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STORAGE PAD SIOPE STABILINT ANALYSIS
AT THE CRANDAI.L CAIITON UINE,

E}IERY CO['NTY, UTAS

1.0 nrrRoDucTroN

Ttre Crandall Coal Mlne, owned by Genwal GoaI Goupany near Hunttngton, Utah
(Flgure 1-1), currencly crucks approxinately 1,000,000 cons of coal annually down
Crandall Canyon. $rls strean-lnclsed carryon provldes only thtced aree for
structures, scorlng equlpnent, and nanerrrarlng vehlcles (FLgure f-2).

To provide addltlonal surface erea for equlpnenc storage and vehlcle

naneuvering, Genwal has proposed extendlng thelr exlstlng storage pad coward

.Crandall Creek. In addtcion, Genwal has proposed pavlng thelr haul road fron the
trouth of Crandall Canyon co che cnrck trrrnaround lrr8, a dlsEancs of
approxlnacely 1.3 ulles. Ttre cruck curtlaround area ls shorrn on Flgure 1-2.

The Put?ose of thls report ls co determl.ne ttre clope rtabtllty of che
proposed storage Ped. Slope stablliCy analyses wtll be cvaluated for the

critical operaclng condltlons and wl1l Lnclude an allowance for selsulc loadlng.

fhe work descrlbed ln and associated wlth thls report tncluded fleld

obsenrations, surface soll saraple collection, revlews of fleld and laboratory

daca, and teotechnlcel calculatlons.

Ttris rePorc pt"".r,a" an expresslon of professlonal oplnions and

recounendacl.ons based on the resulcs of fleld obserrratlons, laboratory analyses,

and professl.onal Judgenenc. A quallfLed englneer or geologlst should be ac the

site durlng che storage pad construction to nonitor fleld condlctons and uake

fteld decisions as necessary.

This documenc ls dtvided inco six seccions includlng thls lntroductlon.

Background lnfornacion related to the slte is surnmarl.zed in Secclon 2.0. Resulcs

l-1
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of che near-surface sol ls invest lgat lon are presenced ln Sect lon 3.0, fol lowed

by a  s lope scab l l l cy  ana lys ts  o f  the  s to rage pad s lope ln  Secc ion  4 .0 .

Concluslons and recoumendatlons are presented ln Secclon 5.0, fol lowed by the

c t ted  re f ,e rences  l i r  Sec t ion  5 .0 .
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2.O EACKGROI'ND INFORI{ATION

2.L Si te  Descr lpr lon

The surface sEorage pad for che Crandall Canyon Mlne ls located on the norch
slope of Grandall Canyon which Ls a Bributary of Huncintton Creek in Enery
County, Utah. Ttre geology of Crandall Canyon conslscs of ctre l{esaverde Group of
uPPer Cretaceous sedimencary rocks. Genwal ts currently nlning the lllawacha coal
sean of the Blaekhawk FormatLon.

'The Blackhawk Fomacton, the niddle nember of ctre Mesaverde Group, consl.sts
of ltghc co neditrn tray sandscone, llghc gray co black shale, Ilghc to nedium
gray stltstone, and coal (Davts and Doelllng, L977). Ttre sandscones are Bostly
flne grained and foru ledges and cllffs. Ttre shales and slltstonrs are generally

carbonaceous and underlle covered slopee. Ttre sedlnents of the Blackhawk

Fornaclon are slrplcally 40O Eo 1,100 f,eec chtck.

Alluvial deposlts are presenc ln ttre bocton of Crandall Canyon and grade

lnto colluvlal depostts ac shorc dlscances upslope frou ctre canyon floor.

Alluvtal deposlts ln the vlcinlty of the surface storage pad are typtcally silcy-

sands with lnternlttenc layers of sandy-gravel. Colluntal deposlts concain

poorly sorted, unscratlfled layers of large angular gandstone blocks Ln a

gravelly sand natrlx.

Ttre norEh bank of che Crandall Creek strean channel downslopa fron che

surface storags pad conststs of nearly vertlcal strEan cuts whlch are currencly

uP co 8 feec hlgh wl.th a debris slope at Ehe base of, chc cut. Alluvtal deposlts

of cemenced sllcy-sands and sandy-gravels are exposed ln the 3teep bank cuc.

Ttre vegetatlon on the south slope of Crandall Canyon conslscs of dense

stands of conlfers and aspen. Ttrese Crees are presenc ln scattered stands on the

north slope along wlth bushes, sagebrush, and grasses.

2-L



Genwal Coal Conpany
Crandall Canyon Mlne

Stabll try Analysts
November 9, 1990

Scorage Pad

2.2 General Salsnlclty

SeLsnic actlvlty ln the vlclnlcy of the Crandall Creek Mlne has been
historlcal ly low. Becreen 1850 and 1978, che largesc seisnic evenE to occur near
the stte rras Magnltude 5.8 (Rlchter scale) atr e hypocenrral dlscance of
approxlmacely 26 nl1es wesr (Flgure 2-L; Arabasz er el, 1979). According ro
worldwtde earthquake data coropiled by Seed (1982), chis evenc corresponds ro a
peak horlzoncal acceleratlon ln rock of abouc 0.07g, where g is gravtcatLonal
acceleratton. Ttris peak horlzontal acceleratlon will be used for the slope
scablllty analy.ses.

2-2
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Genwal CoaL Conpany
Crandall Canyon Mlne

SEorage Pad Scabll lry Analysls
Novenber 9, 1990

3.0 SOILS INFORUATION

3.1 Genera l

. Calclum carbonace frou che parenc rock has cemented che tnstcu alluvlal and
colluvlal soils. Ttrts cementation, coupled wich lnherent slope stabiltcy
provtded by roots and capll larl ty ( lnter-part lcle noiscure), enables steep slopes
co for:rn tn Crandall Canyon. Depending on the relaclve influence of these facrors
and che locallzed geonorphic processes, the slde slopes ln Crandall Canyon range
frou the angle of repose at the ridge llne to near vertical at locatlons along

the creek. Upon seturetton, apparenc and bonded soll strengch frou capillartcy

and cemencaEion decreases, teaving rooc scructure and lncernal frtctlonr/cohesion

co ualncain Ehe slope.

3.2 Subsurface Exploration

Ttre slte of the proposed storage pad excension was lnvestlgated by hand

€xcavatlng flve shallow tesc pits on Sepcenber 20, 1990 at locatlons ldenclfied

as BS-1 chrough BS-3, FS-L, and SS-l ln Figure L-2. Bulk grab sanples were

collected fron each locatlon and subrnicced for physlcal analyses.

Sanples BS-1 chrough BS-3 were collected froru the extsclng surface storage

Pad. This storage pad ls constructed of nacive fill naterlal (slIcs through

cobbles) underlylng lnported road base (stlcy gravelly sand). These sotls are

very hard due to repeated loadlng wtch cruck crafflc and to annual appllcaclons

of nagneslun chlorlde. Concrete lres encountered at a depth of 4 lnches at BS-1,

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

depch of about 18 lnches. Based on these cwo pics, the base course macerial

extends co a depch of approxinately 8 inches. Accordlng to celephone

conversacions wlth Genwal, this chickness is cypical for che haul road.

3-1



Storage Pad

Ttre sanple fron BS-1 consists of road base. Sanples fron BS-2 and BS-3 are
conposite sanples of road base and naclvs f i l l  naterial.

SanpLe FS-l was collected frou thc fll.l slope of she surface srorage pad.

Ttris nacerlal ls unconpacted sllcy gravelly sand and appears co be a conposlte

of road base and natLve f111 uacerlal.

Sanp1e SS-1 was collected frou natl.ve soll along che north bank of Crandall

Greek. This uatertal ls a sllcy gravelly sand wtth calclun carbonace

cemencacion.

3.3 LaboratorT Anelyses

Soil sanples collecced during the f,leld lnvesclgatlon rere subnltced co

Garco Tesclng Laboratory ln Salc Lake Clty, Ucah for physleal analyses.

Laboratory tests werE perforned tn accordance wlch nechods prescrlbed by Ehe

Amertcan Soctecy of Tesclng and Haterlals.

!{odlfied Proctor coupactlon tests sere conducted on one conposite sanple

frou ptts BS-1 chrough BS-3. Atcerberg Lintts and oechanlcal gradacton cescs

were conducted on sauples frora SS-1 and a conposice of BS-t through BS-3. Garco

subnicted sanples frou SS-1 and FS-l co Danes & Moore ln Salt lake Clcy, Ucah for

unconsolldaced, r^rndralned dlrecc shear tests to eveluace so11 scrength

parauecers. Ttresa laboratorT results ere presented ln Appendlx A.

Genwal Coal Conpany
Crandall Canyon Mlne

Three Callfornla Bearlng Raclo (CBR)

BS-1 chrough BS-3 compacred co 95t of che

cest resulcs are presented Ln a haul road

3 .4  So11  Da ta

Laboratory cesc resulcs of Ehe site soi ls

Accordtng to Ehese daca, che soils are nonplasEic

Stabiliry Analysis
Novenber 9, 1990

tesCs rrere condueted on sanples fron

nodlfled Proctor dry densicy. These

deslgn report by EarthFax (1990).

are sumarl.zed

silcy gravelly

ln Table 3-1.

sands and si lcy

3-2
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Genwal Coal Gonpany
Crandall Canyon Mine

( a )

(b )

( c )

TAELE 3-1

Sunnary of Laboratory Tesc Resulcs

All sanples are coarse-gralned wich greacer chan 12t passtng a #2OO sieve,
thereby renderlng an SM or Gl.[ classif lcation. BS-1, FS-l, and SS-1 are
sllty gravelly sands. BS-2 and BS-3 are sll.ty sandy gravels.
Sanple coupactad co 123.5 pcf and tesced under rxlsacurated and undrained
condlctons.
Sanple conpaeted co 110 pcf and cesced under unsaturaced and undratned
condlt lons.

Sanple Unif led
Soi l

61""" ( r t

Plas t ic
Index

PercenE
Passlng
#4 sleve

PercenE
Passing
#200
Sleve

Internal
Fr lct lon

and
Coheslon
(o/ksf)

t todl f  led
Proctor
Densiry/
Molscure

BS-t sl{ Nonplastic

6onbtned
Sanple

5 6 . 4

Comblned
Saople

1 9  . 9

Cornblned
SanpIe

132.  8pc f
6 .9 r

Conbined
Sanple

BS-2 CM

BS-3 ct{

FS-1 SM 55/L.5ts t

ss-1 SM Nonplastlc 7L .0 19 .8 46/O.7rct

3-3
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Genwal Coal Conpany
Crandall Canyon Mlne

:

sandy gravels. Typlcal ly, 19.8t of che soil  ls f , lne-gralned (passing a #200
steve). Slnce che sanples are nonplastl.c, che flne-gralned fractton ts probably
silc rather than clay. Ttre roodl.fied Proctor denstty of che base course naterlal
I 's 132.8 pounds per cuble fooc (pcf) ac an optlnrra nolsture contenc of 6.9t.

The angle of lnternal frictton as deterntned by che dtrecc shear Eesc is 45
degrees for sample SS-t and 55 degrees for sarnple FS-l. Ttre tnternal coheslon
ls 700 pounds Per square foot (psf) for sanple SS-l and 1600 psf for sanple Fs-I.
These values are unusually hlgh and, in the case of sanple Fs-l, uay indicate
that gravel-sized partlcles had a slgnlficanc effect on the llnited tesclng
surface of the dlrect shear device. The high strengrh values for sanple SS-1 nay
explaln the prolonged stabillty of the nsar-vertlcal sttEaD cut dowaslope of the
scorage pad on the north bank of Crandall Creek. The strength paraneters fron
sampre sS-l wlll be used Eo conduct rhe slope scablllty analyses.

3-4
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4,0 SLOPE STABILITY ANALYSES

4.1 Genera l

So11 slope stabillcy analyses were performed wlth Ehe conputer prograg

CEOSIOPE whlch ts based on the FORTRAI{ Program STABL3, developed aE purdue

UnlverslEy. CEOSIIIPE uclllzes Ehe llnit equilibriun procedure of slices so

dEternlne the safecy factor of potentl.al failure surfaces for clrcular

(Slnpltf led Blshop's nethod) and noncircular shapes (Janbu's trechod). Pocencial

fallure surfaces at the slte were assuued co be clrcular for thls reporc.

4.2 Assunptlonl

The followlng assuuptions were oade for che slope stablllty analyses:

RasulCs fron the dlrecc shear cesc on sanple SS-1 are
represencaclve soll .  scrength paramecers for the naclve soll .
ttrerefore, angle of lncernal frlcclon ls 46 degrees and che
Lnternal cohesion is 700 psf.

Ttre solls draln rapldly and excess Pore Pressures do noc
develop ln response to straing and ttress changes.
Gonsequently, the pore pressure paranecEr [n che stabllicy
analysis ls 0.

Ths naxinum horlzoncal acceleratlon at the slte ls 0.07g.

4.3 So11 Prop€rty Paraoaters

As lndlcetcd ln Sectlon 3.1, the shear scrength of lggl$l soll deposits at

Genwal ls provLded by lncernal f,rlctlon and coheslon, rootr/soll tnceractlon,

calcltru carbonate ceuentatlon, and i.ncer-parcicle captllarlty. Ttre lacter two

couponencs dlsappear upon saturation. The shear scrength of dlsturbed natlve

soil deposits is developed through lncernal friction and eoheslon, caplllarlcy

and, co lesser degrees, cemencatlon and rooc/so11 tnceracclon. Incernal

fr ict lon, coheslon, and eapil laricy act on irnporced soiLs.

1 .

2.

3 .

4-L
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. 1

Data for shear strength componencs provided by ceuencacl,on, eapillarity, and
vegecaclon are not evailable. rhese strentths can be estl.uated, however, by
conducttng slope stabtllty anaryses on chc exLstlng slope and assuulng a ulnirarrn
safety factor rrnder dry, scattc (no earthquake Loadl.ng) condlEtons. In the
lncerest of conselrtatlsn, however, ttrege shear strength couponencs nlll be
neglected and che scablltcy wtlI be evaluated ustng only incernal frlcclon and
cohesion

4.4 Slope Stabll t ty Analysls

slope ts presenced
ln Flgure 4-1. Tttls cross-sectlon was developed by sunreying the slope uslng a
hand-held eye level and a measurl.ng cap6. Ttre proposed storage pad excenslon !s
also shown ln Ftgure 4-1. Boulders w111 be placed at Gtre toe of the exrenslon
slope to act as a nakeshlfc reuaining waL1, chereby enabling addtclonal flll soil
co be p laced.

J

The proposed slope ln Figure 4-l ts scable wlrh a crltlcal safecy facror of
1.58 under statl'c condtclons and 1.45 under dlmarnic condltlons uslng ahorizoncal
ecceleratlon of 0.07g. Resulcs of t tre scabil l ty analyses are presenced ln
Appendlx c. As e worst-case condltlon, the debrls slope at tha base of che near-
vertlcal stream cut was not lncluded Ln Ehe analyses slncE Crandall Creek uay
wash this debrls away durlng a period of peak f1ou.

4-2
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5 . O CONCLLSTONS AtlD RECOI{MEIIDATTONS

Ttrls rePort represents an sxpression of opinlons and reconuendaEions based
on fleld obsenratlons, laboratory analyses, and professLonal JudgenenE. It is
reconmended chac a geotechnical or geologlcal engineer be on sice durini
construction of the storage pad extension to allow adequace fleld declsions co
be nade regarding local conditlons.

Slope scablltty analyses were conducted using an angle of lnternal friccion
of 46 degrees. End an lncernal coheslon of 7OO psf. In the tnceresr of

consenratl.sm, sheer strengths lnparced ctrrough Eoocr/sol1 tnteractton, calclum

carbonate cementatlon, and lnter-partlcle capillarlty were neglected. In
addl.tl.on, as a worst-csse conditLon, chc debrls slope aC the base of che near-

verclcal stream cut nas noc tncluded ln the analyses since Crandell Creek uay

wash Ehls debrl.s away durlng a perlod of peak flow. The proposed slope tn Ftgure

4-1 ls stable wlth a critlcal safecy faetor of 1.58 under statlc condiclons and

1.45 under dynanlc condltlons ustng a horizoncal acceleratlon of 0.07g.

5-l



Genwal Coal Conpany
Crandall Canyon t{lne

Scorage Pad Scabil lry Analysls
November 9, l99O

6.0 REFERENCES

Arabasz,  W. J . ,  R.  B.  Snlch,  8ndW. D.  Rlch ins (Ea.y.  Lg7g.  Ear thquake Scudles
ln Ucah 1850 co 1978. University of Ucah Seismograph Stactons, Depa.rar"rra
of Geology and Geophystcs, unlverslty of ucah, salc Lake clty, utah.

Davis and Doelllng. L977. Coal Drllling ac Tratl MounraLn, Norrh Horn Mounlain,
and Johns Peak Areas, Wasatch Placeau. Ucah Geological and Mineral Sunrey
Bul lec in 112.  SaIc Lake Ct ty ,  Urah.

EarthFax Engineerlng, Inc. 1990. Flexible Pavemenc Design for the HauI Road ar
che Crandall canyon Mine, Erqery Counry, UEah. ProJecc Reporr prepared for
Genwal Coal Conpany, Huntington, Utah.

Seed,  H.  8 . ,  and I .  M.  Idr iss.  1982.  Ground Mot ions and So11 L lquefacr ion
during Earthquakes. Earchquake Engineering Research Insritute, Berkeley,
California.

6-t





Genwal Coal Conpany
Crandall Canyon l{ine

Scorage Pad Scabil iry Analysis
Novenber 9, 1990

APPENDIK A

Solls Laboratory Test Results



t'"il\u
L.H"t

|{\tLAP
Accrdiud

GAR CO TESTING LAB,RAT,RIES
j 0gZe Soutb 19fi) Wert 50?1 So. Anillc

Roy, Utlh 84067 lar vcg', Ncvada 89ltg
Phono 776'5355 Phonc (70D 364€09r

October  15 ,  1990

gar th  Fax eng lneer lng
At tn :  Rhet t  Brooks
7324 s .  1300 8 . ,  s te  100
Mldva le ,  Utah 8404?

subJect :  Phys lca l  Proper t les  on .samgles gubnr t ted f rom

At te rberq  L lm i t
Lab lf 3 3101 S[uPug SS - I

Non F las t l c

532 Wcet 3560 South
Salt LeLc City, Utrh g4ll5

Phoar 266.{49E

the  Genwa l l  p ro lec t .

D l rec t  shear  uneonso l  ld f f i
Lab  f33098  f .D . :  FS- l

So11  I .D .  :
t  Compact lon :

Fee Angle
Cohes lon  - .

Lab  t330gg  r ,D ,  :

So l . l  I .D . :

Fee Ang le
Coheg lon

ss-1

l,laxlmum
,  Opt lmum

55 deg
1500  ps f

Re,uv.oeo

46 deg
?00  pEf

Dry Densl ty  .
t{o lsture r

rb //O p"f

SM
93t

132.8
6.  g t

SH
e-W

ASt rH  D -1883  Ca l lFo rn lp  Bea r l ng  Ra t l o
Lab  t 33092  I .D . : '  BS -1

Haxlmum Densl ty
Opt lmum Hols ture
t Comgactlon

L32.8  su rcharge  I
6 .9 t  t  Swe l ]  : r
94 .8 t

Bear lng  Va lues

E-enelr-af.1-on
.100
.200
.300
.400
.500

National Voluntary
LaboraroryAccredirarion rN\t
Program U \ V

A fn United stares Deparrment
l})P) ol Commerce Accredited

u
Member :  ASTM ACI  AGC



Ear th  Fax
Phyg tca l  P roper t les  con t Page  2 ,

b  t 33093  -  LD .  ! B+L
l ' lax lmum Dens l ty
Opt lmum Ho ls tu re
t  compact lon

L32,8  9urcharge a
5 .9 t  t  SweI |  -
95.4 t

Bear lng Va1ues

50 psf
0 .53t

Peng.tr-aLlgn
.100
.200
.300
.400
.500

P S I
2L6
29L
355
451
539

t oF sf.and.ar.d.
2L
19
19
19
20

ab [33092  f .D .  : BS-3
-r-

Hax lmum Dens l ty
Opt lmun Mo lg tu re
t  Compact lon

L32 .8  Surcharge
6 .9 t  t  SweI I
95 . { t

Bear lng  Va lues

=  50  ps f
=0

Penetr*t.l-a.n
.100
.200
.300
.400
.500

PSI-
171
316
420
529
656

L.gf-q-tandard.
L7
2L
22
23
25

Atte-r-beLqi.Imll.
tab [33096 r .D.  :

Non P las t l c

Comblned nater la l  8s-1 ,  gs-z ,  Bs-3

ASIU-D : I 5 5-?:"0-Er-aclcr
Lab f33095  I .D . :  Comblned  mate r la l  Bs -1 ,  BS-2r  BS-3

Max lmum Dens l t y  =  L32 .8  pc f
Opt  lmum l . lo  l s tu re  =  5  .  9 t

2ffi,
Douq  l {a t son
Genera l  Hanager



r'1L\.0."ffi,t
twLA?

A.rrd|.a

GAR C O TESTING I,ABORATORIES
o

9 t

6illl thrt 3660 tlouth
S.lr bt Clty, Utrh 8rtr6

Phou 2|t&1{OE

320 .0

o
79 .0

t7 .8

48 .8

34 .4
66 .  I

49 .0

40 .  ?

51 .3

339 .2

422 .0

?00 .3

! [/ElzA tbuth l9fil Wort

8oY, Ut|h E4067
PAoar 7lE{356

LAB NO. :

} , IATERIAL :
P IT /FLAN ' I :

16.4

t  6 .4

?0 .4

?1  .3

?3 .  B

?5 .6
?9 .  O

31.5

33 .6

36 .  ?

48 .4

70 .0

BO.3

6(Itl th. Arvillr
hr Vcaer Nrvrdr 89tlE

Pbonr tzoz) 36.{03l ? /?8/9O

33100

-sL
, [ ITI- I  FAX E}IGINEERING, INC.

liilof,EYttitAfroBn$i$t' srE t'oo
Tl l :  RANDOLFH t iAI l lER

FR0JECT:  QUALITY CONTROL
iE i . IT IF ICATION:
: ITECIFICATIO} . I  :

;  =  = = =  = = = = = = = = =  = = = = = =  = = = = = = = = =  = = = = = =  = = = = = = = = = = =  = = = = = = ! B = = = = = = = = = = = = = = = = = = = = = =

TEST DATE ?/?S/9O
SAI ' IFLE BY:  CUST RUN BY:  t tR IS

REHARI{S:  +33101 :  ATTEREERG LI l " l IT -NON PLASTIC
:  =  = = = = = =  = = = : :  = =  = =  =  =  = =  =  = =  = = =  = = =  = = =  = = =  =  = = = = = 3 = = = = = = = =  = = = = = = = = ! =  = = = g = = = = = = = = = = = =

USA SIE' /E 6RAI. IS N
NIII, IEIEF RETAII.IED RETAINED RE?HInrfr pnSsrHo ttF'F[$StIEo*

, 1  < t t

I .5 "

1 u

3 /  4 n

L i ? " '

3 iB"

i l , 5

+30
+50
+ 100

+?00

16.4

4^O

a ?

?.5

1 .8
3 .4

3 .5

? .1

? .6
{ ? ' l

?1.6

10 .3

83 .6

83 .6

79 .6

7fE.7

76 .?

74 .4

7 t  .0

68 .5

66 .4

63 .8

51 .6

30 .0

19 .8

St"1 bR\VEut SAr'

SMo-;

: : = = = =  = = = = = = = = =  : : = = = = = = = = = = a . ! = = = = = = = = = = = = a = = = = = = = = = = = g 3 g ! I t ! t g a ! 3 4 - = a = = l t l : a = - = = = = =

i{.,fi lHohrTr'tB?B:i F']r' 3'?2
i ?OQ t r .0 .  360 .1  DESIGN F . l ' | .
,9 ' ,J00 s .0 .  ?6 .5
{ l ' f  i \L  -+2OO 386.6  =  Lg  .8%

National Voluntary r\. n n n(l /1 1-]Laborarorv Accred'ario" 
NVI L/a\ tt'l :,"I:ffi:1,::ffl;tlT,Prosram U \ \J \JtrJT) v'

HANAGER

M€mber: ASTM. ACl. AGC



GARCO r'sr'v G LABoRAroRrEs

i iRTH FAX ENGINEERING,  I l lC .

f i;,inf Ef"titAfro8n6t$t' srE too
ITI ' t  :  RAilDOLFH GAII.IER

===== =  ========= =============== ======================== =====================
FROJECT:  SLIALITT CoNTHoL TEST DATE:  ? /?5 /?Q

DEI IT IE IQ0I IQN:  C0 l ' lB  8S-1 ,  BS-3 ,  BS-3
: ' i iEe  i i ' ' I eA i lE i i ,  

-  
sA l , lF 'LE BY:  CUST RUN BY:  NRIS

REMARI\S :  S33096 :  ATTERBERG LII ' l IT- t ' lON FLAS'I IC
== ============ === ============ === === ====== === =  ==============================

RE?HItril rn3srHa SPECIF ICAT ION
% FASSIN6

i)') L

uf.'fir,tfi[Ft/E
a . r

I .5"

t "
3 r ' 4u

L i? "

Jz 'B '

6113 Wbt,3660 Stourh
thlt t t Clty, Utrh 6{f 16

Pboar 2664{98

SE2S lloutb 19fi) Wers

Roy, Uteh 84067

Phonr 776{366

?.4

18 .2

t9  .6
? {  1

?9.0

33 .4

43 .6

50 .7

55 .  I

58 .  I

6? .  t
1 n

80.  r

GRAI.IS
RETAII . I

l roT

?74.

43 .

50 .

?41 .

135 .

316 .

330 .

1 . ' f .

9?.

1?4 .

330 .

330 .

%
RETAINED

? .4

8 .8

1 .4

1 .6

7 .8

4 .4

.  10 .?

7 .1

4 .4

3 .0

4 .0

10 .6

7 .4

ED

I
1t

5

0

5

6

6

6

B

4

6

?

5

90.6

Bt  .8

80 .4

78 .8

71 .O

66.6

56 .4

4? .3

44 .?

4L .?

37 .?

27 .3

L9 .9

sl$7 sA^th GRAUE

G^^
+ 1.5
*30

+50
+ 100
,?200

%
I.IAI.IAGER

National Voluntary ,-.'...r..., ̂ flLaborarory Accred*ario" 
NVI L/n\ hl :,i:ffiF,:Tffj;tllT,Prosram u\ w 

"*T( 
vr

o_;

:  =  =  = = =  s = = = = =  = = = = = = = = = = = = = = = g = = = = =  = = =  = = = = = = = = = = = =  = = = = = = = = = = = = = = = = = = = = = = = = = = =  =

tf;iPo$^tiiT'] lgtt:I F't{' 4'?3
.+ roo h l .  o .  

-5eq.5  DESTGN F -  H.
- | .200 s .0 .  39.o
t ' { " iTAL  - *200  6 i3 .5  =  2O.O%

60?f So. Alillc
Lar Vcgr, Ncvade 89118

Phoar (?oD 30{€031 
? /?8/9O

LAB N0 . :  33097

HI1 ' IERIAL :  COHBII IED I ' IATERIAL
FIT,TFLANT: FRar+ BS-r ,  BS-2,  r r rqo BS-3

Member :  ASTM.  ACl .  AGC



GARCO rEtrrNc L4BoRAroRr,o
5t26 South 19(D Wd t!2 Wen 3560 Sortl l0?l S. Arvillc

Roy. Utrb tl06? Srh Lrte Ciry, Utd t4l It L.r Vqs N'rdr |9l lt

MOISTURE I'ENSTTY CURYE ASTM C.69t' I'.1557
' h f 33a 9 .f l,Aarcrial sourcccorne . At-t A5-2, AS-}

rmer  E r . t ' l r  Fa f  p ro i cc t rGez ' t r ra /  Da rc  9 '2C-qa

TcstMcthod T- t?0:D Uax.Compacl ie l l  . /32.8 Opt .Mois t .4

6
h ,

3 . :

E6
o5
e' e'
o€r:t

=c
L

6 Percenl  !



SUS.JECT

SHEET-OF-

\

t
el
(1

\

N
\N

J
t
{
\

*

q
!l

\ -
s
N
r l

v

\
I

$

\
\
\

\
\r\

\
\

.\

R
t
a
{
\
t1

\
\

\

v
\
\
\(r\

L
$

a \ .

A

ul
F

o

o

gl
F

o

.o

\
$
\
\
\i{lR.

\

$i$
o
lr,
o
F

c
ou

o
o
EI
g
U
ul

u

r|

a

o

o
s
I

a

{

I

.  t r 2  7 t l  P t r N l E o  l N  U  s  A

Dames & Moore

Jt  
' is tv/S 

vtr tv5



SUSJECT

SH€ET-OF

q
tf

t
ll

88
o 9
F F

tl
u lll
F F

oo

6ll
- t l
3 l l

! l l
5 ! t
- l l
- l r
u r > >
,  , A O

1\a
I
\
\
L(4

J

t
t
\

t

\
!
\
t

sq
$tJ

T
a

t

\
\

I
\

!$ :
sl
\ l
. \h$

t,x
\ l
\,iAt

\
\

tl.
(A

\
0
a
\l

l l

U-ll i
, \

'$ Y s
";aa

I
I

I

o
q

s
s
as\s

a
s
s
\

o
s
o
s

o
gl

o
F

G
ou

o
o
ul
v
U
|rl
-
U

"l\l
\l

ol
F

o

\l
o

o
a

Dames & Moore

/,fd 
'f,s??t9 

V/t//S



:i1;ldl:t.



Genwal Coal Conpany
Crandall Canyon l,llne

Scorage Pad Scablllry Analysls
Novenber 9, 1990

Slope Stablllty Analysls

APPENDXX B

Under Statle Condltlons - ConErtcr Ortput
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PROFIL
GENIJAL - Proposed storage pad expanslon wlth debrls slope at base of slope
scoured
6
6
0 .0  100 .0  25 .0  100 .0  1
25 .0  100 .0  50 .0  102 .0  1
50 .0  102 .0  53 .3  131 .7  I
53 .3  t 31  . 7  55 .0  131 .8  t
55 .0  131  . 8  67 .0  140 .4  1
67 .0  140 .4  150 .0  140 .4  1
SOIL
1
120 .0  130 .0  700 .0  46 .0  0 .0  o .o  L
CIRCL2
11
10
50 .0  52 .0
55 .0  90 .0
0 .0
3 .0
80 .0
5 .0

o,
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l{idvale, UT (s,/n 5090)

EARTII FN(
Mldvale, llf (s/n 5080)

-SLOPE STAEILIIY ANALYSIS-
SIUPLIFIED JAIIBU MEf,HOD OF SLICES

IRREGUIAR FAILURE STIRFACES

PROBLEM DESCRIPTION GENWAL - Proposed storage pad expanston
wich debrl.s slope ac base of, slope scour

BOI'NDARY COORDINATES

5 TOP BOI'NDARIES
6 TOIAL BOI'NDARIES



BOUNDARY
NO.

I
2
3
4
5
6

X-LEFT

.00
2s .00
50 .00
53 .30
55 .00
67  . 00

Y-LEFT

I

100 .00  '

100 .00
102 .00
131 .  70
l3 r .  80
140 .40

X-RIGHT

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

150 .00

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

Y-RIGHT SOIL TYPE
BELOW BND

1
1
1
I
I
I

ISOTROPIC SOIL PARAMETERS

1 IYPE(S) OF SOrL

SOIL TOTAL SATT'RATED
TYPE UNIT [IT., T'NIT WT.
N O .

I  1 2 0 . 0  1 3 0 . 0

FRICTION PORE
A}IGLE PRESSURE

(DEG) PARAI,TETER

4 6 . 0  . 0 0

COHESION
INTERCEPT

7 0 0 . 0

PRESST'RE
CONSTANT

. 0

PIEZOMETRIC
SURFACE

N O .

1

A CRITICAL FAILI'RE SURFACE SEARCHINC METHOD, USING A RANDOM
TECHNIQUE FOR GENERATING CIRCUIAR SURFACES, HAS BEEN SPECIFIED.

110 TRIAL SURFACES HAVE BEEN CENERATED.

l0 SURFACES INITIATE FROI{ EACH OF lt POINTS EQUALLY SPACED
ALONG THE GROT'ND SURFACE BETIJEEN X . 50. OO

Al lD X -  52.00

EACH SI'RFACE TERIIINATES BETWEEN
, A}ID

55 .00
90 .00

DEFINE EACH TRIAL FAILURE SI'RFACE.

I r

x-

UNLESS N'RTIIER LIUITATIONS WERE IMPOSED, THE MINIMT'M ELEVATION
AT tfllICH A SURFACE EKTENDS IS y - . O0

3.OO FT. LINE SEG!{ENTS

RESTRICTIONS HAVE BEEN IMPOSED UPON THE ANGLE OF INITIATION.
THE ANGLE HAS BEEN RESTRICTED BETWEEN THE A.I{GLES OF 5.0 AND 8O.O DEC.

o



FACTOR OF SAFEIT CALCIJIATION HAS GONE TIIROUGH TEN ITERATIONS

FAcroR oF SAFETY FOR lrlE PRECEDTNG sPEcrFrED sURFACE - 2.320

FOLLOTJING ARE DISPIAYED IIIE TEN MOST CRITICAL OF TIIE TRIAL
FAILURE SI'RFACES EKAI{INED. ITIEY ARE ORDERED - MOST CRITICAL
FIRST.

SAFETY FACTORS ARE CALCUIATED BY THE HODITIED BISHOP METHOD.

I
EARTH FA"l(
Mldvale, l I [  (s/n 5080)

FAILURE SURFACE # 1 SPECIFIED BY 17 COORDINATE POIMS

SAFETY FACTOR - 1.583

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

o

POINT
NO.

Y-SI'RF

102 .00
104 .  37
106 .  76
109 .16
111 .58
114 .01
116 .46
118 .92
121 .  39
123 .88
L26.39
128 .91
131 .44
133 .99
1J6.5s
139.  12
140 .40

ALPHA
(DEG)

32 .L9
32 .68
53 .  17
53 .66
54 .  15
54 .64
s5.  t3
55.62
55 .  11
56 .60
57 .09
57  . 58
58 .07
58 .56
59 .05
59 .54

I  50 .00
2 5L.84
3  53 .66
4 55.46
5  57 .23
5  58 .99
7  60 .73
I 62.44
9 64.L4

10  65 .81
11 67.46
L2  69 .09
13  70 .70
14  72 .29
15  73 .85
15  75 .39
L7  76 .15

SLICE
N O .

1
2
3
4
5
6

x

50 .  92
52 .57
53 .48
54 .  33
55 .23
56 .35

DX

l .  84
1 .45

.36
1 .  34

.46
1 .  78

DW

1554 .  91
3469 .L4
1083 .  11
3880 .55
L266 .3?
4777  . 27

Da

. 00

.00

.00

.00

.00

.00

DU DN

.00  457 .  11

.00 2327 .LL

.00  776 .80

.00  2749 .57

.00  887  .29

.00  3312 .08

DSr

74L .43
1965 .03
9s0 .51

224L .46
L022.9L
2609 .54



7  58 .11  L .76
8  59 .85  L .74
9  61 .  59  L .72

10  63 .29  1 .69
l t  64  . 97  L .67
L2  56 .40  1 .19
13  67  . 23  . 46
14  68 .  28  1 .63
l s  69 .90  1 .61
16  7L .49  1 .59
L7  73  .O7  1 .  55
18  74 .62  1 .54
19  73 .77  . 75

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

POINT X-SI'RF Y-SURF
NO.

I  50 .20  103 .80
2  52 .29  105 .96
3  54 .30  108 .18
4  56  . 24  110 .47
5  58 .10  112 .83
6  59 .88  11s .24
7  61 .  s8  LL7  .72
8  63 .19  L20 .24
9 64.72 L22.83

10  65 .15  L25 .46
t l  67 .  s l  128 .13
L2  58 .  78  13b .86
t3  69 .95  133 .62
14  71 .02  L36 .42
15  72 .0L  139 .2s
16  72 .36  140 .40

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

X-CENTER -
Y-CENTER .
RADIUS .

- 92 .96
199  . 05

L72 .79

4477  .53
4L76 .98
3875 .97
3574 .77
3273 .69
2L69.54

794 .36
2494.25
L973 .77
L463.55

964 .L5
475 .5L

57 .98

.00  . 00

.00  . 00

.00  . 00

.00  . 00

.00  . 00

.00  . 00

.00  . 00

.00  . 00

.00  . 00

.00  . 00

.0c  . 00

.00  . 00

.00  . 00

3048.24
2782.24
25L4.29
2244.58
1973 .31
1250 .00

442 .35
L263.20

784 .25
311 .  26

-155 .57
-616  .02
475 .27

2436.90
2262.84
2087  .  51
t_911 .04
r733 .53
L260.24
73L .77

1258  .  88
955 .48
643 .99
340 .53

39 .24
131 .33

FAILURE SURFACE # 2 SPECIFIED BY 16 COORDINATE POINTS

SAFETY FACTOR - 1.584

X-€ENTER - -13.14
Y-CENTER - L67.2O
RADIUS -  89.51

o
ALPHA
(DEG)

45 .93
47  . 85
49 .77
51 .  69
53 . .50
55 .52
57  .44
59 .35
6L .28
63 .20
55 .11
67  . 03
58 .  95
70 .87
72 .79

FAILURE SURFACE # 3 SPECIFIED BY 16 COORDINATE POINTS

SAFETY FACTOR - L.592



I  50 .00  102 .00
2  5L .66  104 .50
3  53 .28  107 .03
4  s4 .85  109 .58
s  55 .39  112 .15
5  s7 .88  114 .76
7  59 .32  LL7  .40
I  60 .  71  120 .05
9 62.06 L22.73

10  63 .36  L25  .43
11  64 .62  128 .16
L2  65 .83  130 .91
13  66 .98  133 .67
14  68 .10  135 .46
l s  69 .16  L39  . 26
16  69 .57  140 .40

EARTH FA,Y
Midvale, I I f  (srzn 5080)

POINT
N O .

X-CENTER -
Y-CENTER -
RADIUS -

X-SURF Y-SI'RF

2.42
L57.34

70 .  56

COORDINATE POINTS

Y-SURF

105 .  60
107 .  69
109 .87
112 .  13
L14.47
116 .89
119 .  39
LzL.93
124 .58
L27 .26
130 .  00
L32 .79
13s .53
138 .50
140 .40

ALPHA
(DEG)

56 .32
57 .32
58 .31
59 .31
60 .  30
61 .  30
62 .29
63 .29
64 .28
65 .28
66 .27
67  . 27
68 .26
69  . 26
70 .25

ALPHA
(DEG)

44 .06
45 .50
48 .93
51 .  37
s3.81
56 .24
58 .58
6L .L2
53 .55
65 .99
68 .42
70 .85
73 .30
75 .73

FAILURE SURFACE # 4 SPECIFIED BY 15

SAFETY FACTOR - 1.539

POINT X-SURF
NO.

I  50 .40
2  52 .56
3  54 .62
4  56 .59
5  58 .45
6  60 .24
7  61 .90
I  63 .45
9  64 .91

10  66 .25
11  67  . 47
L2  68 .57
L3  69 .56
14  70 .42
15  70 .90

EARTH FN(
Midva le ,  UT (s rzn  5080)



FAILURE SURFACE * 5

SAFETY FACTOR -

SPECIFIED BY 15 COORDINATE POINTS

L . 6 9 4

X-CENTER
Y-CENTER
RADIUS -

POINT
NO.

t
2
3
4
5
6
7
8
9

10
11
L2
13
L4
15
16

-  -1430.94
- L028.77

L746 .23

X-SURF

50 .20
5L .79
s3 .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

POINT X-SI'RF
N O .

I  50 .20
2 52.4L
3  54 .58
4  55 .72
5  58 .82
6  60 .88
7  62 .9L
8  64 .90
9  55 .85

1o  68 .76
11  70 .53
L2  72 .46

Y-SI'RF

103 .80
106 .35
108 .  90
111 .4s
114.  00
115 .  56
119 .  12
121 .  68
L24.25
L26.82
L29.39
131 .96
134 .  53
137 .11
139 .59
140 .40

ALPHA
(DEc)

58 . cr5
58 .15
58 .26
58 .35
58  . 45
58 .55
58 .6s
58 .75
58 .85
58 .95
59  . 05
59 .15
59 .24
59 .34
59 .44

Y-ST'RF ALPHA
(DEG)

103 .80  42 .64
105 .84  43 .51
107 .91  44 .58
110 .01  45 .55
112 .15  45 .53
114 .33  47  . 50
116 .54  48 .47
118 .79  49 .44
LzL.O7 30.42
123 .38  s l . 39
L25  .72  52 .36
128 .10  s3 .  33

I I
EARTH FA.K
Mldvale, [ I f  (s/n 5080)

FAILURE SI'RFACE # 5 SPECIFIED BY 17 COORDINATE POINTS

SAFEIY FACTOR - 1.703

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



13  74 .25  130 .51
14  75 .00  L32 .94
15  77  . 7L  135  . 41
16  79 .38  137 .90
L7  80 .99  140 .40

EARTH FA)(
Midvale,  UT (srzn 5080)

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

FAILURE SURFACE # 7 SPECIFIED BY 19 COORDINATE POINTS

SAFEft FACTOR - 1.704

X-GENTER - -648.15
Y-CENTER - 764.60
RADIUS - 962.53

o

POINT X-SI'RF Y-SI'RF
NO.

t  50 .00  102 .00
2 52.06 104.  18
3  54 .L2  105  .37
4  56 .  17  108 .56
5  58 .21  110 .76
6  60 .24  112 .96
7  62 .27  115 .  t 8
I  64 .29  117 .39
9  66 .30  119 .52

10  68 .31  121 .85
u .  70 .  31  124 .08
L2  72 .30  L26  .33
t3  74 .29  L28 .57
14  76 .27  130 .83
l s  78 .24  133 .09
L6  80 .20  135 .35
L7 82.L6 137 .  63
18  84 .  11  139  .91
19  84 .53  140 .40

1
EARTH FN(
l l idvale, l l f  (s/n 5080)

FAILURE SURFACE # 8 SPECIFIED

SAFETY FACT0R - 1.758

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

ALPHA
(DEc)

46 .59
46 .76
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 .O9
49 .26
49 .44
49 .62

BY 17 COORDINATE POINTS



o
FAILURE SURFACE #10 SPEiIFIED

SAFETY FACTOR - 1.850

BY 19 COORDINATE POIMS

ALPHA
(DEG)

27 .22
29 .74
32 .26
34 .77
37  . 29
39 .81
42 .33
44 .84
47  . 36
49 .88
52 .39
54 .  91
57  . 43
59 .95
62.46
64 .98
67  . 50
70 .02o

X-CENTER
Y-CENTER
RADIUS .

POINT
N O .

I
2
3
4
5
6
7
8
9

10
11
L2
t3
L4
15
16
L7
t8
19

-  20 .10
163 .40

68 .29

X-SURF Y-SURF

50 .00  102 .00
52 .67  103 .38
55 .27  104 .86
57 .81  L06 .47
60 .27  108 .18
62 .66  109 .99
64 .97  111 .92
67  . L8  113 .94
69 .31  116 .05
7L .34  118 .26
73 .28  120 .55
75  .  11  L22 .93
76 .83  125 .38
78 .45  L27  .9L
79  . 95  130 .51
81 .34  133 .17
82 .60  135 .89
83 .7s  138 .56
84 .39  140 .40

EARTIT FA',\(
Midvale, Uf (s/n 5080)



o
t

POINT X-SI'RF
NO.

1  50 .40
2 52.52
3  54 .62
4  56 .70
5  58 .74
6  60 .76
7 62.7$
8  64 .72
9  66 .66

ro  58 .58
11  70 .46
L2  72 .32
13  74 .L5
14  75 .95
15  77 .72
15  79 .47
L7  79 .83

I
EARTH FN(
Midva1e, UT (s/n 5080)

FAILURE SURFACE # 9 SPECIFIEDBY 13 COORDINATE POINTS

Y-SURF

105 .60
LO7.72
109  .87
112 .04
114 .  23
116  .45
118 .69
120 .9s
L23.24
125  . 55
L27 .89
130 .24
L32.62
135 .02
137.44
139  .88
140 .40

ALPHA
(DEG)

44.94
45 .62
46 .30
46  . 98
47  . 66
48 .34
49 .02
49 .70
50 .  38
51 .06
51.74
52.42
53 .10
53 .78
54.t+6
55 .14

o
t
t

SAFETY FACTOR - 1 .  812

X-CENTER -
Y-CENTER -
RADIUS -

-15 .12
156  .97

82 .31

POINT X-ST'RF
N0.

1  50 .60
2 52-36
3  54 .04
4  55 .62
5  57 .10
6  58 .49
7  59 .79
I  60 .98
9 62.07

10  53 .06
t l  63 .95
L2  64 .73
13  65 .23

Y-SI'RF

107 .40
109  .83
LLz.32
114. .87
117 .48
120 .14
L22 .84
125 .59
L28.39
t3L.22
134 .09
136  . 98
139 .13

ALPHA
(DEc)

54 .02
55 .11
58 .20
60 .29
62.37
64 .46
66 .55
68 .54
70 .73
72 .82
74 .90
76 .99

t
EARTH FN(
l{ idvale, UT (srzn 5080)



Y

100 .00

A

1 1 8  . 7 5 137 .50

s

156 .25 175 .00  193 .75

K .00

A

x

18 .75  +

;

37 .50  +

-tc249. . .
- . t 214 .9 . . . . .  .  *

55 .25  + . . 0 .U599  . * .
-  . . 0 . 6121539

o . . 72L23539  99 . .
. . . 00  .76L2L233  3  99*

o. .67LL2423 '33
oo. .668LL2522

75 .00  +  . 0 . . 76861  11

: "'::::ll; 
"1"'.e

. . . -77

93.73 
-+

112 .50

131 .  25

+

+

+150 .00
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Scablllty AnaIYsis
November 9, t990-

-
(

Genwal Goal GonPanY
Grandall CanYon t{lne

Scorage Pad

APPE'NDIE G

Under DYnaalc Condltlons - CouPuter OutPut
Slope StabllltY AnalYsls



PROFIL
GENWAL - Proposed storage
6
6
0 .0  r00  . o  25 .0  100 .0  I
2s  .0  100  .  0  50 .0  1 ,02 .0  t
s0 .0  102 .0  53  .  3  131 .7  1
53 .3  131  . 7  55 .0  131 .8  I
55 .0  131  . 8  67 .0  140 .4  1
67 .0  140 .4  150 .0  140 .4  I

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

SOIL
I
120 .0  130 .0  700 .0  46 .0  0 .0  0 .0
EQUAI(E
0 .07
0 .0
0 .0
CIRCL2
11
10
50 .0  52 .0
55 .0  90 .0
0 .0
.3 .0
80 .0
5 .0o



o
EARllI FN(
Mldva1e, l I [  (s/n 5080)

-SLOPE STABILITY AIIALYSIS-

SIMPLIFIED JA}TBU METHOD OF SLICES

IRREGUI.AR FAILI'RE SURFACES

GEOSLOPE
Vers ion  3 .  l I

SuPPlled bY GEOCOMP CorP'

342 Sudbury Rd.,  Concord, MA. OL742

ierzl  369-8304

PortLons of chls software and docunenEaElon are

copyrlghted 1983,!984,1985 by GEOCOMP Corp'

A11 rights are resented

GEOSITPE ls based on the Program' STABL3'
developed at Purdue Universlty under sponsorship

of che Federal Highway Adniniscration'

GEOCOUP Corp. has nodlfled che Prograo Eo run on

various nlcroconpucers and plotclng devlces'

GEOCOUP Corp. nakes no warranEtes as Eo the flcness

of chls software. Ttre user bears all responslbillCy

for accuracy and correclness of results produced by

chis softltaie. See che users nanual for furcher

warrancy informacion.

Supplled under exclustve llcense Eo :

EARTH FN(
Mldvale, UT (s/n 5080)

GENWAL - Proposed scorage pad expansion'
Scoured debr is  s loPe'  E 'q '  -  0 '079

PROBLEI{ DESCRIPTION

BOI'NDARY COORDINATES

6 TOP BOT'NDARIES
6 TOTAL BOI'NDARIES

BOI'NDARY
N O .

X-LEFT

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

Y-LEFT

100 .00
1  00 .00
102 .00
131 .  70
131 ' .80
140 .40

X-RIGHT

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

150  . 00

Y-RIGHT

100 .00
102  .00
t3 t .  70
131 .  80
140 .40
140 .40

SOIL TYPE
BELO$T BND

1
1
I
I
I
1

1
2
3
4
5
6



ISOTROPIG SOIL PARAMETERS

1 TYPE(S) OF.SOIL

SOIL TOTAL SATTIRATED
TYPE TINIT lJT. UNIT WT.
N O .

l .  1 2 0 . 0 130 .0

FRICTION PORE
A}IGLE PRESSI'RE

(DEG) PARAI{ETER

4 6 . 0  . 0 0

COHESION
INTERCEPT

700 .0

PRESSURE
CONSTA}TT

.0

PIEZOI{ETRIC
SURFACE

N O .

1

a

A HORIZONTAL EARIIiQUN<E IOADING COEFFICIEI'IT
OF .O7O HAS BEEN ASSIGNED

A VERTICAL EARTttQuAt(E LoADTNG COEFFICIENT
OF .OOO HAS BEEN ASSIGNED

CAVITATION PRESSLIRE - '0

A CRITICAL FAIU'RE SI'RFACE SEARCHING I'IEITIOD' USING A RANDOI{

rEcHNreuE FoR c;ffiil;il1;-cricuren suRFAcEs, HAs BEEN SPE6IFIED '

110 TRIAL SURFACES HAVE BEEN GENERATED.

IosuRFAcEs IN IT IATEFRo} tEACHoF l ] .Po INTSEQUALLYSPAGED
AIONG tHE GROIJND SIIRFACE BET$IEEI{ f, r 50 ' 00

A l lD  X -  52 ' 00

EACH SURFACE TERI'IINAIES BETIJEEN I r 55'00
AND X - 90'00

I'NLESS FURI1TER LII.TITATIONS UERE II{POSED' SE MINIMT'U ELEI'ATION

AT WHICH A SITRFACE EXIENDS IS t r '00

3 .o0FT .L INESEGMEI {TSDEFINEEACHIB IALFAIL I 'REs l 'RFAcE.

RESTRICTIONS HAVE BEEN IMPOSED UPON TTIE AIIGLE OF INITIATION'

THE Al{cLE HAs BEEN REsTRIcTEo giTtJEEN TltE AllGLEs oF 5'0 Al{D 80'0 DEG'

FACTOR OF SAFETY CALCT'iATION HAS GONE ITIROUGH TEN ITERATIONS

FoLIptJ INcAREDISPIAYEDTHEIEN}tosTcRIucALoFTl lETRIAL
FAILURE ST'RFACES EKAMINED. THiT ARE ORDERED - I'IOST CRITICAL

FIRST

SAFETY FACTORS ARE CALCI'IATED BY THE I{ODIFIED BISHOP I{EITIOD'



EARTH FN(
Mldvale, UT (s/n 5080) .

FAILURE ST'RFACE T 1 SPECIFIED BY 17 COORDINATE POINTS

SAFETY FA61[0R - 1.450

X-CENTER - -226-27
y-CENTER - 3f8.27
RADIUS - 350.85

POINT X.SI'RF
NO.

50 .00
51 .  84
53  . 66
55 .46
57 .23
58 .99
60 .73
62.44
64.L4
65 .81
67 .46
69  . 09
70 .70
72 .29
73.8s
75 .39
76  . 15

x

50 .92
52.57
53  . 48
54 .  33
55 .23
56 .35
58 .11
59  . 86
61 .59
63 .29
64 .97
66  .40
67 .23
68 .28

.  69 .90
7L .49
73 .07
74 .62
75 .77

Y-SURF

102 .00
104 .37
106 .76
109.  t6
111 .  58
114 .01
115 .45
118  .92
121 .  39
123 .88
L26.39
128 .91
131 .44
133  . 99
136  . 55
139  . 12
140 .40

DX

ALPHA
(DEG)

52.L9
52 .68
53  . 17
53  . 66
54 .  15
54.64
55  . 13
55 .62
56 .11
55  . 50
57 .O9
57 .58
58  . 07
58  . 56
59  . 05
59 .54

DW

t

1
2
3
4
5
6
7
8
9

10
11
L2
13
14
15
16
L7

SLICE
NO.

1
2
3
4
5
6
7
I
9

10
1I
L2
t3
14
15
16
L7
18
l9

DSr

737  . 98
2030 .05
1003 .32
232L.69
L075 .32
2690.53
2508  .  54
2325.2L
2140 .68
1955  :10
1758 .58
L29L.02

767 .20
L28L.57
953 .81
630 .  37
3 l t . 4 r
-2 .95

L25 .97

DQ

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

DNDU

1 .84  1564 .91
1.46 3469.L4

.36  1083 .11
1 .34  3880 .65'  

.46 L266.32
1 .78  4777 .27
L .76  4477 .53
L .74  4L76 .98
L .72  3875 .97
1 .  59  3374 .77
1 .67  3273 .69
1.  19 2L69 .54

.46  794 .36
1.  63 2494.25
1 .61  L973  . 77
1 .  59  1 .463  .65
1 .55  964 .  t 5
1 .54  475  . 5L

.75  57  . 98

.00  357 .64

.00 2167.32

.00  729 .28

.00 2573 .80

.00  830 .  12

.00 3092.40

.00  2837 .50

.00  2580 .73

.00 2322.28

.00 2062.34

.00  1801 .11

.00 LL32.24

.00  398 .55

.00  1119 .00

.00  659 .93

.00  206 .93

.00 -239 .82

.00  -680 .  12

.00  -499 .53



EARTH FN(
Hldvale, Ul (arln 5080)

,
FAILT'RE SI'RFACE T'2 SPECIFIED BY 16 COORDINATE POINTS

I

SAFETY FACIIOR - 1.470

X-CENTER - -13.14
y-GENTER - 167.2O
RADIUS - 89.51

POINT X-SIIRF Y-ST'RF
NO.

1  50 .20  103 .80
2  52 .29  105 .96
3  54 .30  108 .18
4  56  .24  110 .47
5  58 .10  112 .83
6  59 .88  11s .24
7  61 .58  LL7  .72
8  63 .19  L20 .24
9 64.72 L22.83

10 66.16 L25.46
11  67  . 5L  128 .13
L2  68 .78  130 .86
13  69 .95  133 .62
14 7L.O2 L36.42
15 72.0L 139 .  25
16  72 .36  140 .40

POINT X-SI'RF Y-SURF
NO.

1  50 .00  102 .00
2  51 .66  104 .50
3  53 .28  107  . 03
4  54 .86  109 .58
5  55 .39  112 .16
6  57 .88  114 .76
7  59  .32  117  .40
8  60 .71  120 .05
9 62.06 L22.73

ALPHA
(DEG)

45 .93
47 .85
49 .77
51 .69
53  . 60
55 .52
37.44
59 .36
61 .28
63.20
65 .11
67  . 03
68 .95
70 .87
72 .79

I
EARTH FN(
Hldvale, lI[ (s/n 5080)

FAIL I ,REsuRFAcE#3SPECIF IEDBY16cooRDINATEPo l lns

SAFETY FACTOR - 1.483

X-CENTER - -92.96

Y-€EMER - 199.06
RADIUS - L72.79

o

ALPTTA
(DEG)

56 .32
57 .32
58 .31
59.3r
60.  30
61 .  30
62.29
63.29
64.28



o
10  53 .35  125 .43
11  64 .62  128 .  15
L2  65 .83  130 .91
13  66 .98  ,  133 .67
14  68 .10  136 .46
l s  69 .16  L39 .26
16  69 .57  140 .40

EARTH FA"Y
Mldvale, W. (s/n 5080)

65 .28
56 .27
67 .27
68 .26
69 .26
70 .25

FAILURE SI'RTACE # 4 SPECIFIED BY 15 COORDINATE POINTS

SAFETY FAGTOR - 1.520

X-CENTER - 2.42
Y-CENTER - L57.34
RADIUS - 70.56

]O

POINT X-SI'RF
NO.

1  50 .40
2 52.56
3  54 .62
4  56 .59
5  58 .45
6  60 .24
7  61 .90
8  53 .46
9  64 .91

10 66.23
11  67 .47
L2  68 .57
L3  69 .56
14 70.42
15  70 .90

Y-SI'RF

10s .60
107 .69
109.  87
112 .  13
114.47
1 1 6 .  8 9
119 .39
121 .95
124 .  58
L27 .26
130 .00
L32.79
13s.63
138 .50
140 .40

ALPHA
(DEc)

44.06
46 .50
48 .  93
51 .  37
53 .81
56 .24
58 .  68
6L.L2
63 .55
65 .99
68.42
70 .  85
73 .30
75 .73

EARTH FN(
l{ldvale, UT (s/n 5080)

FAILURE SI'RFACE # 5 SPECIFIED BY 19 COORDINATE POINTS

SAFETY FAdIOR - 1.535

X-CENTER - -648.15
Y-CENTER - 764.60
RADIUS - 962.53

POINT
N O .

x-sttRF

50 .00
s2 .06

Y.SURF

102.00
104. 18

ALPHA
(DEG)

46 .59
46 .76

I
2



3 54.L2 106 .  37
4  56 .L7  108 .56
s  58 .21  110 .  76
6  60 .24  ,  112 .96
7  62 .27  11s .18
I  64 .29  117 .39
9  66 .30  L t9 .62

10  68 .3 t  121 .8s
11  70 .31  124 .08
L2  72 .30  126 .33
13  74 ;29  128 .57
14  76 .27  130 .83
15  78 .24  133 .09
16  80 .20  13s .36

.  L7  82 .L6  137 .63
18  84 .11  139 .91
19  84 .53  140 .40

I
EARTH FA)(
Hldvale, llf (.s/n 5080)

FAILIJRE SI,'RFACE # 6 SPECIFIED BY 17 COORDINATE POINTS

SAFETY FACTOR - 1.546

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

46 .94
47 .L2
*7 .3o'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

POINT
NO.

1
2
3
4
5
6
7
8
9

10
11
L2
13
14
15
16
L7

x-snRF

50.  20
52.4L
54 .  58
56 .72
58 .82
60 .88
62.9L
64.  90
66 .  E5
58 .75
70 .63
72.46
74 .25
76 .00
77 .7L
79 .38
80 .  99

Y-ST'RF

103.80
105.84
107 .91
110.01
112.  15
114. 33
116 .54
118 .79
L2L.O7
123.38
L25.72
128. 10
130.  51
L32.94
135  .41
137 .90
140.40

ALPHA
(DEG)

42.64
43 .51
44 .58
45  . 55
46 .  53
47 .50
48.47
49.44
50.42
51. .  39
52 .36
53 .33
54 .  31
55 .28
56 .25
57 .22

EARTIT FN(
Mldvale, UT (s/n 5080)



FAILI'RE ST'RFACE # 7 SPECIFIED BY 15 COORDINATE POINTS

SAFETYFAGTOR- .  1 .555

X-CENTER - -1430.94
Y-CENTER - LO28.77
RADIUS . L746.23

POINT
NO.

Y-SI'RF

103.80
106.  35
108 .90
111.45
114.00
116 .56
119 .12
121.  68
L24.25
L26.82
L29.39
131.  96
134 .53
137 .11
139 .69
1110.40

Y-SURF

10s.60
LO7.72
109 .87
112 .04
114.  23
116 .45
118 .69
120 .  9s
L23.24
125 .  55
L27 .89
130 .  24

ALPHA
(DEG)

58 .06
58 .16
58 .26
58 .35
58.46
58 .56
58  . 65
58 .  75
58 .85
58 .95
59 .05
59 .15
59 .24
59 .34
59.44

AI.PHA
(DEG)

44.94
45 .62
46 .30
46 .98
47 .66
48 .34
49 .02
49 .70
50 .  38
51 .05
5L.74
52.42

1  50 .20
2 5L.79
3  53 .37
4  54 .95
5  56 .32
6  58 .09
7  59 .66
I 6L.22
9 62.77

10 64.32
11  65 .87
L2 67.4L
13  68 .95
14 70.49
15  72 .02
16 72.44

EARTII FN(
Mldvale, IIT (s/n 5080)

FAILI'RE SIIRFACE f 8 SPECIFIED BY 17 COORDINATE POINTS

SAFEIY FACTOR - 1.594

X-CENTER - -L26.92
Y-CENTER - 285.45
RADIUS - 232.56

POINT
NO.

1
2
3
4
5
6
7
I
I

t0
I1
L2

x-srrRF

50.40
52.52
34.62
56 .70
58.74
60 .76
62.76
64 .72
66 .66
68 .58
70 .46
72 .32



13 74.L5 L32.62
14  75 .95  13s .02
15 77.72 L37.44
16  79  . 47  139 .88
L7  79 .83  140 .40

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

53 .  t 0
53 .  78
54.46
55 .14

FAILT'RE SURFACE # 9 SPECIFIED BY 19 COORDINATE POIMS

SAFETY FAGTOR - 1.689

X-CEI{TER - 20. 10
Y-CENTER - 163.40
RADIUS - 68.29

POINT X-ST'RF Y-STJRF
NO.

I
2
3
4
5
6
7
8
9

10
11
L2
13
14
15
16
L7
l8
19

50 .00
52.67
55 .27
57 .81
60.27
62.66
64.97
67 .L8
69  . 31
71 .  34
73 .28
75 .11
76 .83
78 .45
79 .95
81 .  34
82 .60
83 .  75
84 .  39

102.00
103 .38
104. 86
LO6.47
108 .18
109 .99
111.92
113 .94
116 .0s
118.26
120.55
L22.91
125 .38
L27.9L
130 .51
133 .17
135 .89
138 .55
140,40

ALPHA
(DEc)

27 .22
29.74
32.26
34 .77
37 .29
39 .  81
42.33
44.84
47 .36
49 .88
52.39
54.9L
57 .43
59 .95
62.46 '

64.98
67 .50
70 .02

EARTH FN(
l{ldvale, IIT (r/n 5080)

FAILURE SI'RFACE *10 SPECIFIED BY 15 COORDINATE POINTS

SAFETY FACTOR - L.692

X-CENTER - -67.32
Y-CEtil'IER - 225.L6
RADIUS -  165.52



-
v

POINT
NO.

t
2
3
4

.5
6
7
8
9

10
11
L2
13

.14
15

1
EARITI FAI(
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