te_-,:‘o'?SSNDI' ) ’ I
'>| coarse sand (in return water), gray, C-2 35.0"-39.0' g
. w| White, brown, rubrounded; quaraite, C-3' 45.0'-45.0'
- riltite. C-(. “‘0,_52'1, -
43904 40— = (C-2) longest core .Y, near » 5 : —
] a| vertical fractura, FeQ stained. B
.. Casing driven to 41.0°
- - Tricone 2-15/16" 41.0’-45.0' .
- - 7
. - —
. "l Hard drilling at 44.0
@ C-3 o 33 .-I' 1 highl Cusing driven to 45.5 -
] : ?;E'e)n:’m::?az_ds. to -{'. Gray water return at 45.5' _
: subangular, moderately weathered,
Cc-4 ¢ | 16 = | FeQ stained surfaces. Core plugged drill bit on runs C-3
- - and C-4, poor recovery -
JIMORRISON-KNUDSEN ENGINEERS, INC. sieer 1 oF 2| NOLE

A MORRISON KNUDSEN COMPANY

RCDH-2




PROJECT

MONTANA SILVER YENTURE

No. 8029 :gEE RCDH-2

S50 2 | na| 2 |o1scont- | 8 MATERIAL DESCRIPTION E REMARKS

SAMPLING _ STANDARD PENETRATION

ELEV. | DEPTH| B | & | BE| B |INUITIES | @ | NAME, COLOR, CONSISTENCY, GRAIN SIZE,GiDMYPI A0y, o GATER PREGSURE TRST

D (D | g5 a | oF | w > | FLASTICITY, CLASSIFICATION, TCIWATER LOSS  LAB CLASSIFICATION

nzl|l o & | TYPE [pip| & | WEATHERING, HARDNESS, STRULTURE CORE LOSE PIEZOMETERS
- - NOTE: Possibly rock at 45.0/, —
__ - more likely gravel (rock would
L

7] BOTTOM OF HOLE AT §3.7° T
55— —
N |
43701 60— —
7 .
85— —
4360 70— —
75— —
7 .
43504 80— —
85— —
43401 90— i
95— —
43301 100— —
105— —]

MORRISON-KNUDSEN ENGINEERS, INC.

A MORRISON KNUDSEN COMPANY

sieer 2 of 2|{* RCDH-2




PROJECT
Ec MONTANA SILVER VENTURE o 8029 |M'f pepH-3
SITE Ramsey Creek Plant ATE - STARTE% ) AFIIJI&SHZEDSB g?;é 3" ouus:r.mou
LOCATION LEVATIONCFT) DEPTH TO DEPTH 70
Libby, Montana | 4413  juater(rT) ROCK (FT)
D NG CONTRACTOR {SANPLES CORE BOXES DEPTA
RILLING Northern Eng.& Test. SANPLE 4 : 1 HOLE (E-';) 39.4
MAKE - BY . REVIEWED BY
ORILL HODEL CME 75 LOGGED BY 1y A. Baskin | 8. M. P. Forrest
we | @ s _| MATERIAL DESCRIPTION REMARKS
] 4 = |DISCONT- Q —=2R 03
ELEV. | 0EPTH| S8 ) H E‘é‘; 8 |INUITIES | D | KAME, COLOR, CONSISTEWCY, GRAIN SizE,pHiZRPLING,, o STANOARG PENETRATION
GG - IR AR E | PLASHICITY, CLASSIFICATION, WATER LOSS CLASSIFICATION
&21 8 & [Tvee pIp| % | WEATHERING, HARDNESS, STRUCTURE EORE oSS, blEZGHETERS
B *H GRAVELLY SILTY SAND (), F%ﬁmﬂ drilling (7/31/88, 3:30
. e brunr:l:,_non pleatie, dry tla: dam;e,d 7-174" Hollow Stem Auger -
- . vel is coarse, gray, subrounded, ]
44101 : mmrhtiy weathered, quartrite. Brown water return
B 11 | 95 | A ]
- 18 Yel| SILTY SANDY GRAVEL (GM]), -
- 29 - conrse, gray, dry to damp -
] '3 subrounded, alightly weathered, ]
:" quurtkite; fines are non plustic.
10 - , . —
N s8-2 [ 36 * Cobbles at 10.0°, fines are alightly
10 byt plastic -
_ 50/.4 - . -
4400 ] - Cobbles at 12.0 R
_ - Auger refusal st 133’
. Started drilling at 18.8' {8/1/88, j
15— - 8:45 AM
. - Rotary drilled with water and -
- " 2-15/16" tricone bit
ey p -
i ' 4
20353 80 | 53 I fine sand to coarse gravel, white, 7
“1 |20 ] gray, and brown, subrounded to -
- 50/.4 *4¢| - rounded, some stratification by sise. ]
43904 | »  Boulder at 22.0-24.0' |
-
' i
& = ]
- el i
- - _
i - i
- |
W5 oo > Casing driven to 33.0' (NWFJ,
- g $"ID, $-1/2"0D) -
i - ]
4330' = .' Bould 18 0'- ] =]
- er at 33.0'-35.0 Gresen gray water return
- i $3.0'-36.0 -
- —
35 . Started drilling at 35.0° (8/2/88)
- yal| Cobbles, gray, bard, alightly 2-15/16" tricone -
1 weathendf quartgite, recoversd core Loss of drill water at 36.0' -
C-1 0 |12 T {05 to .15 gravel siges. Started NQ rotary core drilling at
7] e 87.0' with water _
J-32 0 |50 L™ Cannot drive %%M'—_
40— casing shoe colla) . 1
i BOTTOM OF HOLE AT 30.4’ ]
C-1, 37.0'-38.8'
] C-32, 38.8'-39.4' 7
4370+ - ~
“ Stopped drilling at 30.4' (8/2/88) ~ |
7 Sand and gravel fills hole to B
. 3E6.0°, no water in hole -

MORRISON-KNUDSEN ENGINEERS, INC.

A MORRISON KNUDSEN COMPANY

SHEET 1 oOF 1

HOLE
Ho,

RCDH-3




LIBBY SITE
Borings LCDH | - 3



PROJECT Jog
MONTANA SILVER VENTURE w. 8029 |io-f LCDH-1
- 87
LOCATION LEVATION(FT) DEPTH TO DEPTH 10
_ Libby, Montana ‘ 4219 WATERCFTY ROCK (FT)
DRILLING COMTRACTOR [SAMPLES CORE BOXES DEPTH OF
N Northern Eng.& Test. 4 0 HoLE (Fry 45.0
L - LOGGED BY . REVIEWED BY
DRILL MAKE - HODEL Mobile B-53 D. A. Baskin | - M. P. Forrest
e | & . = MATERIAL DESCRIPTION REMARKS
| Z > |DISCONT- | © RETARAS
ELEV. | DEPTH | 23 | & ':1'.\‘0:'r 8 [MMuITIES | | St ETTY CLASSIFIEATION. SIZE'Eggﬁ&lﬂgrm OATER PRESSURL TEST|
() | D | @5 @ | 5% | I | B A N & rure SO{YATER LOSS  LAB_CLASSIFICATION
NZ| O & | 7YPE [pIP] @ ' . CORE LOSS  PIEZOMETERS
— - GRAVELLY SILTY SAND (8M), Started drilling (8/26/88, 10:45 -
J light brown, non plastic; cobbles AM . .
_l are gray, hard, slightly weathered, Rotary drilled with water and s ]
quarttite. 2-15/16" tricone bit
> BT §0/.1] 50 | SANDY GRAVEL (cr-cm), Ream casing to 5.0° ]
-1 gray and orangish brown, fine -
] ined, alightly wethered, Bn:.wn 'I'Itell' return, 100% return |
quartsite; sand is coarss, brown, Drill to 15.0
] some non- plastic fines. 7
42104 — Cubl;l:d;t a.0', lizhetdgr.:ly, black -
[ ] , fine grained, siltite -
105555 Cobbles'and boulders &' o 28" Ream casing to 10.0°
| — —]
= e o
Silty, moist to wet, very dense Raturn water alternates &nen
] brown (sandy gravel) and green 7
! n Cobble at 18.0'-18.7" gray (cobbles) -
00 - ] . .
20— Cobble st 19.5'-20.5 Drill to 30.0 ]
Ream casing to 15.0' i
Ty YT Pull casing |
7 Started drilling (8/20/88, 7:00 7]
55— AM —
- 4" tricone bit and water -
. Boulder 26.6'-27.5' . . _
- _ Cobble28.0’-28.7" _ __ __ ___ Drill to 20.0 -
$190- _ SILTY SAND (SM) Drive caing to 20.0'
fine to medium, g:.u\n brown, dense, ';'S'is?ne bit 2-16/16" start ut |
30 _ nonsplastic fines, some gravel. Drilling rate approx. 0.1 ft/min |
— ) -
35— —
6180} - —
Drilling rate approx. 4 ft/hour, ]
- Sobbldﬂ at ll.'-sfl.ﬁ' 41.5' to 45.0' ]
- 41.5°-45" —
oy ceme Stopped driling (8/26/88, 730 |
ﬂ . PM?
- Cobbles 43.5'-43.9" —
- _ . Installed piezometer to 24.0" _
BOTTOM OF HOLE AT 45 1°ID Schedule 80 PVC pipe,
— ttom20' machine slotted, .02" -
- width, backfilled with no. 16 |
70- silica sand to §', backfilled to
“ B surface with bentonite chips) m

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY

1 HOLE

SHEET 1 OF

NO. LCDH-

1
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PROJECT 158 .
MONTANA SILVER VENTURE wo. 8029 |(M'E pepH-2
SITE Libby Creek Plant ATE - STARTED  FINISHED o gtl)lig 3 OR[ENTATION
LOCATION LEVATION(FT) DEPTR 10 DEPTH 10
Libby, Montana 4260.0 |uatercrry 12.0 rock (¢7)  30.0
DR TRACTOR ES CORE BOXES DEPTH OF
LLING Co¥ Northern Eng.& Test. SAHPL 4 1 e o, 42.8
- R BY ] REV
DRILL MAKE - MCOEL Mobile B-53 LOGGED D. A, Baskin 1EE0 BY. M. P. Forrest
we [ @ : 2] MATERIAL DESCRIPTION REMARKS
Ju | Z = |piscour- | & REMARKS
erev. o | 88| & | ES | B [INUITIEs | @ | NaME, COLOR, COMSISTENCY, GRAIW SIZE-F BRILE ACTION BATER PREGENEE TEap"
¢ lom (5] ¢ |92 0 L | PLASHCITY, "CLASSIFICATION CIUATER LSS~ LAB CLASSIFICATION
21§ W ITYPE 1P| % | VEATHERING, HARDNESS, STRUETURE | UATER LOSS  LAB CLASSIE
[ 4260 = -
- 57| GRAVELLY SAND (SM-SP), Started drilling (8/5/88, 9:20 -
- -m] fine to medium, some nonplatic "‘M) - -
*:’_ fines, dry; cobbles sre gray, hard, 7-1/4" Hollow Stem Auger _
1 w.|  mlightly to moderately weathered, Slow augering in cobbles
;™1 fine grained quartsits. -
ST 42 | 85 %7 dry to damp, dense =
i e i
e -
-
-

L

4250- Tov.wr v
2501 10—y -

5
o5
i S \ 4 |
& =
pe A :'_?-:: _
- %51 Cobble 18.7-14.2', 15.0°-15.2' Auger refussl 131 .
] bl tarted rotary dnlling st 13.7" —]
5 o gmo AM
] - um rilled with water and 2-16/16" 7]
- A tricone bit . -
. ooy Drilling altermates aasy/hard, _
_.:P ) cobbles/gravelly sand ) i
EpT S0LE *s| greenish brown, damp, fine to Reamed casing to 17.0
2604 20— i Ml | medium, denss Green brown water return at 17.0"'
_ *‘P Gray water return st 18.0' B
) Green y waler raturn at 18.6'
- . Reamed casing to 19.0° ~
- gt Green brown water return at 19.0° |
T Feaster drilling 15.0*-21.0" and
] = _'bﬁ=ﬂ_= - 22.5"-26.0’ =]
25— Wit —]
. o i
- o 4
] o -
*l'.n
— wr:| Cobbles 29.0'-30.0° -]
42304 30— .’ 1 glnyd-;_?lii.er return at :Df.ts'h . —_—
. QUARTZITE/SILTITE (BedrockT), Slow drilling approx. 4 fi/bour at |
- gray, slightly weathered to fresh, —
_ some FeQ staining on fractures, hard, ]
fine grained to aphanitic; foliation
~ {reli: bedding) approx. 25 deg., —
5 aminated to 1/3", most fractures ]
; arallel to foliation, some sones !
— .l'ghly brokel:l. -shaley, foliation -1
ternates it . -]
1 76 | 100 : raates white/gray Start NQ coring at 37.0'
Run g;g.), 37.0'-43.0' [4:20 PM to
- . 4:36 —
4220{ 40 | : Run C-3, 42.0'-42.8 ]
: Stop drilling (8/5/88, 6:20 PM} |
1632 160 | 100 % B
_ BOTTOM OF HOLE AT 42.8° Installed piszometer to 42.8' ]
{1"ID Schedule 80 PVC pipe,
45— bottomn 20' machine slotted .02° —
- width, backfilted with no. 16 -
i silica sand to 18, backfilled to
_‘ 2’ with cutting, 1" stickup
MORRISON-KNUDSEN ENGINEERS, INC. seer 1 of 1|18 | CDH<-2
A MORRISON KNUDSEN COMPANY




PROJECT
EC MONTANA SILVER VENTURE io. 8029  |Mo-® LCDH-3
SIE Libby Creek Plantsite RTE = SYARTED  CIMISHED :%E 3" ORIENTATIOM
LOCATION LEVATIONCFT) DEPTH TO DEPTH TO
_ Libby, Montana 4261 luarercrry  16.3  |rork (D)
LING COW SAHP
ORIL CToR Northern Eng.& Test. LES 4 CORE BOXES ¢ ﬁg{,}“(‘éi, 46.0
DRILL MAKE - MGDEL
- Mobile B-53 LOSGED 8Y 5, A, Baskin  |*V'E ®'. M_ P. Forrest
ur | o : MATER1AL DESCRIPTION REMARKS
Ju [z | Ag | 2 |DISCORT- SAMPLING __ STANDARD PENETRAT
eev. |oeere) 281 3 Rg | @ fINuLTIES P IETE Y CLASel FIEA T N S1ZE, R ILL ACTION GATER an@Eﬂeé‘r’"
S|l E1® | ¥ [Tveclorr| & | VEATHERING, HARDNESS, STRUETURE HATER L3S LAD CLASSIFICATION
=
&£260 - ;{z CRAVELLY SAND (SP'M. Started drilling (3;3!33. 12:00 -
- 1  fine to medium, brown, some PM - -
B "__ nonplastic fines, dry to damp; gravel 7-1/4" hollow stem suger ]
- con.lialt: .:; cabbles and b:.lll ers,
- o y slightly to moderately =
o ‘-,. Err:atilmd: fina grained, quartsite. _
iEER TYRAWT Eg;‘_ Cobbles st 6.0’
- e Auger refusal at 6.5’ i
| - Started drilling (8/4 /89, 8:40 |
. o Rotary drilled with & 2-15/16" =
10— ‘;P tricone bit and water —
" Greenish brown water return at
L9504 - o Cobbles at 11.5" to 12.0" 8.5*, fine to medium vand in T
- 7 1 (el el ret;m water, gray, white, brown,
= - and green .
PT CIFIa "8 SILTY SANDY GRAVEL (GM), Essy drilling at 12.0°
) F Col:lv.lbllu and bouldeg; gray, hard, -
5 - slightly wanthered, fine grained |
1 - gum:ite; ll}ld is fine to madium,
7] " & rown, non plastic. . Dark brown water return at 16.0°, |
- o ?'s“g; seam, slightly plustic at ensier drilling, fine sand in ~
n Cobbles ot 13.5'-14.0° return water .
-] Cobbles at 16.5°-18.5' -
4240 e Cobbles at 20.0'-21.5’ Slow drilling 13.6'-35.0" ]
] " Cobbles at 33.0°-25.0" ]
= 6P T -2 LU KL 1" layer of fine sand and silt, dark Alternates harder/softer ]
-] reddish-brown, slightly plastic at (fuat falow drilling) 25.0'-46.0" ]
- 156.0° alternating gravelly layem with -
i Cobbles nt 27.5'-28.0" more sandy/silty layers A
30— —
&230- = -
35— —
- -
N N
40— [ rE_Q.!_z KD Conrse gravel and cobbles, green ]
42204 m gray, slightly to moderately n
- wasthared siltite -
_ Cobbla ut 43.5'-42.76 ]
. 7] Stop drilling (8/4/88, 5:15 PM) at |
3 Cobble at 45.0'-45.5' 46.0°
— BOTTO OLE AT 48’ -
] M OF H WATER LEVEL
i B/4/88 - 16.3' |
MORRISON-KNUDSEN ENGINEERS, INC. seer 1 oF 1|19 LCDH-3
A MORRISON KNUDSEN COMPANY




MIDAS SITE
Borings MCDH-2, 2A, 3-4, 6-9

8021G



OJECT JOB
PR MONTANA SILVER VENTURE vo. 8029 |fo€ mcpH-2
TE - STARTED FINI HOLE
SITE Midas Creek DlhEIOVJ _ SHED RI2E 3" ORIENTATION
LOCATION [ELEVATIONCFT) DEPTH TO DEPTH TO
Libby, Montana WATER(FTY 83.2 ROCK (FT)
ILLING CONT AMPLES CORE BOXES T
DR RACT®R  Northrn Eng. & Test. s 12 50 Dt ory 100.0
ILL MA - | EVIEWED
DR KE - MODEL Mobile B-53 LOGGED 8Y E. 8. Hayes IR ay. M. P. Forrest
o . o MATERIAL DESCRIPTION : REMARKS
di| 2 || 3 |oascowr | 3 Eq{ REMARKS
Gm| w 2 |INUITIES | @ | NAME, COLOR, CONSISTENCY, GRAIN §12E, J0H SAMPLING STANDARD PENETRATION
o [ | 55] 2 (58] 8 £ | PLASHICITY, "CLASSIFICATION D Ao A e T
oz| a o fIYPE p1P] @ WEATHERING, HARDNESS, STRU&TURE = CORE LOSS PIEZOMETERS
= GRAVELLY BANDY SILT 114 .
- orange-brown, slightly Pln?t‘i::‘.)' Start:n.!.l.m glc(lllfg,fﬂs, 1:30 pm)
_ damp, dense; T‘m; 1‘.1 3::0 to Weather: cold, clear _
coarse, grey, subroun Augeared: Hollow st 3" 0.D.,
—$PT-1 11 20 aubmm.tlar.'mu. 1-172*; sand is fine 3-33)3' 1.D. i
5 i; with finer grey/tan lenses. ]
1571 70 8T-1, recover 1.1’ of 1.6°, end of 7
10— Boulder at 10.0" Shelby tube is bent -
. . Thin layer of gravals, fine to _ =
- y coamse, grey, subrounded. -
1 GRAVELLY BANDY CLAY (CL), .
-FPT-! 193 &0 gnn;e brown, lljghtlyﬂpluhc, —
c amp, stiff to very sbiff; gravel is |
1= 14 fine to CORCEE, TOAX. l',’lublng'u]nr
T to subrounded. -
] T T ' ]
fine, yellow brown, non plastic,
—BPT-5 16 | 86 11}| damp, dense to very densa. = 2.5 taf -
20— = {11 ue = 2. _
7 y Water at 21.5' (possibly perched |
. {1 water, see remarks at 80'5'e -
—+PT-4 13 | 96 :' some gravel, slightly plastic, moist - -
25 20 j 1 to wet; mv'el is fine, rounded to uc = 3.76 tef —]
ol 18 131 subrounded with fine to conrse sand. Gravels msy have [allen from
N r{ above 7
- 'fi; .
-pPT4 18 | 70 ﬁ 11 |
30 117
30~ 37 114 sand is alightly conrser. Constant head water test at 30.0" i
35—] —
{11 -
: _“:“ I grading to: :
—$PT-§ 8 80 SILTY CLAY {CL}), =35 taf -1
40— 13 yellow brown, plastic, damp, stiff ue = 3.5 L ]
19 to vary stiff. Stopped drilling at 40.0'
= 11/9/88, 4:00 pm) -
- tart drilling 511110133. 8:30 am)
_ Weather: cold, snowing ]
Z Flushed out hole
-5T-2 100 % Constant head water test at 40.0°
& Z ST-2, recaver 1.6' of 1.6' ]
y _ N
- Z -

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY

SHEET 1}

oF 2




PROJECT JOB
MONTANA SILVER VENTURE vo. 8029 |FE MCDH-2
wue| 9 . =1 MATERIAL DESCRIPTION REMARKS
Ju| Z [ Ng| 2 |DIscoNT- | B E
. im| n | F3| @ SAMPLIKG  STANDARD PENETRATION
o | EE| 8 8§ L] B | e e T G torton shres e 1T
&2 & 8 [ree pip] & | VEATHERING, HARDNESS, STRUETURE B EARER L6285 LhB classiE
PT-13 7 100 BSILTY CLAY (CL) — =
55 12 blue-yellow, (moil.t, plastic, stiff ue = 1.5 - 5.0 tef —_
_ 14 to very stiff.
60— _
—$PT-¢ T } 100 somne gravel lenses in matnx; gravel -1
&5 8 in fine, subangular to angular, dark |
1 with sand; sand is coarse to uc = 1.75 taf
1 e, sample brasks along silt seams. Change from auger to casing -1
- gl-.oo am -
. asing 3-1/2* O.D, 3" LD, -
_ Start rotary drill {12:30 pm)
Constant head water teat at 65.8'°
70— —
=1 grading to: =
A GRAVELLY CLAY (CL), i
some sand, orange, moust, plaatic; At 73.0" drill water return 7
= m\'el in ﬁne. mu.l-' subrounded to chmg“ to orange -
75 angular; sand is coare to fine. ]
- EPT-4 23 1
] g; ]
j ]
7] Stop drilling at £0.0' (11/10/88 N
80— 4:00 pm) ( '
- Cobble {approx. 6') at 81.0". Started drilling (11/11/88, 1000
- Westher: partly cloudy with 7]
= 1 | 1 1 | |F#t-—-"—--—"—"—""====ee—————=- ! IOMmE ANOW —
_ CLAYEY GRAVEL (GC) = |No water in hole at time of -
a5 clay is orange-brown, non plastic, «l-.:l)n.l]l]mst \ —]
4PT-1p 25 | 60 moist; gravel is fine, highly rill rattle at 83.0°, appear to
- 29 weathered, max. 3/4", subrounded to rneu‘l?i&::l; é':ﬂﬂ‘:‘gt ttirno:: =
m 10 sogular, grey and dark red. Constant head water teat at 85.0° ]
— uc =2.0 - 2.6 tsf =
_ Installed piezoraeter to 100.0" (1°  _|
I.D. Schedule 80 PVYC pipe,
90 bottom 30' machine slotted 02®
- width, backfilled with number 16
- silica sand to 80", bentonite
pellets to 67') N
95— —
B WATER LEVEL T
— date level 1
- 11/16/88 83.2' i
1 1
4
T BOTTOM OF HOLE AT 100.0° |
105— -
MORRISON-KNUDSEN ENGINEERS, INC. seer 2 o 2|1 MCDH-
A MORRISON KNUDSEN COMPANY




PROJECT [v: ]
JE MONTANA SILVER VENTURE . |§o. 8020 |MEmcDH-24
SITE DATE - STARTED FINISHED HOLE ORIENTATION
Midas Creek NOV 18 88 - NOT 18 88 lgjze 3" yertical
LOCATION . LEVAT IONCFT) DEPTH TO OEPTH 10
Libby, Moatana |E WATER(FT) ROCK_(FT)
DRILLING CONTRACTOR : SAWPLES CORE BOXES OF
CON Northrn Eng. & Test. 5 E{EJEEHIET) 65.5
DRILL MAKE - : . BY . REVIEWED BY
HOOEL Mobile B-53 [0GGED BY 1 A, Baskin | M. P. Forrest
weE| o . 4 MATERIAL DESCRIPTION REMARKS
Al Ng| 2 DISCONT- | © E
am| W |- o S| @ | NAME, COLOR, CONSISTEMCY, GRAIN SIZE AMPLING STARDARD PERETRATION
W | | B | 8| 58| § omrpn| 5 | aShiel ciIEeAT FH e
g2 & W e ToTF| 3 | WEATHERING, WARDNESS, STRUETURE SR L0 BiEaEhATERE
. SEE HOLE NO. MCDH-2 - )
| FOR MATERIAL DESCRIPTIONS Start drilling (11/18/88, 11:45 i
. SA, about 50" from MCDH-2
- downatream a
5— |
10— —
15——1 —
— ’ —-1
20— ]
25— —
30—-j |
J5T-3 75 ggfsi'igw“ 1.5' of 2.0, _
35— -
7] ST-4, recover 1.8° of 2.0°, 7]
- i 3-3/4"1D .
sT-% %0 -
40— —]
45— —
7 ST-5, recover 2.0 of 2.0, B
- 2-3/4ID N
ST-5 100 'h —
MORRISON-KNUDSEN ENGINEERS, INC. sieer 1 of 2| ¥OF pACDH-2
A MORRISON KNUDSEN COMPANY
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RO,
PROJECT MONTANA SILVER VENTURE s, 8029 |W“EmMcpu-24
we| @ - A KATERIAL DESCRIPTION REMARKS

z = |piscont- | @ dq
ELEV. | DEPTH | @ o Eg Q |INUITIES | © | NAME, COLOR, CONSISTENEY  GRAIN srzs,bzgﬁftlﬁgnw E}?Eg*ggfgg{‘,gg“ﬁé?“
¢y | | E5]| 2 (02| & | Puasticryy, cussmunéue (S UATER LOSS ~ LAB_CLASSIF ICATION
nz 0 4 TYPE D“) » HE!THERI“G, HARDHESS, STRU TURE 3 CORE Loss PlEszTERs
— 'u —
_ﬁ 15 5T-8, recover 2.0° of 2.0 _
55— —
66— —
= 60 -57‘]‘!‘;';,&-:;:1‘;:1;1 tZ.O of 2.0, bottom B
65— —_
— BOTTOM OF HOLE AT 85.5' -
70— —
= i
— —
80— —
85—:1 j
90— -
05— ]
100— —
_ -
105— —
MORRISON-KNUDSEN ENGINEERS, INC. shEer 2 oF 2 |No-E MCDH_zj
A MORRISON KNUDSEN COMPANY




PROJECT Joa
& MONTANA SILVER VENTURE 0. 8029 [(¥'F MCDH-3
. - F HOLE n
SITE Midas Creek DATE - STARTED _ IQ}SHED A%E 3 ORIENTATION
LOCATION ELEVATION{FT) DEPTH TO DEPTH TO
Libby, Montana WATERCFT) 20.0 ROCK (FT) 5.0
DR ORE S F
TLLING CONTRACTOR Northra Eng. & Test. SAMNPLES 1 [ BOXE 3 B DSEE“(ET] 35.0
MAKE - . OGGED REVIEWED
DRILL WODEL Mabile B-50 L0GEED BY A Baskin | 3 M. P. Forrest
e | 9 . ' = MATERIAL DESCRIPTION REMARKS
TR 4 > |DISCORT- | © TTILr LD
ELEV. |pepTi | 2D M E\g Q [IWUITIES | D | A oLk, OO TN Y g SRATH S'ZE'E%ninutlfgnou GATER PRESSURE TEST
(FN | (FD) [ &5 « [ o®| W > | CEATHERING Eoc STRUSTURE ISQUATER LOSS  LAB_CLASSIFICATION
0z | o x | TYPE [oIP]| & « HARDNESS, CORE LGSS _ PIEZOMETERS
-
7 'a| SILTY SANDY GRAVEL (GM), Started drilling (11/10/88, 10:05
- - l;nd is fine, Don gl:;u&:; ﬁr:vel i am
_ | shaley, brown an ish brown, Weather: 30 deg F, cloudy
'a moderstely weathered, argillite, Advance HQ casing (3-1/16" LD,
- vey|  {talws). 3-1/2" 0.1:('. using casing
5 = ﬁh— advancer, (tricone) and water, 0' —
P f A . rl]_ ABGE.I.“'E& . to s_sl _
=1 tan mnd dish brown, moderately to Started NQ coring with water
- C-1 10 | 90 highly weathered, moderately hard, 11/10/88, 2:30 pm) ]
_ sheley in le, fmturu 10-20 1 8.5 tO' 10.0" ]
dagrees, fracture turfaces moderately '
— wenthered snd FeO abnined, some ]
10 fracture surfuces clay conated, ]
C-2 18 82 fracture spacing from less than 1° o €2, 10.0’ to 15.0'
— ¥*: core is vuggy, some vugs filled m
i with reddish brown mineral -
(hematite?), max. sis approx 1/8", _
i 52“";.””1,}“% thl:n 11!: 2 t0 10,0
- re highly broken 10.2" to 10.4", e ’ -
15 15.0' to 16.6", 31.3' to 22.2", 33.0° Sff?f&?ag"f:?os n;‘ )15-0 —
_tc-3 0 |60 to 36.0°. tarted drilling fmn[as. gs0 |
am B
7] C3, 16.0' to 20.0* ]
e Ty 1 —
¢4 0 | 100 = |C4, 20.0" to 25.0°
L o 0 | &0 C5, 25.0' to 30.0° N
- —
3‘c L] r I
C-6 1] 100 C6, 30.0' to 360
7] Water pressure tests 10.0° to
n 35.0" and 25.0" to 35.0' =
- Stopped drilling (11/11/88, 3:30 -
] pmi:| .
35 BOTTOM OF HOLE AT S5.0° ]
_ Installed piecometer to 34.0' (1° a
1.D. Schedule 80 PVC pipe,
- bottomn 20.0' machine slotted 02"
- width, backfilled to 7* with no. -
16 silica sand, backilled to 2
40— Core Box 1: 6.5’ to 15.0" with bentonite pellets) I
= Core Box 2: 16.0' to 26.0° _
. Core Box 3: 36.0' to 35.0° —
45— WATER LEVEL ]
T date leval -1
. 11/16/88  20.0' -
i R
HOLE
MORRISON-KNUDSEN ENGINEERS, INC. seer 1 oF 1[H% MepH-3
A -MORRISON KNUDSEN COMPANY




PROJECT J08
MONTANA SILVER VENTURE No. 8029 [}F pmcDH-4
S1TE - DATE - STARTED FINISHED HOLE ' ORTENTATIOM
Midas Creek NOV 1188 - NOV 13 88 |aize 3" yerti
LOCATION . [ELEVATION(FT) DEPTH TO DEPTH TO
leby, Mantana WATERCFTY 29,0 ROCK (FT} 9.0
DRILLING CONTRACTOR SAMPLES £ BOXES
Northrn Eng. & Test. 2 e 3 ogfzu(gi) 46.0
DRILL NAKE - HODEL - OGGED BY REVIEWED
Mobile B-53 i ? E. S. Hayes I 1E¥E0 BY. M. P, Forrest
wei a . =1 WATERIAL OESCRIPTION REMARKS
Ju) Z > |DISCORT- | © RETHRRD
s [oom | 28| & | 38|  |WE | | e, e, v, o s, Esamiog o, S rmgran
FO D |&5| a | o | w > Y. £y C{WATER LOSS  LAB_CLASSIFICATION
$2| & 8 [Tvee pir| % | WEATHERING, HARDMESS, STRUCTURE SC{YATER LOSS  LAD CLASSIF
-
] ra| SANDY SILTY GRAVEL (GM]), 113 .
j 2 d;n_k ( SILTY CRA ";‘::;5- :‘iﬁ: g::rted drilling (12/11/88, 4:45  _
P plastic; val is roun, te " _afge
7 - lubrol.mf:l?d. max. size 4, Auger 3" 0.D., 3-3/8% 1.D. -
+575 183 - -
5— » —
1 » gravels are moderately to highly -
— - wenthered, angulsr to subangular, -
T damp.
. s Stop drilling 8.6’ (11/11/88, 5:00
PT-3 a1 e | | RS o
10 3075 SILTITE{ARGILLITE, Statted drilling (11/12/88, 845 —
orange brown with some tan lenses, arn
= orange brown is silt site particles, Wenther: cold, snowing -
- I::n isrfday sizs. Highly wenthered Auger refueal at 12.0° -
at surface. 2.0
§ Sty o moderstly wewhered, | (Chibgeio ek dilng -
15 Banding {relic bedding?) &5 - 76 1’ (10:00 am)
- C-1 0 |100 degrees. triconalwil:h 2-5/18" with water ~—
- Fracture spacing approx. 3" along at 12.0 \ -
- C-2 29 [ 100 banding, surface moderately casing to 14.5 . -
weathered with oxidation - Start coring 14.9' (12:40 pm) with |
-1 C-3 0 82 red/brown. grx inner tube using set dismond
-1C-4 0 C32: increase in tan and dark gray it '
20—1 8 banding, slightly weathered, more Drill water return yellow/orange j
c-5 o | 100 ob\l'l'.l.ﬂ'l.l.l garu:hng, fractures 60 degrees gl"ll“;e:lolliels' (bfltukom
with oxides. rill & min/ft. =
C-6 - 100 = C2, 16.3' to 17.7 (blocko ]
C-7 - 70 C3, 17.7" to 18.7' {blocko
] C4, 18.7" ta 19.9' [blocko! 1
- C5, 19.9' to 21.0' {blocko! -
C8, 21.0' to 22.0" (blocka
C-8 4 |9 Drili apeed 10 min/ft. —
— C7, 22.0" to 24.5" (blocko -
] Stopped drilling (11/12/88, 4:30 _
C-9 32 18 C9: fractures contain grey/tan - pm . i
: clay. \ 4 E:.:rted drilling {(11/13/88, 9:30
C-10 0 89 = |Wenther: cool, sunny
30— Drill speed 8 min/ft, ]
Call 7 i1 C8, 24.5' to 26.8' {blocko —
_|c-12 20 | 100 Co, 26.98' to 20.3' blockg |
C10, 29.3' to 30.56' {blocko
—C-13 0 | 100 Cl1, 80.5' to 31.1' {blocko n
C12, 31.1' to 32.4' |blocko .
3 C-14 - |19 C13, 32.4' to 4.1 (blocko _
S T - Cl4, 34.1" to 35.2’ (blocko
- C15, 86.2' to 37.2' [blocko —
. C16, 37.2' to 40.5’ [blocko =
|{c-18 0|71 C16: extremely fractured, difficult €17, 40.5’ to 42.7° {blockoll ]
to Measure recovery. glotlﬂ' preasure teat at 32.4° to
o C18, 42.7" to 44.4' (blocko i
C19, 44.4" to 46.0" (blocko |
—C-17 e {78 Installed piszometar to 46' (1"ID  —
] Schedule 80 PYVC pipe,dbgl‘.tom 200 |
C18: ality i ing, { machine slotted .02*width,
—c-18 T8 | 100 18: rock quali arey anide siains backfilled with no.18 silica sand =
- on fractures. to 2!.', bentonite pellets to -
45— C-18 67 | ™4 18.5') |
- BOTTOM OF BO. 46.0°
TTOM LE AT Stopped drilling (11/13/88, 4:15 |
- pm .
- WATER LEVEL —
11/17/88 - 25.0°
MORRISON-KNUDSEN ENGINEERS, INC. sweer 1 oF 1)ROE MCDH—*
A MORRISON KNUDSEN COMPANY




PROJECT
MONTANA SILVER VENTURE i 8029 M€ MCDH-6
SITE * ATE - STARTED FINISHED HOLE ORIENTATION
— Midas Creek P'NOV 14,88 - 15 size 3" verti
LEVATION(FT) H TO DEPTH 10
Libby, Montana IE WATERCFT)  84.4 ROCK (FT)
DRILLING CONTRA SAMP CORE BDX|
CT®  Northro Eng. & Test. LS 14 EENES 9 it o1y 96.5
RILL MAXE - R D B
DRILL WooEL Mobile B-53 LOGGED BY  § § Hayes  |"CVS* BV, \p P Forrest
we | a » MATERIAL DESCRIPTION REMARKS
BE| 2 | no| 2 |prsconr-| & g cap REMARKS
LING STANDARD PEMETRATION
Elev. foeTH| 22 ) & B[ o [MITIES | B | St CT Y cLASSIFIEAT N, " ot Fr@DRILL ACTION WATER PRESSURE TEST ’
oz & & [TvPe [oip| & | WEATHERING, HARDNESS, STRUETURE S UATER, £O3S  HIE SLASSIFICATION
=1 SANDY SOLT , i .
- some mvel.(:i[l'z-. damp to dry, g::“ed drilling (11/14/88, 12:30
] non plaatic, grey clay lenses; gravel Weather: coal, sunny _
Pr-3 12 | 100 ::l?::u::l::lm. max. sige 3%, Auger 8" O.D., 3-3/8" LD. _
5 2 ) uc = 2.5 tof
- 26 Auger rattle st 5.0' ]
1T ST-1, recover .3 of .9', Shelby |
1 ] dry, trace gravel, fine, max. sine tube is bent ]
] 1;2 » subrounded. uc > 4.5 tof 1
= 700 ffbfi,‘ra:\;er .3’ of .8°, Shelby i
5 SPT. T few gravels, subangular
1 e Conatant head water test at 15.0' |
Drilling difficult ]
SPT-3 29 100 | —
T SPT-3 plugged by large piece of
20— §0/.2 gravel (quarts?}
7] clay at top of SPT-4, with a faw Constant head water test at 235" |
PT-4 gg 50 fine gravels snd coarse sand, moiat. ue > 4.6 tof -
49 SANDY SILTY CLAY - CLAYEY
- SILT (CL-ML), -
- very tifl to hard, alightly —
_ plutilc; trace to some angular i
yel. - L} L]
IR 100 grave! R-1, recover .6' of .6 ]
30— —
] T R-2, recover 4' of .4’ B
35 B Constant head water test at 34.0° _:
1 ' 1
. —»PT- 185 atiff, trace gravels, wet. ue = 1.25 tof =1
0 23
{ Constant head water test at 43.5° -1
N Stopped drilling (11/14/88, 4:00 -]
45— EmL ) —]
roken hydraulic hose at 43.5' _
7 Started drilling (11/15/88, 8:50
- am -
- Wesnther: ccﬂd,a lur;_riy? _l
— R-3, recover 1.3 of 1.7* NE
- R~ T : -]
3 7 SILT, demp. e > A5 tef
MORRISON-KNUDSEN ENGINEERS, INC. sieer 1 oF 2|13 MCDH-6
A MORRISON KNUDSEN COMPANY




JECT JOB |
PRO MONTANA SILVER VENTURE i 8029 |RSf MCDH-6 .
ue| @ s - MATERIAL DESCRIPTION REMARKS :
Jul Z | Ag | 2 |DISCONT- | O E SAMPLING  STAKDARD PENETRATION
oo [P | EE[ 8 | BE | 8 [ITES | B | et e ciRsaiFreATIn, " ST2EJEgBRILL ACTION VATER PRESSURE TEST
2| 8 & [TvPE [oIp| @ | WEATHERING, HARDMESS, STRUETURE FCIMATER, LOSS  LAB LLASSIFICATION

n Conmatant head waler test at 53.5'
55— —

-$PT-4 16 | 18 uc = 2.0 - 2,25 tsf -
&0 24 ]

a7 yellow, moist, pluatic, trace to

. some fine sand, very stiff. -
45 Constant hend watar test nt 65.0° —|

j Change from auger to rotary drill  _|
through suger at 65.0'

-T —
70— —
L 10 100 interlayered lonses of clay and Conatant head water test at 75.0' —

= 18 sandy eilt; clay is moist, plastic; = = N

s 24 silty sand is moist; aand E fine, :c'TE tii’zosntzllln‘;'n sand, end ue -

_ . sample bresks along sand layers. . ]
80— —

-{ - -

- grading to: i

Drill rattle at 83.0°, hitting

-1 ! gravels. Chips in drill water N
&—ppr- 20 | 61 | BANDY SILTY GRAVEL (GM), o

- M F orange, wet, vary dense; gravel is -

- 38 - fine to coarse, angular to rounded, -

] - max, sise 1°; sand is fine Lo coarse. B

n F Instailed piezometer to 94’ (1° _

d I.D. Schedule 80 PYC pipe
90— "yt bottom 20’ machine slotted .02 —
— - width, backfilled with no. 18 -

e ailica sand to 70°, bentonite

] e pellets to 67') 7

— .. —

- - a

TR ' illing 06.5' —]
ﬁ__SPT-i 4 . ft;sp];er:)drﬂhng (11/15/88,

] 32 - -]

— 36 -4

_1 BOTTOM OF HOLE AT 965" N

100— —

7] WATER LEVEL ]

= date lavel m

- 11/17/88 344’ i

105— —
MORRISON-KNUDSEN ENGINEERS, INC. seer 2 or 2|19 MCDH-
A MORRISON KNUDSEN COMPANY




PROJECT
MONTANA SILVER VENTURE a8 8029 |M9F pCDH-7
STTE " ATE - STARTED FINISHED HOLE ORIENTATICH
- Midas Creek - NOV 13 88 {si?F 3" vertical
LOCAT LEVATION(FT DEPTH TO DEPTR T
Libby, Montana ¢ )3880.0 WATERCET) 28.6 RmKH(F?') 0.0
DRILLING CONTRACTOR Northrn Eng. & Test. SAMPLES 0 CORE BOXES 4 DEPTH OF — 2 o0
e QLE_(FT)
PRILL EL Mobile B-50 LOSGED BY 1 A, Baskin  |™''° BY. M. P. Forrest
we [ @ . o MATERIAL DESCRIPTION REMARKS
Ju| Z [ Ng| 2 |piscowt-1 & REMARKS
SAMPLING STANDARD PENETRAT [ON
pev. foepru | RO G [ EE | B (kutTiEs [ @ | MAME COLOR, CONSISTENCY, GRAIN SIZE.p-ti3MWTH NBrion WATER PRESSURE TET
G | ¢ | a5 < o | @ 3 | PLASTICITY, CLASSIFICATI ECIVATER LOSS ~ LAB_CLASSIFICATION
T 21 8 W T TYPETDIP| 3 | WEATHERING, HARDNESS, STRUETURE [3CIHATER LOSS LA CLASSIE
- ARGILLITE/SILTITE, 1 )
] baided tact anq qreenish grey, s::)md drilling (11/12/88, 12:00 |
— ali bugegs?th:"d- ;‘0’"" banding Blenther: 30 deg F, snow snd hail ]
(relic bedding?) at 30 - 40 degvees, Advance HQ easing from 0 to 6.0°
- rock fractures slong banding surface, with casing advancer
5— fracture surfaces are moderately Cusing 8-1/2" 0.D., 3-1/16" LD. —
_ ;:::r':;‘l;f;‘-;’n“?’“!: 3:-':‘113 Drilling in dreinage ditck between
» dm‘
- C-1 27 | 93 than 1/8" to approx. 1 to 2", many ::a:llonl;d cut slope. Rock exposed
- incipient fractures evident on Start NX coring with water at 6.0° -
banding surfaces either slightly open 1:00 pm)
- or FeO strined, greenish gray bands 1 6.5' to 11.0° -
38704 10— mora silty to fine sand sizes, tan ' i .
bands more fine grained, fracture
- ipacing 1* to 8*, ' ' =
Jc-3 20 | 100 T a0 shaley. C2, 11.0' to 16.0 ]
i 12.1’, banding in greenish grey,
reddinh brown, and tan. T
15— —
- c-3 68 | 100 €A, C4&: {racture spacing 17 to 87, €3, 16.0 to ‘21.0' -
. longest core 10°.
15.0" to 18.4', vertical fracture, .
38504 20— -
X 32 | 100 C4, 21.0° to 26.0° n
Stop drilling at 28.0° (11/12/88, |
- 4:30 pm) ]
— Start ?ate; pressure l.o;l: 10' to -
26' (11/13/88, 8:15 am
25 Tengp: 20 deg F ]
o PYRIRT Start NX coring at 26.0’ -
- C6, C8, fracture apacing 1/2" to 4", C§, 26.0' to 31.0°, atart 8:35, -
. tongest core &', broken rock zone stop 10:00
33.5' to 35.0°., h 4 7
38501 30— —]
C-6 34 | 100 €8, 31.0" to 36.0°, atart 10:15, 7]
' stop 10:46 =
- Start water presaure teat (11:00 -
i am). Packer st 26.0', battom of |
hole st 38.0'
35— —
| BOTTOM OF HOLE AT 35.0' E;Jf:ped drilling (11/13/88, 11:16 |
] s en,
"1.D. edule pipe,
38401 40— bo;t%meO'kml:;::lﬁne ;Iotteds 02" —
— . f ' width, backfi with no.1 -
] g: g:: ;: g.esolt :olg.el]o' silica sand to 14’, bentonite ta N
] Core Box 8: 36.0' to 36.0° f;-ﬂ_-:::)ted protective casing at |
45— ]
B WATER LEVEL B
-1 date lavel ]
] 11/16/88  18.6' -
MORRISON-KNUDSEN ENGINEERS, INC. seer 1 oF 1)1 MCDH-
A MORRISON KNUDSEN COMPANY




PROJELCT J
MONTANA SILVER VENTURE o, 8029 |0 MCDH-8
. - FINISH )
SITE Midas Creek ATE - STARTED 5 ED g?;g 3" ORIE:::T_ION
LOCATION DEPTH TO DEPTH TOQ
Libby, Montana water¢er)  44.3 |rocx 1y
P
DRILLING CONTRACTOR Northro Eng. & Test. |SAMPLES 11 CORE BOXES 0 :SPTH l:; 555
: . REVI B
DRILL MAKE - WODEL Mobile B-50 LOSGED BY 1y A Baskin |~ """ BY. M. P. Forrest
we | a : = MATERIAL DESCRIPTION REMARKS
| Z > |DISCONT- | © E o
erev. |oern [ B8 | 5 [ £8| B |nwurries | @ | wave, voloe, CNSISTENCY, GRAIN Stze, [UUISAPLING o STANDARD BEMETRATION
{FT} {FT) ad s U'lm w > hEATHERlHG' HARDNESS STRUETURE g WATER LOSS LAB CLASSIFICATION
nzi o @ | TYPE [DIP{ @ ' ’ CORE LOSS PIEZOMETERS
-
3 rai] SANDY BILTY GRAVEL [(GM), 1 .
- L. fine to conrse, brown, nulgm‘iﬂded to Start drilling [11_!13[88, 3'.00 pm)
_ - subangulsz, slightly weathered, Advance NQ casing (3-1/2" 0.D.,
ol argillite. 3-1/16" L.D.) .
_ | Tricone casing advancer with -
[ P water |
*  BPT-) 18 [1] " 5 orangish brown, wet, medium dense;
- 12 " fines u;'::‘dlzl:?h ];In.ltic; gravel is -
EPT-3 ——g 45 - ey &n rown. Constant head water teat at 7.0° N
] 12 . Used catcher on SPT-2 7]
, . 13 A Stop drilling (11/13/88, 4:45 pm) |
¢ i grading to: Start drilling (11/14/88, 9:05 am) ~
EPT-3 6 15| €0 47| SANDY CLAYEY GRAVEL (GC) Advance NQ casing 1
1 | 13 b ] ]
-5T-1 (A el SANDY SILTY cLAY (CL) _ -
— - some giavel, brown, g!:l:iy plastic -
1 o to plastic, very stiff, moist; gravel 1
L ol gt s toraeratel
SPT-4 T | 66 [@i| subrounded, dlightly to moderately Constant head water test at 16.0° |
- 12 o|| eathered, fine grained, hard. ST-1, recover 1.1’ of 1.5 -
- 16 .". SPT-4, uc = 2.5 - 3.5 tof -
- ; -
20— . Stop drilling (11/14/88, 12:00
- ] inoon) at 21.0 .
i — S Start drilling (11/15/88, 9:30 am) |
_[sT-2 100 e Water standing at 5.0° in boring = _|
e Hollow stem auger (8-1/1* 0.D.,
. 3% 3-1/2° 1.D.)
25— L 8T-2, recover 1.6' of 1.5’ —
= : gravel is fine. ]
BPT-§ 6 72 . Constant head water test at 27.0' |
- 14 % - 7]
] 19 Lo SPT-5, ue > 3.75 tsf _
30— £* —
-] . -
15T 3 2 ST-8, recover 1.7 of 2.0° 7
] # i
35— Le —
- e .
- o -
- e -
- ' -
4 ' trace sand and gravel, hard ]
. & -
FPT-€ 6 | 50 i SPT-6, uc > 4 taf ]
- :: . grading to: v ]
45— GRAVELLY CLAYEY SAND (SC), ]
- brown, moist, medium dense. ]
MORRISON-KNUDSEN ENGINEERS, INC. seer 1 o 2|12 MCDH-¢
A MORRISON KNUDSEN COMPANY




PROJECT Joa
JEC MONTANA SILVER VENTURE [i8  §029 |19 mcDH-8
we| o . T MATERIAL DESCRIPTION REMARKS
Ju | 2§ Ng | 2 |DISCONT- | @ E SAMPLING  STANDARD PENETRATION
ELEV. |DEPTH | A | & [ RG] @ | INUITIES | B | M R coaaat Ll AT bu N SIZE.k-GIDRILL ACTION WATER PRESSURE TEST
FH VD | S| &€ |o® | w > ’ £ SOWATER LOSS  LAB CLASSIFICATION
nZ a o TYPE [DIP| & WEATHERING, HARDNESS, STRUCTURE CORE LOSS P1EZOMETERS
- Hollow stem suger to 52.0' N
ST-4 80 ST-4, recover 1.6 of 2.0°, end of
- Shelby tube bent N
EPT-1 7 SPT-7,uc=2.5 - 4.0 taf 7
7 io /2 ——
_ M OF HOLE AT 55.5 Installed pierometer to 63.2' (1* i
I.D. Schedule 80 PVC pipe,
- bottom 20.0° machine alotted 02 -
_ width, backfilted v::h no.16 _
silica sand to 31°, bentonite to
50— 29 -
&5— —
WATER LEVEL
j date level -
11/17/88 443" i
70— |
75— —
- -
80— —
85— —
90— —
95— —
100— —
105— —
MORRISON-KNUDSEN ENGINEERS, INC. seer 2 o 2|18 MCDH-
A MORRISON KNUDSEN COMPANY -




PROJECT MONTANA SILVER VENTURE xo. 8029 |i5:F MCDH-9
SITE Midas Cl'eek ATE - STARTED . F“‘IE?-EBD 2?;: 3 mlE:Li{ilg:l
LOCATION Libby, Montana ELEVATIONCFT) Ei?;:(;?) 252}!1(;?) 44.0
DRILLING CONTRACTOR Northrn Eng. & Test. [SAMPLES 6 ‘(TORE BDAES 0 D_SEEH(IFJ; 47.9
DRILL AKE - WaDEL Mobile B-53 LGGED BT A Baskin | =" B'. M. P. Forrest

we | 9 - = HWATERIAL DESCRIPTION REMARKS
Jui | Z > |DISCONT- | © E
coev. [ocern | 28| 5 | Dg| B |BOTHES | B | wue, oo, compisrevey, o suze, Sty STANDNED peseraur o
(D | ¢,y [ &5 @ | o® | w > s5, STRUETURE SOUATER LSS LAB CLASSIFICATION
wz| o i {TYPE [0IP| & | WEATHERING, HARDNE UR € LOSS  PIEZOMETERS
- G%g"‘ﬁ:;mgf dsg-,";' (;f:-\!;l . Start drilling (11/17/88, 1:16 pm)
N coarse, subangular to subrounded, Hollow stem auger (3-1/2"1.D,,
slightly westhersd, argillite_ 8 0.D.)
— -
- -
. 7
—+$PT-] B 60 -
1 193 medium dense —
_ 'BAND _Y;cm_ AYEY ;;)sif'r'-'si.ﬁ TTTT .
3 stiff, brown, sli htly plestic, .
—{8T-1 o0 damp; sand is -
15 ST-1, recover 1.8’ of 2.0' ]
] moist, slightly pleatic to plastic. .
] T _Gigwm_ 7L _(gc_éum __ __ SAND - SILTY ]
PT-3 4 65 » slightly plastic, moist to wet, -1
20 4 - medium dense; gravel is fine to —_
11 - conrae.
- - -
i - 4
. - _
25— - —
— '.. _
7] ' Very hard to auger at 27.0' T
- - -
-$PT-3 25 T N
10 45 " & very dense, silt is laminated, non ]
B0 - plastic.
- - .
- - -
- L -
. L -
35— - —
— -.‘ =
7] =
1 | l - T
—SPT {5074 100 o -
40— ¥ —
| - -
_ - 4
i - i
- ARGIOLITE,” "~~~ "~ """ "7 77 -
45— brown, highly weathered, 44' to 47", V:?; 'ol',‘“' und very hord to auger |
AT’ moderately weathered, hard, FeO iuge;.' refunal at 47.0° _
i ;trz:f:: ig-:cn;ul:‘l(ur:fll&:ulﬂ:] Stop drilling (11/17/88, 3:30 pm)) B
j‘i -3 50711 .rprox. 80 deg, high angle fractures Start drilling (11/18/88, 9:30 am
T-1 [1] T ong handing surfaces. NQ cora with water
POTTOM OF HOLE AT 479’ Stop drilling {11/18/88, 10:30 am)

MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON XNUDSEN COMPANY

SHEET
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APPENDIX E
TEST PIT LOGS

The exploration test pits were excavated by using a Case 580D backhoe having an
extendable boom with a maximum reach of 16 feet. The pits were 3 to 3-1/2 feet wide
and 10 to 22 feet long. The pits were at least 8 feet deep unless refusal 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 | pound of sample was also collected in plastic bags for moisture
content determination. All pits were backfilled with the deeper soils first and topsoil
last. The ground was then smoothed and compacted by backhoe. Test pit. .locations
were surveyed by others, with the exception of the Midas site test pits, which were

visually located by the MKE engineer.

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 E-1).

8116G E-1



EXPLANATION OF TEST PIT LOGS

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

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

the following terms:
o trace:‘ less than or equal to 3%
o some: 3% to 12%

o  suffix "y" (e.g., silty): 12% to 50%

3. The relative proportions of gravels, cobbles and boulders were made visually in the

field are are therefore approximate,

4. All test pits were excavated by a Case 850D backhoe equipped with a l.5-foot wide
bucket.
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Unified Soil Classification System

Geoup

Majer Dividoan Symbals Typical Names Labarsiory Clamification Criteria
Do
- Cyw . Greater than 4
£ ow Well graded gravels. gravel:zand T £ "
£= mixtures. little or na fines. .E 2 Com= {Lu}! Betw
=E ¢ :: € i £ 3 Doz Dee etween 1 and 1
HEH £ 3
-3 L = - = =
s £ == Poorly geaded gravels. gravel-sand .} & . . ) .
g : == GP mixtures, little or oo fines € . ey £E Naot meeting all gradation requirements for G
2 )i3s £ yZ2E
222 T = Z5:3
- ':T -_- - d H Ll E g 11 ;
5 22|k < T | e Silty gravels. paarly graded £+ OELZS A'_':hel" Im"’;f:"“
o E:|==£E gravel-sandclay mixiures s & EIET Hy ine. or F1 less Above =A™ line with Pt
£ £zl =2 u . zh QUG than 4 between 4 and 7 are
< g_; 3 L= E-£ . borderline cates re-
- - H . . iri s of dual
= £ = £z Sc . , quiring uses o
it § <Z cc Clayey gravels. poorly graded | T35 M::'_t:: 'LT;',’S:::; symbals
=3 T . gravel-sand-clay mixtures TE : than?
£ = .E‘- Dl
= - E voe -
Fr €= I Dw
= - < - == Creater than 6
5 x v g s Well graded sands. gravelly sands. | « _§ P -Cu Du Foatet
- . <3 litile or no fines 8§ - - {OwF .
- ‘E = & l’. E .F;E P Cc " Due D: Between 1 lﬂd 3
e - o e .
E Epf £d SE.
3 El T= Poarly graded sands. gravelly ol S . . . . .
I g L4 =] 5P nnél_.illlle o 0o I'ines.l ¥ .E ;_?f HE Not meeting all gradation requirements for 514
< w =2 &= I
E | Ez EEE Il
Z | 5= d - FEY gl
= - - N ]
£ | E. % || Silv sands, poorly graded sand- | £ &= 22 - Atterberg himits befow
s =E '—Ef. Shr silt mixtures ’é 5 E : st A" line. or Pl less Abave "AT line with PI
= =3 u atfsES than 4 |  betweend and 7 are
E =7 c=3 !
4 =lx I —;é - §:': barderline cases te-
2 |=£ ci=tg? . quiring vaes of dual
EE 5€ Clavey sands. poorly graded = ,—E:-'E Ee M_:'{_blﬁ_l'l I"“:,“ abave symbuols
= sandclay taxtures 5= A" line.ar Pigrealer =
y than 7
Inorganicsiltsnnd very (ine sands,
- ML rock flour. siliy or clayey fine
- sands or clayey uilts with alight
4 = plagicity
= L=
[ = :
= P 1 1 Inorganic tlays of low to medium
b z = cL plasticity. graveily clavy. sandy 80
Z - = 2 clays. sllty clavs, lean clayw Y ® NP
e z © GO
£ RN
= é: oL Organicsilis and emganic siliclays = /\\*": :-\\\
% E of low plastidiy -§ 40 RN RS
E: s 23 ]
== = 30 SR “
g = ¥ ; l
xZ - Ingrganic »ilts. micaceous ar 2 tL-2 y ] JH or MH
5z = MH distomaceous fine tandy or silty g ® 7
“ z £ aqils. elasic vilis CL-M 4 ——r—-——
= * 'E 0 [ L-t /
= Ex \ 0L or ML
= ™ - \ -
- ~ & . . 0 L
F S cH fnoeganic clays of bigh plazicity. 0 10 20 30 40 50 60_ 70 60 90 100
E E.. -_g' - Lswad [
= -
z 3 i _ Plasticity Chact
= oH Qrganic chys of medium 1o high For laborMory ClassilicAl:on of hne-granas sols
plasticity. organic silts
Highly Organic Sails M Peat and otbier highly arganicsolls

“Dhyiuon al LA aad 5\ eroups Ll suldivinons of d and u for roads snd urfields anly. Subdeanon i bused on Attecbay limne wufied used when hquid laut o 2iu bev and
Vhe P s & o Dina, 1w u used when hiquid Euot 5p greater than 16

* Hut devh e chusaile uloan Soils posbesaing characienstics of 1wa groups ars dasipnaled by combitalions of group symbols For example GW-GC well graded gray el-sand miviure
willh clas bander

\ FigureNo E-1 J




LITTLE CHERRY SITE
Test Pits TP 101 - 110
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APPENDIX F
LABORATORY TEST DATA

Laboratory testing of soils was performed by Northern Engineering and Testing, 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 included dry density, grain size distribution (ASTM D#22), Atterberg
limits (ASTM D43]8), moisture content (ASTM D2216), unconfined compressive
strength (ASTM D2166), compaction (ASTM D698) and specific gravity (ASTM D&54).
Visual classification of samples was made in conformance with the Unified Soil
Classification System. Undisturbed samples were photographed. For the Midas site,
photographs were also obtained at various stages of sample preparation and testing.
Material descriptions noted in the boring and test pit logs were revised based on results

obtained from the laboratory tests.
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Wil WENJIL T DY Cu 11,

| %
- 578 Smetter Avenue
S

£.0. Box 951
TR Grea! Falls, MT 59403
Engineenng

ond lesting, Inc.

REPORT TO: Morrison-Knudsen Engineers, Inc.
San Francisco, California

PROJECT: Montana Silver Venture Mine
Little Cherry Site

SAMPLE LOCATION: TP-106, 6.0'-8.0', s-1

MOISTURE-DENSITY RELATIONSHIP

MOISTURE-DENSITY RELATIONSHIP
DATA SHEET

Zero Air Voids Curve
Measured Gs = 2.70
N
N
130 9\
\\
125 o4 )
A~ "\ 6{
A _| j‘\ \\
1 N
\ o
120 - : \\
O
? 8 9 10 11 1z 13 14 15
WATER CONTENT Percent of Dry Waight
DISTRIBUTION:

DATE: 10/07/88

JOB NUMBER: 88-152

SHEET: 1 OF 1

INVOICE NO.: 63946

LAB NO.: 32287

DATE SAMPLED: N/R

DATE RECEIVED: August 1988
SAMPLED BY: Morrison—Knudsen

MECHANICAL ANALYSIS
SIZE % PASS SPECS.
N/A

VISUAL CLASSIFICATION

Silty SAND
SPECIFIC GRAVITY: Fine Aggregate-2,70
SPECIFIC GRAVITY: Coarse Aggregaki
2.69

TEST PROCEDURE ASTM D698 Method C
MAX, DENSITY: 125.5

OPT. MQIST.: 2.5

RAMMER TYPE: 5.5

PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R

AS A MUTUAL FREOTECTION TO CLIENTS  THE PUBLIC AND DURSILVES Al REPCETS ARF SURMITTED AS Th CONFIDENTIAL PROMETY OF OUR CLOINTS, AMD AUTHOEIZATION FO& PUABIICATION OF
STATEMENTS CONCLUSONS OR EXTEACTS Rt 08 FEGARNG Oul FERORTS 13 SISIEVID MIHNOING OUR WRITTEN APFPROVAL. SAMMES WhL M DISMOMID OF AFTER TIATONG 15 COMMITID UMalss

QIR ARRAMGERMINTS ART AGRIED TO th WRITING

RV 1045 MIFT 114N



Northern

DRY DENSITY Iba/ cu fI,

‘" N MOISTURE-DENSITY RELATIONSHIP
1UER | 5B85meror Avence DATA SHEET

———— Great Fals, MT 59403

————a (406) 4531641

Engineenng
ang Testing, 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.: 132288
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', 5-1

MECHANICAL ANALYSIS

SIZE % PASS SPECS.
N/A
MOISTURE-DENSITY RELATIONSHIP
Zero Alr Voids Curbe
Measured Gs = 2.66
\\
130
N
VISUAL CLASSIFICATION
125 fo < N Silty SAND
- , SPECIFIC GRAVITY: Fine aggregate-2.6S
,/ I\ SPECIFIC GRAVITY: Coarse aggregate
- N 2.65
&
N TEST PROCEDURE ASTM D698, Method D
120 MAX, DENSITY: 125.2
N OPT. MOIST.: 9.4
O) RAMMER TYPE: 5.5
- PREPARATION PROCEDURE: Hoist
PENETRATION RESIS.: N/R
6 7 B 9 10 11 12 13 14
WATER CONTENT Parcent of Dry Weight
DISTRIBUTION:

AS A MUTUAL PROTECTION TO CLIENTS Ted PUBLIC AND QURSGVES. ALL RIPORIS AGY SUBMITIED AS THE CONFIDENTLAY PROMETY OF QUE CLENTS, AND AUTHORIZATION HOE PUALICATION OF
ATATEMENIS CONCLUBONS OO EXTRACTS FROM OF MGARDNG OUE HPORTS 14 BYARVID MNOING OQUR WRITTEN AFPROVAL SAMMES WL Af DISPOSED OF AFTIR TESTING |3 COMMEITED UMUSS
DTHIR ARRANGELMINTS ARE AGAERD TO IN WRIliNG .

(REV 1985) NET 114.D3
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Chen-Northern, Inc.

528 Smalt MOISTURE-DENSITY RELATIONSHIP
P.O. Boi 9‘0—;1‘:\“'&“”e DATA SHEET

Great Falls, MT 59403
{406) 4523-1641
FAX (406) 727-2070

REPORT TO: Morrison-Knudsen Engineers, Inc. DATE: gf22/88
180 Howard Street 108 NUMBER: 88-152-1
San Francisce, Califormia SHEET: 1 ofF 1}
) INVOICE NO.:

LAB NO.; 32295
DATE SAMPLED: N/R
DATE RECEIVED: 8/08/88

PROJECT: Montana Silver Venture Mine SAMPLED BY: M-K
CONTRACTOR: Poorman Site
SAMPLE LOCATION: TP-202, 8.0'-10.0'
5-1
MATERIAL USE: - MECHANICAL ANALYSIS
SIZE % PASS SPECS.

MOISTURE-DENSITY RELATIONSHIP

Zero Alr Voids .
Curve Measured
\Gs = 2.71 .
11
- \\
> ‘\
= \\
o X Visual CLASSIFICATION
11 . Sandy Lean CLAY
’ g = B Specific Graviry: Fine Aggregatu
Q . 2.7:
E - o \\ A Spécific Gravity: Coarse Aggreg:
94 N A TEST PROCEDUREASTM D698, Method A
109 4 MAX. DENSITY: 108.5
' /] OPT. MOIST.: 14.6
RAMMER TYPE: 3.5
\ PREPARATION PROCEDURE: Moist
PENETRATION RES!S.: N/R
|
WATER CONTENT Percent of Dry Weighi
DISTRIBUTION:

Reviewed By:

AS A syulipsy MOTICTION I CLENTS Tl PUBISS AMD OURSOYES AL BPORTL AN SUBMTTIO a4 Tif CONPIDENTLAL PROPIATY OF R CLONTS, AMO AUTRCEMZATION FOI PURICATON OF
ATATI ALY COMCIUSOMS OFf DATAALTS FROM O HGAKDNG OUR MIPOETS 13 HSEVID FIMDING OUR WRITTEN APPROVAL SaMMIS will B OPOMD OF AFTIR 1E3NNG @ COMMEND Usatid
OFvd B ARRARGIMINTY AN] AGRLED 10 1N WRIToNG



Northern

DRY DENSITY Iby/ cu ft,

‘IIL MOISTURE-DENSITY RELATIONSHIP
528 Smelter Avenus

_- PO Box 95t DATA SHEET

E— Greot Fals, MT 59403

S— (406) 453-1641
Engineerng
and Testing. Inc

REPORT TO): Morrison-Knudsen Engineers Inc. ’ DATE: 10/07/88

San Francisco, California JOB NUMBER:. 88-152

SHEET: 1 OF 1

INVOICE NQ.: 63946

LAB NO.: 32296

DATE SAMPLED: N/R

DATE RECEIVED: August 1988
PROJECT: Monitana Silver Venture Mine SAMPLED BY: Mcrrison—Knudsen

Poorman Site

SAMPLE LOCATION: TR-203, 10,0'-14.0', 5-2

MECHANICAL ANALYSIS

SIZE % PASS SPECS.
N/A
MOISTURE-DENSITY RELATIONSHIP
Zero Air Voids Curve
Measured Gs = 2.6%
\\
120 \60\
h, J_
X
\'\
. VISUAL CLASSIFICATION
115 ra Clayey GRAVEL with Sand
e g SPECIFIC GRAVITY:Fine aggregate-2.66
] \ SPECIFIC GRAVITY:Cdarse aggregate—2
) |\

TEST PROCEDURE ASTM D698, Method D

110 MAX. DENSITY: 115.8
OPT. MOQIST.: 12.7
RAMMER TYPE: 5.5
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R

10 11 12 13 14 15 16 17
WATER CONTENT Parcent of Dry Weight
DISTRIBUTION:

AS A sutudl PROTICTION TD CUENTS THE PUBLIC AND CUSSILVES. ALl REPORTS ARE SUBAMITED AS THE CONFDENIAL PROPERTY OF OUS COENTS, AND AUTHDMIZATION FOR PURLICATION OF
KTATESAIMTS COMCLOMONS OR EXTRACTS FROM O REGATDING OUL QEPCETS 15 MACVIC FINDING OUE WIITTEN APPECOVAL. SAMMES WLl BP DISMOSID OF AFTER TESTING 15 COMMETED UREAY
OTHER ARAANGTAINTS ARE AGREED TO 1N WRITING

{REV 1985} NET 114.03
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Chen-Northern, Inc.

§28 Smeller Avenue MOlSTURE'DENSITY RELATIONSHIP
PO. Box 851 DATA SHEET

Great Falls. MT 59403
{406) 453-1641
FAX (406) 727-2070

REPQRT TO: ) DATE: December, 1988
MORRISON-KNUDSEN ENGINEERS JOB NUMBER: 88-152-1
SAN FRANCISCQO, CALIFORNIA SHEET: 1 OF 1

INVOICE NO.: 63307
LAB NQ.: 35028
DATE SAMPLED: N/R
DATE RECEWVED: December, 1988
PROJECT: Montana Silver Venture Mine ) SAMPLED BY: Morrison-Knudsen
Midas Creek Site
SAMPLE LOCATION: TP-503, §5-2, 10.Q' - 11.0

MECHANICAL ANALYSIS
SIZE % PASS SPECS.
No. 10 100
No. 20 100
MOISTURE-DENSITY RELATIONSHIP No. 40’ 100
No. 80 100
Zero. air wvoids curve- No. 100. 100
Meagnyed Gs = 2 7 No. 20?“351‘[) "98.1

11d >

UNIFIED CLASSIFICATION (ASTM D2487)
105, N SILT
aN SPECIFIC GRAVITY: 2.71
P N LIQUID LIMIT: 23
- PLASTICITY INDEX:. 3

DRY DENSITY Ibs/ cu i,

100 MAX. DENSITY: 102.5

OPT. MOIST.: 20.5

RAMMER TYPE: 5.5 pounds
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R

’T/, <] . TEST PROCEDURE ASTM D698, Method A

|
16 17 18 19 20 21 22 23 24

WATER CONTENT Percent of Dry Waight

A3 A mUTUAL MIOTICTION TO CLIEMTS THE PUBUC AND OURSILVEL. A HPOERS AN SUMMINTO 43 Ted| COMNVDENTIAL FROMATY OF OUR CLENTS, AMD AUTHORUZAION FOR PUBLICATION OF
STATTMINTS COMCLULONS O EXTNACTS FROM DA REGARDTHG OUR RIPCATS 4 MAIKVID FENOING OUR WINITIN AFPROVAL. SAMAES WL M DOFOALD OF AFTIR TEATING S COMMITEO wbaild
OTin{ 8 ARRANG3] TS ARS AGRILE 1O 1N wihTous '



Chen-Northern, Inc.
MOISTURE-DENSITY RELATIONSHIP

I
P B ar fivenue DATA SHEET
Great Falls. MT 59403
{406} 453-1641
FAX (406) 727-2070

REPORT 10: DATE: December 1988
MORRISON~KNUDSEN ENGINEERS JOB NUMBER: 88-152—1
SAN FRANCISCO, CALIFORNIA SHEET: 1 OF 1

INVOICE NO.: 69307
LAB NQ.: 35031
DATE SAMPLED: N/R
DATE RECEIVED: December 1988
PROJECT: Montana Silver Venture Mine SAMPLED BY:Morrison-Knudsen
Midas Creek Site
SAMPLE LOCATION: TP-505, §-1, 7.0'" - B.5'

MECHANICAL ANALYSIS
SIZE % PASS SPECS.
11! 100
3jan 99
MOISTURE-DEMSITY RELATIONSHIP 1/2n 99
v ymsngm— — 3/8" 99
| Zero air voids curve No. 4 99
115 Measured Gs = 2.72 N\ No. 10 98
No. 20 97
Ho. 40 97
S No. 80 96
No. 100 96
AN - No. 200(wash) 93.8

110

~ VISUAL CLASSIFICATION
[ N SILT

~ SPECIFIC GRAVITY: 2.72
| LiQuio uwt: N/R
] PLASTICITY INDEX: N/R

105

DRY DENSITY 1by/ cu f1.

- - TEST PROCEDURE ASTM D698, Method i
MAX. DENSITY: 106.5

OPT. MOIST.: 16.8

RAMMER TYPE: 5.5 pounds
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R

100

13 14 15 16 17 18 19 20 21
WATER CONTENT Percent of Dry Weight

A3 A MUTUAL PROMCTION 10 CLHNIS Tl PUBC AMD OURSHVIS AlL RIFORTS AN SUMAITIO AS (Mg CONTIOINTIAL MEOMATY OF OUR CUTNTS, AND AUTHONZATION $OI FURCATION OF
ATATI{M1S COMCILGONS OF LLTRACTS TR0 O FEGARDING Cult BIFOALS ™ FUMEVID PENOING CUR WRITTEN APPROVAL SAAMES WL M GraAQsiD OF AFTER TESTING 15 COMMETED utalls
OTHIR ARRANGEIMI IS AR AGETID 10 10 witiTinG '



Chen-Northern, Inc. g

e et

- iF N
528 Smelter Avenue MOISTURE-DENSITY RELATIONSHIP g l‘:::q.. 5y
P.0. Box 951 DATA SHEET SR\ = pex
Great Falls. MT 59403 R A
{406) 453-1641 aATEe;

FAX (406) 727-2070

REPORT TQ: DATE: December 1988
OB NUMBER: - -
MORRISON-KNUDSEN ENGINEERS ;HEET.U 13590;3 8 isz L

SAN FRANCISCO, CALIFORNIA INVOICE NO.: 69307

LAB NO.: 35033
DATE SAMPLED; N/R
DATE RECEIVED: December 1988
PROJECT: Montana Silver Venture Mine SAMPLED BY: Morrison-Knudsen
Midas Creek Site
SAMPLE LOCATION: TP-506, S-2, 9.0' - 10.0'

MECHANICAL ANALYSIS

SIZE % PASS SPECS.
2n 100
1-1/2% 99
MOISTURE-DENSITY RELATIONSHIP ™ o8
. —_ 3/4mn 96
Zeto air voids curve 1/2" 94
Measured Gs = 2.75 N 3/8n 92
,‘\ No. 4 90
BN No. 10 86
< No. 20 82
120 ‘\ No. &0 179
) { . No. 80 73
< » d No. 100 71
- A No. 200(wash) 59.3
3 N N
> P 1 S VISUAL CLASSIFICATION
5115 —F Y Sandy SILT
Z - SPECIFIC GRAVITY: 2.75
a ] \ LIQUID LIMIT:N/R
E N PLASTICITY INDEX: N/R
\ TEST PROCEDURE ASTM D698, Method C
110 h MAX, DENSITY: 117.1
OPT. MOIST.; 12.8
RAMMER TYPE: 5.3 pounds
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: /R
|

8 9 10 11 12 13 14 15 16 17
WATER CONTENT Percenl of Dry Waight

A3 & MyTual PROTECTION 10 CLENTS Thl MalisC AND OURMLVES AL HPORTS 4R SUBMITILD AY Tef CONJIDENTIAL PROPERTY oF Dyus

AsD apfmOBIATON FO4 PURLCATION OF
STATIANTS CONCLUMONS OF [ETRACIS JROM Of HGARGING OUR FLAORTS i MUEVID FINOING OUR WIhTTLN APPRCVYAL CLIENTS, ll.l'
OTHIE ATRAIG I TS (010 RIS WL W DamD OF AFTER TTSEowG B3 COMPLITIO LMaISS



Chen-Northern, Inc. ST

529 Smelter A MOISTURE-DENSITY RELATIONSHIP N
PO, Box 951 DATA SHEET

Great Falls, MT 59403
{406) 453-1641
FAX {406) 727-2070

REPQRT TO: DATE: December 1988
MORRISON-KNUDSEN ENGINEERS JOB NUMBER: 88-152-1
SAN FRANCISCO, CALIFORNIA SHEET: 1 OF 1

INVOICE NO.: 69307
LAB NQ.: 35034
DATE SAMPLED: N /R
DATE RECEIVED: December 1988
PROJECT: Montana Silver Venture Mine SAMPLED BY: Morrison-Knudsen
Midas Creek Site
SAMPLE LOCATION: TP-507, S-1, 5.0' - 6.0'

MECHANICAL ANALYSIS

SIZE % PASS SPECS.
2" 100
1-1/2v 97
MOISTURE-DENSITY RELATIONSHIP N -93
3/4m 90
Zero air voids curve I 1/2v 85
Measured Gs = 2.74 3/8n 81
130 N No. & 77
h No. 10 71
\\ No. 20 67
\ No. 40 65
. h - No. 80 62
‘:" 125 No. 100 62
; & No. 200(wash) 57.5
2 A\ VISUAL CLASSIFICATION
= < = \\ Gravelly SILT with Sand
v \\\ SPECIFIC GRAVITY: 2.74
8150 N LIQUID LIMIT: N/R
x PLASTICITY INDEX: N/R
=]
// TEST PROCEDURE ASTM D698, Method (
MAX, DENSITY: 122.7
{/ OPT. MOIST.: 10.4
115 / RAMMER TYPE: 5,5 pounds
PREPARATION PROCEDURE: Moist
PENETRATION RESIS.: N/R
|

7 8§ 9 10 11 12 13 14 15
WATER CONTENT Parcenl of Dry Waight

AS & MUTUAL PEOTECTION TO CLHMIS THE PUBUC AND OURSECYTS Ac BERQRES ARE SUBMIITIO AS Tif CONFIDINTLAL PRORIETY OF Oult CLAM1S, AND AUIRQIZANON FOR PULCATION OF
STATEMINTS COMCLUAIONS OF EXTHACTS Ficos OF HGARNNG OUR HIFCETY 15 STMEvID MNOING OUR WIITTIN AMPRCOVAL SAMPLIS Wil M DISPOSED OF ASTLE TESTING 15 COMMEMD ynLElS
Ol ARNaraGlaalmEs ANT AGRIID 10 I Witi Tite



NET 158

UNCONFINED COMPRESSION TEST

MCDRILL HOLE No. 2

KIPS PER SQUARE FOOT

(P/A)

COMPRESSIVE STRESS

DEPTH 43.5' - 45.0!
SAMPLE NO. 34988

MOIST UNIT WEIGHT: 122 pcf
DRY UNIT WEIGHT : 98 pcf
HOISTURE CONTENT : 24 %

CLASSIFICATION : Lean CLAY {varved)

HEIGHT TO DIAMETER RATIGQ; 2:1
RATE OF STRAIN: 1%/minute

2.0
1.8 //
1.6 )
1.4 1/// \\
// \
1.2 /
// FALLURE
SKETCH

1. /
.8

X3

4 3 [+]
VERTICAL STRAIN, PERCENT

MONTANA SILVER VENTURE MINE
MIDAS CREEK SITE

MORRISON KNUDSEN ENGINEERS
SAN FRANCISCO, CALIFORNIA

Chen-Northern, Inc.

Great Falls, Montana

JOB No, 88-152-1




NET 158

MG

KIPS PER SQUARE FOOT

(P/A)

COMPRESSIVE STRESS

UNCONFINED COMPRESSION TEST

DRILL HOLE WNo. 24
DEPTH 38.5' — 40.5"
SAMPLE NO. 34998

MOIST UNIT WEIGHT: 123 pci

DRY UNIT WEIGHT : 97 pcf

MOISTURE CONTENT = 27 %
CLASSIFICATION : Lean CLAY (marbled wit
HEIGHT TO DIAMETER RAT10: 2:1 SHlEcgers
RATE OF STRAIN: 1% /minute

4.0
,f”’_—‘““uH\\\
[ N
3.0
/// FAILURE
SKETCH
[/ il
[
1.0 /
/
+
i
1 10 11 )

4 K
VERTICAL STRAIN, PERCENT

MONTANA SILVER VENTURE MINE
MIDAS CREEK SITE

MORRISON KNUDSEN ENGINEERS
SAN FRANCISCO, CALIFORNIA

Chen-Northern, Inc.

Great Falls, MMontana

JOB N0.88-152-1




NET 158

MC

KIPS PER SQUARE FQOT

(P/A)

COMPRESSIVE STRESS

UNCONFINED COMPRESSION TEST

DRILL HOLE No. 2a
DEPTH 53.5' - 553.5'
SAMPLE NO. 35000

MOIST UNIT WEIGHT: 121 pcf
DRY UNIT WEIGHT : 093 pcfF
MOISTURE CONTENT : 31 %

CLASSIFICATION : Lean CLaYy {(varved)

HEIGHT TO DIAMETER RAT10: 1.91:1
RATE OF STRAIN: 1%/minute

8.0
aﬂ”fﬂ‘ﬂ,ﬁ_
3 /;//// -\\\\
6.0 V4
/ FAILURE
/| SKETCH

\

T

3.0 /{

"

4UERTI(?AL ST&A{N, JERCEN?

9 10 11

MONTANA SILVER VENTURE MINE
MIDAS CREEK SITE

MORRISON KNUDSEN ENGINEERS
SAN FRANCISCO, CALIFORNIA

Chen-Northern, Inc.

Great Falls, Montana

JOB NO. 88-152-1




NET 158

MC

{P/A) KIiPS PER SQUARE FOOT

COMPRESSIVE STRESS

UNCONFINED COMPRESSION TEST

ORILL HOLE No. 6
DEPTH 48.5' - 50.0'
SAMPLE NO. 35004

MOIST UNIT WEIGHT: 130 pef

DRY UNIT WEIGHT : 104 pef
MOISTURE CONTENT : 26%
CLASSIFICATION : Lean CLAY {(wich
HEIGHT TO DIAMETER RATIO: 1.73:1
RATE OF STRAIN: 1% /minute

sile
lenses

7.0
6.0 2

/ \ FA[LURE
5.0 A [ SKETCH

4.0 ////
3.0

2.0 /

4
VERTICAL STRAIN, PERCENT

MONTANA SILVER VENMTURE MINE
MIDAS CREEK SITE

MORRISON KNUDSEN ENGINEERS
SAN FRANCISCO, CALIFORNIA

Chen-Northern, Inc.

Great Falls, Monrana

JOB NO. 88-152-1




NEJ 108

UNCONFINED COMPRESSION TEST

MC DRILL HOLE No. 8
DEPTH 22.0' — 23.5°
SAMPLE NO. 35010

MOIST UNIT WEIGHT: 132 pcE

DRY UN!T WEIGHT  : 110 pcf
MOISTURE CONTENT : 20 %
CLASSIFICATION : Lean CLAY with Sand
HEIGHT TO DIAMETER RATIO: 1,74.1
RATE OF STRAIN: 1"/.,frninur,e

L=a]
L]
L)

N

KIP5 PER SQUARE FOOT

(P/A)
N

v

FAILURE
SKETCH

COMPRESSIVE STRESS

o

N\

60°

1.0

2 4 6 8 erTiBaL sTRaIn, Pircedf 18

MONTANA SILVER VENTURE MINE
MIDAS CREEK SITE

MORRISON KNUDSEN ENGINEERS
SAN FRANCISCOQ, CALIFORNIA

Chen-Northern, Inc.

Great Falls, Montana

JoB NO,88-152-1




NET 158

UNCONFINED COMPRESSION TEST

MC DRILL HOLE No. 9
DEPTH 13.5" - 15.5°
SAMPLE NO. 35019

KIPS PER SQUARE FOOT

(P/A)

COHMPRESS IVE STRESS

MOIST UNIT WEIGHT: 128 pcf

DRY UNIT WEIGHT ¢ 105 pef

MOISTURE CONTENT : 23%

CLASSIFICATION :Sandy Lean CLAY w/Grave
HEIGHT TO DIAMETER RATIO0:2:1

RATE OF STRAIN: 1%/minute

&,
3. | "1
[~
FALLURE
el SKETCH
L~ )
2. . Ead
/ 64° \
1.0

10 1 14 1
VERTICAL STRAIN, PERCENT

MONTANA SILVER VENTURE MINE
MIDAS CREEK SITE

MORRISON KNUDSEN ENGINEERS
SAN FRANCISCO, CALIFORNIA

Chen-Northern, Inc.

Great Falls, Montana

JOB NO.88-152-1






