
WASTE ROCK PILE SLOPE STABILITY ANALYSIS,
SKYLINE MINE

Prepared for

CANYON FUEL COMPANY
Skyline Mine
Scofield, Utah

February 2007

Prepared by

EARTHFAX ENGINEERING, INC.
Engineers/Scientists

Midvale, Utah
www.earthfm.com

a - r -- -
t - . u
7^tl,!
t f  l t
I t

\\t/
L-J

EarthFax

ilcHAmtB.
WHITE
(frbaat-



Canyon Fuel Company
Skyline Mine

Waste Rock Slope Stability Analysis
February 15,2007

TABLE OF CONTENTS

Section
CHAPTERI_INTRODUCTION .................1

CHAPTER2_METHODS ... . . . . . . . . .2

2.1 BISHOP'S METHOD OF SLICES.... . . . . .  . . . . . . . . . . . . . . .2
2.2 SLOPE FAILURE MECHANISM...... .....3
2.3 SLOPE GEOMETRY .................3
2.4 MATERIALS PROPERTIES .....5
2.5 GROUNDWATER.......... ..........5

CHAPTER3-RESULTS . . . . . . . . . . . . . . . .6

3.1 DRAINAGE LOCATIONS OF PHREATIC SURFACES ..............6
3.2 SLOPE STABILITY RESULTS......... ......6

3.2.LCurrent Waste Rock Pile ...... .......6
3.2.2 Westward Expansion of the Waste Rock Pile to the Pond Area .......7
3.2.3 Expansion of the Waste Rock Pile to the Lease Boundary ....... .......7
3.2.4 Roadcut Switchback S1opes.......... ...........8

3.3 DISCUSSION OF RESULTS .....8

CHAPTER4_REFERENCES.... . . . . . . .  . . . . . . . . .9

LIST OF FIGURBS
Figure
1. General Location Map
2. Illustration of Bishop's Method of Slices to Determine the Factor of Safety (FS) Against

Rotational Shear Failure
3a. Map of Waste Rock Pile: Current Configuration
3b. Map of Waste Rock Pile: Expanded Configuration
4. Northeast Profile
5. Northwest Profile
6. Expanded West Profile, 2.2H:lV Outslope
7 . Current West Profile, 2H: lV Outslope
8. West Profile Filling Existing Pond, 2H:lV Outslope

EarthFax Engineering, fnc.



I
I
J
I
I
I
3
I
I
I
I
I
t
I
I
I
I
t
I

Canyon Fuel Company
Skyline Mine

Figure
9. Roadcut Switchback Profile

LIST OF TABLES

Table
l. Summary of Slope Stability Analysis Results

LIST OF APPENDICES

Appendix A - Geophysical Report
Appendix B - Slope Stability Calculations

Waste Rock Slope Stability Analysis
February 15,2007

LIST OF FTGURES (CONTTNUED)

EorthFax Engineering, fnc.



T
I
T
I
t
I
I
I
I
I
I
I
t
I
I
t
I
I
I

Canyon Fuel Company
Skyline Mine

Waste Rock Slope Stability Analysis
February 15,2007

WASTE ROCK PILE SLOPE STABILITY ANALYSN
SKYLINE MINE

CHAPTER I

INTRODUCTION

The Canyon Fuels Skyline Mine Waste Rock Pile (WRP) is located at a former open pit

mine approximately 0.5 miles east of the town of Scofield, Utah (see Figwe l, General Location

Map). Waste rock has been stored inside the pit, as well as on its surrounding slopes. The

former pit is almost completely filled, ffid plans exist for expanding the WRP above and/or to

the west of the former pit. The construction and reclamation design of the expanded WRP will

conform to the regulations detailed in Utah Administrative Code R645-301-500. This report

presents slope stability analyses for the WRP in its current state as well as for its potential

expansion.

EarthFax Engineering, fnc.
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CHAPTER 2

METHODS

2.I BISHOP'S METHOD OF SLICES

Slope stability was evaluated using Bishop's Method of Slices. This method is a limit

equilibrium analysis that calculates a factor of safety (FS) against rotational shear failure based

on the ratio of forces that cause and resist failure. An FS of I .0 would indicate that the driving

and resisting forces are equal, and that failure, if it has not already occurred, is likely. A

minimum FS of 1.5 is required for all waste rock pile slopes to meet the requirements of R645-

30 r -500

Bishop's Method of Slices tests various circular failure planes with radii that are centered

at various distances above the slope. The FS is derived by calculating the moments of numerous

vertical slices within the failing arc of soil about the center of the circular surface. The method

applies strength (friction angle and cohesion) and density data for each soil type. The method

also accounts for pore water pressures and the presence of a phreatic surface. Figure 2 shows a

typical diagram of how Bishop's Method of Slices is applied. The computer program STABLE

for Windows (M.2. Associates,2002) was used to perform the numerous calculations required

to find the critical failure surfaces and their respective FS values.

The material properties characteristics and slope geometry incorporated into the slope

stability model were based on the topography of the former pit, waste rock soil strength analyses,

geophysical and soil sunrey interpretations, ffid engineering/geologic assumptions of the site.

The data and assumptions used in the model are detailed below.

EarthFax Engineering, fnc.
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2.2 SLOPE FAILURE MECHAhTISM

Waste Rock Slope Stability Analysis
February 15,2007

The most likely scenario to cause slope failure at the waste rock pile was determined to

be the presence of a perched groundwater table within the waste rock or based along the original

ground surface. This is a common cause of slope failure in mine waste rock piles. A slope

failure occurred at this waste rock pile in Spring t997 in which a small seep was observed near

the toe of the slope, while groundwater in a nearby well was recorded at nearly 100 feet below

grade (Harding Lawson Associates, 1997). Thus the slope stability model used in this analysis

incorporates a perched phreatic surface above the original ground surface to model the critical

slope failure condition.

2.3 SLOPE GEOMETRY

Slope stability was modeled along four representative profiles of the existing and

expanded WRP. The profiles consider the possibility that the WRP will be extended upwards

from its current top elevation of approximately 8,050 feet to the current lease boundary at an

elevation of approximately 8,150 feet. The profiles also consider the possibility that the WRP

will be expanded outwards to the west so that the area of the existing sedimentation pond is filled

so that it joins the existing WRP.

The geometry used in the slope stability model was derived from topographic survey

data, geophysical data, soil test pit data, and site observations. The location of the former open

pit mine was taken from a map of the pit that was drawn in 1982 (Coastal States Energy

Company, 1982). The presence of this pit is also evident in the results from a seismic refraction

survey performed at the site during fall2006 (Clement Drilling and Geophysical, Inc., 2006a; see

Appendix A). Except for the former pit, the depth to bedrock below the native soil (original)

ground surface was assumed to range from 6 to 20 feet, and was based on the results of a soil

survey performed at the site in December 2006 (Clement Drilling and Geophysical,2006b).

EorthFax Engineering, fnc.
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Figures 3a and 3b shows the locations of each of the four profiles used to model the

stability of the WRP. Figrnes 4-9 illusfate the geometries of eachprofile, which are briefly

described below:

NE Profile: The area represented by this profile will be used for waste rock storage only
if the WRP is expanded to the lease boundary. The profile includes an access road at the
bottom and a 2H:lV (26.6") slope up to a gently sloping area at the top of the WRP. (See
Figure 4)

ll-W Profile: This profile represents the bulk of the existingwRP which has been placed
inside the former open pit. The former pit measures betweenZl and 75 feet deep and up
to 65 feet wide. Waste rock has been piled from the drainage bottom to near the top of
the former pit at aZH:lV (26.6o) slope. If the WRP is expanded up to the lease
boundary, it will be extended upwards for approximately 100 feet at the same slope, with
a road cut at an elevation of approximately 8,060 feet. The underlying native soil surface
above the former pit was taken to be 2.6H:lV (21.0o), based on the steepness of adjacent
slopes. The top of the extended WRP will slope gradually to promote positive drainage.
(See Figure 5)

W Profile - Expanded: This profile had been modeled as two scenarios. The first
scenario, which is depicted in Figure 6, represents the area on the western edge of the
current WRP following expansion of the pile up to the elevation of the lease boundary
(approximately 8,150 feet). This profile has been modeled for the pile to be angle d at a
slope of 2.2H:lV (24.4o). An access road cut has been placed at an elevation of 8,090
feet. The second scenario, which is depicted in Figure 7, represents the western slope
following expansion of the pile into the existing sedimentation pond. The top of the pile
for this profile is at the current elevation of the top of the pile (approximately 8,050 feet),
and the slope angle is 2H:lV (25.6"). In both scenarios, at the bottom of the pile, the
waste rock overlies a thin native soil surface (approximately 6.5 feet thick) that slopes at
2.lH:1V (25.4"). The top of the pile overlies the former pit.

W Profile - Current: This profile represents the area on the western edge of the current
WRP. The former open pit underlies the top portion of this profile. The bottom of the
profile has been modeled as a veneer of waste rock placed at a slope of 2H:lV (26.6")
above a native soil strface that slopes at 2.1H: lV (25.4"). In 1997 , a slope failure
occurred near this slope profile, which at the time was sloped at I .8H: I V (HLA , 1997).
(See Figure 8)

EarthFax Engineering, fnc.
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. Generic Road Cut Switchback Profile: This profile represents an access road
switchback on the WRP. The roads measure 15 feet wide and are sloped at2.5H:lY
(21.8') between the two roads until they are separated by at least l0 vertical feet. The
slopes below the lower road and above the upper road are inclined at 2H:lV (26.6"). The
roads have been loaded on the road surface with a weight of l0 tonso which is assumed to
be the marimum arde weight of a full haul truck. (See Figure 9)

2.4 MATERIALS PROPERTIES

Materials properties required for the slope stability model include the moist and safirated

densities, the cohesion, ild the friction angle of each rock/soil unit. The material properties of

the waste rock were taken as the average results from three soil samples collected from the waste

rock pile in 1997 (Harding Lawson Associates, 1997). Material properties for the native soil and

the bedrock were conservatively assigned based on engineering judgment. The material

properties used in the model are sufilmarized below:

Cohesion
(psf)

20,000

288

0

Friction
Angle (o)

30.0

26.0

40.0

Moist Unit
Weight (pcf)

150

100

64.5

Saturated Unit
Weight (pcf)

150

110

84.2

Slope stability analyses were performed on the waste rock pile for both the dry and

saturated conditions. The location of the phreatic surface for the worst-case saturated condition

was determined by simulating the 1997 slope failure on the west side of the pile. The

grourdwater surface was configured so that a critical failure surface with a FS of 1.0 was

generated in the same location as the 1997 failure. The area of the phreatic surface under this

profile was then used under the other profiles for the saturated condition.

EarthFax Engineering, fnc.
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CHAPTER 3

RESULTS

3.I LOCATIONS OF PHREATIC SURFACES

The saturated condition phreatic surfaces for each of the stability analyses were estimated

by recreating the conditions (FS:1.0) for the 1997 slope failure on the west side of the pile. For

that analysis, the waste rock surface was modeled at 1.8H:lV, and the native soil surface was

sloped at2.1H:lV. When the phreatic surface was placed at 190 feet above the groqnd surf,ace

with an area of 81 0 #, a slope failure at a similar location to the I 997 failure was predicted to

have a FS of I .01 I . The area under this phreatic surface was kept constant to model the

saturated condition for the West and Northeast Profiles. The phreatic surface for the Northwest

Profile was affected bV tlne presence of the former pit, which keeps subsurface seepage from the

top of the pile from reaching the toe of the slope. Figures 4-8 show the locations of the phreatic

surfaces used in the slope stability analyses.

3.2 SLOPE STABILITY RESULTS

The following sections discuss the results of the slope stability analyses. Slope stability

calculations are summarizedinTable I and detailed in Appendix B. Because of the voluminous

nature of the slope stability model output files, a single copy has been provided on CD (pdf

format) for Canyon Fuels. Additional copies may be obtained on request from EarthFa:r

Engineering, Inc.

3.2.1 Cunent Waste Rock Pile

According to the slope stability analyses, the current waste rock pile has a FS against

rotational shear faihne for the dry condition ranging from 1.63 for the West Profile to 1.72 for

the Northwest Profile. For the design saturated condition for the current WRP, the FS ranges

from 1.53 for the West Profile and I .72 for the Northwest Profile.

Earth Fax E ngineering, Ine
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3.2.2 Westward Expansion of the Waste Rock Pile to the Pond Area

The slope stability modeling results for the expansion of the WRP to cover the existing

sedimentation pond are presented below. When the slope is constructed at an angle of 2H:lV

(25.6'), the FS against rotational shear failure is 1.65 for the dry condition and 1.57 for the

saturated condition.

3.2.3 Expansion of the Waste Rock Pile to the Lease Boundaly

When the WRP is extended up to the lease boundary, the FS against rotational shear

failure ranges from 1.63 (West Profile) to 1.69 (Northeast Profile) for the dry condition. The FS

ranges from I .52 (West Profile) to I .61 (Northeast Profile) for the sattirated condition. Note that

this assumes that the west slope of the WRP is graded atZ.2H:IY. If the west side of the WRP is

graded at2H:lV, the FS is reduced to l.5l forthe dry condition and 1.44 forthe saturated

condition.

3.2.4 Roadcut Switchback Slopes

Results from stability analyses of roadcut switchbacks show that a FS against rotational

shear failure of 1.69 can be achieved if the slopes are graded at 2.5H:lV in the hinge of the

switchback until the roads ire separated by l0 vertical feet. Since switchbacks will be located on

the edge of the WTiP, only the d.y condition was evaluated.

3.3 DISCUSSION OF RESULTS

The stabihty analyses suggest that the WRP is stable in its current configuration, and that

it may be expanded to cover the sedimentation pond and/or up to the lease boundary. If the

WRP is expanded up to the lease boundary, it is recommended that the west side of the pile

I
I
I
I
I

EarthFax Engineering, fnc.
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should be slope d at 2.2H:lY (22.4o) or less. If the WRP is expanded westward to cover the

existing pond and constructed to the elevation of the current pile (approximately 8,050 feet) the

western slopes may be graded at2H:lv (25.6'). These recommendations will allow the WRP to

satisff the regulatory requirement of a FS of at least 1.5 for both the dry and design saturated

conditions.

The Northeastern and Northwestern slopes of the WRP are recommended to. be graded at

2H: lV.

Slopes between access road switchbacks should be sloped at2.5H:lv until the roads are

at least 10 vertical feet apffit.

The overall stability of the WRP is dependent upon minimizing the saturation of the

waste rock. The high porosity and lack of cohesion of the waste rock cause it to lose a great deal

of strength when it becomes completely saturated. The steep outslopes and contemporaneously

reclaimed/revegetated topsoil cover of the WRP minimizes infiltration. The top of the WRP
a

should be sloped so that it promotes drainage away from the core of the pile, and especially away

from its western slope. Similarly, drainage ditches along access roads on the WRP should be

properly maintained. During operation, snow should be removed from the top of the pile, and

placed along its northeast and northwest outslopes, or to the south of the WRP.

Earth Fax. Engineering, fnc.
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TABLE 1
Summary of Slope Stability Analysis Results

Waste Rock Pile
Canyon Fuels Skyline Mine

Scofield, Utah

Profile FS (Drv) FS (Saturated)
Northeast

Expanded WRP 1.69 1.61

Northwest
Current 1.72 r.72
Expanded 1.63 1.58

West
Current (2:l) 1.63 1.53
Expanded to Lease Boundarv Q:l) l .5  t 1.44
Expanded to Lease Boundarv Q.2:1\ l . 6 l 1.52
Expanded Over Sed Pond (2:l) 1.65 1.57

Earth Fax Engineering, fnc.
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4l l4 West 9950 North
Cedor Hills, Utoh 84062

Phone 801 -372-3685
Fox 801-785-5748

December 27,2006

Mr. Rich White,
Eorthfox Engineering
2324 South Union Pork Ave.
Midvole, UT 84047

Deor Mr. White,

This letter report summorizes the methodology ond results of the seismic
refroction testing conducted by Clement Drill ing & Geophysicol, Inc. of the
Skyline Mine Woste Rock site, neor Scofield, Utoh.

Seismic Refroction Testino

Five refroction surveys were conducted of the project site in order to determine
the compression wove (P-wove) velocities of the shollow subsurfoce moteriol.
The locotions of the refroction surveys ore shown on Figure l. The doto were
collected util izing o Geometrics SmortSeis Sl2 seismogroph, B Hz geophones ond
l2-pound hommer source. Eoch spreod wos opproximotely 220 feel long with
l2 geophones ploced of 2O-foot intervols. Doto collection consisfed of cenfer
shot ond two off end shots of eoch end of the seismic spreods. The outo-
stocking feoture of the seismogroph wos used to stock multiple shots of eoch
locotion in order to reduce the signol to noise rotio of the doto. Doto from the
test wos recorded by ond stored in the seismogroph.

The doto were processed using Rimrock Geophysics SIP softwore to pick the first
orivols of eoch geophone locotion ond creote on ASCII input fi le. The five
seismic lines were combined into three profiles for inpul into the processing
softwore. The three input files were processed using Optim's SeisOpt Pro
modeling softwore. The refroction profiles show the colculoted P-wove
velocities for the subsurfoce moteriols ond ore presented on Figures 2,3 ond 4.

Seismic Refroction Results

Line I includes refroction surveys I ond 2. Line 2 includes refroction survey 3.
Line 3 includes refroction surveys 4 ond 5.
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Mr. Rich
White
Poge
2o f  4

Profiles of the results of the seismic modeling for Lines l, 2 ond 3 ore presented in
Figures 2,3 ond 4. The profiles for Lines I ond 3 generolly indicote increosing
velocity with depth. Line 3 does hove low velocity moteriol extending deeper ot
opproximotely 400 feet. The profile for Line 2 indicotes o very low velocity zone
of the northern end of the profile the line drops off the northern edge of the
woste rock pile

Pleose feel free to contoct me if you hove ony questions regording the results of
the geophysicol testing. I oppreciote the opportunity to work with you on this
project.

Sincerely,
Inc.

Skyline Mine Woste Rock Site

December 27,2006
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Canyon Fuel Company
Skyline Mine

APPENDIX B

Slope Stability Calculations

Waste Rock Slope Stability Analysis
February 15,2007

Earth Fax Engineering, Inc.
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