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1.0 INTRODUCTION
1.1 GENERAL: At the request of Valley Camp of Utah, Inc.(Valley Camp), a
geotechnical investigation was initiated on September 13, 1983 at the Belina
Mine located in Carbon County near Helper, Utah. The purpose of this
investigation was to evaluate the stability of" cut slopes in the mine
facilities area and on the 1.4 mile long haul road leading to the mine from
Eccles Canyon.

1.2 SCOPE OF WORK: The geotechnical investigation consisted of a drilling
and sampling program, field reconnaissance and mapping, laboratory testing,
and computer assisted slope stability analyses. This report presents the
data obtained during the course of the investigation, as well as conclusions
and recommendations formulated from that data base and other information
furnished by Valley Camp.
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2.0 FIELD INVESTIGATION
2.1 GENERAL: The field investigation was directed toward evaluating the
stability of cut slopes steeper than 2 horizonta1:1 vertical. At the mine
facilities site, three major cut areas were investigated: the backs10pe
above the upper coal stratum portals; the backs10pe above the
office/changehouse; and, the cut slope near the coal 10adout chute. Numer­
ous cut slopes on the haul road were also examined and/or mapped which were
steeper than ZH:IV.

2.2 BACKSLOPE DRILLING PROGRAM: Soil and rock samples were required to
evaluate the stability of the backs10pe above the upper portals and the
office/changehouse. To obtain these samples, four exploratory borings were
drilled to depths ranging from 49 feet to 61 feet below existing grade at
location shown on the Geotechnical Investigation Site Plan (Figure 1).

Drilling was performed using a CME-750 drill machine mounted on an a11­
terrain vehicle and equipped with 6.0 inch diameter continuous flight
ho110wstem auger and NX-size coring tools. Disturbed samples of soil and
soft rock were obtained for laboratory testing and logging purposes using a
Standard Penetration Test (SPT) sampler, which is driven into soil or soft
rock by a 140 pound hammer with a free-fall of 18 inches. The number of
blows required to drive the sampler one foot (known as the "N-Value") is a
measure of the relative density of cohesion1ess soils and the consistency of
cohesive materials. Relatively undisturbed soil and soft rock samples for
laboratory testing were extracted using a 3-inch o.d. Dames and Moore
sampler with inner-liner brass rings, which serve to protect the samples
during shipment to the laboratory.

The ho110wstem auger was used as casing for NX coring tools .. A 10 foot long
double tube core barrel with a split inner barrel and carbide or diamond
bits was utilized to obtain rock samples for logging and laboratory testing.
Water was used as a drilling medium. Excessive water loss into pervious rock
strata was experienced at all boring locations. Additives such as
bentonite, cellulose, nut shell and DE-7 polymer did not significantly
reduce the water loss. Only in borings in the vicinity of a 12,000 gallon
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water storage tank, automatically resupplied by pumped water, could suffi­
cientquantities of siphoned water be obtained to allow continuous coring

operations.

Soil and soft rock samples were immediately sealed in plastic bags, placed
. .

in airtight containers, and stored in special· foam-padded aluminum boxes.
Rock samples were placed in standard cardboard core boxes; samples selected
for laboratory testing were wrapped in plastic, sealed, wrapped in paper,
and stored in a padded box.

All borings were thoroughly backfilled with soil after groundwater readings
were taken. In the spring, Valley Camp personnel should check the bore
holes and refill them if necessary.

2.3 FILL PAD BORING: At the request of Valley Camp an exploratory boring
was drilled on the existing earth fill pad to obtain soil samples for later
testing, which will determine the suitability of the fill for reclamation
purposes. Valley Camp provided burlap bags with plastic inner bags for

sample collection at 2.5-foot intervals. Samples were identified for
location and depth. It is our understanding that sample shipment and
subsequent laboratory testing will be performed under the direction of
Valley Camp. The location of this boring is shown in Figure 1. It was
backfilled in the same manner as the four backslope borings.

2.4 BORING LOGS: Boring logs were prepared for the four backslope explor­
atory borings, and are included in the report as boring nos. 1 through 4
(Figures 2 through 5). The fill pad boring was logged and is contained
herein as boring no. 5 (Figure 6). Locations and top ground elevations of
the borings were determined by Valley Camp personnel and are referenced to
Belina Mine survey data points.

The boring logs include: the depths and elevations of major changes in soil
and rock stratigraphic units; classification and description of natural
soils in accordance with the Unified Soil Classification System; locations
of disturbed, undisturbed, and cored soil and (or) rock samples; core sample
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data, including the percentage of total core recovered and the percentage of
core greater than 4 inches in length (rock quality designation, RQD);
pertinent drilling information; and, groundwater data.

2.5 COMPOSITE LOGS OF CUT SLOPES: Two cut slopes in the mine facilities
area exposed subsurface stratigraphic rock units and the orientation of
fractures within those rock units. These cut slopes were logged in the same
manner as an "exploratory boring would be logged. The depths were estimated
and fracture orientations were inferred from the same stratigraphic unit at
several locations in the cut slope.

The composite log for the cut slope behind the office/changehouse building
is included in this report as "8-6" (Figure 7), and the log of the cut slope
near the coal 10adout chute is included as "8-7" (Figure 8).

2.6 DETAIL LINE MAPS: Two detail line maps or detailed mappings of frac­
ture orientations along a measured straight line were made in the cut slope

near the loadout chute. The purpose of this mapping was to determine the

orientation of primary and secondary joint sets and the nature of any
infi11ings. These detail line maps are shown in Figures 9 and 10. The
locations mapped are identified on the Geotechnical Investigation Site Plan
(Figure 1), asliD1" and II D2II •

Fracture orientations were determined using a hand-held Brunton compass.

2.7 GENERAL RECONNAISSANCE OF MINE FACILITIES AREA: Cut slopes in the mine
facilities area were visually examined for evidence of tension cracks
related to past and(or) potential slope movements, erosion or ravelling
problems, and abnormal vegetation growth above the cut slopes that may
indicate slope creep. The results of this reconnaissance are included in
site descriptions contained in Section 3.0 of this report, Geology and Site
Conditions.

2.8 RECONNAISSANCE OF CUT SLOPES ON THE HAUL ROAD: Detailed descriptions
of cut slopes on the haul road were prepared in the field. They are
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presented in this report as Figures 11 through 13, which are organized as an
odometer mileage log that begins at the beginning of the road in Eccles
Canyon. Specific references to these cut slope descriptions are contained
in other parts of this report.

Joint and other fracture orientations were measured by Brunton compass, and
in most cases, the strikes and dips recorded are actually averages of
readings taken" on four or more different rock surfaces.
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3.0 GEOLOGY AND SITE CONDITIONS
3.1 GEOLOGY OF THE AREA: It is not the purpose of this report to present
detailed geologic data of the Belina Mine Complex. However, the following
brief overview of the regional geology does provide data pertinent to the
geotechnical investigation of the Belina Mine cut slopes.

The Belina Mine lies within the Wasatch Plateau Coal Field, in an area in
which all of the coal mined lies within 400 feet of the base of the
Blackhawk Formation of Upper Cretaceous geologic age. Other than several
coal strata, the lithology is predominately composed of yellow and gray
sandstones and siltstones with some interbedded shales.

Structurally the mine lies between two northward striking, vertical dis­
placement faults, on the upthrown block of a horst-like geologic feature.
The nearer of the two faults passes less than one-half mile to the west,
which may have determined the gentle southwestward dip of stratigraphic rock
units at and near the Belina Mine. According to Valley Camp personnel and
the observations made for this investigation, the magnitude of the dip is
about 4°. Undoubtedly, other less significant faulting has occurred that
affects site-specific geology. The approximate location of a possible
strike-slip fault passing through the area is indicated in Figure 1 of this
report. Mining personnel have indicated that at least one fault with minor
vertical displacement has been encountered underground.

Two coal strata are mined at Belina and outcrops of each stratum are located
on the enclosed site plan (Figure 1). Separate sets of portals penetrate
the two strata.

A generalized backslope' lithologic section is presented in this report as
Figure 14, which represents data obtained from the four backslope borings.

3.2 BACKSLOPE ABOVE THE UPPER PORTALS: Boring nos. 1 and 2 were drilled in
an area in which some slide activity has been experienced. The boring logs
indicate that 13.5 to 26.5 feet of colluvium and talus overlie competent
bedrock strata, predominately composed of gray siltstones that exhibit
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various degrees of differential weathering. Permeability of the bedrock
strata_ is quite high up to the depths penetrated by the borings. However,
20 hours after drilling, a static groundwater level was measured at 12.5
feet below existing grade at the location of boring no. 1. This boring
could not be continuously cored because of excessive water loss into the
formations at many different depths. Therefore, it is believed that the
water level reading is the result of a zone of seepage water, noted- on the
log at 12.5' feet, filling a hole that was finally sealed with a layer of
drilling mud. The sealing occurred after the hollowstem auger was pulled
(i.e., rotated up and down to clear the augers) from the bottom of the hole.
It does not appear that the backslope above the upper portals has a static
phreatic surface within the depths penetrated by boring nos. 1 and 2.

Several tension cracks, approximately one inch wide and 3 to 5 feet long,

were observed in an area about 50 feet southwest of boring no. 1. A water
seep was trickling from the slope, before drilling began, about 10 to 15
feet below boring no. 1. Evidence of some slope erosion from this seep
could be seen. In the vicinity of boring no. 2 there is a distinct lack of
tree growth and evidence of recent slide activity, including some erosional

scour. No tension cracks or water seeps were noted. An overview of the
area suggests that a fault may pass through the natural drainageway in the
vicinity of boring no. 2. This conjecture is based only on surface charac­
teristics, the unusual thickness of colluvium and talus in boring no. 2, and
conversations with Valley Camp mining personnel. The exploration borings
were not deep enough to confirm the fault presence. Vertical displacement
of the fault should not be significant, based upon visual observation of the
upper coal stratum outcrop.

In general, the backslope-above the upper portals appears to be in a nearly
natural condition. The slide area seems to be more the result of natural
weathering processes on a daylighting fault zone thana condition caused by
mining activities.

Sections A-AI and 8-8 1 (Figures 15 and 16) present simplified geologic cross
sections through boring nos. 1 and 2, respectively. The sections also show
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sample locations and types, as well as the existing slope configurations
above and below the borings.

3.3 BACKSLOPE ABOVE THE OFFICE/CHANGEHOUSE: Boring logs 3 and 4 indicate
that about 11 feet of colluvium and(or) talus overlie predominately gray
siltstones, shales, and sandstones. The bedrock strata are quite pervious,
and in some instances a ten foot core run required about 1000 gallons of
water to complete. In most cases, core runs were made with water loss of 75
to 100%.

Tension cracks, erosional scour, or seepage zones were not observed in the
vicinity of boring nos. 3 and 4. Surface vegetation was lush, and numerous
large trees indicated no evidence of slope creep. Except for the steep cut
slope behind the office/changehouse, the backslope appears to be virtually
natural.

The composite log of the cut slope behind the office/changehouse (Figure 7)
shows a section of competent bedrock units. The strike of the slope is
approximately parallel to the regional dip direction (to the southwest at

4°±), which is a favorable cut slope orientation. The same cut slope
continues to the northeast, and at a point above the waste water treatment
plant some potential for ravelling of the upper coal stratum may exist which
could precipitate a minor, shallow slide of overlying colluvium. Some
ravelling of the coal stratum above the office/changehouse may also occur.

Section C-C' (Figure 17) presents the generalized geologic section of this
slope.

3.4 CUT SLOPE NEAR THE COAL LOADOUT CHUTE: The log of this nearly vertical
cut slope is referred to herein as "B_]'I (Figure 8). Detail line maps
(Figures 9 and 10) present further data on fracture orientations. The
sandstone exposed in this cut is massive and extremely competent. The
overlying coal, however, has been cut quite steeply for about a 3-foot
thickness. The coal ravels from this portion of the section even in a light
wind. The gentler slope above the coal appears to be nearly natural to the

31/103 8



elevation of the existing tree line, although some evidence of erosional

scour can be observed.

3.5 CUT SLOPES ON THE HAUL ROAD: The haul road from Eccles Canyon travers­
es the east side of the ridge on which the Selina Mine is located. The
regional bedding plane dip direction to the southwest presents a favorable
orientation for the haul road cuts. Neither cut slopes perpendicular to the
dip direction" nor cut slopes parallel to the dip directions, have downdip
bedding planes daylighting into the slope faces.

Primary and secondary joint sets are prominent in many of the cut slope
faces and dips of the joints are generally quite steep, steeper than the
inclination of the cut slopes. The steep dip in itself often precludes the
possibility of plane shear failure because unfavorable joint planes do not
daylight in the slope face.

The primary joint set generally strikes north-south (±100) and has an

average dip of about 80° to the east. The secondary joint set generally
strikes east-west (±100) and has an average dip of 75° to the north.

The descriptions of cut slopes contained in this report (Figures 11 through
13) indicate only four relatively minor areas in which regular maintenance
or remedial measures may be required to stabilize cut slopes. These areas
will be further discussed in sections 5.0 and 6.0 of this report.
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4.0 LABORATORY TESTING
A laboratory testing program was established to determine the engineering
properties of soil masses and jointed and intact rock masses. Test results
were utilized to properly classify material types and to provide strength
parameters for use in slope stability analyses.

4.1 MOISTURE AND DENSITY DETERMINATION: Moisture and densitydetermina­
tions were performed on thirteen specimens. These data, found in Table 1,
provide information relative to the degree of saturation, compressibility
characteristics, and the mass weight of various stratigraphic soil and rock
units. These data are required for slope stability analysis.

4.2 ATTERBERG LIMITS TEST DATA: To properly classify soils in accordance
with the Unified Soil Classification System, the liquid and plastic limits
(two of the Atterberg limits) of seven representative soil samples were
determined. These data also provide indications of the susceptibility of
the soils to volume changes with changes in moisture content. Some refer­
ences (e.g. NAVFAC, DM-7, Department of the Navy, 1972) also correlate these

data with the angle of internal friction, ~, of a soil, and with certain
consolidation characteristics.

Table 2 contains the results of these Atterberg limits tests.

4.3 UNCONFINED COMPRESSION TESTS: Nine specimens of soil and rock were
tested in unconfined compression to determine the shear strength parameter,
c (unit cohesion), of those materials when ~ (angle of friction) is assumed
to be O. This is a quick, relatively inexpensive test method for obtaining
values of c.

Test results are shown in tabulated form in Table 3. The modulus of elas­
ticity is included, which is a function of the stress-strain curve, depen­
dent on the sample stress history, moisture content, density and other
factors. These data are also used in slope stability analyses.
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4.4 TRIAXIAL COMPRESSION TESTS: Three samples were subjected to lateral
confining pressures before an axial load was applied. These triaxial tests
(unconsolidated, undrained) require a high degree of specimen homogeneity
before the data points may be combined to provide accurate values for both ~

and c. In this case, the samples did not prove to be sufficiently homoge­
neous to provide such data, although ranges may be established for ~ and c.

These test data are also found in Table 3.

4.5 DIRECT SHEAR TESTS: Three multi-stage direct shear tests were per­
formed on jointed rock specimens to evaluate the shear strength parameters ~

and c of the rock joints. In a rock slope stability analysis, these data
provide parameters for a probable failure surface that would primarily.
follow existing joint patterns.

Test data are shown in Table 4, and more detailed direct shear test results
are contained in Figures 18 through 20 of this report.
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5.0 SLOPE STABILITY ANALYSIS
5.1 GENERAL: Recognized potential modes of slope instability consist of
plane shear, wedge, circular, and toppling failures. Such failures are
dependent upon many factors including the slope configuration, geologic
discontinuities, and physical characteristics of the stratigraphic units.

Laboratory data and (or) stratigraphic information from exploratory borings,
field reconnafssance, and field mapping were utilized to establish computer
models or stereographic projections by which the stability of various cut
slopes could be evaluated.

A computer program based on a limiting equilibrium analysis method (STABL,
Siegel, 1977) was used to evaluate the two major Selina Mine slopes: the
backslope above the upper portals, and the backslope above the
office/changehouse. Stereographic projection techniques were used to
evaluate the cut slope near the coal loadout chute and the major cuts along
the haul road.

For the computer analysis the most important consideration is the selection
of correct soil and rock shear strength parameters for each stratigraphic
unit. For the backslopes, the worst-case unconfined compression test result
of 8.5 psi was utilized for the colluvium/talus. A significant ~ angle was
estimated to be 18° from NAVFAC, DM-7. This ~ value was used to calculate
the value of c from the unconfined compressive strength test results. For
the weathered siltstones, direct shear test results on jointed rock, along
with unconfined compression tests of intact rock, were utilized to estimate
the shear strength. Since rock joints were noticeably absent in the rock
cores extracted in the drilling program, it was assumed that a potential
failure surface would have to pass through some intact rock. Therefore, c
was estimated to be a midrange value of 34.7 psi and 0 was estimated to be
38°. Groundwater and earthquake factors were not assumed to be significant
factors in the analyses. Moist unit weights were used for both soil and
rock.

31/103 12



5.2 ANALYSIS OF BACKSLOPE ABOVE UPPER PORTALS: The computer-generated
geologic models of the A-AI and 8-8 1 sections are included in this report as
Figures 21 and 22. The most critical failure paths passed through the
colluvium and(or) talus interface with the underlying bedrock surface. For
section A-AI, the corresponding factor of safety against slope instability
was 1.4. For section B~B' the factor of safety was 1.15 at the steepest
portion of the slope, just below boring no. 2. Failure surfaces extending
into bedrock materials had very high factors of safety, in excess of 2.5.

5.3 ANALYSIS OF BACKSLOPE ABOVE THE OFFICE/CHANGEHOUSE: Figure 23 presents
the computer-generated geologic model of the C-C 1 section. As in the
analysis for the adjacent backslope described above, the most critical
failure path passed through the colluvium and(or) talus interface with the
bedrock. The lowest factor of safety obtained was 1.9.

5.4 ANALYSIS OF THE CUT SLOPE NEAR THE COAL LOADOUT CHUTE: Stereographic
projections are long recognized methods of presenting kinematic tests for
·various modes of slope instability. Using the cut slope log "B-7" and
detail line data, stereographic projections were prepared for potential

shear plane, wedge and toppling failures (Figures 24 through 26). The
massive sandstone in this cut is extremely competent and joint orientations
generally appear to be favorable. Only that portion of the cut slope
striking S25°W shows a slight potential for failure in a toppling mode.
However, the adjacent portion of the cut confines this potential toppling
section, causing the entire slope to be safe.

5.5 ANALYSIS OF THE HAUL ROAD CUT SLOPES: The potential failure plane
described between odometer mileage readings 0.14 to 0.17 on Figure 11 does
not pass the kinematic· test for stability because the slope face is 3°
steeper than the 65° dip of the secondary joint set. Relatively minor
quantities of rock are found above the daylighting joint set.

The colluvium/talus described between odometer mileage readings 0.69 to 0.72
on Figure 12 indicates that the colluvium/talus is cut in the steepest
portion of the slope to an angle of about 65°. The thickness of this
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stratum is not known, but a stable slope configuration should be flatter, as
evidenced by the results of the Belina Mine Complex backslope analysis.

The potential failure surface described at the 0.86 odometer reading on
Figure 12 is located on a "nose", or peninsula-like rock feature. This type
of rock mass is the most susceptible to natural weathering processes, and it
is likely that the potential failure surface is a naturally occurtng phenom­
enon than a· result of "blast damage. II In any case, the potential failure

surface does not pass the kinematic test for stability.

At odometer
slope that
There is no

31/103

reading 0.92 on Figure 12, highly fractured rock may be cut to a
is slightly steeper than long-term stability would dictate.

laboratory data available to substantiate this possibility.
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6.0 CONCLUSIONS AND RECOMMENDATIONS
6.1 GENERAL CONCLUSIONS: Slope stability analyses have indicated that the
cut slopes in the area of mine facilities are, in general, stable. The
steeper portion of the backslope above the upper portals, represented by
section B-B 1

, is the only backslope that does not meet the required 1.3
minimum factor of safety established by the State of Utah for cut siopes
steeper than 2 horizontal to 1 vertical. It should be reiterated that this
so-called "unslable" condition may not be related to mining operations and
may rather be associated with natural geologic discontinuities.

The vertical 3-foot high section of coal above the massive sandstone exposed
in the cut slope by the coal loadout chute is too steep, and will probably
ravel or weather to an angle of about 34°.

For the most part, the haul road cuts were found to be stable. Four haul
road cut slopes described in section 5.5 appear to be too steep for long­
term stability, although the cut slope at the 0.86 odometer reading may have
had the potential failure surface develop long before the haul road was
constructed.

6.2 GENERAL RECOMMENDATIONS
6.2.1 BACKSLOPE ABOVE THE UPPER PORTALS: In the vicinity of boring no. 2
(section B-BI) the steep portion of the slope should be excavated to a
flatter configuration, perhaps 23°, which is the slope angle of the more
stable section A-A'.

Positive surface drainage must be directed away from the slope face, and the
slope should be smoothed and revegetated. Seepage water should be con­
trolled, possibly by gravel-lined diversion ditches.

In lieu of the above-mentioned remedial actions, seasonal maintenance of
slope or slide debris should be anticipated.

6.2.2 BACKSLOPE ABOVE THE OFFICE/CHANGEHOUSE: Some ravelling may occur
from the coal and siltstone strata, and maintenance provisions should be
anticipated.
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6.2.3 CUT SLOPE NEAR THE COAL LOADOUT CHUTE: The coal stratum above the
massive sandstone should be flattened to a slope angle of about 34°. The
gentler ~lope above the coal should be smoothed and revegetated to more
properly control surface water runoff. A diversion ditch on the trail above
the slope may further reduce the runoff erosion potential.

6.2.4 HAUL ROAD CUT SLOPES: Major cut slope failures on the haul· road are
not likely. More probably, natural weathering processes will remedy most of
the stability problems over a period of years, during which time seasonal
maintenance should be anticipated. However, flattening of the slopes
identified in section 5.5 should alleviate much of the scheduled road
maintenance. In any case, the identified slopes should be carefully
observed with monthly regularity, and more often during the spring thaw
period.
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Table 1

Moisture and Density Determinations

Boring Depth Sample Moisture Wet Density Dry Density
No. (ft. ) No. (% of dry wt) (PCF) (PCF)

1 5.0-6.5 1-1* 18.7 146.6 123.5
1 11.5-11-.8 1-3* 10.5 136.9 123.9
1 16.0-16.5 CORE 5.7 152.9 144.7
2 4.0-4.5 2-1 17.6 125.0 106.3
2 9.5-10.0 2-2 20.0 130.3 108.6
2 14.3-14.5 2-3 14.5 130.1 113.6
2 29.0-29.5 2-6 5.4 139.6 132.4
3 5.0-5.5 3-1 12.3 126.4 112.6
3 17.0-17.5 3-4 16.1 133.2 114.7
3 21.7-22.3 CORE 7.6 152.8 142.0
3 25.0-25.5 CORE 10.6 156.6 141.6
3 30.5-30.9 CORE 8.2 147.5 136.3

4 9.5-10.0 4-2 15.4 132.6 114.9

*Represents disturbed samples, and wet/dry density results may not be
accurate.
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Table 2

Atterberg Limits Test Data

Group
Boring Depth Sample Li qui d Pl ast ic Plasticity* Classi-

No. (ft. ) No~ Limit (%) Limit (%) Index (%) fication

1 5.0-6.5 1-1 38 27 11 ML
2 4.0-4.5 2-1 28 19 9 CL
2 9.5-10.0 2-2 35 19 16 CL
2 14.3-14.5 2-3 35 20 15 CL
3 5.0-5.5 3-1 36 18 18 CL
3 17.0-17.5 3-3 31 19 12 CL
4 9.5-10.0 4-2 29 18 11 CL

*Liquid Limit - Plastic Limit = Plasticity Index
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Table 3

Uncon;ined Compression Tests

Boring Depth Density Compressive Young's
No. (ft. ) Lithology (pcf) Strength (ps i) Modul us (ps i)

1 16.0-16.5 SILTSTONE 152.9 68* 7.3 x 103

2 4.0-4-.5 SANDY CLAY 125.0 8.5
2 9.5-10.0 SILTY CLAY 130.3 48 1.3 x 103

2 29.0-29.5 SILTSTONE 139.6 120 5.2 x 103

3 5.0-5.5 SILTY CLAY 126.4 42 2.2 x 103

3 17.0-17.5 SHALE 133.2 901 1. 5 x 103

3 21. 7-22.3 SHALE 152.8 4282 2.3 x 104

3 25.0-25.5 SHALE 156.6 1303 2.2 x 103

3 30.5-30.9 SHALE 147.5 61 1.1 x 103

3 59.6-60.0 COAL 76.8 1,540 1.3 x 105

4 9.5-10.0 SANDY CLAY 132.6 37 8.1 x 102

4 57.0-57.5 SANDSTONE 159.2 20,640

*Failure across healed fracture
lConfining pressure of 20 psi (triaxial test - uu)
2Confining pressure of 50 psi (triaxial test - uu)
3Confining pressure of 80 psi (triaxial test - uu)
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Table 4

Direct Shear Test Results*

Friction Unit
Boring Depth Type of Angle, 0 Cohesion

No. (ft. ) Lithology Joint (degrees) c (psi)

3 49.7-50.2 SILTSTONE 70°, OPEN 25.6° 28.3

4 20.5-21. 0 SHALE 0° OPEN 22.3° 30.7,
4 37.5-38.0 SILTSTONE n° OPEN 38.0° 15.5,

*Shear strength parameters for each sample were determined by multi-stage
tests, using five different normal stresses.
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PROJECT

.~~&~Mining Group Valley Camp of Utah, Inc.
Belina Mine, Carbon County

BORING LOG
Upper Portal Backslope

Borino'M.thod; 6-1 n. can I i nu o,a f II Oh t llU O. r Standard Penetrolion T. I' Borino Na. 1
Undisturbed SQi\ Sampler: 3-in.o.d. DaM aellllpl.r 14 O-Ib, Homm.rI 30- in. Fall !2-in.o.d. Split-barr. I Sampler Shill 1 af 3

w. Moistur. Conlenl. "'.1 O' Dry Oenaily. pcf Pen elrotlon Realalonc.: N-elowa p.r f a a t Oate: 9-13-83

EI. v a Ii on De pth Group
Oneriplion of Mol.riol. Sampl. Blows Remcirka

~ 9139.6 0 Symbol No,

CL Silty Clay: dark brown; 15-20% fine
Location -sand; very wet; medium plasticity;

-= medium stiff. Some organics. f- N: 7,226.26
9138.1 1. 5 _

~TOPSOil zone) W: 10,102.57

l CL
f-

SHty Clay: dark yellowish-brown; (on slope above
- 20% fine sand; wet to very wet; ventilation fan)
- medium plasticity; medium stiff. t-

9136.1 3.5

-=
CL \.

- As above but mottled with dark Hole cased to 13.5 t

.i grayish-brown and wet. with hollowstem auger.

- ....L9134.1 5.5 _
-K;L- Silty Clay: dark brownish-gray and

SPT -L N=ll- 1-1:~H & dark gray; wet; medium to high 7
-- ML plasticity; stiff. Some thin (l/8")

-:: coal seams,and zones of sandy silt. ~

9132.1 7.5 ---~H Silty Clay: dark gray and gray;- '""- moist; high plasticity; very stiff.-
-: f-

9130.1 9.5 _
CL- Silty and sandy clay: dark gray,

- yellowish bro~~, and brown; up to l)o.M 35- 1-2 r----- 25% fine sand; moist; low to medium 38-
-= plasticity; hard to very hard. Last

SPT 23
2-3" saturated from groundwater

1-3 47.
;; 70

....: perched on sandstone stringer from -,'- Groundwater @12.3'- 12.5 to 12.7'. (Weathered rock)- after 20 hours.--
9126.1

-::
13.5- -: Shale and Siltstone: silty and 94% Recovery-=: sandy clay; gray mottled with (diamond bit;

-: brownish-yellow; up to 25% fine - bentonite and D7-E
sand; partings every 8"+; soft rock. polymer)- NX--- core f--

- Run
....: III
-
:
- ---- 94% RQD-- - (10 pieces)---

9119.6 20 --
601 Figure 2



.~~~~~ Mining Group
PROJECT

Valley Camp of Utah, Inc.
Belina Mine, Carbon County

BORING LOG
Upper Portal Backslope

B0 r In0 "h·t II 0 d: 6·1 nco nIl nu au I ff 19 II lou 0 e r Stondord Penetration Telt Borinq No. 1

14 O-Ib. HammerI 30-in. Fall !2.in.o.d. Split-barre' Sampler Sh e et 2 of 3Undisturbed Soi I Sampler: 3-in.o.d. DaM lomple,

"'Moislure Conlenl, "1.100 Dry Density, pcf Penetrallon Rell.tance: NoSlo.,. per foot Date: 9-13-83

Ele. a Ii on o.e pt /I Group
O..·cription of Materials

I- 9119.6 20 Symbol

9113.3 20.3_ l\As before (shale and siltstone)

-=- Badly weathered sandstones and
. shales: brown and brownish yellow;
- very soft rock.

--:----

""""':
-.:
:
-

-:
-

-=:
-:
:

-=-:
--.-

9107.6 32 -
9107.1 32.5: Zone of broken sandstone.

-- CL- Shale and siltstone: silty clay; I-- ML gray and dark gray; moist; low to
medium plasticity; soft rock.

-

Sample Biowl
No.

NX
Corel­
Run
112

-

D&M 1-4 72
in 31

-
-

I-

Rem a rlil

56%. Recovery
(carbide bit;
bentonite and D7-E;
lost circulation at
21.5")

0% RQD

Added cellulose,
nut shell and more
bentonite to
drilling water:
began drilling wi
tricone bit at 23.9'
lost circulation;
continued drilling
with hollowstem
auger; tried triCOnj'
bit again at 29.0'
and lost circulatior
immediately.

....:;

- SPT 1-5 00 lin 3" N=100+

I-

I-

sandy silt; dark brown
brown; dry; slight
moderately soft ~ock.

Siltstone:
and grayish
plasticity;

-
9099.6 40 :

9102.6 37
9102.1 37.5 ::r-_---t_P_o_s_s_i_b_l_e_s_a_n_d_s_t_on_e -J

-ML
-

601
Figure 2a



BORING LOG

PROJECT

Valley Camp of Utah, Inc.
Belina Mine, Carbon County

Upper Portal Backslope

140-lb.Hamme,1 ~O-in.FolI IZ-in.o.d.SIlIII.barrel Sampler Shllt 3 of 3Undisturbed Soil Sampler; 3-in.o.d. Da"'sompler

w-Moisture Conlenl. ·,.1 D·Dry Densily, pef

Standard Penetration TI"

Plnet,ation Reslslance: NeBlow. per foot

Borlno No. 1

DOl I: 9-13-83

De pth

D&M 1-6 100 in 1"

El,varion

-9099.6 40 -
-

....:
-
~
:
-

Group
Symbol Oescription of Mo II rial,

As before (siltstone)

Sample Blow,
No.

-

Remarks

:-
9095.1 44.5 ----:

:
9093.6 46 -

----:
--

9091.6 48 -
----

9090.6 49

--

-
-
---
:--
--

-=-
--:--
--
-

....:

-
--

I -
I --

601

Sandstone (poor recovery with
hollowstem auger): s6ft to
moderately hard rock.

"'''----------------1
Siltstone, as before.

Sandstone: hard rock.

(Refusal of hollowstem auger with
carbide teeth, using CME-750 rig)

Figure 2b

-

-



.~~~~~~N Mining Group
PROJECT

Valley Camp of Utah, Inc.
Belina Mine, Carbon County

BORING LOG
Upper Portal Backslope

Boring Method: 6-ln. continuoul fllgh' ouoer S ton d o· r d Pen e I rot ion T e • I Borino No. 2

140.,b.Hommer! 3D-In. Fall l2-in.o.d. Splil-borrel Sampler SheelUndisturbed Soil Sempler: 3-in.o.d. DaMsompl.,

•• Moislure Contenl. "1.1 O' Dry Oensily. pcf Penetration Relillance: N'Blo.1 per foot Dote:

1 of 3

9-14-83

Remarkl

No groundwater
38 hours after
drilling.

Location -
N: 7,561.28
W: 10,196.59
(Active slide area)

(33% recovered)

~

-

-

....!­
~
19

5
I--

~
10

Sample Biowl
No.

D&M
2-1

D&M
[2-2

Description of MOlerioh

Silty Clay: very dark brown; 15-20%
fine sand; moist; medium plasticity;
medium stiff.

Silty Clay: gray and dark gray
becoming dark brownish gray; some
pieces of weathered sandstone; medium
and high plasticity; very stiff to
hard.

As before but more zones of
weathered sandstone.

CL&
CH

-
- CL&

...: CH

:-
-

6

..:
----

-:
:

-=-
:
-11..."'f.:::J---+ -I

-
12 _=+__r-w_e_a_t_h_e_r_e_d_s_a_n_d_s_t_o_n_e --1

-
:
--

Group
Symbol

o _ CL
--

..:
-
~

2. 5-r-_-.....,f----------------------!
- CL Sandy Clay: dark yellowish brown;

-- some pieces of weathered sandstone
3.5 __'"1---.[1\. (!,;" diameter).

CL
~ Sandy Clay: brownish yellow mottled

with brownish gray; 20-25% fine sand;
pieces of weathered sandstone;
medium plasticity; soft to medium
stiff.

Deplh

9224.1

9227.6

9226.6

9218.8

9218.1

Elevolion

~9230.1

-
-

-
5

D&M I--

2-3 . 6
~

9214.1 16
Weathered sandstone pieces.

9213.1 17

9210.1

CL,
- CH,
- &SM

-
20 --

Silty and sandy clay: brownish
yellow; wet; 5-35% fine sand; low
(sandy clay) & high (silty clay)
plasticity; stiff. Zones of badly
weathered sandstone (SM). SPT

2-4
3

ITr N=19

601
Figure 3 8



PROJECT

.~~~~N lV1ining Group
Valley Camp of Utah, Inc .
Belina Mine, Carbon County

Upper Portal Backslope
BORING LOG

Borlno Me Ihod: 6-'n. eonlinuoua fllghl Duger Slandard Penetralion T •• t Boring No. 2

Undislurbed Soil Sompler: 3-ln.o.d. DaM aompler 140-lb.Hammerl 30-jn.Foli !2-in.o.d.SPlll-bOrrt' Sompl., Shu' 2 of 3

w· Moislur e Contenl. ~.I O' Dry Oensily. pef Pe n etrollon Reslstone.: N-Blows p.r f 0 0' Dolt : 9-14-83

EIe ¥ a I ion De plh Group
Oneriplion of ,""otlriafs Somple Blows Remark.

'-9210.1 20 Symbol No.

CL, A.s before (silty and sandy clay with

- CR, badly weathered sandstone)
~

&SM

-:
-

- ~

-
9206.1 24 -

~-
~iltstone or sandstone: moderately..i hard rock; possible talus (no samples). r-

9204.6 2S.S-
..: CL, ~s before with thin seams of siltstone SPT 9

CR,SM --
9203.6 26.S= 2-S .-!-Q.

- l\- SO in 5".-: Weathered siltstone: sandy silt; N=60+: ~ray; moist; 15-20% fine sand; soft
-= o moderately hard rock. I--

..:.
D&M rli-

- 2-6 ~
: 40

-- ~

-
...: ~

9197.6 32.S-- As above but moderately hard to hard-
-: -
- rock (harder than above)
------

...: -
9194.6 35.5-

: SM& Badly weathered siltstone & sandstone:
-: ~

ML brownish yellow and yellowish gray; .
: wet; very soft rock.

...:
: SPT

::S~

I--- 2-7 18- ~=64- I--

46

9191.1 39 ~

Siltstone or sandstone: moderately
hard rock (no recovery).

601
Figure 3a



.~ ~~m.~ Mining Group
PROJECT

Valley Camp of Utah, Inc.
Belina MIne, Carbon County

BORING LOG
Upper Portal Backslope

80,lnO hI.thod: 6-ln. eonlinuoul fliOhl auo., Stondo,d P.n.',o"on T.sI 80,lno No. 2

140-lb.Homm.,130e in.Foll IZ-in.o.d.SPlileba,re, Sampl., Sh •• ,3 of 3Undistu,bed Soil Sampler: 3-in.o.d. DaM sampl,r

woMoisture Content, %1 OoO,y O.naily, pef P.netralion R'II,Ione.: NoSlows p.r fool Dol.: 9-14-83

-

-

-

SPT 2-10 100 in 305"
N=lOO+

Sompl. Blows R.marks
No.

Hollowstem auger
f- used as casing at

44 .ot; tried to hold
water head with,..
bentonite and
cellulose to see

D&M 12-8 IfQO if coring was
" possible; lost

f- head of water with n
30 seconds .

f-

f-

sandy silt;
moderately

End of Boring

O.seription of hlo I. rials

Weathered siltstone:
gray; moist; soft to
hard rock.

Weathered siltstone: as above but
mottled with yellowish brown and SPT 2-9 50 in 2"
yellowish gray; somewhat harder. ~--~---h~'=50+

-=

-

Depth Group
40 Symbol

- AS berore.
40.5:::r---+----------------~

-
-

--
.i---

...:-:
-=--

48 -
------
:

-=----:
-=
-
-
-

-
54.3

...:

-
-

-=
-
--
-

-
--

9182.1

9175.8

E Ie v a Ii on
_9190.1

9189.6

601
Figure 3b



PROJECT

.~~~~~~N Mining Group
Valley Camp of Utah, Inc.
Belina Mine, Carbon County

BORING LOG
Upper Portal Backslope

Borino Method: 6-'n. contlnuou. flloht Duo·r Standard Pen.trotlon T e .t 80rlno No. 3

Undisturbed S oj I Sompl If: 3·in. o.d. DaM 'Dmpler 140-lb.Hommerl 30-ln. Fall !Z-In.o.d. Split-barrel Sampler Sh e.' 1 of .3

w.Moi.'ure Content, "'.1 0- Dry .. Density. pcf Penetro,lon Resls,'once: N-Slow. per f 00' Oo'e:
9-15-83

(Ievo'ion 0. pI h Group
Oiscriptl on of MO',riol. Sample Blow. Remark.

~129.3 0 Symbol No.

CL Silty Clay: dark brown to brown; Location -
- 15 to 20% fine sand; moist; low to - N: 7,786.38

medium plasticity; organics upper W: 9,745.67- 12". (on slope above-
- changehouse)

- ..
9125.8 3.5 Hollowstem auger

CL& Silty/sandy clay with sandstone:..: ~ set as casing at

~
CH grayish brown; zones of hard 18.5'
w/ weathered sand compose ~ 20% of

~SM stratum; wet; medium and high D&M :- 21- plasticity; up to 30% fine sand 3-1 I-

~ in zones of sandy clay; very stiff t 25

:: to hard. No groundwater data
- - hole plugged at 18'

:: 24 hours after
9121. 3 8 - drilling.

- CL, Badly weathered siltstone&sandstone::- SM sandy clay matrix with pieces of- &ML moderately soft rock; brownish
yellow and brownish gray.

SPT 8- -
9118.8 10.5- 3-2 ~ N=42

- Weathered siltstone: gray; moist; 19
-

moderately soft rock.

9117.3 12 -
- CL Silty Clay: brownish yellow; wet;-- low to medium plasticity; stiff.-- Zones of claystone ::l:' 3-4" thick; i-

-- hard.-- ~ .---
~...: SPT

9113.8 15.5- 3-3 11 N=30- CL- Weathered shale: brownish yellow
f-

-: 19
CH becoming gray at 17.5'; moist;

: medium to high plasticity; very soft
...: to soft rock.

:: D&M 25-

I ..: 3-4 1.L
- 23 in 2"

I
-- NX...: - See following page- Core

I - for core data
9109.3 20 - Run!1-

601 Figure 4



PROJECT

~ MORRISON IVr· G Valley Camp of Utah, Inc.
. • KNUDSEN In;ng roup Belina Mine, Carbon County

BORING LOG Upper Portal Backslope

Boring ;'hthod: 6-ln eonlinuoul fll9hl 01l90r Standard Ponelralion To at Bo ring No. 3

Undislurbed Soil Sampler: 3-in.o.d. DaM lampler 14 O-Ib. HammerI 30-/n. Foil 12-ln.o.d. Splil-borro' Sampler Shoot 2 of 3

w" Moistur e Conl.nl. % I 0- Dry Oenaily. pef Ponelrolion Realatonee: N-Blo.a per f a a I Dole: 9-15-83

EgY<W:j ~ecf'h
Group

Oueriplion of Marerioll Samplo BlaWI RemorklSymbol No.
f- CL-CH As before9108.8 20.5- 97% Recovery- Weathered shale: gray and brownish !Cont 12% RQD (1 pi-ece)--- yellow; some interbedded sandstone lNX (Carbide bit;-- strata ::- 1-2" thick; partings at iCore "unlimited" water

- 2-3"; soft rock. Joints: 20.5' , ~un supply by siphon
moderately smooth, open, 100 dip; 11 from 12,000 gal.

- 21.7-22.3', closed 900 dip; 23.1- potable water
-= -

23.2' moderately smooth; 300 dip. storage tank; water
9105.3 24 VSandstone: brownish yellow; did not recirculate-

moderately hard rock. Joints: 24.2-
9104.4 24.9- . 24.4'moderately rough, open, 800

- :~iP; 24.6-24.7' moderately smooth,

9103.5 25.8- 45&600 ; 24.7'24.9', open, moderately
- mooth. 900 dip. ~

i\I'7eathered shale: gray and brown1.sh NX 52% Recovery

.: yellow; moist; soft rock. Core 15% RQD (1 piece)
Run I-

- Badly weathered sandstone & shale: 129101.3 28 - brownish yellow and gray; partings ~-
: every ~ to 2". Joints: 26.0' , open,

-= \ rough, 750 dip.
~

: Lost sample: very soft rock.
9099.3 30 - Weathered sr.aJ..e. S1.J..t:st:oneo.sanast:one:

: gray and brownish yellow; soft rock- partings ~-3". NX 78% Recovery- ~- Core 14% RQD (2 pieces)-- Run
-: #3

9096.3 33

: Sandstone: brownish yellow; hard;

9095.3 34 thin-bedded (1.5-3").

- 1\
- \.Jeathered shal.e and S1.l.tstone: gray -- and brownish yellow; soft rock;-- partings ~ to 2". Joints: 39.2' , NX
- I-

closed, 90°. Core 87% Recovery

~~n 0% RQD
-
- NX

~
Core ~

80% Recovery
Run 23% RQD (2 pieces)
/15

I-

9089.8 39._~ As below

601 Figure 4a



PROJECT

Valley Camp of Utah, Inc.
Belina Mine, Carbon County

BORING LOG
Upper Portal Backslope

Borin; "'efhod: 6-ln. eonllnuoua fll9hl oUger Standard Penetration Teat Borin9 No. 3

Undislurbed Soil Sompler: 3-in.0.d. DaM lampler

w·MoiSlur. Content. 841 O-Ory Oensily, pef

140-lb.Hammer! 30-in.Fali \2-in.o.d.sPIiI-barrel Sampler Shul 3 of 3

Penetralion Reilifonee: N-Blowl p., fool Date: 9-15-83

Rem'orka

As before

100% Recovery
46% RQD (8 pieces)

-

-

Sample Biowl
No.

Cont
NX -Core
Run
Jl r.

gray and brownish
Joints: 40.7 &

200 dip. Partings

Oueriplion of tol:II.,;all

Weathered shale:
yellow; soft rock.
41.3', open) rough,
every 2 to 12".

Siltstone: gray and brownish yellow;
moist; moderately hard rock. Joints:
48.5', open, rough, 00 ; 49.5-49.8',
3 pieces, rough, 700 ; 50.0', open,
moderately smooth, 20°. Partings
every 2 to 7".

:
- ~ ~

:: Core
-: Run f-

45.5_r----t------------------1lf6
--:
::
--
:

-=

O. pIll Group
40 Symbol

-----':
-

1
-

(Ievalian

9083.8

~089.3

---

82% Recovery
0% RQD

-

-

Very soft weathered shale

-
-::

--
51 -

-
52

:
--_+---t-------------------1NX
: Coal: thin bedded, moderately soft. Core

-: Partings every 1 to 3"; highly Run
_ fractured from 55.5' to 56.5'. fl7
------

...:
:
---
-1/

/:
-:
---------:

61 --9068.3

9077 .3

9078.3

601 Figure 4b



PROJECT

.~~~~~Mining Group Valley Camp of Utah, Inc.
Belina Mine, Carbon County

BORING LOG
Upper Portal Backslope

Borin; MI thod: &-In. c:onlinuoul flight auglr Slondord Plnltrollo" T I I' Boring No.4

Undisturbed Soi I Sompl er: 3·in. O.d. DaM 10lllpl.r '40.,b.Hommer! 30-in.Foli !2-in.o.d.Slllil.borrel Sampler Sh. e' 1 of 3

w-Moisture Content, 0;_1 0- Dry Oensity. pef Plnelrotion R'II,'once: NeSlows p.r fa 0' Dol.: 9-16-83

Ele v ati on Oepth Group O,"criplion of Maleriall Sample Blow. Remark.
'- 9176.1 0 Symbol No.

: CL Fill: silty and sandy clays; dark
- gray and dark grayish brown; medium Location -

.-: stiff. N: 8,031.57
9174.6 1.5 : W: 9,605.70

:

~
CL Sandy Clay: dark brown to brown;

25-30% fine sand; moist; low (on jeep trail east
- plasticity; stiff. of potable water

-: I- tank)
-

..: I-

9171.6 4.5

-: SM Sandstone cobble: top 6" badly
weathered. SPT .E.. N=50+

...: 4-1 45

9169.6 6.5 _
CL ::iLl. ty c.Lay: brownJ.sh yellow; 15-207--- fine sand; wet; medium plasticity; I- No groundwater

- stiff . 24 hrs. after
9168.1 8 - V Silty Sand: brownish yellow; 40-45% drillingI-- SM nonplastic fines; moist; dense-- (badly weathered sandstone cobble).9167.1 9 -

"- -- CL, SJ.lty/sandy clay, sandy silt, and-
...: ML, silty sand: hard soil colluvium

D&M ..lL
- &SM with pieces of rock. .12..-9165.6 10.5 : ML "-

4-2 50 in 2"-: Weathered siltstone cobble: brownis
9164.6 11. 5 : gray; moderately soft rock.

...: 1\
- Weathered siltstone with some

-=
sandstone: gray mottled with
brownish gray and brownish yellow; I-

- soft rock.-
-: I-

-= SPT L3L
Weathered shale & sandstone: 4-3 50 in 5"

9160.1 16 brownish yellow and gray wi bro~~ish N=80+
red; highly fractured; moderately
hard rock. Joints(all open): 17.5- NX 89% Recovery- 17.7', moderately smooth, 80°; 18.3- Corel- 34% RQD (4 pieces.- 18.4', moderately rough, 900 , 19.1- Run between 19.5'- &

- 19.3', moderately smooth, 200 &90°; 111 I- 25')
(4 pieces).

- I-

9156.6 19.;; As below

601
Figure 5



PROJE CT
Valley Camp of Utah~ Inc.
Belina Mine~ Carbon County

BORING LOG
Upper Portal Backslope

Borln;M.,hod: 6-ln. continuoul fll;ht Du;.r Stondard Pen.tratian T •• t Barlnq /110. 4

Undisturbed Sa;1 Sampler: ~-in.a.d. DaM.ampler 140-lb.Hammer! ~o-;n.FaIl12.jn.a.d.SPIIt.barrelSampl.r Sh •• t 2 of 3

w-Mai,'ure Can'en' • .,.1 O-Dry Oen'I'ty. pcf Pe .'ra'· R If" Bl f 9 16-83'''I n Ion e •• anc.: .. - ow, p.r oOf 001.:-

As before

96% Recovery
9% RQD
(l piece, below 27')

I-

~ont

Siltstone: gray; moderately hard
rock.

r'\.
.......or-;:S,a;";n:-::ldr::s::<,t"lo::-:n=-e~:--=D:r:-::o"='wn=-=~""'s=";nc::-"y=e'TIi"T"T-=o::"w:-~---:g::-:r::-a,..,y:::---I

and yellowish red; thin shale seams ~~
(1/8"); highly fractured in part; Cere'-
parts moderately hard. ~un

12 .--

9151.1

9149.7

9151. 9

Eleva'ion D.pth Group
_ 9156 . 1 20 -j.;:s,!..;ym~bo:.:.1 t-::----:-:D_.I_c_r_lP-:-t_io_n:-o-:;f_114_0_'._r_i_a_I._"""':""__-:-.....__-+s_a....!:~~:!;...I.~e_I_OW_.-l-__R_._m_a_r_k_I ~

: Weathered shale: gray, brownish
- gray~ very dark gray and very dark
~ grayish brown; moist; medium and ~~
_ high plasticity; zones of siltstone; ~~re

-: soft rock. 2" thick highly fractured "un _
: sandstone at 20.8'. Partings every ,1

..: 2 to 9". .

---
24.,£.,-:-+--+---------------_1

:
25 --

Badly weathered shale & siltstone:
gray mottled with brownish yellow;
highly fractured in part; very soft
rock. Partings every ~ to 3" (some
coal in partings). Joint: 29.6­
29.8'~ open~ smooth~ 900 •

~

"'ore
~un

-1--+--:-:-::------.:.-:-:--:------.--....--113
Siltstone: yellowish gray mottled
with brownish yellow; up to 35% fine
sand; moderately hard rock. Partings
every 2-8" with leaf fossils. Parting
with slickensides at 34': variable
dip of. partings above 34'~ 200 dip
below 34'. -

100% Recovery
39% RQD (8 pieces,
between 33 &.38')

Weathered siltstone: dark gray and
gray mottled with brownish yellow;
many multi-piece irregular joints;
cont ••••

I-

Figure Sa



PROJECT

.~r<W~~~~'lr Mining Group
Valley Camp of Utah, Inc.
Belina Mine, Carbon County

BORING LOG
Upper Portal Backslope

Borino ",'elhod: 6-1 n. eo nIl nil aliI f II Oh I Olloer Slandord Penelrolion T •• I 80rln; HI). 4

Undistllrbed Soil Sampler: ~-in.o.d. CaM lampler 140-lb.Hammer! 30-ln. Fall 12o'noood. Spill-barr. I S ompl.r ShOll 3 of 3

w-Moistllr. Conlenl. %1 D-Dry Denlily. pef P.nelrolion Reilitanee: N-BIOWI pe, f a a I Dale: 9-16-83

Elevalion De plh Grollp
Deaeripllon of MOI.,ioll Sample Biowl Rema,k.

f- 9136.1 40
Symbol No,

: Weathered siltstone , cont ..
·

-: soft rock with zones of very soft
rock. Partings every ~ to 3".

~
.

Joints: 39.5-39.6', open, irregular,
moderately smooth, 70-900 dip, 4 pieCE s.

-·
9133.1 43 - NX 95% Recovery~

· Siltstone: yellowish gray; moderatel 32% RQD (7 pieces,- Core
· hard rock. Partings every 2 to 5". between 43-44' &

9132.1 44 Run ...
45-50')

.ML 1\ #4 -
9131.1 45 Badly weathered siltstone: yellow~s11

~

brown; weathered to soil in part;

..: I~ery soft rock. Partings every ~ to
" ...

..: Weathered siltstone: yellowish brown
and gray; badly fractured from 47.5 ...

: to 48.0 and 49.0-49.4'. Partings
..: every 2-10". ...
· ----: '"9126.7 49.4. Claystone: dark gray; hard rock.-=--

- We ... 100% Recovery
9124.4 51.Z !core 50% RQD (5 pieces)
9124.3 51.l.!. f\weathered clay part~ng ~un

15- Siltstone: gray and brownish

-=
yellow; moderately hard rock becoming I-

softer. Partings generally every
- 2-3".--·-= ~

·
9120.4 .;:.55. o.

- Siltstone: brownish yellow; zones of ...
·: fine sandstone, badly fractured from

...: 59.5 to 60.0'. Partings every 2-12".,

: Joint: 57.5-57.8', open, rough,
- 60 0 , 4 pieces.-·:

...: I--
911.61 60 - End of Boring--

601 Figure 5b



BORING LOG

PROJECT

Valley Camp of Utah, Inc.
Belina Mine, Carbon County
Boring to Sample FilIon Pad

a0 r i noM e tho d: 6-1 n. eon tin u ou I f II 0 h t 0 u O' r Stondord Penetrotion Te.t Borin", No. 5

140-lb.Hommer! 30-ln. Foil 12-in.o.d. Spill-borrel Sompl., SheefUndisturbed Soil Sompler: 3-in.o.d. DaM lompl.r

"'Moisture Conlent, ".1 D' Dry Density. pef P. n • t rot ion R. 1.1 Ito n e .: N. Blow I p. r f 0 0 t Dote:

1 of 2

9-17-83

Somple Blow.
No

R.morkl

Location ­
N: 7526.24
W: 9092.96

E I. ¥ 0 I ion Depth Group
Deleription of MOllriols

1-8923.3 0 Symbol

CL Fill: silty clay with coal; very

- .wl dark grayish brown.
coal

8921.3 2 -
-

SM Fill: silty sand with silty clay;
- wi brownish yellow.

CL

-

~-
8917.3 6

:

: CL Fill: sandy clay; dark yellowish
- brown.

8916.3 7 : SH& Fill: pieces of sandstone and

-= CL sa:ldy clay; brownish yellow.
-
=-

1

2

3

4

I-

I-

~

~

~

!
I

i
I

I
I

Purpose of hole was I'

to obtain bag I

samples at 2.5' 1
intervals for 1
testing by Valley I
Camp to determine i

potential use of i
the fill for !
reclamation. Boring,
log is necessarily
rough because of
variations within
the fill.

No groundwater
24 hours after
drilling.

8912.3

8908.3

8903.3

601

-
11-

~- Fill: silty clay; dark yellowish 5CL

- brown. I------ I-

~ 6
- I----

I'" -
silty and sandy clay with

J _

CL Fill:-- pieces of wood and roots; very dark-: grayish brown. 7 -
:
--

8

Figure 6



BORING LOG

PROJECT

Valley Camp of Utah, Inc.
Belina Mine, Carbon County
Boring to Sample Fill on Pad

Ba, j n9 M, t had: 6·1 n. can f i" u au I f Ii 0hI. U 0' r St."dard P.",tratlo" T,.t Bo,lnO No. 5

140-,b.Homm,rl !O·in.FolI 12-in.o.d. Spill-barr, I Sampler Sh,,'Undislurbed Soil Sampler: !-in.o.d. DaM lampl"

.. -Moisture Content. % I0- Dry Oensity. pcl P,,,,trotlon R,si.'onc',; NoBloWI pi' 'oat Dale ;

2 of 2

9-17-83

EI, y a Ii on

8903.3

O,plh Group
Symbol

20 -----

Ducription of Materials

As before

Sample Blows
No.

9

R,markl

Fill: sandy clay; very dark grayish
brown.

Fill: silty clay with coal and
coal tailings; very dark grayish
brown.

8901.3

8897.3

22 -_+---+-----------------~

CL
- wi
- coal

...:-
~-

26 -=+---+-------------------l
~ CL

-:
--

-=:
-

10

11

12
I-

8893.3 30 .

---
-

..:
----

-=------
~

------
-

-
-

-
--

601
Figure 6a

I-



PROJECT

.(@ ~~~~%<;r Mining Group Valley Camp of Utah, Inc.
Belina Mine, Carbon County
Composite Log of Cut Slope

LOG OF ·CUT SLOPE Behind Changehouse-

Borino Melhod: 6·ln. con';nuoul fllghl luoer Slondard Penelralian T e • I Bo,lno No. 6

Undislurbed Soil Sampler: 3-in.o,d. DaM IImpler 140-lb.Hammer! 30-ln.Fali 12-ln.o.d.SPIII-barrel Sampler Shllt 1 of 2

.,-Moistur. Contonl, % IO· Dry Oensily. pcf PlnelrOlion Reslslanc.: N'Blowl pe, fool Dote ; 9-17-83

EI•• I I. on Oe plh Group
Oescriptlan or Mo Ie riah Somple BIOWII RemorkaSymbol No.

~9042* 0 - Sandstone: hard; fractured in part.-- Composite log of--: I- cut slope behind
9040.5 1. 5 : the changehouse,

...::. Siltstone ~ at the center of- the building.9039.5 2.5 -

-: Sandstone: hard; joints strike Depths shown in
N80W with dip 70-900 N. log are estimated

9038 4 : only, from the base
f- of the coal stratum.- Siltstone

9037.5 4.5 :

-: Sandstone: hard, as before. I-

:
9036 6 -

~- Shale and siltstone: hard.---
-: ...

9034.5 7.5 - Log begins-
...::. Sandstone: as before, but Coal- secondary joint system strikes 34°-

N20E and dips 800 E.
-_ ...

9033 9
- Alternating zones of sandstone and- siltstone.

Sandstone
- with siltstone.

-: 69 0 +50-
9030 12 - Thin-bedded .~

12.S= Coal silt~tone&sandstone:
9029.5 masked by raoelling- Sandstone: hard, as before.- (Range:45-70 ) 570 ~
9028.5 13. ~

Sandstone with--
siltstone-: Sil tstone: thin-bedded (~ to 2"); 700

- soft rock. Source of'erosion,--: ravelling, and undercut.
- Generalized section
--

-: ...
--

9025 17 - t-
: Sandstone ;mil siltstone: 1-6" thick-- bedding; joints strike NI0E, dipping- I-- 85OE.

~ I-

-
9022 20 :
*Elevation estimated from topographic map
601 Figure 7



.(@~~~~ Mining Group
LOG OF CUT SLOPE

PROJECT

Valley Camp of Utah. Inc.
Belina Mine. Carbon County
Composite Log of Cut Slope
Behind Changehouse

B0 rift; M. I hod: 6-1 n. e on II n II alii f II ; h I a II ;. r 'Standord Penelratlon Te.' Borin; No. 6

140-'b.Hommorl 30-ln.Foll !2-in.o.d. Split-barrel Sampler Sheel 2 of 2Undistllrbed Soil So.mpl.,: 3-in.o.d. DaM lampler

",-Moistllre Conlont, e'el DoOry Densily, pef Penetration R.sistanc.: NoBlowl per foot· Oat.: 9-17-83

Elevatian

- 9022

9016

601

Deplh Group

20 _ Symbol

i
---

-=-
~
-

...:
----:--

26 -
--

-:
-

-

-=

--
----

-=:---
~

-:
--

...:
:-
~
-=:---:
-=----

Oescrlplion of Material,

Sandstone with some siltstone:
massive in part (bedding 1-3" thick.
and up to 24" thick); pr.imary joints
strike N10E. dipping 8SoE; secondary
joints strike E-W with dip 8SoN.
The 24" thick bedding is actually
very tight thin-bedded sandstone.

Bottom of slope cut

Figure 7a

Sompl. Blows
No.

-

-

Remork'



.~~~~~~N Mining Group
LOG OF CUT SLOPE

PROJECT
Valley Camp of Utah t Inc .
Belina Mine t Carbon County
Composite Log of Cut Slope
East of Loadout Chute

Bar i II aM, I hod: 6-1 n. eo II t I II U ou I f II a II I • u a' , Stalldard P,",tratlan T'lt Barlna No.7

f40-lb.Hammer! 30-ln.Fall 12-in.a.d.SPlit-barr" Sampl,r SheetUlldisturbed Soil Sampler: 3·ill.o.d. OaM sampler

w' Moisture COlllelll. '41 O' Dry Oellsily. pcf Pellelralloll Reslslallce: N-Blow. per foot Oate:

1 of 1

9-17-83

-
2 -~---+---------------------1

R,markl

Composite log of
vertical cut slope I

1

(at the center of i

the cut) near the
coal loadout chute. ~
Depths shown in logj
are estimated only, :
from the top of the!
"vertical" section. I

Log of cut was made
at point Dl of the
first detail line
(see boring locatio~
plan).

-

-

I-

I-

-

I-

-

I-

-

-

I-

I-

Sample Blowl
No.

Base of cutr

Oueripllon of Materia"

Coal: cut almost verticallYt ravels
in light wind.

Weathered shale: dark yellowish
brown.

Sandstone: massive; hard rock;
yellowish brown.

Group
Symbol

:
-

-

-

-
--

-:
--

-=---
~
:

-=-
:

-:
:

-=--

Oe plh

o

3.5

11
11. 2-t----{ Bedding plane filled with weathered'1\sandstone.

Sandstone: massive t as before •
--
...:-------
~

---
--

-=
-/

~-----
~

25 :

EIe" a ti on

8947

8945.5

8938
8937.8

8924

f-8949*

t~evation estimated from topographic map Figure 8 .



T-'f)RRISON-KNUDSEN INC.
.TA SHEET FOR DETAil LINE MAPPINC

LI NE NO. D1 TREND S550 W PLUNGE 00 ELEV. 8929

W.O. NO. 1630-02

PROJ ECT Valley Camp

LOCATION Belina

PAGE 1 OF 1- -
BY. ';ale

OAT E 9-17-83

LINE ROCK STRUCTURE GEOMETRY WIDTH FILLING W REMARKS
INIElf1PT lYPE TYPE STK DIP MD P LENGTH ± OVERLAP TL Tu R ( )

1D1(NE end)

0 SJ S60W 90 PL 5 ' R N SM

5 SJ S25\o1 84E PL 4' N R SM 1.5" Clay
9 >-< S3 W 75N VV 2" R N RH~

--
11 z SJ S65H 80E PL 14 ' N N SM'j

25 H SJ S 90 PL 3 ' N R SM~
28 :> SJ ,oJ 83N ilL 16' N N SM becoming J H0

39 ~~ SJ - 58E - -- R R --
44 @~ S3 S15W 87\01 PL 1 ' N R SM

45 ~~ BLJI ST D!\MAG ~D , OINT
45.5 Ul~ SJ S35W 86E N 1.5 ' N' R RHwR
47 ~p:: BL" f:iT D!\MAG ~D }ASSIVE RO( K TO 62'.r; .,

62 $~ SJ S75'oJ r>4S t>L 2' R N SMc;
63 fiLA~T D[\MAG ~D }ASSIVE RO( K TO 83'

83 S3 S S4E L 2' N R SM
85 BLA 5T DtillAG D t ASSIVE ROl K TO 90'

-
90 (D1' , SW End: at a poin 14 NE of ~ of loadc ut chute dr ve t:~rpendicular to c)

MD = MINIMUM DIP
GEOMETRY

P=PLANARITY: PL WV R=ROUGHNESS:SM H

= TERMINATIONSTL Tu

TYPEROCK TYPE ABBREVIATIONS

WATER: 0= DRY, W = WET, F= FLOWING
FILLING ABBREVIATIONS

N NONE
L <200

R IN ROCK
N NONE
E ENECHELON



· HORRISON-KNUDSEN INC.
, TA SHEET 'FOR DETAiL LINE MAPP!NG

LI N E NO. D2 TREND S250W PLUNGE 0° ELEV. 8929

W.O. NO. 1630-02

PROJECT Valley Camp

LOCATION Belina

PAGE 1 OF 1- -
BY Cale

DATE 9-17-83

LINE ROCK STRUCTURE GEOMETRY WIDTH FILLING W REMARKS
INIEf~.~PT TYPE TYPE STK DIP MD P LENGTH ± OVERLAP TL Tu R ( )
D2 (N en':)

0 ~ SJ -- 70N PL -- N R SM;::;

0 ~ SJ S25W 76W PL 21' N N SMI:Q

21 til SJ N85E 73S PL -- N R SH 1.5" Open<I;

21 ~ SJ S20W 80W PL 7 ' N N SMw

28 0 s.} E 78S WV 1 ' N R SM 12" Clayf-t

29 .~ 0 SJ S15W 83E PL 23 ' N R Sf-Iz
~5 .... ._~

FAr.F. 7 'T.n51 KI II\S' Ur. --
52 SJ SISW 7SE PL 8' N R 8M
60 (D2' , SEnd; at c point 10' fro ~ D on the s me slope)

ROCK TYPE ABBREVIATIONS STRUCTURE TYPE GEOMETRY
ISJ SINGl E JOINT MD = MI NIMUM 01 P
FT FAULT P=PLANARITY; PL.WV R=ROUGHNESS:SM,RH
CT CONTACT

Tl Tu = TERMI NATIONS
WATER: 0= DRY, W=WET. F= FLOWING H >20 0 R IN ROCK

FILLING ABBREVIATIONS L <20 0 N NONE
N NONE E ENECHELON



Odometer
. Mileage

0.0

0.14-0.17

0.21

0.32

0.37

0.42

0.44

0.52

Geotechnical Mileage Log of Cut Slopes
Valley Camp o~ Utah, Inc.

Belina Mine Haul Road
Section 19, R7E, T13S, Carbon County, Utah

Description

Road begins on north side of Eccles Canyon..

*Evidence of movement along se~ondary joint set on 20-25'
high 68 0 cut slope.

Secondary set strikes E-W with dip to N @650
(Primary N-S + 100, dip to E @75-900 )

Strike of slope S530 E at this point.
Bedding dips into slope (SW dip direction & 40 dip)

40' high cut (above slide area) with 650 slope angle. Upper
portion has some overhanging rock, and cobble zone at top will
produce some rockfall.

Primary joints strike N-S + 100, dip to E 75-900

Secondary joints strike E-W + 10°, dip to N 70-90°
Bedding dips into slope

Same cut as above, but 30' high "nose" with weathered sandstone
°and siltstone cut at 45 to depth of 10', and competent sand-

stone cut to 600.
Primary joints of competent sandstone strike NIOoW to N200E,

dip 72-780E
Secondary joints strike E-W ± 100, dip N 60-650.
Bedding dips into slope

Center of 20' high 45-50° cut in competent sandstones.

10' high "nose" (with same joint sets as described below at
mile 0.52) will weather/ravel to smoother slope.

Beginning of cut described at mile 0.52.

°Center of 70 , 25' high (500' + long) cut with 6' weathered
rock on top of competent sandstone and siltstone. Parts of
weathered rock section may be cut too steep, but natural
weathering will remedy.

Primary joints of sandstone strike N30W, dip 84°E
Secondary joints strike N800W with dip 90° ± 5°
Bedding dip is into the slope.

*Indicates areas that may require regular maintenance and (or)
remedial work.

,

Figure 11



Odometer
Mileage

0.57

0.61

0.69-0.72

0.74

0.86

0.87

0.92

0.97

Geotechnical Mileage Log of Cut Slopes, cont.

Description

Drainageway

650 , 12' high cut in competent rock with dip into the
slope.

*25' high cut in possible colluvium/talus on 650 slope with
concave face. May be a potential slide area: top of slope
could be flattened but revegetation would be essential.

Major drainageway

*Possible blast damaged "nose" rock section. 15' high that
may creep on an open, potential failure surface (which might
continue beneath the road section) with a strike of S600Wo .
and a dip of 42 E.

20' high cut in very competent sandstone. Strike of cut
parallels primary joint set (N-S + 50 with dip of 82oE).
Secondary set strikes E-W with 900 dip.

*Possible fault? Rock is highly fractured in 40-450 , 20' high
cut. Evidence of soil creep and erosion. Soil cover will
continue moving (perhaps 3-4' thickness)

Heavy soil cover on slope described at mile 1.02, but some
competent rock strata still visible. Cut is 48°

1.02 20' high, 600 cut in rock
Ylith 1-8" thick bedding.
dip direction.

composed of sandstones and siltstones
Most of cut is perpendicular to SW

1.06

1.07

1.12

1.23

Drainageway

15' high, 55
0

cut in competent rock.

15' cut with weathered rock (top 5') over competent rock with
dip into the slope.

Some ravelling evident at beginning of slope described at
mile 1.32.

*Indicates areas that may require maintenance and (or)
remedial work.

Figure 12



Odometer
Mileage

1.32

1.40

1.42

Geotechnical Mileage Log of Cut Slopes, cont.

Description

o15' cut, 42 in weathered rock (top 6') and competent
rock with dip into slope. Some ravelling will occur from
the top of the cut. At mile 1.28, primary joint set strikes
N100 E with dip of 850 E.

20' high cut, 35
0

in weathered rock, 55
0

in competent rock
(sandstone/siltstone) with primary joint set striking parallel
to the haul road (ZN-S) dipping at 85

0
E.

Fork in haul road leading to upper and lower portals of the
Belina mine.

Figure 13



B-2
(9230.1)

Weathered
Siltstone

B-4
(9176.1)

-=­
45.5 i Siltstone ­
62.0 Coel
61.0
Composite log

B-6 (==-8042)

oHORIZONTAL: 1" =100'
VERTICAL: 1" =40'

1\e 10na1 Dip

25.5~ Tal~ .

40•.5 ~ Weathered SI~tone WISand8tone

/

:: Weathered Siltstone
54.3 ~

B-1 .

(9139»

Talu8
12.5
Badly Weathered Shale,
SlIt8tone,& Sand8tone
32.5. ;

... Shale & Siltstone
J

9240

9220

9200

9180

....
9160...

II.....
c 9140
0-..
III

9120>•-w
9100

9080

9080

9040

9020

9000

VALLEY CAMP OF UTAH, INC.
BELINA MINE, CARBON COUNTY

GENERALIZED BACKSLOPE SECTION

FIGURE 14 ..



......-IL
c
a-II
>
III-ILl

I ,"

9200

9150

9100

9050

Silty Clay

Colluvium

Shale

Shale &
Siltstone

20.3 -:;-=
Badly Weathered ?=
Shale & Siltstone, =-~

Sandstone I
32

Shale &
Denotes Apparent Dip 01 Bedding --~...... Siltstone

( In Section Perpendlular To SW Dlp'----'- """""-~ ......._r- .......

Direction) __------:~~~~... _

SPT(1-1)

N =11
D&M(1-2)
SPT(1-3)
N =10

NX Core 94% Rec,94% RQD

56% Rec,O% RQD

Groundwater At 12.3'
24 Houra After Drilling

Ventilation
Fan

A'

9000
o 50 100 150 200 250 300 350

Horizontal Distance ,(Ft.)

VALLEY CAMP OF UTAH, INC.
BELINA MINE, CARBON COUNTY

UPPER PORTAL BACKSlOPE SECTION A - A'
FIGURE 15

400 . 450 500



........
11.......
c
o-..
III
>
tI-W

9270

9220

9170

9120

9070

.9020

Denote8 Apparent Dip Of Bedding

t In Section Perpendlular To SW Dip
Direction)- ----

Weathered Siltstone
W/Zonea Of--=-W8iithe.r d
Sandstone

SPT(2-9)
N=60+~ _

64.3""'--- SPT(2-~~) "--JMachlne
N:100+ Sh. op

o 50 100 150 200 250 300 350

Horizontal Distance ,(Ft.)

VAllEY CAMP OF UTAH, INC.
BELINA MINE, CARBON COUNTY

UPPER PORTAL BACKSLOPE SECTION B" B'
( ACTIVE SLIDE AREA)

FIGURE 16

400 450 500



Office

Changehouse

---
82" Reo.

0" ROD

Continuous NX Core

91" Rec•

12'J. ROD

52'J. nee.

15'J. nOD

78'J. neo._ (Lost Sample28'-30')

14" ROD

87'J. neo.,O'J.ROD
80~Ree.

23" ROD Composite log

B~6 : See 80rlng Log For

Generalized Section

.,~:~: -=-
COAL

-

8-3
o z~

Silty Clay Colluvium '~~

3.5 'l7­
SPT(4-1) As Abo-Se ~7-/.
N - 50.. W/Plecea Of 7-0-A

- Sandstone ~A~

O&M(4-2)& Siltstone ~"z1°·5 ;::;
SNP}(4-3) Weathered -::.-=­

- 8M Siltstone & --:::::
Continuous Shele :<£
NX Core / :;..':.~~
89" Rec. 3~. ..,-:>-
34" ROD ~

8 3 24.0 .-: .
98'J. Re:. Weathered-'::::
9'J. no Shale W/ ~-=

andetone ~
--::::---

100" neo.

150'J. nOD

8-4
° , ~

Silty CI.y Colluvium ,~0

4.5 ~I ,,0,
Aa Above W/Sandatone 'W1}

& Siltstone CObb':s ~~

/

,M,
11.5

Weathered SIItatone
I

Shale & Sandstone

8-4'/

11.5

Jeep Trail

\

c::
. Siltstone, \we.thered ~

In Part ~

_-5
Denotes Apparent Dip Of Bedding -:.~

( In Section Perpendlular To SW Dip ~

~
.......

Direction) 9.4 ~
. Clayatone IS I - -7--" -SlItetone

9220

9170

9020

9120

9070

c
o
:;::
III
>

"-U.I

.........
lL-­.

eo

8970
o 50 100 150 200 250 300 350 400

Horizontal Distance ,(Ft.)

VALLEY CAMP OF UTAH, INC.
BELINA MINE, CARBON COUNTY

UPPER PORTAL 8ACKSLOPE SECTION C - C'
FIGURE 17

450 500



100

BORING NO.3 , ,
DEPTH 49.7-50.2

VALLEY CAMP OF UTAH, INC.
B'ELINE MINE

DIRECT SHEAR TEST ON DISCONTIUITY :

SILSTONE " 70° OPEN JOINT
FIGURE 18

80

60
(fj
a.:
(/)
en
w
0::
to-
(/) 40
ct
w
:c
(J)

20
C=28.3

20 40 60 80 100 120

NORM AL STRESS p'S.I.



BORING NO.4
DEPTH 20.5'- 50.2'

100

80

60
vi
a.:
en
en
w
0::
I­
m
« 40
w
:c
m

20 C=30.7

VALLEY CAMP OF UTAH, INC.
S'ELINE MINE

DIRECT SHEAR TEST ON DISCONTIUITY :

SHALE, 0°, OPEN JOINT

FIGURE 19

20 40 60 80 100 120

NORMAL STRESS p'S.I.



100

80

60
u)
a.:
(I)
CJ)

W
0::
t-
(I)

ct 40
w
J:
(I)

20

BORING NO.4
DEPTH 37.5'-38.0'

C =15.5

o

VALLEY CAMP OF UTAH, INC.
BELINE MINE

DIRECT SHEAR TEST ON DISCONTIUITY :

SILTSTONE, 77 0 OPEN JOINT

FIGURE 20

20 40 60 80 100 120

NORMAL STRESS P'SJ.



o
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If'l
<\I

o
It)

,... "­
1-00
IJ...-
'--"

1-0
IO
(jiO
...... <\1
w­
I

o
It)

o
o

Failure surface
safety factor = 1.4

.-+------..----.,.------..----...,.-----,-----r-----,r----...,
0 0 • 00 62.50 125.00 187.50 250.00 312.50 375.00 437.50 500.00

HORIZONTAL DISTANCE (FT)

Valley Camp of Utah, Inc.
Selina Mine

Computer Generated Geologic
Model of Section A-A

Figure 21



o
o.
If)

"

10
<'II

......."WOO
I

.
n
~

o
o

Failure surface
safety factor = 1.15

.+------r'----,....------,-----y-------r-------,r-----r------,
0 0 • 00 43.75 87.50 131.25 175.00 218.75 262.50 306.25 350.00
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