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STORAGE PAD SLOPE STABILITY ANALYSIS
AT THE CMNDALL CANYON T.IINE

E}IERY COUNTY, UTAH

1.0 INTRODUCTION

The Crandall Coal Mine, owned by Genwal Coal Company near Huntingcon, Utah

(Figure 1-1),  current ly Erucks approximately l ,OOO,00O tons of coal annual ly down

Crandal l  Canyon. This stream-incised canyon provides only l imited area for

structures, stor ing equipment,  and naneuvering vehicles (Figure l -2).

To provide additional surface area for equipment storage and vehicle

maneuvering, Genwal has proposed extending their existing storage pad Eoward

Crandal l  Creek. In addlcion, Genwal has proposed paving their  haul road from the

mouth of Crandall Canyon to Ehe cruck turnaround area, a disEance of

approximately 1.3 ni les. The Eruck curnaround area is shown on Flgure L-2.

Ttre purPose of ttris report is to determine the slope stability of the

proposed storage pad. Slope stabi l i ty analyses wi l l  be evaluated for Ehe

cri t ical  operat ing condit ions and wi l l  include an al lowance for seismic loading.

The work descr ibed in and associated with this report  included f teld

observat ions, surface soi l  sample col lect ion, reviews of f ie ld and laboracory

data, and geotechnical  calculat ions.

This rePort  presents an expressLon of professional opinions and

recommendations based on the results of f ie ld observaEions, laboratory analyses,

and professlonal judgenent.  A qual i f led engineer or geologlst  should be at the

site during the storage pad construction to monitor field condltions and make

f ield decisions as necessary.

This docr.unent ls divided into six sections including chis introduction.

Background inforrnat ion relaEed to the si te is surnrnarized in Sect ion 2.0. Results
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of the near-surface soi ls lnvest igat ion are presented in Sect ion 3.0, fol lowed

by a  s lope s tab l l l cy  anatys is  o f  Ehe s to rage pad s lope ln  Sec t ion  4 .0 .

Conclusions and recopmendations are presented ln Sect ion 5.0, fol lowed by the

c i ted  re fe rences  in  Sec t ion  5 .0 .
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I
2.0 BACKGROT]ND INFORMATION

2.L  S l te  Descr lp t lon

The surface storage pad for the Crandal-l Canyon Mine is located on Ehe north

slope of Crandall Canyon which is a tributary of Huncington Creek in Emery

County, Utah. The geology of Crandall Canyon consists of the Mesaverde Group of

upper Cretaceous sedlmentary rocks. Genwal is currently nining the Hiawacha coal

seam of the Blackhawk Forrnation.

The Blackhawk Formation, the niddle member of che Mesaverde Group, conslsts

of Lighc to medium gray sandstone, light gray to black shale, light to medium

gray si l tsEone, and coal (Davis and Doe1l lng, L977).  The sandstones are most ly

fine grained and form ledges and cllffs. The shales and siltstones are generally

carbonaceous and underlle covered slopes. The sedlments of the Blackhawk

Formacion are typical ly 400 Eo L,100 feec thick.

Alluvial deposits are present in the boctorn of Crandall Canyon and grade

lnto colluvlal deposlts at short dlstances upslope from the canyon floor.

Al luvial  deposits in the vic ini ty of the surface storage pad are typical ly si lcy-

sands with internittent layers of sandy-gravel. Colluvial deposits contain

poorly sorted, unscratlfied layers of large angular sandstone blocks ln a

gravelly sand matrix.

The north bank of the Crandall Creek stteam channel downslope frorn the

surface storage pad conslsts of nearLy vertical stream cuts which are currencly

up to 8 feet high wlth a debris slope'at Ehe base of the cut.  AlLuvial  deposits

of cemented sil-ty-sands and sandy-gravels are exPosed in the steep bank cuc.

The vegetation on the south slope of Crandall Canyon consists of dense

stands of conifers and aspen. These trees are Present ln scattered stands on Ehe

north slope along wlth bushes, sagebrush, and grasses.



Genwal Coal Company
Crandall Canyon Mine

Storage Pad Stabi l i ty Analysis
November 9, L99O

2.2  Genera l  Se isn lc l ty

Seisnic activicy ln the vicinity of the Crandall Creek Mine has been

histor ical ly low. Between 1850 and L978, the largest seismic event to occur near

the si te was Magnitude 5.8 (Richter scale) at a hypocencral  dlsEance of

approxinately 26 mi les wesr (Figure 2-L Arabasz er al ,  1979).  According to
worldwlde earthguake data compi led by Seed (1982),  rhis event corresponds to a
peak horizontal  accelerat lon ln rock of about 0.07g, where g ls gravicat ional

accelerat ion. This peak horizontal  accelerat ion wi l l  be used for the slope

stabi l l ty analyses.
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3.0 SOTLS INFORMATION

3.  L  Genera l

Calcium carbonate from the parenc rock has cemented the lnsi tu al luvial  and

col luvial  soiLs. This cementat lon, coupled with inherent slope stabi l i ty

provided by roots and capi l lar i ty ( inter-part lc le moisture),  enables sreep slopes

to form ln Crandall Canyon. Depending on the relaEive influence of these factors

and the locallzed geomorphic processes, the side slopes in Crandall Canyon range

from the angle of repose at the r idge l lne to near vert ical  at  locat ions along

the creek. Upon saturaEion, apparent and bonded soi l  strength fron capi l lar i ty

and cementat ion decreases, leaving root struclure and internal f r iccion/cohesion

to nainEain the s1ope.

3.2 Subsurface Explorat l .on

Ihe site of the proposed storage pad extension was investigated by hand

excavat ing f ive shal low test pi ts on Septenber 20, 1990 at locat ions idenri f ied

as BS-1 through BS-3, FS-l, and SS-1 in Flgure L-2. BuLk grab samples were

col lected frorn each locat ion and subrnicted for physical  analyses.

Samples BS-1 through BS-3 were collected from the existing surface storage

Pad. This storage pad ls constructed of nat ive f i l l  nater ial  (s i l ts chrough

cobbles) underly ing lmported road base (si l ty gravel ly sand).  These sol ls are

very hard due Eo repeated loading with cruck craffic and to annual applications

of magnesiun chloride. Concrete was encountered at a depth of 4 inches at BS-1,

thereby precludlng deeper excavatlon. BS-2 and BS-3 were boch excavaced to a

depth of about t8 lnches. Based on these two pi ts,  the base course macerial

extends to a depch of approxirnately 8 inches. According to telephone

conversations with Genwal, this thickness is typical for the haul road.
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base. Samples from BS-2 and BS-3 are

f i l l  rna ter ia l .

Sample FS-l  was col lected from the f i l l  s lope of the surface storage pad.

This material is uncompacted sii-ty gravelly sand and appears Eo be a composite

of road base and nat ive f i l l  mater lal .

Sample SS-1 was collected from native soil along the north bank of Crandall

Creek. This nater ial  is a si l ty gravel ly sand with calcium carbonaEe

cementat ion.

3.3 Laboratory Analyses

Soi l  samples col lected during the f le ld invest igat ion were subrni t ted to

Garco Tescing Laboratory ln Salt  Lake ci ty,  Utah for physical  analyses.

Laboratory cests l tere performed in accordance with methods prescr ibed by Ehe

American Soclety of Test ing and Mater lals.

Modif ied Proctor compact ion tests were conducted on one composite sample

from pits BS-L through BS-3. Atterberg Linits and mechanical gradacion Eescs

were conducted on samples from SS-1 and a composite of BS-I through BS-3. Garco

subnitted samples fron SS-1 and FS-l co Danes & Moore in Salc Lake City, Utah for

unconsol idated, undrained direct shear tests to evaluate soi l  strength

Parameters. These laboratory results are presented ln Appendix A.

Three California Bearing Ratio (CBR)

BS-l chrough BS-3 compacred, co 95t of rhe

test results are presented in a haul road

3 . 4  S o i I  D a t a

Laboracory test results of the si te soi ls

According to these data, the soi ls are nonplast ic

cescs were conducted on samples from

modlf ied Proctor dry density.  These

design reporc by EarthFax (1990).

are summarized

si lcy gravel ly

in  Tab le  3 -1 .

sands and si lEy
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( a )

( b )

( c )

TABLE 3-1

Sunrnary of Laboratory Test Resulcs

All samples are coarse-grained wiCh greater Ehan 12t passing a #200 sieve,
thereby renderlng an SM or GM classi f icat ion. BS-1, FS-l ,  and SS-1 are
si lcy gravel ly sands. BS-2 and BS-3 are si l ty sandy gravels.
Sample compacted co 123.5 pcf and cested under unsaturaced and undrained
cond ic ions .
Sample compacted to 110 pcf and tesced under unsaturaced and undrained
condit lons.

Sample Unif ied
So i l

C lass( " )

P las t ic
Index

Percent
Passing
#4 sieve

Percent
Passing

#200
Sieve

Internal
Fr ict ion

and
Cohesion
("/ksf)

l {odi f  ied
Proctor
Density/
Moisture

BS-1 SM Nonplast ic

Combined
Sarnple

56 .4

Combined

1 9 . 9

Combined
Sample

132.8pc f
5  .9 r

Combined
Sarnple

BS-2 GM

BS-3 GM SampIe

FS-t SM 5 5 / 1 . 6 $ )

ss-1 SM Nonplast ic 71 .0 1 9 . 8 4 6 / O . l r c t
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sandy gravels.  Typical ly,  19.8t of  the soi l  !s f ine-grained (passing a #200

sieve).  Since the sarnples are nonplast ic,  the f ine-grained fract ion is probably

si l t  rather than clay. The nodif ied Proctor densiLy of the base course rnacerial

is 132.8 pounds per cubic foot (pcf)  at  an opt imum moisture contenc of 5.9t.

The angle of internal frictlon as deternined by uhe direct shear test is 4G

degrees for sarnple SS-l and 55 degrees for sarnple FS-l. The internal cohesion

ls 700 pounds Per sguare foot (psf)  for sanple SS-1 and 1500 psf for sample FS-I.

These values are unusually high and, in the case of sanple FS-l, nay indicate

that gravel-sized part ic les had a signi f icant effecc on the l i rni ted test ing

surface of the direct shear device. The high strength values for sample SS-l may

explain the prolonged stability of the near-vertical stream cut downslope of che

storage pad on the north bank of Crandall Creek. The strength parameters from

sanpre ss- l  wi l l  be used to conduct the slope srabi l i ty analyses.
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4.0 SLOPE STABILITY ANALYSES

4.1  Genera l

SoiI  s lope stabi l i ty analyses were performed wlth the compuEer program

GEOSLOPE which ls based on the FORTRAI{ program STABL3, developed at Purdue

Universi ty.  GEOSLOPE ut i l izes the l imit  equi l ibr iura procedure of s l ices to

detennine the safety factor of potent ial  fai lure surfaces for c ircular

(Simpl i f ied Bishop's method) and noncircular shapes (Jambu's nethod).  Potent ial

fai lure surfaces at the si te were assumed co be circular for this report .

4.2 Assumptions

The fol lowing assumptions were made for che slope stabi l l ty analyses:

ResulEs from the dlrect shear cesc on sample SS-1 are
representat ive soi l  strengch parameCers for the naEive soi l .
Therefore, angle of internal f r ict ion is 45 degrees and the
lnternal cohesion is 700 psf.

The sol ls d: ialn rapidly and excess pore pressures do not
develop in response to sErains and stress changes.
Consequent ly,  the pore pressure paramecer ln the stabi l i ty
analysis is 0.

The naximum horizontal  accelerat ion at the si te is 0.079.

4.3 So11 Property Parameters

As ind ica ted  in  Sec t ion  3 .1 ,  the  shear  s t rength  o f  ins i tu  so i l  depos i ts  a t

Genwal is provided by tnternal f r ict ion and cohesion, root/soi l  inEeract ion,

calcium carbonate cementation, and inter-particle capillarlty. The latter Elro

conponents disappear upon saturation. The shear scrength of dlsturbed naEive

soi l  deposius is developed through internal f r ict ion and cohesion, capi l lar i ty

and, to lesser degrees, cemenlat lon and rooc/soi l  lnteract ion. Internal

fr ict ion, cohesion, and capi l lar iEy act otr  imported soi ls.

1 .

2.

3 .

4-L
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Data for shear strength components provided by cementat i .on, capi l lar i ty,  and

vegetat ion are not avai lable. These strengths can be est imated, however,  by

conducting slope stability analyses on the existing slope and assr:rning a minimum

safecy facEor under dry, stat ic (no earthquake loadlng) condlt lons. In the

interest of  conservat ism, however,  these shear strengEh components wi l l  be

neglected and Ehe stability will be evaluated using only lnternal fricEion and

cohes ion .

4.4 Slope StablI l ty Analysl .s

A cross-sect ion of the Crandal l  Canyon and storage pad slope is presented

in Figure 4-1. This cross-sect ion was developed by surveying the slope using a

hand-held eye level and a measuring tape. The proposed storage pad extension is

also shown in Figure 4-1. Boulders wi l l  be placed at the toe of the extension

slope to act as a rnakeshif t  retaining wal l ,  thereby enabl ing addlt ional f i l t  soi l

to  be  p laced.

The proposed slope ln Figure 4-1 is stable with a cr i t ical  safety factor of

1.58 under stat ic condlt lons and 1.45 under dlmarnic condit lons using a horizoncal

acceleracion of 0.07g. Results of the stabi l i ty analyses are presented in

Appendix C. As a worst-case condit lon, the debris slope at the base of the near-

vercical stream cut was not included in che analyses slnce Crandall Creek may

wash this debris away during a period of peak flow.

4-2
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5.0 CONCLUSIONS AND RECOU}IENDATTONS

Ttris report represents an expression of opinions and recornmendations based

on f ield observat ions, laboratory analyses, and professional judgement.  Ic ls

recommended that a geotechnical  or geological  engineer be on si te during

construct ion'of the storage pad extension to al low adequate f ie ld decisions to

be made regarding local condit ions.

Slope stability analyses were conducted using an angle of lnternal friction

of 46 degrees and an inEernal cohesion of 700 psf.  In the inEeresE of

conservat ism, shear strengths inparted through rootr/soi l  interact ion, calcium

carbonate cementation, and inter-particle capillarity ltere neglected. In

addicion, as a worst-case condit ion, Ehe debris slope at the base of the near-

vertical stream cut was not included in the analyses since Crandall Creek nay

wash this debris away during a period of peak flow. The proposed slope ln Figure

4-1 is stable with a cr i t ical  safety factor of 1.58 under stat ic condicions and

1.45 under dynamic condit ions using a horizontal  accelerat ion of 0.07g.
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Stabi l l ty Analysis
November 9, 1990

Genwal Coal Cornpany
Crandall Canyon Mine

Slope Stabl l l ty

Storage Pad

APPENDIX B

Analysls Under Statlc Gondltlons - Conputer Output



PROFIL
GENI.IAL - Proposed storage pad expansion with
scoured
6
6
0 . 0  1 0 0 . 0  2 5 . 0  1 0 0 . 0  1
2 5  . 0  1 0 0 . 0  5 0 . 0  1 0 2  . 0  1
s0 .0  102 .0  s3 .3  131 .7  1
53 .3  131  . 7  5s .0  131 .8  I
55 .0  131  . 8  67 .0  140 .4  L
67  . 0  140 .4  150 .0  l _40 .4  1
SOIL
1
120 .0  L30 .0  700 .0  46 .0  0 .0  0 .0  L
CIRCL2
11
10
50 .0  52 .0
55 .0  90 .0
0 .0
3 .0
80 .0
5 .0

debr is  s lope a t  base o f  s lope



GEOSLOPE
V e r s i o n  3 . 1 1

Suppl ied by GEOCOMP Corp.
342 Sudbury  Rd. ,  Concord ,  MA.  OL742

(6L7)  369-8304

Portions of this software and documentation are
copyr ighred  1993,1994,1995 by  GEOCOMp Corp .
AI l  r ights are reserved

GEOSLOPE is based on Ehe program, STABL3,
developed at purdue Universi ty under sponsorship
of the Federal Highway Adrninisrrarion.

GEOCOMP Corp. has modified the program co run on
various ni .crocomputers and plott ing devices.

cEocoMP corp. makes no warranEies as Eo the fitness
of this software. The user bears ar l  responsibi l i ty
for accuracy and correctness of resurEs produced by
this software. See Ehe users manual for further
srarranty information.

Suppl ied under exclusive l icense co :
EARTH FAX
Midva le ,  UT (s /n  50g0)

EARTH FAX
Mldvale, LI I  (s/n 5080)

_SLOPE STABILITY A}IALYSIS-
SIMPLIFIED JANBU METHOD OF SLICES

IRREGUTJ,R FAILURE SURFACES

PROBLEM DESCRIPTION GENIiAL - Proposed storage pad expansion
wi th  debr is  s lope a t  base o f  s lope scour

BOUNDARY COORDINATES

5 TOP BOUNDARIES
6 TOTAL BOUNDARIES



BOUNDARY
N O .

I
2
3
4
5
6

X-LEFT

.00
25  . 00
50 .00
53 .30
55 .00
57  . 00

Y.LEFT

100 .00
100 .  00
102  . 00
131 .70
131 .  80
140 .40

X-RIGHT

25  . 00
50 .00
53 .30
55  . 00
57 .00

150 .00

Y-RICHT

100  .00
102 .00
r3 t .  70
131 .80
140  .40
140  .40

SOIL TYPE
BELOW BND

1
1
I
1
I
I

PRESSURE
CONSTANT

. 0

ISOTROPIC SOIL PARAMETERS

1 TYPE(S) OF SOrL

SOIL TOTAL SATURATED
TYPE UNIT WT. UNIT WT.
N O .

I  1 2 0 . 0  1 3 0 . 0

FRICTION PORE
AI{GLE PRESSURE

(DEC) PAM.|{ETER

4 5 . O  . 0 0

COHESION
INTERCEPT

7 0 0 .  0

PIEZOMETRIC
SURFACE

N O .

1

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FOR GENERATING CIRCUI.AR SURFACES, HAS BEEN SPECIFIED.

1].0 TRIAL SI'RFACES HAVE BEEN GENERATED.

10 SURFACES TNTTTATE FROM EACH OF 11 POTNTS EQUALLY SPACED
ALONG THE GROI'ND SI]RFACE BETWEEN X - 50. OO

A N D  X  :  5 2 . 0 0

EACH SURFACE TERMINATES BETWEEN
AND

x
X

55  .00
90  . 00

UNLESS T'I'RTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y - .OO

3.OO FT. LINE SEGI{ENTS DEFINE EACH TRIAL FAILURE SURFACE.

RESTRICTIONS HAVE BEEN IMPOSED UPON THE ANGLE OF INITIATION.
THE ANGLE HAS BEEN RESTRICTED BETI^IEEN THE ANGLES OF 5.0 AND BO. O DEG.



FACTOR

FACTOR

OF SAFETY CALCUIj,TION HAS GONE THROUGH TEN ITERATIONS

OF SAFETT FOR THE PRECEDING SPECIFIED SURFACE - 2.320

FOLLOWING ARE DISPI.AYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES D(AMINED. THEY ARE ORDERED . I,IOST CRITICAL
FIRST.

SAFETY FACTORS ARE CALCUI.ATED BY THE MODIFIED BISHOP METHOD.

EARTH FA)(
Midva le ,  UT (s /n  5080)

FAILURE SURFACE # 1 SPECIFIED BY 1.7 COORDINATE POINTS

SAFETY FACTOR . 1.583

X-CENTER - -226.27
Y-CENTER . 3L8.27
RADTUS -  350.85

POINT
N O .

I
2
3
4
5
6
7
8
9

10
11
L2
13
14
15
16
t7

X-SURF

50 .00
5L .  84
53 .66
55 .46
57  . 23
58 .99
60 .73
62.44
54 .L4
65 .81
67  . 46
69  . 09
70 .70
72 .29
73 .85
75 .39
76 .L5

Y-SURF

102  .00
104 .  37
106 .76
109 .16
lLL .  58
11  4 .01
116  .46
118 .92
L2L.39
123 .88
L26.39
128 .91
1 ,31 .44
133 .99
136 .55
L39 .L2
140 .40

ALPHA
(DEG)

52 .L9
52  . 68
53 .  17
s3 .56
54 .  15
54 .54

.55 .13
55  . 62
56 .11
56 .60
57  . 09
57 .58
58  . 07
58 .  55
s9  . 05
59 .5 t+

SLICE
N O .

x

50 .  92
52 .57
53 .48
54 .  33
55 .23
55 .35

DX

1 .  84
L .46

.35
1 .  34

.46
1 .  78

DW

L554 .9L
3469 .L4
1083 .11
3880 .66
L266 .32
t+777 .27

DQ

.00

.00

.00

.00

.00

.00

DU

.00

.00

.00

.00

.00

.00

DN

457  .LL
2327 .LL

77  5  . 80
2749 .57

887  .29
3312 .08

DSr

741 .43
1965 .03
950 .61

224L .46
L022 .91
2609  . s4

1
2
3
4
5
6



7
I
9

10
11
L2
13
l4
15
16
L7
18
19

I
58 .11
59 .85
61  . 59
63 .29
64 .97
66 .40
57  . 23
68 .28
69 .90
7L .49
73 .07
74 .62
75 .77

EARTH F$(
Midva le ,  UT (s /n  5080)

FAILURE SURFACE

SAFETY FACTOR -

1 .75  4477  . 53
L .74  4L76 .98
L .72  387s  . 97
1 .69  3574 .77
L .67  3273  . 69
1.  19 2L69 .s4

.45  794 .35
1 .63  2494 .2s
1 .  51_  L973  .77
1 .59  L463 .65
1 .56  964 .L5
I . 54  475  . 5L

.75  57 .98

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00  3048  .24

.00  2182 .24

.00  25L4 .29

.00  2244 .58

.00  1973 .31

.00  12s0 .00

.00  442 .3s

.00  L263  .20

.00  784 .25

.00  3LL .26

.00  -15s .  s7

.00  -6L5  .O2

.  00  -47  5  . 27

2436 .90
2262 .84
2087 .51
1911  .  04
1733 .53
t260 .24

13L .77
l26B .88

955 .48
645 .99
340 .53

39  . 24
131 .33

# 2 SPECIFIEDBY 16 COORDINATE POINTS

L .584

X-CENTER
Y-CENTER
MDIUS -

POINT
N O .

I
2
3
4
5
6
7
8
9

-13 .14
L57 .20

89 .61

10
l1
L2
13
L4
15
15

X-SURF

50 .  20
52 .29
54 .  30
56 .24
58 .10
59 .88
61 .  s8
63 .L9
64 .72
65 .15
67  . 5L
58 .78
69 .95
7L .O2
72 .OL
72 .36

Y-SURF

103 .80
105  . 96
108 .18
110 .47
112 .83
LT5.24
L17 .72
L20.24
L22 .83
L25.46
128  .  13
130 .  86
L33.62
136.42
L39 .25
140 .40

ALPHA
(DEc)

45 .93
47  . 85
49 .77
51 .  69
53 .50
55 .52
57  . 44
59 .35
61 .  28
63 .20
65 .11
67  . 03
58 .95
70 .87
72 .79

EARTH FN(
l ' l idvale, UT (s/n 5080)

FAILURE SURFACE # 3 SPECIFIED

SAFETY FACTOR . L.592
X-CENTER -
Y-CENTER .
RADIUS -

-92 .96
199  . 06

L72 .79

BY 16 COORDINATE POINTS



POINT
N O .

X.SURF

50 .00
51 .  65
53 .28
54 .  86
55 .39
57 .88
59 .32
50 .  71
62 .06
63 .35
64 .62
6s .83
66 .98
68  . 10
69 .L5
69 .57

Y-SURF

t_02 .00
104 .50
107  .03
109 .58
112 .15
LL4.76
117  . 40
120 .05
L22 .73
L25.43
128 .  L5
130 .  91
L33.57
L36.46
L39.26
140 .40

ALPHA
(DEG)

55 .32
57  . 32
58 .31
59 .31
50 .  30
61 .  30
62 .29
63 .29
54 .28
55 .28
56 .27
67  . 27
68 .26
69  . 26
70 .25

I
2
3
4
5
5
7
I
9

l0
11
L2
13
L4
l5
16

X-CENTER -
Y-CENTER -
RADIUS -

POINT
N O .

2.42
Ls7.34

70 .  56

EARTH FAX
Midvale, UT (srzn 5080)

FAILURE SURFACE # 4 SPECIFIED BY 15 COORDINATE POINTS

SAFETY FACTOR - t .  639

1
2
3
4
5
6
7
8
9

l_0
1 l
L2
13
L4
15

X-SURF

50 .40
52.5.6
54 .62
56 .59
58  . 45
60 .24
51 .90
63 .46
54 .91
66 .25
67  . 47
68  . 57
69 .55
70 .42
70 .  90

Y-SURF

105 .  50
107 .69
109 .87
112 .  13
LL4.47
1L6 .  89
11_9 .39
LzL.9s
L24 .58
L27 .26
130 .00
L32 .79
135 .63
138 .50
140 .40

ALPHA
(DEG)

44 .06
46 .50
48  . 93
51 .  37
s3 .81
55 .24
58 .58
6L .L2
63 .55
65 .99
58 .42
70 .86
73 .30
75 .73

EARTH FAX
! { idva le ,  UT (s /n  5080)



FAILURE SURFACE # 5 SPECIFIED BY 15 COORDINATE POINTS

SAFETY FACTOR - 1.694

X-CENTER . -1430.94
Y-CENTER - L028.77
R A D I U S  :  L 7 4 6 . 2 3

POINT
N O .

1
2
3
4
5
6
7
8
9

10
11
L2
13
L4
l_5
16

X.SURF

50 .  20
5L .79
53 .37
54 .95
56 .52
58  . 09
59 .66
6L .22
62 .77
64 .32
65 .87
67  . 4L
68 .95
7A .49
72 .02
72 .44

Y-SURF

103 .80
106 .35
108 .90
111 .4s
114 .00
115 .  s6
119 .  12
121 .  68
L24 .25
L26 .82
L29 .39
131 .  96
134 .  53
137 .11
139 .69
140  .40

EARTH FN(
Midva le ,  UT (s /n  5080)

FAILURE SURFACE # 5 SPECIFIED

ALPHA
(DEG)

58  . 06
58 .16
58 .25
58 .36
58  . 45
58 .55
58 .55
58 .75
58 .85
58 .95
59  . 0s
s9 .15
59 .24
59 .34
59 .44

BY 17 COORDINATE POINTS

SAFETY FACTOR - 1.703

X-CENTER - -68.42
Y-CENTER - 234.85
RADIUS -  L76 .76

POINT
N O .

X:SURF

50 .  20
52 .4L
54 .  58
56 .72
58 .82
60 .  88
62 .9L
64 .90
56 .85
68  . 16
70 .63
72 .46

Y-SURF

103 .  B0
105 .84
107 .91
110 .01
1L2 .  1s
114 .  33
116 .  s4
118 .79
12L .07
123 .38
Lzs.72
128 .  l 0

ALPHA
(DEG)

42 .54
43 .6L
44 .  58
45 .55
46 .53
47 .50
48 .47
49  . 44
50 .42
51 .39
52 .36
53 .33

1
2
3
4
5
6
7
I
9

t0
11
L2



EARTH FAX
Midva le ,  UT (s /n  5080)

FAILI]RE SURFACE # 7 SPECIFIED BY ].9 COORDINATE POINTS

SAFETY FACTOR - 1.704

X-CENTER - -648.15
Y-CENTER : 764.60
MDIUS -  962.53

13
14
1s
1 6
L 7

POINT
NO.

I
2
3
4
5
6
7
I
9

10
11
L2
t3
L4
15
16
L7
18
19

74 .25
75 .00
77  . 7L
79  . 38
80 .  99

130.  s l
L32.94
13s  .41
137 .90
140 .40

54 .  31
55 .28
56 .25
57  . 22

X-SI'RF

50 .00
52 .06
54 .L2
55 .L7
58 .2L
60 .24
62 .27
54 .29
56 .30
68 .31
70 .  31
72 .30
74 .29
76 .27
78 .24
80 .  20
82 .16
84 .  11
84 .  53

Y-SI'RF

102  .00
104 .  18
106 .37
108  . 55
110 .75
LLz.96
11s .18
117 .39
LLg.62
12L .  8s
124 .08
t26 .33
128.57
130 .  83
133  . 09
135 .36
L37 .63
139 .91
140 .40

ALPHA
(DEG)

46 .59
46 .76
46 .94
47 .L2
47  . 30
47  . 48
47 .66
47  . 84
48 .01
48 .L9
48 .37
48 .55
48 .73
48 .9L
49 .09
49 .26
49 .44
49 .62

EARTH FA)(
Midva le ,  UT (s /n  5080)

FAILURE SURFACE # 8 SPECIFIED BY 17 COORDINATE POINTS

SAFETY FACTOR . 1.758

X-CENTER . -L26.92
Y-CENTER - 285.45
RADIUS - 252.56



FAILURE SURFACE

SAFETY FACTOR -

#10 SPECIFIED

1 .  8 5 0

BY 19 GOORDINATE POINTS

X-CENTER
Y-CENTER
RADIUS .

POINT
N O .

1
2
3
4
5
6
7
8
9

10
11
L2
13
L4
15
16
L7
18
L9

20 .  10
L53  .40

68 .29

X.SURF

50 .00
52 .67
s5 .27
57 .81
60 .27
62 .66
64 .97
57  . 18
69 .31
7 I . 34
73 .28
75 .11
76 .83
78 .45
79 .95
81 .  34
82 .60
83 .75
84 .39

Y-SI'RF

102 .00
103 .38
104.  86
L06.47
108 .18
L09 .99
111 .  92
113 .94
t  16  . 05
118 .26
120 .  5s
L22 .93
12s .38
L27 .9L
130 .  51
1 .33 .17
13s  . 89
138 .56
L40 .40

ALPHA
(DEG)

27 .22
29 .74
32 .26
34 .77
37  . 29
39 .81
42 .33
44 .84
47  . 35
49 .88
52 .39
54 .9L
57  . 43
59 .95
62 .46
64 .98
57 .50
70 .02

EARTH FA
t'tidvale, UT (s/n s080)

FAX



{l
POINT

N O .
X-SI]RF

50 .40
52 .s2
54 .62
56 .70
58 .74
60 .76
62 .76
64 .72
66 .66
58 .s8
70 .46
72 .32
74 .L5
75 .95
77  . 72
79 .47
79 .83

Y-SURF

105 .60
LO7.72
109 .87
112 .04
LL4,23
115 .45
118  . 69
120 .  95
t23.24
12s.  ss
t 27 .89
L30.24
L32.62
135 .02
L37.44
139 .88
140 .40

ALPHA
(DEG)

44 .94
45 .62
46 .30
46  . 98
47  . 56
48 .34
49 .02
49 .70
50 .  38
51 .06
5L.74
52.42
s3 .10
53 .78
54 .46
55  . 14

EARTH FAX
Midva le ,  UT (s /n  5080)

FAILURE SURFACE # 9 SPECIFIED BY 13 COORDINATE POINTS

SAFETY FACTOR . 1.812

I
2
3
4
5
6
7
8
9

10
Ll
L2
13
14
15
16
L7

X.CENTER -
Y-CENTER -
RADIUS -

POINT
N O .

1
2
3
4
5
6
7
I
9

10
11
L2
13

-L5.L2
L56 .97

82 .31

X-SURF

50 .  50
52 .36
54.O4
55 .62
57 .  L0
58.49
59 .79
60 .  98
62 .O7
63  . 05
63 .9s
64 .73
65 .23

Y-SITRF

107 .40
1 ,09 .83
LLz.32
114 .  87
117  .48
L20.L4
L22 .84
L25.59
128 .39
L3L.22
t34 .09
136 .98
139 .13

ALPHA
(DEG)

54 .O2
55 .  11
58 .20
60 .29
62 .37
64 .46
5"5 .55
68 .64
70 .73
72 .82
74 .90
76 .99

EARTH FA)(
Midvale, UT (s ,zn 5080)
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Genwal Coal Company
Crandall Canyon Mine

|-

Storage Pad Stabi l i ty analysis
November 9, 1990

Slope Stabl l l ty Analysls

APPENDIX C

Under Dynanlc Condltlons - Computer Output



PROFIL
GENI^IAL - Proposed storage pad expansion.
6
5
0 .0  100 .o  25 .0  100 .0  I
2s .0  100 .0  50 .0  102 .0  1
s0 .0  102 .0  53 .3  131 .7  I
s3 .3  131 .7  55 .0  131 .8  1
55 .0  13L .8  67 .0  140 .4  I
57 .0  140 .4  150 .0  140 .4  I
SOIL
1
120 .0  130 .0  700 .0  45 .0  0 .0  0 .0  t
EQUAKE
0 .07
0 .0
0 .0
CIRCL2
11
10
50 .0  52 .0
55 .0  90 .0
0 .0
3 .0
80 .0
5 .0

S c o u r e d  d e b r i s  s l o p e .  E . Q .  -  0 . 0 7 g



GEOSLOPE
V e r s i o n  3 . 1 1

Suppl ied bY GEOCOMP Corp.
342 Sudbury Rd.,  Concord, !1A. 0L742

(5r .7 )  359-8304

Portl.ons of chis software and documentation are
copyr igh ted  1983,L984,1985 by  GEOCOMP Corp .
A11 rights are resenred

GEOSI,OPE is based on the ptogram, STABL3,
developed aE Purdue University under sponsorship
of the Federal Highway Adrainistration.

GEOCOI,IP Corp. has nnodif ied the program to run on
various rnicrocomputers and plott ing devices.

GE0COI,IP Corp. rnakes no rtarranties as to the fitness
of this software. The user bears al l  responsibi l i ty
for accuracy and correcEness of resulcs produced by
this software. See the users manual for further
warrancy infornation.

Supplled under exclusive license to :
EARTH FN(
Midva le ,  UT (s /n  5080)

(srzn 5o8o)

-SLOPE STABILITY ANALYSIS_
SIMPLIFIED JANBU METHOD OF SLICES

IRREGUIAR FAILURE SURFACES

PROBLEM DESCRIPTION GENWAL - Proposed storage pad expansi.on.
S c o u r e d  d e b r i s  s l o p e .  E . q .  -  0 . 0 7 9

EARTH FA)(
Midvale, UT

BOUNDARY COORDINATES

6 TOP BOI'NDARIES
6 TOTAL BOUNDARIES

BOI,NDARY X-LEFT
N O .

1
2
3
4
5
6

.00
25 .00
s0 .  00
53  . 30
55  . 00
67  . 00

Y-LEFT

1_00.00
100 .00
102  .00
131 .  70
131 .  80
I40 .40

X-RIGHT

25 .00
50 .00
53 .30
55  . 00
67  . 00

150  . 00

Y-RIGHT

100 .00
L02  .00
131 .  70
131- .  80
140 .40
140  .40

SOIL TYPE
BELOW BND

I
1
I
1
I

I



ISOTROPIC SOIL

I  TYPE(S)

SOIL TOTAL
TYPE I'NIT WT.
NO.

1  120 .0

PARA!,IETERS

OF SOIL

SATI]RATED
I]NIT WT.

1 3 0 . 0

COHESION
INTERCEPT

7 0 0 . 0

PRESSURE
CONSTANT

PIEZOMETRIC
SURFACE

N O .

1

FRICTION PORE
AI{GLE PRESSURE

(DEG) PAMI,IETER

4 6  . O  . 0 0 . 0

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT
OF .O7O HAS BEEN ASSIGNED

A VERTICAL EARTHQUAKE LOADING COEFFICIENT
OF .OOO HAS BEEN ASSIGNED

CAVITATION PRESSIIRE - .0

A CRITICAL FAILURE SURFACE SEARCHING I{ETHOD, USING A RA}IDOM
TECHNIQUE FOR GENERATING CIRCUI.AR SURFACES, HAS BEEN SPECIFIED.

I1O TRIAL SURFACES HAVE BEEN GENERATED

10 SIIRFACES INITIATE FROI{ EACH OF 11 POINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETITEEN X -

AND X -

EACH SURFACE TERI,IINATES BETWEEN X .
AND X -

50 .00
52  . 00

55  . 00
90 .  00

UNLESS F'I'RTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SI'RFACE EXTENDS IS Y . .OO

3.OO F?. LINE SEGMENTS DEFINE EACH TRIAL FAILI'RE SURFACE.

RESTRICTIONS HAVE BEEN IMPOSED UPON THE AI{GLE OF INITIATION.
THE ANGLE HAS BEEN RESTRICTED BETWEEN THE ANGLES OF 5.0 AND 8O.O DEG.

FACTOR OF SAFETY CALCUI.A,TION HAS GONE THROUGH TEN ITERATIONS

FOLLOIIING ARE DISPIAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES D(AMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

SAFEIY FACTORS ARE CALCUIj,TED BY THE MODIFIED BISHOP METHOD.



EARTH FA)(
Midva le ,  UT (s /n  5080)

FAILURE SURFACE # 1 SPECIFIED BY 17

sAFEfy FACTOR - 1.450

X-CENTER - -226.27
Y-CENTER . 3L8.27
RADIUS -  350.85

ALPHA
(DEG)

52 .L9
52 .68
53 .L7
53 .55
54 .  l 5
54 .64
55 .13
55 .62
56 .  1L
55  . 60
57  . 09
57  . 58
58  . 07
58 .55
s9  . 05
59 .  54

DW

1. .  84 1554.  9L
1 .45  3469  .L4

.36  1083 .11
1 .  34  3880 .66

.46  L266 .32
r . . 78  4777  . 27
L .76  4477  . 53
L .74  4L76 .98
L .72  3875 .97
1 .  69  3574 .77
L .67  3273 .69
1 .19  2L69 .54

.46  794 .36
1 .  53  2494 .25
1 .  61  L973  .77
1 .59  1463 .65
1 .56  964 .  l s
1 .  s4  475  . 5L

.75  57 .98

COORDINATE POINTS

DQ

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

POINT
NO.

1
2
3
4
5
6
7
I
9

t0
11
L2
13
14
15
15
L7

SLICE
N 0 .

I
2
3
4
5
6
7
8
9

10
t1
L2
13
t4
15
16
L7
l8
19

x-suRF

50 .00
5t_.  84
53  . 66
55  . 45
57 .23
58  . 99
60 .73
62.44
64 .L4
65 .  81
67  . 46
69  . 09
70 .  70
72 .29
73 .85
75 .39
76 .L5

x

50 .92
52 .57
53 .48
54 .33
55 .23
56 .  35
58 .11
s9 .86
6 t . 59
63 .29
64 .97
66 .40
67 .23
68 .28
69  . 90
7L .49
73 .O7
74 .62
75 .77

Y-SURF

1  02 .00
104 .  37
106 .  76
109 .16
Ll t - .  58
114 .01
116  . 46
LL9,92
L2L,39
123 .88
126 .39
128  . 91
131 .44
133 .99
136.  ss
L39 ,L2
140 .40

DX DU

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

DN

357 .64
2t67 .32

729 .28
2575 .80
830 .12

3092  .40
2837  . 50
2580.73
2322.28
2062.34
1801 .  11
LL32.24

398 .  56
1119  .00

559 .93
206 .93

-239 .82
-680 .12
-499 .55

DSr

737  . 98
2030 .05
1003 .32
232t  .59
107s .32
2694 .53
2s08 .54
2325.2L
2L40.68
1955 .10
L758  .  58
L29I.O2

7  67  . 20
L28L.57

953 .81_
530 .37
311  . 41
-2 .95

L25 .97



EARTH FA)(
!{ idvale, UT (s/n 5080)

FAILURE SURFACE # 2 SPECIFIED BY 15

SAFETY FACTOR - 1.470

COORDINATE POINTS

X-CENTER -
Y-CENTER -
RADIUS -

POINT
N 0 .

1
2
3
4
5
6
7
I
9

l0
11
L2
13
L4
15
L6

X-CENTER -
Y-CENTER .
RADIUS -

-13 .14
L67.20

89  . 51

EARTH FA)(
l , t idvale, UT (s/n 5080)

FAILURE SURFACE # 3 SPECIFIED BY 16 COORDINATE POINTS

SAFETY FACTOR - 1.483

X-SURF

50 .  20
52.29
54 .  30
56 .24
58 .10
59 .  88
61 .  s8
53 .19
64 .72
65  . 15
67  . 5L
68 .78
69 .95
7L .O2
72 .0L
72 .36

Y-SI'RF

103 .80
105 .  95
108 .  18
110 .47
112 .  83
115 .24
tL7 .72
L20.24
122.83
t25.46
128 .13
130 .  86
L33 .52
L36.42
139 .25
140 .40

ALPHA
(DEG)

45 .93
47  . 85
49  . 77
s1 .59
53 .50
s5 .52
57  .44
59 .36
6L .28
63 .20
65 .  L1
67  . 03
58 .95
70 .87
72 .79

ALPHA
(DEG)

56 .32
57  . 32
58 .  31
59 .31
60 .  30
51 .  30
62 .29
63 .29
64 .28

-92.96
199  .06

L72 .79

POINT
N O .

X-SURF

50 .00
51_ .66
53 .28
54 .86
55 .39
57 .88
59 .32
60 .71 .
62 .06

Y-SURF

102 .00
104 .  50
107  .03
109 .58
LLz.L6
LL4.76
117 .40
120 .05
L22.73

1
2
3
4
5
5
7
8
9



10  63 .36  L25 .43
11  64 .62  L28 .L5
L2  5s .83  130 .91
13  66 .98  133 .67
L4  58 .10  136 .45
15  59 .16  L39 .26
16  69 .57  140 .40

I
EARTH FN(
Midvale, UT (s/n 50g0)

55 .28
66 .27
67 .27
68 .26
69 .26
70 .25

FAILURE SITRFACE # 4 SPECIFIED BY 15

SAFETY FACTOR - 1.520

COORDINATE POINTS

POINT X-ST]RF Y.SURF
N O .

X-CENTER -
Y-CENTER -
MDIUS -

1
2
3
4
5
6
7
I
9

10
11
L2
13
L4
15

2.42
L57 .34

70 .55

s0 .40
52 .56
54 .62
56 .s9
58  . 46
60 .24
5L .  90
63 .46
64 .9L
66 .25
67 .47
68 .57
69 .56
70 .42
70 .90

105 .  60
107 .59
109 .87
112 .13
LL4.47
115 .89
119  . 39
121 .  95
L24 .58
L27 .26
130 .00
L32.79
135 .53
138 .  50
140 .40

102.00
104.  18

ALPTIA
(DEG)

44.06
46 .50
48 .93
5L .37
53 .81
56 .24
58 .68
6L ,L2
63 .55
5s .99
68 .42
70 .  86
73 .  30
75 .73

EARTH FAX
Midva le ,  UT (s /n  5080)

FAILURE SURFACE # 5 SPECIFIED BY 19 COORDINATE POINTS

SAFETY FACTOR . 1.535

X-CENTER * -648.15
Y-CENTER - 764.60
RADTUS - 962.53

POINT X-SURF Y-SURF ALPHA
No. (DEc)

1
2

50 .00
52 .06

46 .59
46 .76



3
4
5

54 .L2
55 .L7
58  . 21
60 .24
62 .27
64 .29
65 .30
58 .3L
70 .  31
72 .30
74 .29
75 .27
78 .24
80 .  20
82 .L6
84 .  11
84 .  53

106.37
108 .  s5
110.  76
LLz.96
l _L5 .18
117 .  39
TLg,62
1 ,21 .  85
124 .08
126 .  33
L28.57
130 .  83
133  . 09
13s .36
L37 .63
139 .91
140 .40

46 .94
47 .L2
47 .30
47 .48
47  . 66
47 .84
48 .01 ,
48 .  19
48 .37
48 .55
48 .73
48 .91
49 .09
49 .26
49.44
49 .62

6
7
8
9

10
11
L2
13
L4
15
16

.L7
18
19

EARTH FAX
Midvale, UT (s/n 5080)

FAILURE SI'RFACE # 6 SPECIFIED BY 17 COORDINATE POINTS

SAFETY FACTOR - 1 .  546

X-CENTER .
Y-CENTER -
RADIUS :

-68.42
234.85

L76 .76

POINT
N O .

I
2
3
4
5
6
7
8
9

10
1 l
L2
13
l4
15
1"6
L7

X.SURF

50 .  20
52 .4L
54 .  58
56 .72
58 .  82
50 .  88
62 .9L
64 .90
66 .85
68 .76
70 .  53
72 .46
74 .25
76  . 00
77  . 7L
79 .38
80 .  99

Y-SURF

103 .80
105 .84
107 .9r_
110 .01
112 .  15
114 .  33
116 .  54
118 .  79
LzL.07
L23.38
r25.72
128 .10
130 .51
L32.94
135  . 41
137 .90
140 .40

ALPHA
(DEG)

42.64
43 .6L
44 .58
45 .55
45 .53
47  . 50
48.47
49.44
50.42
51 .39
52 .36
53 .33
54 .3L
55 .28
56 .25
57 .22

EARTH FA)(
Midvale, UT (s/n 5080)



FAILURE SURFACE # 7 SPECIFIED

SAFETY FACTOR - I.555

BY 15 COORDINATE POINTS

X-CENTER -
Y-CENTER -
RADIUS -

-1430 .94
LO28.77

L746 .23

POINT
N O .

X-SURF

50 .20
5L.79
53 .37
54 .  95
56 .52
58 .09
59 .66
6L.22
62 .77
64 .32
65 .87
67 .4L
68  . 95
70 .49
72 .02
72 .44

Y-SURF

'103 .80

106 .35
108 .90
l t  1 .45
114 .00
1L6 .  s6
119 .12
12L .  68
L24.25
L26.82
L29.39
131 .  96
134 .  53
137 .11
139 .  69
140 .40

ALPHA
(DEc)

58  . 05
s8 .  16
58 .26
58 .35
58 .46
58 .56
s8 .55
58 .75
58  . 85
58 .9s
59  . 05
s9 .1 "5
59 .24
59 .34
59 .44

I
2
3
4
5
6
7
8
9

t0
11
L2
13
14
L5
16

EARTH FAJ(
Midvale, UT (s/n 5080)

FAILURE SURFACE # 8 SPECIFIED

SAFETY FACTOR - 1.594

X-CENTER - -126.92
Y-CENTER - 285.45
RADIUS - 252.55

POINT X-SURF Y.SURF
NO.

BY 1.7 COORDINATE POINTS

ALPHA
(DEG)

44 .94
45 .62
46 .30
46 .98
47  . 65
48 .34
49 .02
49 .70
50 .  38
s1 .06
51 .74
52 .42

I
2
3
4
5
6
7
8
9

10
11
L2

50 .40
52.52
54 .62
s6 .70
58 .74
60 .76
62 .76
64 .72
66 .66
68 .58
70 .46
72 .32

105 .60
LO7 .72
109 .  87
LLz.O4
LL4.23
116 .45
1L8  . 69
120 .  95
123.24
125.  ss
r27 . B9
130 .  24



13  74 .15  L32 .62
L4  75 .95  13s .02
l s  77 .72  L37  .44
16  79  . 47  139 .88
L7  79 .83  140 .40

EARTH FA)(
l. l idvale, UT (s/n 5080)

FAILURE SURFACE # 9 SPECIFIED

SAFETY FACTOR - 1 .  689

53  . 10
53  . 78
54.45
5s . : .4

BY 19 COORDINATE POINTS

X-CENTER - 20.L0
Y-CENTER - 163.40
RADIUS - 68.29

POINT X-SURF Y-SIJRF
NO.

t  50 .00  1 "02 .00
2  52 .67  103 .38
3  55 .27  104 .85
4  57 .81  LO6 .47
5  60 .27  1 .08 .18
6  62 .66  109 .99
7  64 .97  L1 l .  92
I  67 .18  1  13 .94
9  59  .  31  116 .0s

10  7L .34  118 .25
11  73 .28  120 .55
L2 75 .11 L22.93
1 -3  76  . 83  12s .38
L4 78.45 L27 .9L
15  79  .95  1 .30 .51
15  81 .34  133  .  t  7
L7 82.60 1.35.  89
18  83  .  75  138 .66
19  84 .39  140 .40

I
EARTH FN(
Midvale, UT (s/n 5080)

FAILURE SURFACE #10 SPECIFIED

SAFETY FACTOR - L.692

X-CENTER - -67.32
Y-GENTER - 225.L6
RADTUS -  155.52

ALPHA
(DEG)

27 .22
29 .74
32.26
34 .77
17  . 29
39 .81
42 .33
44.84
47 .36
49 .  88
52 .39
54 .91
57  . 43
59  . 9s
62.46
64 .98
67  . 50
70 .02

BY 15 COORDINATE POINTS



POINT
N O .

x-suRF

50 .80
52 .  88
54 .93
56 .93
58 .  89
50 .81
62.69
64 .52
66 .32
58  . 05
69 .77
7L .43
73  . 04
74 .6L
74 .85

UT (s/a

Y-SURF

109  .20
111 .  35
113 .55
115  . 80
1t-8 .07
120 .37
L22 .7L
125  .08
I27 .49
L29.93
L32.4A
134 .90
1'37.42
139 .98
140 .40

s080)

ALPHA
(DEG)

46 .05
47  .O9
48 .13
49 .L6
50 .  20
5L.24
52 .28
53 .32
54 .35
55 .39
56 .43
57  . 47
58 .  5 t
59 .55

I
2
3
4
5
6
7
8
9

10
11
L2
13
L4
15

EARTH FAX
tl idvale,



Y

100 .00

A

1 1 8 .  7 5

X

137 .50

s

L56 .2s 1 7 5  . 0 0 L 9 3 . 7 5

x . 00

18 .  75

A 37 .50

-:k24. 0 . .
- .121.40 *

X  56 .25  + . . 9 .1170 .  . * .
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