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5.1 S UMMARY 

S UMMARY, 

CONCLUS IONS AND RECOMMENDATI ONS 

Investi gati on s  of the s l i de i nc l uded a subsurface exp l oratory program , 

sei smi c s urveys , l a boratory testi ng and fi e l d i ns tru menta ti on .  

• Expl orat i o n  cons i sted of four bori ngs from 1 50 to 350 feet  deep , 

dri l l ed on  the North Sl i de and one 70-foot deep bori ng at the 

debri s  dams i te prov i d i ng a total of  1 1 3 1  l i near feet of exp l ora
tory dri l l i ng .  Sampl es were obta i ned by Shel by tubes , sp l i t  

s poon s ampl ers a nd Nc- wirel i ne cori ng . 

• A total of  14 , 065  l i near feet of sei smi c survey l i nes  were run on 

the North S l i de and debri s -retention  dams i te .  

• Laboratory testi ng i ncl uded gradati on , Atterberg l im i ts , mo i sture 

content , tri axi a l  and di rect shear tests . X-Ray �i ffracti on tes ts 

were a l so made to determi ne spec i fi c  cl ay mi nera l ogy . 

• I ncl i nometer cas i ng was i n stal l ed i n  the four  boreho l es on the 

North S l i d e .  A tota l of  1008 feet of cas i n g  was i nsta l l ed in the 

ho l es whi ch were between 1 50 and 327 feet deep . Purpose of the 

ca s i ng i nstal l ati on was to provi de a means  for detecti on of move

ment wi th i n  the North S l i de .  A spec i al do wnhol e i nstrument kno wn 

as  the Mi n i probe , wh i ch i s  des i gned for prec i s e  detecti on of 

di recti on , a mount of movement and depth , was used . 

• Surface s urvey monuments were l ocated at each i nc l i nometer s i te 

and were mon i tored per iod ica l l y  by prec i se s urvey methods . 

• Surface survey poi nts and the i nc l i nometer ho l es were moni tored 

every t wo weeks between June and Aug ust , 1976 . 

S - 1 



• The mon i tori ng  program wi ll conti nue at month ly i nterva ls through  
December , 1 976 . 

• The Bi s hop's mod i fi cation of the Swed i s h  Ci rcu lar Arc and the 

p l anar method were used for stabi li ty ana lyses of the North S li de . 

• Settlement analyses  were made of the debri s -retent i on dam founda

t i on . 

5.2 CONCL US IONS 

• The North S li de mas s  i s  compo sed of glaci al t i ll wh i ch extends 

to a depth of 350 fee t .  

• The t i ll i s  underla i n  by sandstone s ha le and s i l tstone beds of the 

North Horn Formati o n .  ( The North Horn Formati on conta i n s  mont

mori l loni te s ha l e beds  and is  associ ated wi th numerous  l ands li des 

in Utah . ) 

• Ti ll o f  the North Sli de i s  d i v i ded i nto at l east  two l ayers : an 

u pper layer from 10  to 80 feet deep composed of loose  s i lty 

gravel a nd a lower layer of dense ,  overconso li dated gravel i n  a 

matri x of  st i ff montmori l l on i te clay . The ti l l  matri x i s  prima

ri ly g lac i a l  rock fl our wh i ch contri butes the "mi l ky" turbi di ty 

to s evera l s treams flo wi n g  i nto Mant i  Creek . 

• Numerous ten s i on cracks , s pr i ng s , ponds and i rregul ar  hummocky 

topograph ic  features prov i de v i sual  ev i dence of so i l creep or 

land fl o w  in the u pper layer of the North S li de above elevati on  

7500 feet . 

• Shear zones were o bserved i n  core sa .mples of the dens e  g l aci a l  

t i l l . Shear zones are caused by: 1 )  deformati ons i n  the ti l l  

res ult i ng  from i ce acti on duri ng the g l aci a l  peri ods ; 2 )  plasti c 

deformat ion  by s l o w, deep  seated , mas s  so i l creep , and 3 )  pos s i b l y  

s heari ng  b y  movement on  the Cottonwood Fa ul t .  

S - 2 



• The groundwater tab l e wi thi n  the North S l i de  mas s  wa s tempora ri l y  

i nfl uenced by dri l l i ng operati ons  and ha s not returned to i ts 

natural cond i t i on s  ( August  31 , 1 976) . Therefore the i nfl uence of 
groundwater on  the  s l i de is  not known . Water under artes i an 

pressures  was encountered i n  bori ng DH-2 , e i ther i n  the upper 

bedrock  l ayers or i n  gravelly a l l u v i um wh i ch was penetrated i mme

di ate ly  a bove bedrock  . .  

• The s tudy area i s  i n  a reg i on whi ch  has  a record of moderate sei s 

mi c acti v i ty i n  hi stori c t imes . Geo l og i c  ev i dence found  duri ng  

the s tudy i nd i cates that hi gh magn i tude earthqua kes and  act i ve 

faul ti n g  can a l s o  be expected i n  or  cl ose  to the s tudy area . 

• Factors of  safety of  the No rth Sl i de mas s  are cl o se  to un i ty 

wi thout earthquake. Ana l yses of the North S l i de area , as sumi ng  

conti nued eros i on of t he s treambed by Mant i  Creek , i nd i cate that 

the factor of safety wi l l  be l es s  than 1 . 0 . Ana lyses  a l so  s how 

that a roc k l i n i ng of the streambed to prevent eros i on , w�l l  

el i m i nate further reducti on of the al ready l ow factor  of safety 

of the North S l i de and wi l l  prov i de some degree of buttres s i ng 

aga i ns t  l ocal fa i l ure . 

• Inc l i nometer and s urface s urveys support the resu l ts of s tab i l i ty 

anal yses . These data show sma l l down s l ope movements , whi ch can 

be expected wi th marg i na l  factors of safety . 

• I nvesti gati ons at  the proposed s i te of an 80-foot hi gh debri s 

retention dam revea l ed poor geo l og i c  cond i t i on s  for dam construc

t ion  and  operati on. The dam foundat i on i s  underl a i n  by up to 58 

feet of rock s l o pewa sh ,  gravel l y  a l l uv i um or gl aci a l  ti l l  al l of 

wh i ch appear to be i n  a l oose  cond i t i on . In addi t i on , the l eft 

abutment  of the proposed dam wi l l  have marg i na l  stabi l i ty after 

saturat ion by the proposed reservo i r . 
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3 RE COMMENDATIONS S. 

• The exi sti ng cond i t i on o f  i nc i pi ent creep can be transfo rmed i nto 

a sl ope fa i l u re by chang es in h i l l si de geometry resu l t i ng from 
the erosi on i n  Mant i Cree k and/or i ncreased l oadi ng due to snow, 
sei smi c or g ro undwater changes. Therefore , a by-pass pi pel i ne 
shou l d not be consi dered a permanent so l uti on for mi ti gati ng 
sedi mentati on and flood i ng pro bl ems on Manti Creek . 

• Because of sta b i l i ty probl ems on the l eft abutment of the debris
retent i on d amsi te the  sel ected si te i s  not cons i dered to  be 
geol Og i cal l y  feasibl e for a aO-foot hi gh  debri s  �am. Sma l l er 
structures a t  the sel ected si te and possi b l y  other l ocati ons i n  
Manti Canyon wi l l  pro v i d e  a l ternati ves wh i ch are geo l og i cal l y  
feas i bl e .  

S - 4 



CHAPTER 1 

INTRODUCTION 



1.1 PURPOSE 

CHAP TER 1 

I NTRODUC TI ON 

This i nt erim r eport pres ents the  res ul ts of exp l oration  and s urv eys , engi

neeri n g  geol og i c  s t ud i es a n d  stabi l i ty analys es performed between May and 

August 1976 to determi n e  the g eo t echni cal feas i bi l i ty of: 1 )  constructi ng  

a by-pass p i p el i n e  to carry t he f l o w  of Manti  Creek across  th e to e of a pos

sible l andsl i de o n  the north  s i de of the creek , ref erred to  h erei n as th e 

North Sl i d e , ( s ee Fi g ure  1 - 1  a n d  Photo 1); and 2 )  constructing a debri s 

retention dam n ear the  mouth o f  Manti Canyon . Th e report has a l so .been 

prepared to a ss i st the  U . S .  Fores t  Serv ic e  in dec id i n g  wha t  meas ures can 

be ta ken to r ed uc e  the  poss i bil ity that debri s and s ed iment , from a l and

slide in  Manti  Creek , wi l l  caus e  exc es s iv e  fl ood in g  or  i nt erfere  wi th th e 

water s uppl y to the  to wn of  Manti , Utah . 

A fi nal report to b e  bas ed o n  conti n ued mon i tori n g  of inc l i nometers i n  

the North S l ide and associated s urvey poi nts insta l l ed durlng  th i s  study , 

wfll be  s ubmi tt ed to the  Fo res t  Serv ic e  on  or before Jan uary 1, 1977 . 

1.2 AUTHORI TY 

The en gi n eering s erv ic es were a uthoriz ed by the U.S . Fores t  S erv i ce  I nter

mou�tai n  Reg i on , Ogden , Utah ,  and  p erformed by Ca l dwel l , Richards and 

Sorens en ,  I n c .  ( CRS ) of Sa l t  La ke C ity , Utah , and I nternati ona l Eng i n eeri n g  

COmpany, I nc .  ( I E CO ) o f  San  Franc i sco ,  Cal i forn ia ,  under a contract dated 

May 6, 1976 . C RS /I ECO s ubcontracted the exp l oration dri l l i ng and sampl i ng 

to Boyl es Brothers Dri l l i ng Company of Sal t Lake  City , Utah , and some of 
the laboratory testing to Ch en an d As sociates of Den v er , Co l orado . 
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1.3 _��C�O.!..!P E�O F--,-,-WO_ R_K 

�he scope of work, as  out l i ned i n  the contract w ith  the Forest Serv i ce , 

incl udes the fol l owi ng servi ces : 

• 
• 

• 

• 

• 
• 

Stabi l i ty anal yses of  the North Sl i de .  

Fo undati on ana l ys i s  o f  the debri s-reten t i on dams i te for an 80-

foot-h i g h  dam . 

Sei smi c s urvey of  the North Sl i de and proposed debri s -retenti on 

dam . 
Dri l l i ng and s ampl i ng at the North Sl i de and the debr i s -retent ion  

dams i te .  

So i l  testi ng . 
Geo l og i c mappi ng of  the North S l i de and the debri s -reten t i on 

dams i te .  

• Insta l l at i on  of  i nc l i nometer cas i ng i n  four dri l l  hol es and peri -

od i c  mon i tori ng  of  l ands l i de deforma t i on , i f  any . 

• Surface s urvey contro l s to mon i tor  ground movement ,  i f  any. 

1.4 BACKGROUND 

The town of Manti  recei ves much of i ts water supp ly  for i rri gati on , power 

generati on and domesti c use  from Manti Creek and from mounta i n  spri ngs v i a 

a pi pel i ne .  In  May 1974 th i s  p i pe l i ne was severed by movement of a l and

sl ide on the south s i de of  Manti  Canyon ( known as the Cottonwood Landfl ow 
and ,referred to here i n as the South S l ide ) .  Subsequent movement o f  the 

ground hampered repa i r  of  the p i pel i ne and l ed to i ts bei ng rerouted al ong 

a new al i gnment on  the north s i de of  the Mant i  Canyon . However , th i s  new 
al i gnment ,  a l ong wi th the a l i gnment of the proposed Manti  Creek. 

by-pas s 
pi pel i ne , crosses the toe of the North S l i de ,  the stabi l i ty of wh i ch was 
unknown pri or to the CRS /I ECO s tudi es . 

Dri l l i ng for the CRS /I ECO stud i es began on May 19 , 1976 , to obta i n the 
requi red data and prepare an i nter i m  geotechn i ca l  report for the Forest 
SerVi ce to  be submi tted by September 3, 1976 .  
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CHAPTER 2 
NORTH SLIDE AND BY-PASS PIPELINE ALIGNMENT 



2.1 �PLORATION AND SURVEYS 

CHAPTER 2 

NORTH SLIDE AND BY- PASS PIPELIN E  AL IGNMENT 

.Explorati on and s urveys c onducted for the Forest Serv i ce duri ng  stabi l i ty 

studi es for the N orth S l i de c ons i sted of: establ i s hment of survey ground 

control poi nts a nd pre�i se  measurement of ground surface movement  at var -

10us l ocati ons on t he N orth Sl i de;  dri l l i ng of deep boreh ol es for del i nea

tion of depth of t he s l i de mas s ;  s oi l  sampl i ng ;  and se i smi c s urveys for 

determinati on of depth t o  bedroc k  and phys i ca l  cha racteri st i cs wi t hi n  the 

slide mass . 

A. Dri l l i ng, Cas i ng I n s ta l l at i on and Sampl i ng 

The ori g i na l  p l an env i s i oned the dri l l i ng of four  expl oratory h ol es on 

the North Sl i de and the i ns ta l l at i on of i nc l i n ometer cas i ng i n  each of 

these hol es .  H owever , because extremely  d i ffi cul t condi ti ons  were en 

countered i n  t he dri l l i ng and cas i ng i nstal l at i on ,  i ncl i nometer cas i n g  

was i ns ta l l ed i n  onl y  one of the exp l oratory h ol es ( DH-2 ) , and three 

addi ti onal h ol es ( DH - IA ,  DH-3A and DH-4A )  were dri l l ed adj acent to expl or

atory h ol es DH-l ,  DH-3 and DH-4 , f or i nstal l at i on of i ncl i nometer cas i ng 

(see Exhi bi t  2 ) . 

The fi rst h ol e  to  be dr i l l ed was DH-2 . The dri l l i ng c on tractor used a 

Joy 
,44 core dri l l  and advanced the h ol e  wi t h  4- i nch cas i ng ,  u s i ng  ei ther 

a di amond cas i ng b i t  a l one or a d i amond cas i ng bi t together wi t h  a roc k  
bi t .  The r oc k  b i t  was s peci a l l y  des i gned s o  that i t  cou l d  ei t her be 

l owered i nt o  the cas i ng t o  a s s i s t  i n  h ol e  advancement by dri l l i ng s l i ght ly  

ahead of t he cas i ng or be  removed to  permi t dri l l i ng wi th the di amond 
casi ng b i t  on l y .  I ncl in ometer cas i ng was p l aced i ns i de the 4-i nch cas i ng 

i n  DH-2 when t he target depth was reached . The Joy 44 was al s o  used t o  

dri l l  expl oratory h ol es DH- l, DH-3 and DH-4 ,
' 

but a Fai l i ng 1500 , a much 

l arge r dri l l  was u sed to exped i te dri l l i ng and cas i ng i ns ta l l ati on i n  
i ncl i nometer hol es DH- IA ,  DH- 3A and DH-4A .  
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e inclinometer cas i ng u sed c on s i sts of a l umi num p i pe wi th a n omi na l  out

ter of 3.4 i nc hes  and s l ots on f our s i des . It i s  manufactured stde d1ame . 

f t-long segments , whi c h  are c onnected wi th 12- i nc h  a l umi num c ou n 10- 00 
Duri ng instal l at i on ,  the cas i n g i s  p os i t i oned s o  that opp os ite 

plers. 
e i n the n orth-s outh an d east-west  di rections , respecti ve l y. The 

slots ar 

1 is seated by was hi ng f i ne sand down t he hol e wi th water unti l the CIS n9 
spice between 

position. 
i t  and  the s oi l  i s  c omp l etel y fi l l ed and  i t  i s  hel d  fi rml y i n  

Table 2- 1 s hows the depth of inc l i n ometer ca s i ng i n  dril l hol es on the 

North Sl ide .  

Tabl e 2-1  

INCLINOMETER CASING DEPTH 

Inc l i n ometer 

Dri l l  H ol e  

DH- 1A 

DH-2* 

DH-3A 

DH- 4A 

T ota l 

Inc l i n ometer Cas i ng 

Depth (feet ) 
231. 7 

325 . 0  

301. 5 

150.5 

1008. 7 

Soi l sampl es were ta ken i n  eac h  exp l oratory hol e wi th a 2- 1/2 i nc h- di am
eter She l by  tube and  a 2 - i nch-di ameter sp l i t  sp oon samp l er ,  whi c h  is  used 
to obtai n sampl es for sta n dard penetrati on tests . The ori g i na l  p l an was 
to obta in a Shel by tube or s pl � t s poon samp l e every 5 feet . H owever , due 
to the b ou l dery nature  and sti ffness  of the dep os i ts enc ountered i n  the 
expl oratory hol es ,  the S hel by tube and s pl i t  sp oon samp l i ng program was 
only parti al l y  successfu l .  F ortunatel y,  t he dri l l i ng c ontractor found 
i t advantage ous to  core c onti n u ous ly  w i th an Nc w i re- l i ne core barrel and 
di amond b i t. Thus , suffi c i ent sampl es were. obta i ned for l ab orator y  testi ng , 

* DH-2 was uti l ized for b oth  i nsta l l ati on of i nc l i n ometer cas i ng and 
geol ogi c  expl orat i on . 
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re provi d ed excel l ent inf ormat ion regard ing  the materia l s with in nd the c o 

orth SLide mass. Tabl e 2 - 2  s h ows the depth and number of sampl es 

. eac h  of the exp l oratory h ol es . I en 1n 

Tabl e 2-2 

EXPLORATORY DRI LL HOLE DEPTHS 

AND NUMBER OF SAMPLES TAKEN 

E ploratory Dep th Number of SamE1 es Taken 

Drill Ho 1 e (feet) S h el by Tub e  S E1 it S Eoon 

OH-l 232.9 18 

OH-2* 328.0 4 35 

DH-3 350.0 2 18 

DH-4 150.5 5 

Total 106 1.4 

Each of the expl oratory dril l  h ol es was l ogged by an eng ineering  geol og ist . 

Summa ries of t he dril l  l ogs  are in cl uded in Appendix A .  

8. Laboratory Testing 

Forty-five samp1 es were s e1 ected for 1 aborat or,y testi  ng  from the She1  by 

tube, split spoon a nd dril l  core ( s ee Tabl e 2-3). The fol l owing tests 
ere performed to  d et ermin e  soil properties and strength parameters :  

Si eve Anal y sis 

Hydrometer 

Li qu id Limi t 

Plasti c Li mit 

Plastic I ndex 

Moi sture Content 

Specific Gravity 

Cl ay Min eral ogy 

Triaxia l  Compress ion 

Direct Shear  

Un it Weig ht 

Cons ol idat ion 

* DH-2 was u til ized for b oth geol og ic expl oration and ins tal l ation of 
incli n ometer cas ing .  
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Table 2 -3 

SOILS SAMPLES fOR LABORATORY TESTING 

Exploratory Sample Length 
Drill Hole Number Sam�le Tx�e De2th �feetl �feetl 

OH�1 2 Ne Core 36.5 to 37.8 1.3 
4 2" Split Spoon 50.8 to 52.2 1.4 
5 Ne Core 53.9 to 55.7 1.8 
6 Ne Core 57.2 to 58.7 1.5 

12 Ne Core 83.5 to 84.7 1.2 

13 2" Split Spoon 90.8 to 92.1 1.1 
17 Ne Core 131.4 to 132.4 1.0 
20 Ne Core 147.2 to 149.0 1.8 
24 Ne Core 203.8 to 205.4 1.6 
25 Ne Core 210.7 to 212.1 1.4 

OH-2 1 1-7/8" Split Spoon 21. 5 to 22.5 1.0 
2 Shelby Tube 29.5 to 30.0 1.0 
3 1-7/8" Split Spoon 36.1 to 37.4 1.3 
7 1-7/8" Split Spoon 58.0 to 58.5 0.5 

11 Ne Core 76.8 to 78.1 1.5 

14 Ne Core 88.0 to 89.0 1.0 
17 Ne Core 102.5 to 103.8 1.3 
20· Ne COre 113.2 to 114.3 1.1 
23 Ne CQre 126.2 to 127.2 1.0 
25 Ne Core 134.1 to 135.0 0.9 

29 Ne Core 153.0 to 154.2. 1.2 
32 Ne Core 164.7 to 165.7 1 . 0 
38 Ne Core 187.0 to 187.9 0.9 
42 Ne Core 218.6 to 219.3 0.7 
44 Ne Core 232.0 to 233.0 1.0 
45 Ne Core 248.4 to 249.4 1.0 

OH-3 5 2" Split Spoon 55.5 to 56.5 1 . 0 
6 Ne Core 76.5 to 78.0 1.5 

11 Ne Core 139.0 to 140.0 1.0 
13 Ne Core 184.5 to 185.6 1.1 
18 Ne Core 205.0 to 206.3 1.3 
19 Ne Core 224.7 to 226.6 1.9 
21 Ne Core 245.5 to 246.8 1 . 4 
23 Ne Core 279.2 to 280.4 1.2 
24 Ne Core 286.3 to 286.8 0.5 
27 Ne Core 324.0 to 325.2 1.2 
28 Ne Core 322.7 to 232.5 0.8 

LlH-4 3 Ne Core 48.9 to 49.5 1.0 
4 Ne Core 60.4 to 61.6 1.2 

5 Ne Core 88.5 to 91.0 2.5 

7 Ne Core 107.5 to 108.5 1.0 

8 Ne Core 122.5 to 123.7 1.2 

9 Nt Core 136.2 to 137.1 0.9 
10 Ne Core 145.3 to 147.2 1.9 

11 2" Split Spoon 148.5 to 149.4 0.9 
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11 tes ts were performed by CRS i n  Sa l t  La ke Ci ty ,  except for the 
11 so 

d . h d ·  t . h h ·  h . 1 c ompressi o n, lrect s ear an  un l wel9 t tests , w lC were per-
ria la 
ormed by Chen and As soc i ates in Den ver , Co lorado . 

Of mater i a l properti e s used ; n  the d i fferent stabi l i ty anal yses , .lues 

neluding angle of i nterna l  fri c ti on , den s i ty and cohes i on ,  were sel ected 

on the bas i s  of eng i neeri ng�geo l og i c judgment and the so i l  test res u l ts . 

Detail s  regard i ng se l ecti o n  o f  mater i al  property val ues are d i scus sed i n  

Section 2. 3A .  

c. Sei smi c Surveys 

Seismi c  surveys were conducted wi th s i xteen l i nes wh i ch were shot on and 

near the North S l i de ,  and o ne wh i ch was l ocated near the downstream end 

of the by-pass  p i pel i ne a l i g nment . An RS -4 , 1 2  channe l , S I E  eng i neer i n g  

sei smograph wa s used by-I ECD  for the sei smi c  surveys . 

The l ocations of the se i smi c l i nes are s hown on Exh i b i t  2 .  As s hown on 

Table 2-5, 13,�15 l i near feet of �ei sm i c  l i nes �ere run i n  North S l i de study 

area . 

The s ei smi c vel oc i ti es o btai ned by the geophys i ca l  survey pro vi ded i nfor

mati on regard i ng the bu l k properti es of the North Sl i de mass  and depth to 

b�rock .  Resu l ts of  the surveys are s hown on Exh i b i ts 3, 4 and 5.  

D. Surface Control Survey 

To accurately  determi ne the l ocati o n  and the el evati o n  of the top of the 

four i ncl i nometer d ri l l  ho l es on  the North S l i de ,  the CRS/ I EC D  fi e l d 

in vesti gat i on  team se l ected two s urvey contro l  po i nts (A  and B )  on s tab l e 
ground ( s ee Exh i b i t  2 ) . Permanent concrete monuments were constructed a t  
these two poi nts . The s u r vey control was t i ed i nto U . S .  Forest  Servi ce 
control po i nts  T-8 and T-9 .  
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1 read i ngs  of the l ocati on a nd el evati on  of the control po i nts and 
Initia 

i l ino meter ho l es ( to the nearest 0.001 foot ) were made on June 30 , 
he nc 

1976. These read ings  a re s hown i n  Tabl e 2-4 .  

Ta ble 2-4 

SURFACE SURVEY DATA - INITIAL READINGS ( June 30 , 1976 ) 

Si te Coordinates El evation (feet) 
point A N 339 , 2 80 . 800 E 1 , 983 , 96 1. 671 7 , 866.597 

Point B N 338 ,087 . 429  E 1, 985 , 335 .999 7 , 651 . 375  

DH-IA N 336 , 817 . 278  E 1 ,  982 , 552 .845 7 , 005 . 558 

DH-2 N 336 , 986 . 210 E 1 ,983 , 52 1. 800 7 , 166 . 407 

DH-3A N 337 , 242 . 076 E 1 ,984 , 014.991 7 , 272 . 657 

DH-4A N 337 , 774.585 E 1 ,984 , 184 . 431 7,36 1. 2 82 

After the i n i t i al read i n g s  i n  June , the i ncl i nometer ho l es were su rveyed 

about every 2 weeks , u s i n g  a s u rvey ing  method that conformed to the s peci 

fications for Second Order Cl ass  I I  hori zonta l contro l . 

E. Inc 1  i nometer Surveys 

Incl i nometer surveys are bei ng made to determi ne whether the North Sl i de 
mass i s  mavi ng a nd , i f  so , at  what  depth , rate and i n  what di r ecti on . A 

bi axial  Mi n i  Pro be Inc l i nometer , manufactured by Terra Technol ogy Corpora

tion,  Seattl e ,  Wash i ngton , i s  be i ng used for th i s  purpose. Th i s  i nc l i nom

eter consi sts of  a l- i nch-di ameter , 2 -foot - l ong  probe and a d i g i tal  read 

out uni t  capa bl e  of  record i ng hori zontal defl ections in the i nc l i nometer 
caSing to the nearest thousandth of an i nch . The pro be has whee l s that 
fit i nto the s l ots in the inc l inometer cas i ng , and its axes (A and B)  are 
perpen di cu l ar to each other i n  the hori zontal pl a ne . 

Two sets of  read ings are taken at  2-foot i nterval s from the to p to the 
botto m of each hol e each t i me the hol es are surveyed . In both sets of  
rea di ngs ,  the  A axis of  the pro be i s  l i ned up wi th the north-south s l ots 
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h incl i nometer cas i n g ,  but before the second set of read i ngs i s  taken , 
n t e o 

robe i s rotated 180 Data from the two sets of readi ngs  are then 
heP . 

ged by computer , to provlde the amount of defl e cti on and the d i re ca�era , 
t.on of movement at  ea ch measurement  po i nt .  

he incli nometer hol es were s urve yed every 2 weeks between June and Augus t , 

1976. The resu l ts o f  the s urveys are d i s cussed i n  Sect ion  2 .3 .  Addi ti onal  

inclinometer and surfa ce s urveys wi l l  be made once a month from September 

h�ugh December , 1 976. The resu l ts of the readi ngs  to be made between 

September and December wi l l  be i ncl uded i n  the fi nal  report . 

2.2 GEOLOGY 

he regional geol ogy , geo h ydro l og y  and sei smi ci t y of the Manti Can yon  

area have been s tudi ed to  hel p i n  eval uati ng  the stabi l i ty  of  the North 

Slide and the bypass  p i pel i ne al i gnment . Observat i ons have al so been made 

of the South Sl i de to o bta i n  a better understand i n g  of pos s i b l e modes of 

instability i n  the Manti Can yon area . 

A. Regional Geo l o gy and Sei smi ci ty 

�nt1 Canyon i s  l o cated near the western marg i n  of the Wasatch P l ateau , 

n an area known as  the Wasatch Monocl i ne ( see Fi  gure 2 - 1 ) .  Ter-

tiary formati ons i n  Manti Can yon di p west i nto Sanpete Val l ey ,  an el ongated 

trough fi l l ed wi th Quaternary  sed i ments; there , the Terti ary formati ons 

disappear beneath the val l e y fi l l , wh i ch is  more than 500 feet deep . 

he oldest exposed bedrock i n  the Manti Can yon area , and al so throughou t  
st of the Wasatch Monocl i ne ,  i s  the Late Cretaceous  o r  Earl y Tert i ary  

�rth Horn Formati on . Depos i ti on of the i n terbedded si l tstones and sand
stones of the North Horn Formati on  o ccurred conti nuous l y  from the Creta

c�us period i nto Pal eo cene t ime . The formati on i s  compri sed pri mari l y  
of interbedded sandstone , s ha l e and s i l tstorie and ranges from 300-400 feet 

hick. I n Man �i Canyon  the North Horn Formati on  di ps northwes t 100 to 200 
and crops  out on the can yon wal l s . 
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f the mas s i ve l ands l i des i n  Utah  are on s l opes underl a i n  by North 
,..ny 0 . 

F rmation materlal s 
HOrn 0 
.. ke the fo rmati on prone 

wh i ch conta i n  numerous  montmori l l on i te beds to 

to s l i d i ng . 

north rim of  Manti Canyon i s  a near-verti cal  outcrop of Fl a gstaff 

stone. The Fla gstaff Li mestone was depo s i ted i n  Upper Pal eocene t i me 

in freshwater l a kes that f ormed i n  thE� Manti  area , and l i es conformabl y 

on the North Horn Format i  on . 

oudng the i ce age many of  the val l eys i n  Utah , i nc l udi ng  Manti  Canyon , 

oontai ned gl aci ers . Much of  the val l ey fl oor and s l opes of Manti  Canyon 

a� covered by g l ac i a l  t i l l .  Term i n a l  mora i nes have been i denti f i ed i n  

Manti Canyon ( see Exh i  b i t 1 ) . 

The Wasatch Monoel i ne was broken by maj or north- south trendi ng , near-ver

tic al , norma l fau l ts before a nd d ur i ng  the i ce age ( see Fi gure 2 - 1  and 

Ex�ibit 1). These fau l ts str i ke from north-south to N200E and appear to 

cut some of the g l ac i a l  t i l l  i n  Manti  Canyon . The l ong i t ud i na l  bl ocks 

fonned by the fau l t i ng have been vari ab ly  upl i fted and depressed ,  l eadi ng 

to the present sawtooth- l i ke confi g urat i on on the canyon rims . 

Faults that d i sturb depos i ts a s  geo l og i ca l l y  youthful  as g l ac i a l  ti l l  

are consi dered acti ve or  potent i a l l y  acti ve s i nce movement on them 

can ru ptu re the ground s urface and produce h i gh-magni tude earthquakes . 

�ve ment on the fau l ts i n  the Mant i  Canyon area appears to have conti nued 

i�to Recent t ime ,  and some of  them are probab ly  sti l l  acti ve . Si x earth

quakes have occurred i n  the Manti  Ca nyon area between 1850 and 1964. Two 
of these earthqua kes had magn i tudes of between 4 . 0  and 5 . 0 on the Ri chter 
scale, and several others had magn i tudes of 3 . 0  or  l es s . Two of the 
earthquakes wi th magn i tudes of  3 . 0  or  l es s  occurred on the Cottonwood 
Fault, wh i ch pas ses d i rectl y through the study area ( s ee Fi g ure 2 - 1 ) . 

There i s  geol og i c  ev i dence of numerous  l a nd s i i des i n  Manti  Canyon . Some 
are deep-seated , a nd others exh i b i t  the characteri sti cs of shal l ow so i l  
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creep . Factors that have l ed to l ands l i de acti v i ty i n  the canyon i ncl ude: 

the gl ac i ati on of  the canyon , l ocal se i smi c i ty,  acti ve faul t i n g ,  annual 

preci pi tati on ,  ground water i ntroduced i nto g l ac i a l  t i l l  through  fau l ts ,  

strengt h  of  satu rated mater i a ls ,  m i nera logy and s pec i fi c  s li d i ng pl anes . 

Some of the l ands l i des i n  Manti  Canyon are s ti l l  acti ve . The most  stri k i ng  

exampl e  of present-day l ands l i de acti v i ty i s  the  mas s i ve South Sl i de .  

To understa nd the mechan i sm and modes o f  l ands l i de acti v i ty i n  Manti  Canyon , 

whi ch l ed to fa i l ure of the South  Sl i de and other s ,  i t  i s  neces sary to 

understand the g l aci a l  h i story of the canyon . The canyon was extens i vel y 

glaci ated duri ng  P l e i s tocene and Recent t ime . The g l ac i a t i on ended about 

8000 to 10, 000 yea rs ago, l eav i ng  remnants ( t i l l ) cover i ng most  of the 

canyon s l opes to depths of  up to 300 to 400 feet. 

The South Sl i de mas s  i s  composed of g l ac i a l t i l l .  In i ti a l movement of  

the sl i de mas s  was probab ly  caused by deep ero s i on of a termi nal  mora i ne 

that once f i l l ed the channel of  Manti  Creek near the toe area of the s l i de .  

Eros ion l ed to breach i ng o f  the natural  dam formed by th i s  mora i ne and 

u lti matel y to removal  of toe s u pport of the south s l ope,  Wh i ch was probab ly  

al ready i nc i p i entl y  unstabl e ,  due  to  hi gh  pore pres s u res and  l ow shear 

strength of saturated g l ac i al t i l l .  In  add i t i on ,  a potenti al fa i l ure p l ane 

probabl y exi sts on montmori l l o n i te shal e beds of  the North Horn Formati on 

i mmed iatel� under the g l ac i a l  t i l l .  The s ha l e beds d i p toward the canyon 

in the d i recti on of  s l i de movement .  Earthquake acti v i ty al so may have 
been one of the tri gger i n g  mechani sms of movement of the mas s i ve SQuth 
S l ide . 

The South Sl i de has  been reacti vated numerous  ti mes i n  the geol og i c  past . 

The reasons for i n i ti a l movement and react i vati on  are rel ated to the very 

del i cate natura l ba l ance between a l l of  the geo lo g i c  factors menti oned 

above . More deta i l ed d i s cu s s i on regard i ng l ands l i de fai l ure modes and 
mechani sms i s  presented i n  Secti on s  2.2.B and 2 . 3 . 
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8. North S l  i de Geo l o gy  

The porti on  of  the s tudy area des i gnated a s  the North Sl i de i s  shown on  

Exhi b i ts 1 and 2 .  The North S l i de i s  compri sed of gl aci a l  ti l l  wh i ch i s  

up to 334 fee t th i ck i n  D H-3. Sei smi c data show th at the ti l l  may be 

as deep as  3 50 feet i n  the area around DH-4 . The ti l l  materi a l  overl i es 

c lay shal e and s ands tone beds of the North Horn Forma ti on wh i ch di p 10 to 
12 degrees to the northwes t a nd s tri ke between N 40 to 500E . Cros s  sec ti ons  

of the Nor th S l i de are  s h own o n  Exh i b i ts 3 ,  4 and  5 .  

Sei smi c s urveys across the North Sl i de have de l i neated two and i n  p l aces 

three l ayers o r  zones i n  the g l aci a l  ti l l  ( see Exh i b i ts 3, 4 and 5) .  The 

upper l ayer i s  from 10 to 80 fee t deep and has a se i smi c vel oc i ty between 
1300 to 2500 feet per s econd . Between the upper l ayer and bedrock of the 

North Horn Formati on  the g l aci a l  t i l l  has a se i sm i c vel oc i ty of between 

4800 and 8800 fee t per second . The se i smi c ve l oc i ty of the North Horn 

Formati on i s  between 9500 . to 14 , 300 feet per s econd . , ( See Tab l e  2-5) .  

The materi a l  i n  the u pper 10  to 80  fee t i s  l oose s i l ty gravel wi th some 

sand and c l ay .  Dri l l i ng cond i ti ons were poor i n  the uppei l ayer wi th con 

si derabl e  cavi ng of the dr i l l  ho l es and l os s  of dri l l i ng fl u i ds . Low 

sei smi c ve l oci ti es confi rm the l oosenes s of th i s  upper l ayer . 

The gl aci a l  ti l l  between the upper l ayer and bedrock wh i ch was encountered 

i n  each of the fou r  exp l oratory dri l l  ho l es cons i s ts of dense  cl ayey sandy 
gravel s .  These  gravel s are pri mari l y  s ubangu l ar to s ubrounded fragments 

of sands tone and l i mes tone w i th some fragmen ts of sha l e  ( s ee Pho to 2 ) . 

The rock fragmen ts are hard , a nd mos t  are fres h , but  some of them are 
sl i ghtly i ro n  s ta i ned . They are conta i ned i n  a ma tr i x  of very s ti ff 
sl i g htly mo i s t  s andy c l ay ,  mos t  of wh i ch i s  ei ther brown or gray . The 
di fference i n  col or  of the d i fferen t  parts of the ti l l  matr i x  may be due 
to changes i n  he i g ht  i n  the groundwater tab l e duri ng peri ods of g l aci a ti on 
i n the geo l og i c  pas t .  The brown col or resu l ted from oxi dati on o f  the ti l l  
above the groundwater tab l e  a nd the gray ti l l  may have been predomi nantl y  
bel ow the groundwater tab l e  where reduc ti on  took p l ace . 
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Table 2-5 

NORTH SLIDE REFRACT I ON SURVEY 

Glac i al Ti 11 

Bedrock (North 
.. ne 1st Layer 2nd Layer 3rd Layer Horn Formati on) 

, o. Length Veloc i ty Depth· Veloc i ty Dep th· Veloci ty Depth Veloci ty 
--

S -1 600 1 ,300 11 3 ,500 61 7,200 

S -2 650 1 ,800 29 4,500 74 6,900 

S -3 650 1 , 300 23 6 , 000 

S -03 900 1 , 300 20 6 ,400 

S -4 1 ,650 2 ,500 31 6 ,300 215 9,500 

S -5 325 2 ,700 44 5 ,200 

S -6 740 1 ,800 18 4 ,800 90 8, 400 

S -7 650 1 ,600 21 5 ,000 120 11 , 300 

S -8 375 1 ,100 10 2 ,500 54 7,500 120 ** 
S -9 1 , 300 2. , 400 78 7,400 325 12 , 000 

S -10 1 ,300 2 , 400 30 5 , 100 111 7 ,60Q 350 12,000 

S -11 1 ,300 2 ,500 31 5 ,600 90 8,400 300 ** 
S -12 325 1 ,000 10 4 ,300 42 7,9QO 

Sl-13* 

Sl-14* 

Sl-15 325 1,500 10 3,000 80 14,300 

Sl-16 650 1 ,800 15 5,500 110 10,200 

Sl-17 1 ,300 . 2,400 48 6,100 198 9,900 

S -18 375 1,800 18 2,900 70 6,700 
otal 13 ,415 

OTE: Length and depths in feet, velocities in feet per second . 

-

... Seismi c  li nes a t  the proposed retention damsite . 
SUffi c i ent data not a.va i la ble for veloc i ty calculations 
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Gl ac i al t i l l  beneath th e upper lilyer .Jpr)f�ars to be overc on s ol i d ated i n  

relati on t o  the amount  of l oad on thE! lI1ateri ,) l at the prese nt ti me .  The 

weight of i ce has c ons ol i dated the ti l l  to i ts present dens i ty ,  wh i ch 

averages 1 2 9 . 0  per cub i c f oo t. The average range of bl ow counts per foot 

in the sandy c l ay was SO to 100 b l ows per foot whi ch al s o  i ndi cates h i gh 

densi ty .  

The fi ne-grai ned materi a l s i n  the g l ac i a l  t i l l  are sti ff at the natural 

mo i sture c ontent but bec ome pl a st i c  and weak  w ith  the add i t i on of a smal l 

amount of water . Mos t  of the fi ne-grai ned matr i x i s  probab l y  g l ac i a l  

rock fl our . 

Two sampl es of fi ne-gra i ned matri x  mater i a l s from each dri l l  h ol e  were 

selected for c l ay m i neral ogy s tud i es . The res ul ts of these stud i es are 

shown on Tabl es 2 -6 ,  2 -7 and 2-S. The maj or mi neral s found i n  the sampl es , 

as shown on Tab l e 2 -6 , a re ca l c i te,  d ol omi te , q uartz and montmori l l on i te .  

Small amounts of mi ca and ka ol i n i te are a l s o  presen t .  

Sample 

DH-l 37.8 ft 

DH-l 92 ft 

DH-2 58 ft 

DH-2 155 ft 

DH-3 56.5 ft 

DH-3 206 ft 

DH-4 49 ft 

DH-4 149 ft 

Tabl e 2-6 

X-RAY D I F FRACT ION  

(Mi neral s  in Bu l k  Mater i a 'l ) 
Major Minerals 

calcite 
dolomite 
quartz 

calcite 
dolomite 
quartz 
montmorillonite 

calcite 
dolomite 
quartz 

calcite 
dolomite 
quartz 

calcite 
dolomite 
quartz 

calcite 
dolomite 
q�artz 
mo.1tmoril1 on ite 

calcite 
dolomite 
quartz 

calcite 
dolomite 
qu.artz 
montrnori 11 On i te 
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Bel ow the u pper l ayer the
. 
mi nus  two mi cron fraction  of the s i l i cate cl ay 

mi neral s are composed of u p  to 93% montmori l l on i te ( see Tab l e 2 -7 ) . Si l 

i cate c l ay mi nera l s i n  the u pper l ayer conta i n  no montmor i l l on i te ( see 

Tab l e  2 -7 ) . The reason  for the l ack of montmori l l on i te i n  the u pper l ayer 

i s  not cl ear but m i ght be re l ated to the var i ous s ta ges of gl aci a t i on i n  

Manti Canyon . G l ac i a l  t i l l  i n  the u pper l ayer may have been depos i ted by 

the l ast  s tage of gl ac i at ion  when the t i l l  under the l a st  gl ac i er was 

reworked by gl ac i a l  p roces ses . The very fi ne-gra i ned m i nus  two mi cron 

materi a l s may have been removed by mel t waters from the reced i n g gl ac i er 

at the end of the i ce a�e .  The removal of gl aci a l  fl our ; wh i c h conta i n s 

very fi ne-grai ned co l l o i da l  mater i a l s ,  from gl ac i a l  depos i ts i s  a we l l 
known process and i s  ta k i n g  pl ace today on M i l k  Creek and Cottonwood Cree k .  

Sampl e 

OH- 1 37 . 8  ft 

DH- 1 92 . 0  ft 

DH-2 58 . a ft 

DH-2 1 5 5 . a ft 

DH-3 56 . 5  ft 

DH-3 206 . 0  ft 

DH-4 49 . 0  ft 

DH-4 1 49 . a ft 

Tab l e  2 - 7  

X-RAY D I FFRACT ION 

(M i nus  2 Mi cron Si ze Si l i cate C l ays ) 
Si l i cate C l ay M i nera l s 

Montmori l l on i te M i ca Kao l i n i te 

a 

93% 

o 

86% 

a 

66% 

a 

93% 
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Trace 

1 01 /0 

Trace 

o 

Trace 

1 5% 

Trace 

o 

o 

6 0/ /0 

a 

14% 

Trace 

1 9 %  

a 

7% 

Others 
M i nera l s 

quartz 
ca l c i te 
dol om i te 

quartz 

quartz 
ca l c i te 
dol om i te 

quartz 
ca l c i te 
dol omi te 

quartz 
ca 1 c i te 
do l omi te 

quartz 

quartz 
ca 1 c i te 
do l om i te 

quartz 



The exchangeab l e  cati ons i n  the f i ne-gra i ned g l ac i a l f l our matr i x  of the 

ti l l ,  are presented on Tab l e 2-8 . As s hown , the predomi nant mi nera l s are 

cal ci um and magnes i um and res u l t from the g r i nd i ng of do l omi ti c l i mes tone 

fragments , wh i ch are abundant in  the ti l l , to fi ne-grai ned rock f l ou r .  

These mi nera l s probab l y  prov i de the m i l ky co l or to the water i n  Cotton

wood Creek and M i l k  Creek ( see Photos 3 and  4 ) . 

DH- 1 

DH-1  

DH-2 

DH-2 

DH-3 

DH-3 

DH-4 
DH-4 

Tab l e 2-8 

Exchangeab l e Cat ions  (M i l l i eq u i va l ents Per 100 Grams Samp l e ) 
Sampl e Sod i um 

37 . 8  ft 1 . 2  

92  ft 5 . 4  

58  ft  0 . 9  

155  ft  3 . 4  

56 . 5  ft 1 . 0  

206 ft 1 . 0  

49 ft 1 . 0  
. 

1 49 ft 6 . 2  

Potas s i um 

1 . 3  

1 . 2  

2 . 7  

1 . 0  

2 . 4  

3 . 1  

1 . 8  

1 . 6  

Ca l c i um 

10 . 7  

3 0 . 0 

20 . 5  

2 1 . 2  

24 . 1  

2 1 . 6  

2 1 . 1  

18 . 4  

r�agnes  i urn  

9 . 8  

24 . 9  

9 . 4  

9 . 9  

9 . 7  

15 . 2  

1 1 . 3  

18 . 0  

The average natural  mo i s ture content of the g l ac i a l  ti l l  i s  10 . 0% .  No 

groundwater was found i n  the t i l l  duri ng dri l l i ng of  the exp l oratory 

hol es . Dr i l l i ng water l o sses  i n  the upper l oose  l ayer i n  DH-2 and DH-3 

were h i gh ,  however . 

Water l eve l measurements made i n  the four i ncl i nometer ho l es over the 

past  two months s how that very l i ttl e water has drai ned away from the 

ho l es . Due to the i mperv i ou s  nature of the dense g l ac i a l  t i l l  the water 
tab l e  may take a con s i derab l e amount of t ime to s tab i l i ze at i ts natura l 
l evel . The depth to water i n  each hol e i s  s hown i n  Tab l e 2-9 and i s  

presented on Exh i b i ts 3 ,  4 and 5 .  
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Tab l e  2-9  

WATER LEVE LS  IN  INCL I NOMETER HOLES 

DeEth - Feet 

Dr i ' l  Hol e J uroe  2 5 , 1976 August  23 , 1976 

DH- IA 1 7 1 . 5  184 . 0  

DH-2* 154 . 0  1 54 . 0  

DH -3A 1 27 , 0  132 . 0  

DH-4A 69 . 0  108 . 0  

* Note that the water l evel  i n  DH-2 has not changed . The sound of 
run n i ng water can be heard comi ng from the i nc l i nometer cas i ng i n  
DH -2 . Sand s tone beds penetrated a t  a depth of 306 feet i n  DH-2 
appear to be  carry i ng groundwater under pres sure pos s i b l y  from 
the nearby Cottonwood Fau l t .  When the sandstone l ayers were 
penetrated , the groundwater fl owed up  i nto the dri l l  ho l es under 
artes i an pres sure . 

Severa l s pri ngs have been found a bove e l eva t i on 7 500 feet on the North 

Sl i de .  These spr i ngs are shown in Exh i b i t 1 .  Sma l l ponds are a s so

ci ated wi th some of the  spr i ngs . Spri ngs i nd i cate that the  g l ac i a l  t i l l  

on the North S l i de above the 7500 foot e l eva ti on has a m4ch h i g her per

meabi l i ty and mo i s ture content than l ower on the s l ope . Sources of the 

water i nc l ude mel t i ng snow and artes i an f l ow from fau l t zones beneath 

the g l aci a l  t i l l . The water i s  probab ly  s tored i n  the u pper l ayer of the 

North S l i de mas s  wh i ch dri l l i ng and se i sm i c i nformat i on i nd i cates i s  l oose  

and conta i n s numerous vo i d s . 

The effects of water i n  the u pper part of the s l i de are apparent .  Much 

of the ground s urface above e l evati on 7500 feet shows v i sua l  ev i dence of 

so i l  creep or  l andfl ow . A sma l l acti ve l ands l i de 400 feet eas t  of DH-4 

is the resu l t  of spr i ng water seep i ng i nto the u pper l ayer of t i l l  on 
the North S l i d e .  

Several sma l l s hear zones and shear p l anes were noted i n  t h e  dri l l  core 

obta i ned from expl oratory hol es ( see Dr i l l  Logs and Exh i b i ts 3 ,  4 and 5 ) . 
Photo 5 s hows two s hear p l anes at  the depth of 75 . 0  feet i n  DH-2 . The 

shear zones are characteri zed by dark gray and b l u i s h gray s andy cl ay 
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wi th natura l mo i sture u p  to 23% , and numerous  i rreg u l ar d i sconti nuous  

s l i ckens i ded surfaces . D i p of the s hear p l anes range from 160 to 80° . 

The shear zones resu l t  from l oca l d i fferent i a l s ettl ement and s l ump i ng 

duri ng g l ac i at ion  or  s l ow p l asti c deformati on s i mi l ar to so i l creep . 

Several  dark g ray c l ay shear zones can be s een i n  the bank of Mant i  Creek 

near DH-2 . These zones are approxi mate ly  1 foot th i ck ,  i rregu l ar and 

d i s conti nuou s . 

The bedrock penetrated i n  both DH-2 and 3 cons i s ts of  i nterbedded sandstones , 

s i l tstones a nd some c l ay shal e .  I n  DH-2 the sandstone i s  s ta i ned l i g ht 

brown , i s  moderate l y  hard and i s  cros s  bedded . Open j o i nts wh i ch are 

1ron sta i ned i n d i cate the presence of groundwater . The i nferred bedrock 

profi l e  wh i ch i s  based on dr i l l  ho l e  and s e i smi c data , i s  shown on geo l og i c  

cross secti ons o n  Exh i b i ts 3 ,  4 and 5 .  

Two major north-south trend i ng fau l ts have been mapped i n  the s tudy area . 

The fau l ts are s hown on Exh i b i t 1 and are des i gnated the Cottonwood 

and the North S l i de Fau l ts .  The Cottonwood Fau l t passes under and pos 

s i b ly  through the g l ac i a l  t i l l  between DH-2 and DH-3 as  shown o n  Exh i b i ts 

4 and 5". The North Fau l t passes  through  the s l i de at i ts upper l i mi ts . 

Period i c  movment a l ong the Cottonwood Fau l t may a l so  have caused some of 

the movement  wi th i n  the g l ac i a l  t i l l  wh i ch i s  represented by the shear 

zones found i n  the dri l l  hol es . 

In summary , geo l og i c  s tud i es of the North S l i d e  have l ed to the fo l l ow i n g  

prel imi nary conc l u s i ons : 

• Mater i a l  compri s i ng the North S l i de ma s s  i s  g l ac i a l t i l l  up  to 

350  feet dee p .  

• The t i l l  i s  underl a i n by sandstone sha l e and s i l ts tone beds of the 

North Horn Formati ons . (The North Horn Formati on conta i ns mont

mor i l l on i te sha l e beds and i s  assocj ated wi th numerous l ands l i de s  

i n  U tah ) .  
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• Ti l l  of the North S l i de  i s  d i v i ded i nto at l ea st  two l ayers : an 

upper l ayer from 10  to 78 feet deep composed of l oose  s i l ty 

grave l l y  ti l l  a nd a l ower l ayer of dense , overcon sol i dated 

grave l ly t i l l  i n  a matr i x  of s t i ff montmori l l on i te c l ay .  The 

t i l l  matr i x  i s  primari l y  g l ac i a l rock fl our wh i ch contr i butes 

the I Imi l ky l i co l or turb i d i ty to severa l s treams that f l ow i nto 

Manti  Cree k .  

• V i s u a l  e v i dence of s o i l  creep or  l and f l ow i n  the u pper l ayer i s  

present above e l evat ion  7500 feet on the North S l i de surface 

where numerous  tens i on cracks , s pr i ngs , ponds and i rregu l ar hum

mocky topograph i c  features were observed . 

• Core sampl es of shear zones i n  the dense  g l ac i a l  t i l l  were obta i ned 

from exp l oratory ho l es dri l l ed on the North S l i d e .  Shear zones 

are the resu l t  of deformat i on of the t i l l  by i ce acti on duri ng  

the g l ac i a l  peri od , p l a st i c deformat i on by s l ow ,  deep seated , mas s  

s o i l creep , and pos s i b l y  shear i ng by fau l t movement o n  the Cotton

wood Fau l t  wh i ch extends under the North S l i de . 

• The s tudy area i s  i n  a reg i on wh i ch has a record of moderate se i s 

m i c acti v i ty i n  h i s tori c t imes . Geo l og i c  ev i dence found dur i ng 

the s tudy i nd i cates that fau l ts i n  the s tudy area may be acti ve  

a nd that h i gh magn i tude , earthqua kes can  be expected in  or cl ose  

to  the  s tudy area . 

• The groundwater tab l e  wi th i n  the North S l i de mass has not s tab i l 

i zed at  the t ime of th i s  report . Water under artes i an pres s ures 

were encountered i n  DH-2  from bedrock  l ayers or grave l l y  al l u v i um 

i mmed i ate l y  above bedrock .  

• I nc l i nometer and surface surveys of the North S l i de made between 

J une  and Augus t ,  1976  show the s l i de to be  mov i ng .  Movement ra te , 

d i rect i on and eng i n eeri ng s i gn i f i cance i s  d i scu s sed i n  Secti on 

2 . 3 . 0 .  
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C .  By-P as s  P i pel i ne Al ignment 

A " by-pas s "  p i pel i ne to  d i vert Ma n t i  Creek from the pre s e nt streallibed 

arou nd the toe of the South Sl i d e  i s  o ne al ternati ve for mi ti g ati ng the 

affect of the South Sl i de on Manti  Creek .  Le ngth o f  the l i ne wou l d  be 

about 7200 feet . The proposed al i g nment i s  s h own on Exh i b i t  2 .  

The fi rst 2000 feet o f  the p i  pe 1 i ne fr om the i ntake ,structure , wi 1 1  be 

excavated i n  l o ose al l uv i al s andy gravel . Se i sm i c d ata i nd i cate the s andy 

gravel i s  approx imatel y 10  feet th i c k wi th an average vel oci ty of  1300 

feet per sec o nd .  Bel ow 1 0  feet, the materi al i s  probab ly  dens e  gl ac i al 

til l composed o f  c l ayey-s andy gravel . Se i smi c vel oc i ty of  the l ower 

zone i s  3500 feet per s ec o nd ( fps) .  

Between 2000 feet downstream from the i nt ake and the outl et end of  the 

pi pel i ne ,  exc av at i on al o ng the p i pel i ne wou l d  be al most  ent i re ly  i n  the 

gl ac i al t i l l .  M o st  of the secti o n  woul d be wi th i n the bou nd ari es of  the 

North Sl i de wh i ch i s  descri bed i n  the prev i ous  secti o n .  As sh own i n  the 

previ ous secti on  the p i pel i ne wou l d be excavated i n  the "upper l ayer" 

whi ch i s  c omposed o f  l o ose s i l ty gravel t i l l  c o nt ai ni ng  s ome bou l der s i ze 

mater i al .  Ge o l o g i cal ev idence wh i c h i s  supported by i ns trumentati on d at a  

from i ncl i nometer surveys i nd i cates the mater i al s  i n  wh i ch the p i pel i ne 

woul d be exc av ated , are u nstabl e .  

Materi al s  i n  the area  o f  b oth the i ntake and outl et structures provi de 

acceptabl e f ound ati ons for these rel ati ve ly  smal l s tructures . Excavati o n  

al ong the e nt i re al i g nment c an b e  acc ompl i s hed by c ommon excavati on  meth ods . 

A smal l amou nt of  bl ast i ng m i g ht be requ i red to remove l ocal bou l ders . 

2 . 3  STAB I L ITY ANALYSES 

Stabi l i ty anal yses were performed on four secti o ns take n thr ough the N orth 
Sl i de ( see Fi gure 2 -2 ) . The sel ecti o n  of  these sect i o ns was b as ed on thei r 
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impact on the proposed by-pass  p i pel i ne i f  fa i l ure shou l d  occur .  Two of 

the secti ons were ana l yzed by B i s hop ' s  method of s l i ces for s l i p  c i rc l e 

fa� ure and two sect i on s  were ana l yzed by the p l anar s l i de stab i l i ty method . 

A .  Sel ecti on of  So i l  Parameters for Stabi l i ty Ana l yses 

1 . General - The so i l  s trength parameters u sed for the stabi l i ty 

analysi s are the u n i t wei ght i n  pounds per cubi c foot , the ang l e of  i nterna l  

fr i cti on of  t he  s o i l  i n  degrees and the cohes i on of  the so i l i n  pounds per 

square foot . The i nfl uence of earthquakes was not con s i dered i n  the ana l 

ys i s . 

Because of the great var i ati on i n  the mater i a l s that make up , the so i l strata 

withi n the North S l i de , i t  was d i ffi cu l t to obta i n i nd i v i dual  so i l sampl es 

from the dri l l i n g  o perati ons that were accurate ly  representati ve of the 

in-s i tu cond i ti on .  S l i c kens i des on s hear pl anes , l a rge bou l ders and rocks  

i ntermi xed wi th c l ay and sand contri buted to  the  d i ffi cu l ty i n  se l ecti n g  

soi l  strength parameters  d i rectly from l a boratory test resu l ts .  

The sel ecti on  of  the s o i l parameters to be used i n  the stabi l i ty ana l yses 

was based on  v i sua l  o bservat i on of  the materi a l s ,  res u l ts of  the test  data 

and eng i neer i n g  j udgment i n  wh i ch the total geo l og i c  framework was con 

sidered . 

The accuracy o f  these va l ues  w i l l  be re-exami ned i n  the fi n a l  report , by 

back anal ys i s  of the s l ope , u s i ng the more compl ete i nc l i nometer data and 

final  s urface s urvey res u l ts .  

2. Materi a l s - Val ues  for the i n-p l ace den s i ti es of the mater i a l s 
used i n  the a na l ys i s  vari ed from 100 pcf to 1 35  pcf .  Val ues for Secti on  1 
ranged from 1 10  pcf to 1 20 pcf . I n - p l ace den s i t i es  of  materi a l s  i n  Secti on 2 vary from 130 pef to 1 35 pcf . 
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3 . Strength Parameters - Cons o l i dated u ndra i ned tri axi a l  compres s i on 

and di rect s hear tes ts were run  on  s e l ected s ampl es . The s peci mens  had 

diameters of from 2 . 2  to 2 . 4  i nches . They were conso l i dated to press u res  

vary i ng from 4 . 0  k sf  to 1 4 . 4  k sf  dependi ng on the l ocati on  and depth of  

sampl i ng . The  est imated va l ues of  the total s trength parameters u sed  i n  

the analys i s  for each s o i l l ayer are shown on Exh i b i ts 1 1 , 1 2 , 13  and 14 . 

he test resu l ts are shown i n  Tab l es 2- 10 and 2- 1 1 . 

r Orf1 1 San·'pl p.  Dep th L i q u i d  
1401. No . Ft . Limi t 

� I 2 37 . B  IB . 4  1 4 S2 . 0  27 . 2  

1 3  92 .0  42 . 9  I 25 2 1 2 . 0  23 . 1  2 1 29 . 0  24 . 1  

2 2 30 . 0  2 3 3 7 . 0  3 1 . 0  

2 7 5 B . O  2 7 . 3  2 1 1  7 8 . 0  22 . 0  1 29 155 . 0  3 6 . 2  
3 5 56 . 5  IB . 7  1 1 1  140 . 0  2 3 . B  
1 1 9  226 . 6  2 2 . 0  
1 23 2BO . 0  23 . 2  • 3 49 . 0  29 . 2  4 7 10B . 0  1 7 . 6  • 1 1  149 . 0  4 9 . 2  '-

Tabl e 2-10  

SO I L  CLASS I F I CAT I ON T EST DATA 

P l d s  t i c  
L i lil i  t 
1 3 . 2  

14 . 4  

24 . 0  

1 3 . B  

10 . 8  

1 2 . 9  

1 5 . 2  

1 3 . 9  

1 6 . 4  

1 2 . B  

\ 3 . 4  
I 

13. 3 

16 . 4  

16 . 7  

1 1 . 7  

2 5 . 8  

. _ -- -- - -
Pl as t i c i ty Natural 

I ndex Mo i s ture :Yo 
5 . 2  7 . 1 

12 . B  -
18 . 9  1 9 . 9  

9 . 3  9 . 3  

1 3 . 3  -
IB . l  -
12 . 1  -

8 . 1  6 . 1  

1 9 . 8  1 0 . 6  

5 . 9  B . 3  

1 0 . 4  1 2 . 6  

8 . 7  7 . 1  

1 1 . B  -
12 . 5  8 . 4  

5 . 9  7 . 1  

2 3 . 4  22 . 9  
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Speci fi c 
Gril V;  ty 

2 . 63 

2 . 64 

2 . 45 

2 . 69 

2 . 74 

2 . 72 

2 . 67 

2 . 5 7  

2 . 67 

2 . 63 

2 . 55 2 . 51 
2 . 62 

2 . 63 

2 . 38 

Co l o r  

Brown 

Gray 

Gray 

Gra.y 

Gray 

Gray 

Gray l t . Brown 

Brown 

Brown 

Gray 

Brown 

Brown 

Gray l t . B rown 

Brown 

Ok . Gray 

Uni fi ed So i l  
C l a s s i f i c a t i o n  

S i l ty Sandy Gravel ( GM )  

l i I Gravel l y  Sandy C l ay ( GC )  

Silndy C l ay ( C l l  

Cl ayey Sandy Gravel ( GC )  I Gravel l y  S i l ty Sand ( SM )  
Cl dY�y Sandy Gravel 

C l ayey Sandy Gravel 

(GC l i 
( GC ) I 

Grave l l y  Sandy Cl ay ( e l ) i 
Gra ve 1 1  y Sandy el ay (CL ) I Gravel l y  Sandy C l ay { e l l  

Grave: l y  Sandy S i l  t (Nl ) I I C l ayey S andy Gravel ( GC l  I 
G rave l l y  Sandy C l ay (Cl l i 
Gravel l y  Sandy Cl ay ( C L l  

C l ayey Sandy Gravel ( GC )  I 
Gravel l y  Sandy S i l  t ( i'll l I 
Grave l l y  Sandy C l ay ( eL i 1 



Tab l e 2-11 

STRENGTH PARA��ETER TEST DATA 

.-
Dri l l  Sample  Depth Dry Wa ter TRIAXIAL SHEAR TEST DIRECT SHEAR TEST I40le No . Ft.  Dens i ty Content pef ::; (j - ks f o;-ksf 110 c-ksf  (jn-ksf 'T'-ks f  ,,0 e-ks f 

1 

1 6 58. 0  126 . 1  17 . 6  7 . 2  4 . 3  

1 6 58 . 0  1 26 . 1  1 7 . 6  10 . 8  4 . 9  1 3 . 0 1 . 5  I I 6 58. 0  126 . 1  1 7 . 6  3 . 6  2 . 5  1 1 7  13 1 . 5  144 . 0  7 . 1  GO . O  1 3 . 0  1 20 148 . 0  122 . 3  1 2 . 3  2 1 .9 1 3 . 0  
5 . 0  3 . 2  I 1 20 148 . 0  124 . 2  12 . 3  16 . 7  8 . 6  

24 204 . 0  1 19 . 5  1 7 . 8 4 3 . 0  1 3 . 0  
I 1 2 2 . 0  1 . 2  I 1 24 204 . 0  105 . 6  1 7 . 8 1 8 . 8  8 . 6  2 2 2 9 . 0  107 . 0  1 2 . 5  1 . 0  0 . 53 

18 . 0  0 . 5  2 2 30 . 0  ' 93 . 0  1 1 . 0  3 . 3 7  0 . 26 '2 3 75 . 0  135 . 3  5 . 3  12 . 0  1 3 . 4  I 2 3 7 5 . 0  135 . 3  5 . 3  8 . 0 1 1 . 2  34 . 0  7 . 5  , I Z 3 75 . 0  135 . 3  5 . 3  4 . 0 1 0 . 0  Z 32 1 64 . 7  106 . 2  1 9 . 0  1 9 . 9  1 4 .4  
4 . 0  1 . 70 2 32 164 . 7  1 06 . 2  1 9 . 0  8 . 9  7 . 2  .. 2 25 135 . 0  1 2 5 . 7  1 3 . 2  5 2 . 0  1 4 . 4  

2 14 88 . 0  142 . 2  5 . 2  4 0 . 8  2 0 . 8  35 . 0  0 . 0  

2 14  89 . 0  148. 6 5 . 2  24 . 7  7 . 0  2 23 1 26 . 2  1 1 6, 9 17 . 6  28 . 1  14 . 1  2 20 1 1 3 . 2  143 . 9  6 . �  20.8 1 0 . 3  12 . 5  2 . 2  2 17 1 02 . 5  132 . 6 14 . 4  1 7 . 5  6 . 9  1 44 232 . 0  137 . 1  9 . 5  25 . 7  l4 . 4  2 42 2 1 8 . 6  144 . 8  7 . 0  i 5 . 9  1 0 . 8  1 2 . 0  .:J . 8  Z 45 248. 4  1 33 . 3  9 . 6  1 1 . 7  7 . 2  3 6 76 . 5  126 . 1  17 . 6 6 . 5  3 . 2  I 3 6 76 . 5  1 26 . . 1  1 7 . 6  14 . 0  6 . 4 1 5 . 0  1 . 7  I 3 6 76. 5  126 . 1  1 7 . 6  17 . 2  5 . 7  3 13 1 84 . 5  1 32 . 3 1 1 . 6  30.0 1 3 . 8  3 28 322 . 7  120 . 3  I 14 . 4  25 .6  1 2 . 8  3 27 324 . 0  126 . 3  9 . 3  2 3 . 4  9 . 2  10.0 4 . 1  I ) 2 7  �?4 I) 1 32 . 8  9 . 3  20� ? � . �  3 Zl 246 . 0  132 . 5  8 . 3  3 3 . 0  1 3 . 0  2 6 . 0  0 . 0  I 4 'I 60.4 135 . 0  7 . 5  4 7 . 4  3 . 6  4 8 122 . 5  142 . 2  7 . 8  54 .4  1 3 . 0  4 !:l 1 36 . 2  1 30 . 8  7 . 9  36 . 6  :3 . 6  )2 .. 0 2 . 2  4 10 145. 3 145 . 4  4 . 2  (.0 . 0 1 3 . 0  

-
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B .  B i shop Method for S l ip Ci rcl e Ana lys i s  

1 .  Di scu s s i on of Method - Th i s method of s l o pe stabi l i ty anal ys i s  

was fi rst descri bed by B i s hop  i n  1955  and i s  very s i mi l ar to the Swed i s h  

C i rc l e Method . The fai l u re s urface i s  ass umed to b e  a c i rcu l ar  s ecti on . 

The s urface i s  actua l l y  a l og-sp i ral curve but cl o se ly  approxi mates a 

ci rcul ar s ecti on . Two s ets of  forces are i n vol ved al ong the c i rcu l ar  
secti on ; the dr i v i ng forces and the  res i st i ng forces . The  factor of 

safety aga i ns t  s l i d i ng i s  the rat i o  of  the res i st i ng  forces to the s l i d 

i ng forces . The res i st i ng  forces are the cohes i on o f  the so i l  a l ong the 
fa i l u re s urface and the normal component of the wei ght of the so i l at the 
fai l u re s urface t i mes the tan gent of the ang l e  of i nterna l  fri c ti on .  The 

dri v i ng forces are the components of the wei g ht of the so i l that  are tan

genti a l  to the fa i l u re p l ane . Earthquake forces were not con s i dered i n  

the analyses for t h i s  i n teri m report . 

The ana lyses  of  the s ecti on s on  the North  Sl i de were done u s i ng an  HP�830 

computer . The cross -secti ons  were drawn on a coord i nate gri d system us i ng 

coordi nate po i nts and s tra i ght l i nes to defi ne  ground l i nes ,  so i l l i nes  

and water tabl es . Us i ng coord i nate geometry the secti ons  'can be ana l yzed 

faster , wi th more accuracy and i n  greater deta i l  than wou l d be pos s i b l e  

manua l l y .  

Two separate s ecti ons were chosen where l oca l i zed s l i p  c i rc l e fai l u re m i ght 

cri t ica l l y  affect the foundat i on of the proposed by-pas s p i pel i ne .  The 

two secti ons are presented as  Secti ons 1 and 2 ,  ( s ee Exh i b i ts 1 1  and 12 ). 

The stab i l i ty ana l yses of the s ecti ons were based on three separate con 
d i t i ons . F i rst , the s ecti ons were ana l yzed as  the s l opes now exi st . The 
secti on s  were then ana l yzed a s s umi ng  that the toe of the s l o pe was under

cut 20 feet by eros i on of  Manti Cree k .  Thi s i s  hi g h l y  probab l e becau se  the 

streambed was reported to have been up l i fted 80 feet by the recent acti v

i ty of the South S l i de and the s tream w i l l  attempt to rega i n i ts ori g i na l  

grad i ent  by erod i ng b ack  i nto t he  channel . Th i rd , the sect i ons were ana l 

yzed assum i ng  the ex i st i ng channe l  was fi l l ed to a depth of 20 feet wi th 

rockfi l l  and gab ions . 
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2 .  Stabi l i ty of Sect ion  1 - Secti on 1 was chosen because of  i ts steep 

ban k s l o pe and i ts h i g h s uscepti b i l i ty to eros i on and undercutti n g  by Man ti 

Creek  ( see Fi gure 2 -2 ) . A fa i l u re of th i s  secti on wou l d i nduce progres s i ve 

fa i l ure u p  the s l o pe a nd that wou l d  endanger the Forest Serv i ce acces s road 

and the proposed by-pas s p i pel i ne by eros i on of toe support of the s teep 

bank of Manti Creek ( see Photo 6 ) . 

The cri ti ca l  factors of s afety for the three assumed cond i t i ons  of analyses 

are shown on  F i gure 2-3 . The computed cri t i ca l  or  mi n i mum factor of safety 
for the exi st i ng  cond i t i o n  ( F . S .  of 1 . 07 )  i s  very cl ose  to 1. 0 and coul d 

be s l i ght ly  bel ow 1 . 0 s i nce there i s  ev i dence of movement on the North 

Sl i de . I t  wou l d  be v ery des i rabl e to have a h i g her factor of safety due 

to the n umerous  un knowns such as the in s i tu mater i a l s properti es , eart h 

quake pos s i b i l i ti es a n d  hydro l o g i c  cond i ti ons . 

The factor of  safety ( F . S . ) for the eroded cond i t i on i s  0. 87. Th i s  l ower 

va l ue i s  an i nd i cati on that i f  the stream i s  eroded further , the rate of 

movement of  the North S l i de m i ght accel erate to a cri t i cal  rate at wh i ch 

destructi ve s l o pe fai l ure wi l l  take pl ace . 

The F . S .  wi th the roc kf i l l  p l aced i n  the creek channe l  wi l l  i mprove the 

stabi l i ty of  the s l ope and s top  further stream eros i on .  The cri ti cal fac

tor of  safety for th i s  cond i t i on i s  1 . 52 as the  rockfi l l  prov i des buttres s 

i ng aga i nst  l ocal ban k fa i l u re .  

3 .  Stabi l i ty of Secti on 2 - Sect i on 2 was chosen because the toe of 

the s l ope i s  be i ng eroded by Mant i  Creek ( see Pho to 7 ) . A fai l ure i n  
thi s sect ion  wou l d  remove the Forest Serv i ce road and the proposed by-pas s 

pi pel i ne a nd the C i ty of  Manti  I S  water p i pel i ne ( see Exh i b i t  12 ) .  

The cri ti ca l  factors of safety for the three cond i t i ons  of anal yses are 
shown on F i g ure 2-4 . The computed cri t i ca l  or mi n i mum factor of safety for 

the ex i st i n g  cond i t i on ( F . S .  of 1. 06 ) i s  very cl ose  to 1 . 0  and aga i n ,  as i n  

Secti on 1 ,  the factor of safety cou l d be s l i ght ly  bel ow 1. 0 .  
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The factor of  safety for the eroded channel i n  Secti on 2 i s  0 . 94 .  Th i s  

val ue i nd i cates that further eros i o n  of the channel  wou l d i nduce s l i p  

c ircl e fa i l ure . 

The fi l l i ng of  the channel  to a depth of 20 feet wi th rockfi l l  yi el ds a 

factor of safety of 1 . 1 7 .  The rock l i n i ng does not affect the stabi l i ty 

as greatl y for th i s  secti on as  i t  d i d  for Secti on 1 because the cri ti cal 

sl i p  ci rcl e on  Secti on 1 i s  v ery l ocal i zed and sha l l ow ,  whi l e  the s l i p  

ci rcl e  for Secti on 2 extends much deeper and further upsl ope ( see Exh i b i t  

12 ) . I n  add i t i on the rockfi l 1  a t  the toe of the s l ope i s  a rel ati ve ly  

smal l  part of the  total mass  of  materi a l . 

C .  Pl anar S l i de Stabi l i ty Analys i s  

1 .  Di scus s i on of  Method - Thi s method of stabi l i ty ana l ys i s  i s  very 

simi l ar to the B i sho p  method of  s l i ces for s l i p  c i rc l e ana l ys i s  except that 

the fa i l u re surface i s  an i rregul ar , pl anar surface rather than a c i rcu l ar 

surface . The dr i v i ng forces and res i s ti ng forces d i scus sed earl i er rema i n  

the same a s  o n l y  the s hape of the fai l ure surface has changed . 

Two sect i ons  were chosen to eval uate the overal l stabi l i ty of the North 

Sl i de mass ( s ee Fi gure 2 - 2 ) . These are Secti ons 3 and 4 ( see Exh i b i ts 1 3  
and 14 . )  

2 .  Stabi l i ty of Sect i on 3 - Secti on 3 was chosen as i t  extends from 

the l ower most  pa i nt of the North Sl i de to the top of the s l i de .  The fai l 

ure pl ane i s  an a pprox imat i on of  a shear pl ane that was noted i n  DH-3  dur

i ng f i e l d expl orati on . 

The cri ti ca l  factor of safety agai nst  s l i d i ng for thi s  secti on i s  1 . 06 

( see Exh i b i t  1 3 ) . Any maj or s h i ft i n  the stab i l i ty equ i l i bri um of the 

s l i de , created by an  earthqua ke or  r i s i ng water tabl e ,  cou l d  cause  a 

maj or fa i l ure i n  the North Sl i de .  
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3 . Stabi l i ty o f  Sect i on 4 - Sect i on 4 beg i n s  at the bas e  of the North 

� i de , but i s  l ocated further u ps tream than Sect i o n  3 ( see  F i gure 2-2 ) . As 

�f th Secti on 3 the fa i l ure p l ane was approx i mated from s hear zones observed 

duri ng fi e l d  expl orati on .  Th i s  a s s umed fa i l ure p l ane  extends from the 

toe of the s l o pe i n  Manti  Creek to the top of  the s l i de .  

The factor of  s afety aga i nst  s l i d i ng for Sect ion  4 i s  1 . 14 ( s ee Exhi b i t 

14 ) .  Aga i n  th i s  i s  q u i te l ow and as  wi th  Secti on 3 a smal l amount  of 

addi ti ona l  l oad i ng by an earthqu a ke wou l d cau se  exces s i ve movement  i f  the 

bas ic  assumpt ions  are va l i d .  

o .  Di scuss i on o f  Stabi l i ty Ana lys i s  

The stabi l i ty ana l yses made o n  the four  secti ons s how the North S l i de has  

a n  ex i st i ng factor of  safety very cl ose to one . Changes i n  the exi st i ng  
geo l o g i e  hydro l o g i c  factors s uch  a s  earthquake , eros i on and  el evati on of 

the water ta bl e coul d cause a cri t i cal  reduct i on i n  the safety factor .  

An exampl e o f  these  geo l og i c  - hydrol og i c factors wou l d be a year of heavy 

snow fal l where the s now mel t wou l d cause the ground water tab l e i n  the 

north s l ope to r i s e .  The r i s e  i n  the groundwater tabl e wou l d  i ncrease  

the pore water pressure i n  the  mater i a l s and thus decrease the s tab i l i ty 

of the s l ope and i ncrease the present rate of movement . Sei smi c  l oad-

i ng on  the s l ope  wou l d  a l so  tend to i ncrease  the pore press ures wi thi n the 

s l ide materi a l s and cou l d  cause a further reducti on i n  the factor of safety 

of the s l ope . 

X-Ray d i ffracti on anal yses of  the North S l i de mater i a l s  have s hown that 
there i s  a very l arge percentage of  montmori l l on i te cl ay i n  the f i ne  por

t ion of  t he materi a l s .  When the water content of  the montmori l l on i te cl ays 

is i ncreased , d i s pers i o n  may decrease the so i l  strength and s tab i l i ty of  
t he  s l ope . 

S i nce the ex i st i ng channel i s  present ly  bei ng eroded to l ower l eve l s ,  the 

rate of ero s i on cou l d  be i ncreased by a s eri es of h i g h  water per i ods . 

Ero s i o n  a l so wou l d  cause a decrease i n  the s l o pe s tabi l i ty .  
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Pl acement of 'rockf i l l  i n  the creek channel has been i nd i cated as a poss i 

ble means of  i mpro v i n g  stab i l i ty ( s ee Photos 8 and 9 ) . Th i s  method has 

been succes sfu l l y  u sed by I EeO for another proj ect somewhat s i mi l ar to 

Manti Creek . Numerous other methods for stabi l i zati on such as surface 

and subsurface drai nage may a l so be appropri ate . 

E. Incl i nometer and S u rvey Surface Data 

Incl i nometer and  s urface s urveys of i nc l i nometer ho l e  cas i ngs show ground 

deformati on at  a l l four  i nstal l at i ons . The resu l ts of surface survey po i nts 

and deep i ncl i nometer readi ngs  are shown on Exh i b i ts 7 ,  8 ,  9 and 10 for the 

per iod between June  a nd August ,  1976 . Surface survey res u l ts are s hown on 

Tabl e 2 - 1 2 .  

Tabl e 2 - 12 

R ESULTS OF  SURFACE SURVEYS 

June 30 - August  10 , 1976 

Vert i ca l  Verti ca l  Hor i zonta l Hori zontal Hori zonta 1 
Inc 1 i nometer t10vement Rate Movement Rate Di rect i on 

Ho l e  ( i nches ) {i n/,lr . }  ( i nches ) {i n/,lr . ·� {degrees l 

1A - 1 . 080 - 9 . 6 1 2  1 . 464 13 . 034 232 . 7  

2 0 . 3 1 2  2 . 778 0 . 499 4 . 446 2 1 5 . 2  
3A 0 . 5 28 4 . 700 0 . 47 5  4 . 226 196 . 1  
4A 0 . 648 5 . 769 0 . 414 3 . 690 157 . 9  

Surface surveys s how hori zontal movement i n  a southwest or  down s l ope di rec

tion on the  North S l i de .  The d i recti on  of the  vert i cal  movement i s  pos i 

t ive or  u p ,  at  i nc l i nometer hol es DH-2 , 3A , and 4A . The verti cal  component 
of surface movement at  DH- 1A i s  down . Magn i tude of movement  ranges from 

0 . 3  to 1 . 1  i nches . 

Defl ecti ons  measured i n  i ncl i nometer hol es , at  depth , are i n  the same order 
of magn i tude ( s ee Exh i b i ts 7 ,  8 ,  9 and 10 ) .  However , conc l us i ons regard i n g  
the d i recti on , the North S l i de ,  must awa i t  add i t i ona l  i nformati on from 
surveys to be made between, September and December , 1976 . 
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A rev i ew o f  the i ni ti a l read i ngs of the data i nd i cates tha t  no we l l  defi ned 

shear p l anes exi s t  i n  the i nc l i nometer ho l es except for pos s i b l e  pl anes at 

depths of 198 feet and 2 13 feet in DH- IA .  Therefore , the North S l i de may 
be experi enc i ng s l ow p l as ti c deformati on due to downs l ope grav i ty movement . 

The deformati on may a l so res u l t from pres s ure exerted by the mas s i ve South 
Sl i de aga i ns t  the toe o f  the No rth S l i de on a deep seated p l ane of move

ment .  Th e u pward and genera l l y  s ou thward movement of the su rface s urvey 
points on the No rth S l i de res embl es the d i s pl acement wh i ch wou l d  be expec

ted for b u l g tng of the toe of a l ands l i de wi th an acti ve , deep seated s l i de 

pl ane mov i ng from south to no rth . 
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CHAPTER 3 

DEBR IS-RETENTI ON DAMS ITE 



3 . '1  EXPLORATION AND SURV EYS 

CHAPTER 3 

D EBRI S -RETENT ION DAMS ITE 

The CRS/I ECO c ontract w i t h  t he F ores t Serv i ce i ncl uded foundati on anal ys i s  

for an aD-foot hi g h  earthen dam on Manti C reek t o  serve a s  a debri s and 

settl i ng bas i n .  The s i te was se l ected by the F orest  Serv i ce and i s  l ocated 

appr oximatel y 1 . 5  mi l es upstream from the mouth  of Manti Creek ( Ex hi b i t  1 ) . 

Ori g i nal l y  an other  s i te ,  750 feet d ownstream , was to be i nvesti gated f or 

a 40-foot hi g h  earthfi l l  dam . The s i te d i scussed i n  t hi s  rep ort was sel ec

ted dur i ng t he f i e l d  i nves t i gati on .  Ge op hys i ca l  s urveys were made at both 
si tes . Geol og i c  mapp i ng , dri l l i ng , sampl i ng and test i ng were al l d one at 

the upstream l ocat i on .  

A .  Dri l l i ng and Sampl i ng 

Two dri l l  hol es  were ori g i na l l y  p l a nned at  t he d ownstream ' s i te .  Each hol e 

was l imi ted by the c ontract t o  a depth of 40 feet . F ores t Serv i ce and 

IEeo pers onnel  agreed duri ng fi el d i nvesti gati ons that one hol e wou l d be 

dri l l ed on t he r i g ht abutment of the upstream s i te to a maximum depth of 
100 feet . The purpose of one hol e to a greater depth was t o  ensure that  

bedrock wou l d  be penetrated b y  at  l east  one hol e i n  order to  devel op a 
bedrock profi l e  together wi th surface geol og y  and geop hys i ca l  i nf ormati on .  

Bedrock was encountered a t  a depth of 57 . 5  feet . The mater i a l s penetrated 
above bedrock  c ons i s ted of r oc k y  s l opewa s h. S i x  attempts were made t o  

obtai n penetrati on test and S he l by tube samp l es i n  the r ocky  s l opeswa s h. 

Attempts at s oi l  samp l i ng were on l y  parti a l l y  s uccessful . The hol e was 

compl eted i n  bedroc k  at a depth of 70 feet . 
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Dri l l  water c i rcu l ati on was l os t  at 30 feet . After the hol e was cased i t  

was sti l l  d i ff i cu l t to ma i ntai n water ci rcul ati on bel ow 30 feet . Perme

abi l i ty tests  were performed accord i ng to  USBR Earth Manua l  Standard 

specifi cati ons  E - 18 ; Fi e l d Permea bi l i ty Tests i n  Bore Hol es . Open end 

gravi ty tests were made i n  s l opewa s h .  A pres s ure tes t  was made i n  bed

rock . The permeabi l i ty measured at vari ous depths i n  the bore hol es are 

as fol l ows : 

Tab l e 3 - 1  

DEBRIS-RETENTION  DAM S ITE FOUNDATI ON PERMEAB I L ITY 

Deeth {ft} Mater i a l  T�ee Permea bi l i t� (cm/ sec} 

34 Sandy gravel 3 . 48 x 10-2 
s l ope  was h  

57 Sandy gravel 1 . 46 x 10-4 

s l o pe wash  

5 7-70 Fractured sand- 5 . 1 6 x 10-5 

stone bedrock  

B .  Laborator� Testi ng 

Modifi ed conso l i dat ion  tests were made on two sampl es for anal ys i s  of dam 

settl ement . Sampl es from DH- 5  were screened through  a No . 4 s i eve and 

conso l i dated to pres sures corres pondi ng to a 40-foot and BO-foot h i gh dam . 

The sampl es were then saturated and a l l owed to conso l i date before compl et

ing the s ett l ement curve . 

C .  Sei smi c Surveys 

Two sei sm i c  l i nes ( 650 ft . of  l i n e )  were made by I EeO at the downstream 

si te ( see  Exh i bi t  6 ) .  These l i nes  were run pri o r  to sel ect i on  of the dam

site wh i ch i s  d i scu ssed i n  th i s report . Fo l l owi ng sel ecti on of the upper 

dams i te for i nvesti gati on , Forest Serv i ce personnel made a sei smi c survey 

( 1 10 feet of  l i n e )  at  the s i te u ti l i z i ng a s i ng l e geophone Bi son sei smo

graph ( see Exhi bi t 6 ) . Res u l ts of both sei smi c surveys were used i n  

i nterpretati on o f  geo l og i c features a t  the s i te .  
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3 .2 GEOLOGY 

The res u l ts of geo l og i c  map p i ng ,  dri l l i ng and s e i sm i c s u rveys i n  the area 

of the deb r i s deten t i on dams i te are presented on Exh i b i ts 5 and 6 .  

A. Righ t  Abutment 

The ri ght a b u tment of the debri s detenti on dams i te i s  underl ai n by uncon

so l i dated rocky s l o pewas h  a nd a l l uv i um wh i ch ranges from 10 to 57 . 7  thi ck . 

The s l opewash a nd a l l uv i um i s  underl ai n by wea k  s i l ts tone and s h a l e of 

the North Horn Fo rmat i on . The s i l ts tone i s  g ray to b l u i s h  g ray and the 

s hal e i s  l i gh t  b rown . The s i l t s tone and sha l e  i s  i nte rbedded wi th l i gh t  

reddi sh b rown , "med i um to coars e - g ra i ned , cros s - bedded s ands tone wh i ch crops 

out on the r i g h t  abutmen t ,  a pproxi mate l y  100 feet i n  el evati on above th e 

proposed . dam cres t .  Su rface outcrops of s a nd s tone and s i l ts tone above 

the dam c res t and p re�uma b l y  beds u nder the dams i te s tri ke N .  500 E a nd 

di p 1 50 NW or i n to the a b u tment . 

Two maj or j o i n t s ets were observed on ou tcrops . One set s tri kes N SO E and 

d i ps 700 � o u theas t .  Th e other s tri kes N 800 W and di p s  80P sou thwes t .  The 

joi nts are s paced from two to e i g h t  feet apart . One maj or j o i n t  s e t  i s  

paral l e l  to the maj or north-south fau l ts tha t  have been mapped i n  Man ti 

Canyon . However , no evi dence of fau l ti ng was found i n  the dams i te area . 
Al s o no s pr i ngs were note d  on the ri g h t  abu tment . 

B . Channel Secti on 

Geophys i cal s urveys s how a l l uv i a l depos i ts in the channel s ecti o n  to be 

�t l ea s t  2 5  fee t dee p .  The a l l u v i um i s  compri s ed of uncon s o l i dated s i l ty 

gravel s w i th a h i g h percentage of g ravel and rounded cobb l e  s i zed materi � l s . 
Due to the b o u l dery nature o f  the mate r i a l  a s e i smi c ve l oci ty of 8 , 000 

feet per s econd was obta i n ed above the g rou ndwa ter tab l e .  Geo l o g i c proj ec

ti ons from D H- 5  i nd i cate that the a l l uv i um i s  underl a i n  by sands tone beds 

of the North Horn Forma ti on . Sei smi c ve l oc i ty of th e s ands tone i s  14 , 000 

fee t per s econd ( s ee Exhi b i t  5 ) . 
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C .  Left Abutment 

No outcrops of bedrock  were found on the l eft abutment . I t  i s  estimated 

that at l east  50  feet of l oose s l opewash  or  g l ac i a l  ti l l  wh i ch conta i ns 
. 

some l imestone bou l ders u p  to 2 0  feet i n  d i ameter , covers bedrock on the 

left abutment .  No spri ngs or  ev i dence of  fau l ti ng was found i n  the abut

ment area . Natural s l o pe of the l eft abutment i s  steep , probab l y  i n  the 

order of 1 : 1 .  

3 . 3  FOUNDAT ION EVALUAT ION 

A .  Stabi l i ty 

Instab i l i ty can be expected on  the l eft abutment after saturati on of the 

. abutments dur i ng reservoi r  f i l l i ng .  Weak  s i l ts tone and muds tone beds , 

whi ch underl i e  the s l opewash , d i p  toward Manti Creek at  17 to 19  degrees 

and are potenti a l l y  unstab l e .  G l aci al t i l l  and s l opewash  on the steep 

l eft abutment proba b l y  conta i n  montmor i l l on i te cl ays and wi l l  be su scep

ti b l e  to s l ope fa i l u re after saturat ion . 

B .  Settl ement 

As  stated i n  the prev i o u s  secti on  on  Laboratory Test i ng , two conso l i da t i on 

tests were performed on the mi nus  #4 s i eve s i ze mater i a l  from sp l i t  spoon 

samp l es taken i n  DH-5 . I t  was necessary to u se  di s turbed samp l es for 

conso l i da t i on as und i s turbed samp l es cou l d  not be obta i ned from the coarse  

sandy and  grave l l y  s l opewa s h  mater i a l s  encountered . Therefore the  conso

l i dati on tests d i d  not  represent true f i el d cond i t i ons . 

Pas t  experi ence i n  s i m i l ar materi al s i nd i cates that foundati on  s�ttl ement 

of three i nches may be expected u nder an  aO-foot h i gh embankment at  the 

s i te wh i ch was s tud i e d .  Most foundati on consol i dat ion  wou l d  take p l ace 

dur i ng cons tructi on fol l owed by l imi ted l ong -term s ettl emen t .  
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CHAPTER 4 

CONCLUS I ONS AND RECOMMENDAT I ONS 

4 . 1  NORT H  SL I DE AND BY- PASS P I P EL I NE ALI GNMENT 

One mai n  o bj ecti ve of the i nteri m geo techn i ca l  report wa s to determi ne the 
stabi l i ty of the No �th Sl i de mas s  and the geotechn i ca l  fea s i b i l i ty of 
cons truct i n g  a by-pass p i pel i ne across the s l i de for di vers i on of Manti  
Cree k around the " toe of both the No rth and So uth S l i des . A concentrated 

fiel d expl o rati o n  and o ff i ce ana l ys i s effort has permi tted the CRS/ I ECO 
team to ma ke prel imi nary concl u s i on s  regard i n g  sta bi l i ty of the No rth 
Sl i de a nd o ffer pos s i bl e recommenda t i ons fo r mi t i gati ng l ands l i de and ero 

sion hazard on Manti  Creek . 

It i s  expected that add i t i o nal data to be col l ected between September and 
the end of 1 9 7 6  wi l l  mod i fy bu t not materi al l y  change the concl u s i ons . 

A. Concl u s i on s  

It i s  concl u ded that s u ffi ci ent geo l ogi cal , s u rface su rvey and i n stru

mentat i on d ata have been o bta i ned in  the i nterim study pe ri od , to show the 
North Sl i de i s  i nc i pi entl y unstabl e .  The s l ope appears to be in  a state 
of del i cate equi l i br i um wi th the natural geo l o g i c phenomena such as ground
water l evel , soi l s trength and natu ra l  s l opes . Sta bi l i ty anal yses and 
i ndi cat i o n  of s l ope deformati on from s urface and i ncl i nometer su rveys s how 
tha� other geo l o g i c-hydro l o g i c  factors such a s  ea rthquake and ero s i on or 
ri s i n g  o f  the groundwater tabl e ,  a l one or combi ned , cou l d  upset the del i 
cate natural equ i l i bri um and tri gger l a rge scal e movement of the North 

Sl i de .  
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8 .  Recommendat i o n s  

I t  i s  recommended that a by- pass p i pel i ne not b e  cons i dered a s  a vi abl e 

permanent sol uti on for mi ti gati ng sed i mentati on eros i on and l ands l i de 
pro bl ems o n  Ma nti Cree k .  On e poss i bl e  al tern ati ve , of several , i s  con tro l 

of Manti Cree k s treambed e ros i on i n  the cri ti cal toe areas of the North 
and South S l i de$ . Ero s i on control mi ght be impl emented by rockfi l l -gab i on 
structures a s  s hown on Photos a and 9 .  

4 . 2  DEB R I S-RETENT I O N  DAMS ITE 

The second o bj ecti ve o f  the report was to study the foundat i on s  of an 
SO-foot h i g h  debri s dams i te sel ected by the Fo rest Serv i c e . Limi ted fi el d 

data were o btai ned from the i nves t i gati on but the data o bta i n ed are suffi 
c i ent for a reconna i s sance geo l og i c  eva l uat i o n  o f  the s i te .  

A. Concl u s i ons 

Constructi on o f  an  aO-foot h i g h debri s dam at the sel ected s i te is not 
recommended . Founda t i o n  s ta b i l i ty probl ems on the l eft abutment , wh i ch 

coul d be detr i men tal to the s afety of the structure , are i nd i cated by 

geo l ogi c cond i t i ons o bse rved i n  the fi el d .  

B .  Recommenda t i ons 

A series o f  sma l l s ed i mentati on ponds at appropri ate l ocati ons mi ght be a 

more adv i sabl e sol ution  to accompl i s h the obj ecti ves i n  Man ti Canyon wh i ch 

are desi red by the Fo rest Servi ce . Add i t i onal i n fo rma t i o n  regard i ng s pec i 

fi c properti es and quanti t i es of Ma nti Cree k sed i ments are req u i red before 

wor kabl e conce pts can be eval uated . 
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Manti  Sl i de S tudy 
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Non e  
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R E M A R K S  WATER L EV E LS 
WAT E R  R ET U R N  
D R I L L I N G  F L U  1 0  C A S I N G  DEPTH 

E L E VAT I O N  

fi rs t 20ft . d r i l  ed 7005 a 
\'J i th rock- b i t-
100% water retu 

4 "  cas i ng  s et 
at 200ft . 

SPT- 0 . 6ft . penetrat ion  
No  recovery ·  I ' 
Began  dr i .ll 1 ng  
wi th N C-wi re l i ne ,  
regu l ar core barrel . 
SPT- ( S ta ndard 
Penetra t i o n  Tes ) 
2 " di a .  s pl i t  
s poon  s ampl er 
dri ven w i th 
140 1 b . .  hammer .  
S PT- 0 . 3ft . pen rat i on 
0 . 1 ft . recovery 

SPT  - al mos t no 
penetra t i o n  

:---��I SPT- 1 . 4ft . pene a t i on 
1 .  2 ft . recovered 

SPT- 0 . 7 ft . pen rat i on 
9 . 7ft . recover 

:z: lll.. W o 

ton & J .  A .  Cerco n e  

M A T E RI A L  C L AS S I F I C A T I O N  

P H Y S  I C A L  D E S C R I PTI O N  

GLAC IAL D EBR IS , con so l i da ted , p r i mari  
l y  made up  of  s ubrou nded to  s ub-

. 

�ngul a r  rock  fragments , g ravel  to 
boul der s i zed . I n  a brown c l ayey 
sandy , s l i g h tl y  mo i st ,  not  
pl as t i c at  natu ral mo i s ture , becomes 
pl as t i c  w i th addi t i o n  o f  water , st i ff . 

S i mi l ar to a bove  but  denser , very 
st i ff ,  very s l ow di l a tancy ,  med i um 
cl ay s trength , med i um to ughnes s . 
A few i so l ated l a rg e bou l ders , i n  
brown c l ayey sandy gravel s .  

Sampl e No . 2  
Natural mo i s ture con ten t 7 . 1% 
L i qu i d  l im i t 18 . 4% - P I  = 5 . 2%  
Spec i fi c g rav i ty 2 . 63 .  
. 4 1%  g ravel  s i  zes 

1 7% s and 
42%  p l a st i c f i n es ( ML )  

57 . 6to 58 . 2ft . s hear  zone  w i th 
s l i ck en s i de s  a g ray c l ay d i pp i ng 
appro x imatel y 2 50 mo i sture content  1 

Sampl e No . 4 
Grave l l y  sand  c l ay 

1 7% gravel s i zed rock frag s . 
1 9% sand 
64 . 0% p l as ti c f i n es ( CL )  
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92 water return . 
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100 

99 
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PHYS I C A L DE SCR I PT I O N  

GLAC IAL DEBRIS , co nso l i d ated , pri mari 
l y  s ubangul a r  to s ubrounded roc k  
fragments i n  a cl ayey sand matri x .  

83 . 0- to 84 . 0  s hear zo ne wi th 
s l i ckens i des . � = 1 30 co hes i o n  
1 .  5 ksf 
Dry den s i ty 126 . 0  l b . / ft . 3 
Changed i n  col or at 9 1 . 0ft . w i th a 
pos s i bl e shear pl ane . Grada ti o nal 
contact between the above conso l i date , 
brown c l ayey sandy gl ac i al debr i s  an 
a mul t i col ored g l aci al debr i s i ncl ud
i ng some bl ack s hal es . Fi n es are 
s t i ff ,  mo i s t , med i um to h i g h tough
nes s , s l ow d i l atancy , med i um to h i g h 
dry strength , .  no t pl asti c at  natural 
mo i sture but wi th added water becomes 
pl a st i c .  
I ncrease i n  mo i sture a t  92 ft . to 20% 
ma tri x i s  sandy cl ay ,  gray , w i th 
l i q u i d  l imi t of  43% - P I  = 1 9% 

1 34 . 7  to 135 . 3  - s hear zone , dark 
gray cl ay ,  abundant s l i cken s i des , cor. 
breaks eas i l y  wi th hand pressu re o n  
· smooth surfaces . 

s h ear p l ane at  148 . 0  d i ps 250 

� = 50 cohe s i on = 32 ksf HObR_Yo .  
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D R I L L I N G  F L U I D  
C A S I N G DEPTH 

SPT- O . 9 ft . pene t  a t i o n  

Dri l l i ng wi th  N C  
wi re l i ne ,  regu l  r 
core b a rrel a nd 
mud . 
75% dri  1 1  ; n g  
fl u i d retu rn : 

50 SPT- 0 . 1ft . p enetra t i on 
O . l ft . reco vered 

Los t  d ri l l  i ng f1 i d  
a t  180 . 0  ft . 

SPT- 0 . 8ft . penetra t i o n  
O . Sft . recovered 

No  dri  1 1  i n g  
9 f l  u i  d retu rn 

50 SPT - O . 4ft . penetrat i on 
n o  sampl e recove ed 

o 

9 

SPT- 0 . 3ft . pen etra t i o n  
0 . 3ft . recove red 
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�Q� 
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,"0 ' 
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col o red , roc k  fragmen t  average i s  O . 5f 
F i n es are a m i x tu re o f  fi n e  sand , s i 1  
a n d  cl ay ,  b ro wn to d ark gray , mo i st 
very s ti ff ,  n o n - pl a s t i c a t  n a tura l  
mo i sture b u t  b ecomes pl as ti c w i th 
added water . 

Sand s to n e  boul der 

Consol i da ted 9'l ac i a l  deb ri s 
p r i ma ri 1 y  s a n d s to n e  and l i mes to n e  
boul ders i n  a sandy cl ay 

Shear zo ne  b e tween 203-20S. 5 ft ,  
dark gray cl ay , s hear pl anes , 
s J i ckens i des , d i p  3 5  degrees . 
o = 220 coh es i on 1 . 2  ks f .  

Sampl e No . 1 8  
Gray cl ayey sa ndy g ravel (�C ) 
30% g ra ve l  s i  zes  
20% s and 
50% p l a s t i c  fi n e s  ( CL )  
l i qu i d  l i m i t 2 3 . 1 %  P I  = 9 . 3% 

' n atura l mo i stu re 9 . 3% 

B rown wea thered 
matri x o f  b ro\,1n 
sand . 

s a n d s to ne boul der i n  
s o ft cl  ayey 
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f---Sh  2 .  5 " She l  by tu be 

1l/ � 4/l4 SPT- 1 . 5ft . pen etr a t i o n  

O .  2 ft . penetra t i c  n 

SPT- O � 2ft . penetr a t i o n  

No reco very 
4 " ca s i ng s e t  
a t  59 . 0ft , 
SPT-O . 5 ft . penet� a t; o n  

f- _ .�f:' mo s tl  y medi um ,s i ze sands . - 1 ' / ' Sampl e No . 2 
' . . 32 . 5% gra vel - -Q:rrz- 3 1 . 8% s a n d  

3O-:: ',6; f-- 3 5 . 7% p l a s ti c fi n e s  ( CL )  
- '0 L i qu i d l i m i t 24 . 1  P I  = 13 . 3  ' 0,  Spec i f i c gravi  ty 2 . 74 1 1t I ncreas e  I n  pl a s ti c fi n es - eo' , i':-::-f- :� �J- Sampl e from 58 . 0  ft . - 1 ;(: 1 6% g ravel  
f- 4 a-: :: 't 2 2 . 0% s and ' 1 � 1 :#4 62 . 0% pl a s t i c  fi n es ( CL )  

-

-

-

-

: : . � L i q ui d . l i m i t 2 7 . 3% P I  = 1 2 . 1% I- -�i Grada tl o na l  change from s i l ty sandy _ 

tY.E fi nes  to  s a ndy cl ayey p l a s t i c  fi nes  

f- -�� 5� t .... � f- k?� GLAC I AL ma te ri al w i th boul der s i zed 
-

_ 0 ro ck fragmen ts i n a 1 i g h t  brown to 
I- J?- l i g h t  gray s andy cl ayey matri x ,  mo i s t; 

,o� __ dens e , co hes i ve ,  pl a s t i c  a U  Jl ,  ' 
r- 6 0-? JL..L. . Q; 

.-

S tarted dri 1 1  i nc 
w/NC-wi re l i ne ,  

t--I--I---I reg . core barrel 
1-He 

r- � :c� -l0: 
- " " ) b . . 

-

1/ SC S P T- l ft penetra1 i o n  f- 70 1(}79 

7 
. 1 

t 

I 

I 
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P R O J E CT DR I L L L O G Ma n ti Sl ide Study 

, I- >-
Z %  W 0:: � 0 w 0 0  z > 0 0  :x: �  <: 0 > 0 "' 0  0 w w ...J <: c:: :t eD  

R E M A R KS 
W A T E R  LE V E L S  
W A T E R  R ET U R N  
D R I L L I N G  FLU I D  

C A S I N G DEPTH 

Dr1 i n g Wl t 
NC-wi re l i ne 
reg . core barrel 

E L EVATI O N  

SPT - 0 . 7 ft . penetra t i o n  
11 0 a !  7ft recovered t 

�-+--I S P T  - 1 .  Oft . penet 'a t i  o n  
mo 

�-I---I---l . SPT-l . Oft . penetrati on 

�+--I 

a O , 3ft . reco veredi 
SPT- 0 . 2 ft . pen et a tion  
No  recovery 

SPT-0 . 8ft . penetra t i o n  

SPT- O . l ft . penet a t i o n  
No recovery 

SPT- O . 7ft . penetra t i o n  ��::::.:5::...j O .  7 ft .  recovered I 
SP T- 0 . 7 ft . penetra ti on 
O .  4ft . recovered I 100 

5/ 50 S P T- O . 9ft . penet�a t i o n  
1 a 

t--+--l<'-OJ 

SPT- 0 . 8 ft . penetr.1a ti on 
O . 5ft . recove red 

SPT- O . 9ft . penetr.a tio n .  
36 O . 5ft . recove red 

:I: I-Q. ILl 0 

14 

1 50 

C) 0 ..J 
0 
:I: Q. <C 0:: C) 

0 z 

S H EET __ 
2_ O F _5 

__ _ 

J O B N O .  H O L E  N O .  

6 14 -02  DH - 2  
M A T E R I A L  C LA S S I F I C A T I O N 

P H Y S  I C A L  D E SC R I P T I O N  

GLAC IAL DEBRI S , Co nsol i dated , 
a b unda n t  boul ders i n  a matri x o f  fi n e  
s an dy cl ays . 
Shear p l anes wi th s l i ckens i des 
d i p  700- 7 50 , � = 340 , cohes i o n  = 7 . 5 ks 

Na tural mo i s ture 6 . 1% 
G ravel s are subangul a r  to s ub ro u nded 
f i n e  gravel to boul der s i zes , h ard . 

Shear zo n e  i nd i c ated by a dark g ray 
cl ay wi th abunda n t  s l i c kens i de s  
damp , very s t i ff ,  pl a s ti c ,  d i ps  
7 00 -750 

cl ayey sandy g ravel s ,  very s t i ff ,  
s l i g htl y mo i s t ,  med i um dry s t reng th , 
med i um toughnes s ,  pl a s ti c  

GLAC IAL DEBRI S  
Gray c l ayey s a ndy g ra ve l s ,  dens e ,  
s l i ghtl y mo i s t ,  s everal s hear p l a n es 
wi t h  s l i c ke ns i des d i p 350 dar k g ray 
c l ay o n  s hear surface s , cl ay mo i st ,  
s t i ff, pl as t i c  w i th a medi um dry 
s trength . 

HO L E  ll O . DH - L 
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�E D ATA % , SA" -
..:::-:- ' I- >-, � .i  Z: 5 � :!i  ' 0 0 � 8 z ;:> .. :x: <X 0 

• 

R E M A R K S  
WA T E R  LE V E L S  
W A T E R  R ET U R  N 
D R I L L I N G  FLUID 

:z: ... E L EVATI O N  
a. UJ 

.., 0 ..J 
0 
:x: a. <I: 

d z: 
UJ ..J a. :!: <I: � 

S H E ET __ 
3 ___ 0 F  __ �5 __ __ 

I J O B  N O .  

6 14 -02 I H O L E  N O .  
DH -2 

M AT E R I A L  C LA S S I F I C A T I O N 

P H Y S  I C A L  D E S C R I P T I O N 

0 cc >< .., 0 
,, 0  I- �  > 0 � % ", o O UJ "-
� 4  � �  <X � ------�-------+-n���'�---------------------------------1 

C A S I N G DEPTH 
CD 

< 28 5 SPT- l. Oft . pen etrc t i on l OU'iJ...i GLAC IAL  DEBRI S , co n so l i dated g ray , r �O No reco very : " ,� _ cl ayey sandy g ra ve l s ,  dense , fi n es . 50 I- SPT - a . 4ft .  penetl a t ;  o n  - - �.}� are very s t i ff ,  s l  i g h t l y  mo ; s t ,  no n - -
I i � 0 . 2ft . reco vered � pl a s t i c a t  n atural mo i s ture , a dd as � (j mo i s ture , ma teri al  b ecomes p l a s t i c  

I i 

I f " 

W50 S P T- 1 . 0ft . penetra t i on r- �'9r- d i l a tancy and  med i um d ry s t re ngth . 
161'0: 56" \v i th med i um to ughne s s , very s l ow 

FhA No reco very I , " : 
H� �::. Samp 1 e from 1 55· . a ft . 

19/4 11150 SPT- 1 . 4ft . penetf1a t i o n  I- .�' ?-j 18 . 0% g ravel  s i zed ro c k  fragmen ts 
1 . 3 ft . reco vered ,.pr- 2 0 . 0% s and  

1- 17 :.:;; 1- 62 . 0% p l as t i c  fi nes  ( C L )  
lO/28/pO S PT- 1 . 0ft . penetr.at i on 9. � N� tu �al  �o � s ture ;0 . 6% 

h . No reco very I '0' L l qU l d  l l m, t 36 . 2% 1---1-":.l�uO� , r- _
.

_ : � Pl a s t i c i ty I ndex 1 9 . 8% 
oO/�O SPT- 0 . 8ft . pene tr:a t i o n ki!.,� Speci fi c gravi ty 2 . 57 

�3 
No , recovery 

I- - ;_�� � 1- SPT- O . 3ft . pene tt a t i o n  lSO:�f��till g.Q. 0 . 3ft . recovered D. � SPT- O . lft . penetr a i to n  :�\g:!: No reco very .  I- �-:.: 
SO '; : ,_ 

r- 19 " :. \: - �  
D6  �O:>O SPT- l . l ft . penetra t i on 

0 . 4ft . recovered 
j:;'.�� jiJ32 
-1 :', 0:";;;;" 
...j/\' " '(oJ:t:> 

-
· 

-

-
· 

· 

-

--

-

-

-
-

�- '0: 
20n- : '0 ' U .� Change i n  Co l o r - - -

:>0 
1)0 

-. .. ... GLAC IAL  DEBRI S , co n so l i da ted brown , 
''?;: cl. ayey s andy gravel s ,  s l i gh tl y mo i st ,  -

-
1 PO t22: �, SPT - O .  5ft . penet 

0 . 2ft . recovere d  
SO I--

1�0 

a t i o n  

f--SPT _ 0 .  3ft . p.enetr a t i  on 
h , O . lft . recovered 1� 

S P T  - a . 1 ft . penetr a t i  o n  
N o  reco very . 

_ -.:o� non -pl a s t i c at n atural  mo i s ture b u t  -
o� become s pl a s t i c wi th sma l l amo un t o f  

I- :f:1 _ add i t i o n al mo i s t ure , w i th med i um 2 1oJ'({133 to ughnes s , very s l ow to no d i l  atancy -�?5-: a nd med i Un! d ry s trength . = -
-J� -� r- : : � 0. <> 

22tt�� 
", O'� 
IP� -=��. - ::10. � - . ' ·0 0 " 

230 t>cr. 

--:-
-

--r HO L E  N O . DH-2 
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"J . % ;I!  UJ 0: W A T E R  LEV E LS rt. 0 < :J u ILl :z: o ::!  

I � 

0 ;; 0 0 z :>  W A TE R  R E T \l R N  E L EVAT I O N  � � <t 
.. 0 0  <t 0 D R I L L I N G  FLU I D  a. a. IJ) 

P H Y S I C A L  D E S C R I P T I O N 

� g � � ::> u w < � � � ", q  � � CA S I N G  DEPTH C a; 0 � 2i iD '" (!) a:I  

00 
I-- f-$L SPT- 0 . 3ft . penet 

O . lft . reco vered 
IQQ 
00 No dri 1 1  i n g  fl u f-- retu rn  
89  -
66 

I--
00 

� 1--= SPT- 0 . 5ft . penet f-- 0 . 2ft . reco vered 
. 

� 
20  
f-
00 

I-- I--� . . SPT - 0 . 1 ft . reco vi 
" 

82 f--
00 
I--
00 Dri 11 i ng ra te 

1- average  8 ft/ h r  
wi th N C  w i re 

74 l i n e  d i amo nd 
I-- co re barrel 

74 
1-
66 4 11 cas i n g  reame( 
I- to 30 50 ft . 

78 Dri 11 i ng fl u i  d r 

a t i o n  

d 

ati on 

red 

6860 . 0  
e turn 

t-

230 , ;0' 
� t .O -,;;..,/3"6 ��b� t- h.', 

240 J? 

GLAC IAL  DEBR IS , co n so l i da ted b rown 
cl ayey sandy gravel s ,  den se  - fi n es 
are very s t i ff ,  s l i ghtl y mo i s t ,  n o n  -
pl a s t i c a t  natu ral  mo i s ture . 

-- , 0 ,() " it. _ , ' 0 ' - 24 3 . 5 - dark gray cl ay ,  mo i s t , pl as ti l 
I- 0 a -k s t i ff .  -

f--2 50-� - 248 . 2- shear pl ane , di p 350 s l i c ken 
lA s i  des i n  dark gray cl  ay , s t i  f: 

I- O. pl a st i c , �= 12° C= 0 . 8  k s f  
_ 

; : " __ Change i n  Co l O i' ___ _ 

' 0 . 
I- - ''':: Gray cl ayey s andy gravel s dens e ,  s l i g h l y  �� mo i s t ,  fi nes wi th added mo i s t ure a re 260 -1 :-:-:-�� pl a s t i c ,  s ti ff , med i um dry s trength . -: 
1- .  _ : �. Gravel s are gray , hard ,  fres h ,  some -

�: s ta i ned l i g h t  brown o n  s urface . -I;?- , -
f-- D: 

-

I-

scattered dark gray cl ay i rregu l a r 
th i n  l ayers m i xed w i th gray c l ay .  

-

-
-

-

core c a n  be bro ken wi th hand pre s s u re 
but  i t  i s  d i ffi cul t .  

-

G'radual  i nc rease i n  l arge g ravel  a n d  
cob b l ed  s i zed ro c k  fragment s . Hard , 
gray and l i g ht gray , fres h ,  s a ndsto n e� 
1 i mesto n es a nd o c c a s i o na l  q l,J a r tz i t e  . 
roc k  fragmen ts . 

-

-

-
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I�DATA . % R E MA R K S  I �.-:-"- >-I � , % �  UJ a: W A T E R  LE V E L S  

; �  o g  � � W A T E R  RET U R N  
� 0 0  4 0 D R I L L I N G  FLU I D  

• � � lI= � � C A S I N G DEPTH , .. "' 9 4 � ;: 1 cD 
1 ":--

00 l o s t  dri l l i ng 
� fl u i d  return at 

00 3 1 0 . 0 ft·. 

r-
19  .-

E LEVAT I O N  

I-

:t: Ia.. ILl o 

.:SlU . :  .. . . " . 
. " .\ 

. ; :,�. . . ..... 
- ::{ 

I- .. :}f: 
32G : ::.:;� ,': : 

g 

S H E ET __ 5 ___ 0 F ��5 __ __ 

I J OB N O .  

614 -02 I 

H O L E  N O .  
DH-2  

M AT E R I A L  C LAS S I F i e  A T I O N 

P H Y S I C A L  D E S C R I P T I O N  

SArmSTO'N E , l i g ht brown , moderatel y 
hard , bedded , cross -bedded , 
d i p range 1 5 - 2 0  degrees 

-

-

-. 
00 

SPT· 0 . 3ft . penetra t i on 
9 0 . 3ft . recovere< 

�39 S I LTSTONE , dark gray ,  soft , b edded , _ 

-r=�1-"-'- bedd i ng pl ane  d i p 1 5  - 20  deg rees . 

I � 

I � 

I ' 
I: �  I I 

I nc l i nometer 
cas  i ng i n sta 1 1  ec 
to a depth o f  
3 2 5  ft . 

-

I- -
-

-

-
-i-

-

-?'i 

I H O L E  N O .  
DH-2  

-

-
-

--
-

-

-

...:: 
--

----
-

-

-. 
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� B
E

G U N  COMPLETED HOLE S IZE ANGLE FRq,M HOR I Z. B.BEARIHG 

center o f s tudy are a  6/ 7 / 7 6  6/ 26/ 76 NC verti cal 
DEPTH/EL. GROUND WATE R I GROUND E L .  DEPTH/EL. TOt

, 
OF ROCK 

�W�j37� 242 E . 1 , 984 , 0 1 5  no ne 7272 . 0  334 . 0, 6938 . 0  
G COHTRACTOR CORE RECOV. LENGTH/O/� ' SAIoIPLES 

i
CORE B O X E S  DEPTH/EL. BOTTO M OF HOLE 'SOyl es Bros .  Dri l l i ng Co . 248 . 5ft . / 75% 1 30 23 350 . 0/ 6922 . 0  jtAJ(E AND MOD E L  . LOG G E D  B Y :  "-

C . C .  -Mobi l  Dri l l B - 56 and Lo ngyear 44 Payto n & J . A .  Ce rcon e  
(.!) 0 .J :z: 

� W .J C. 
M A T E R I A L  C L A S S I F I C A T I O N  R E M A R K S  

WATER LEVELS 
WATER RETURN 
DR I LL I NG  FLU I D  
C AS I N G  DEPTH 

E L EVAT I O N  l- u :i: ::!E <t P ltY S  I CAL D E S C R I PT I O N  

1 - . ,. ca 1 n 
)i t 

· 

Started hol e w i t� 7 2 7 2 . 0  
a com b i na ti on o f  4 "  
ca s i ng and a 3 7 8 "  
di a .  tri cone ro c b i t .  

SPT ( S tandard 
Penetrati o n  Tes t  
2 I I d i a .  s,p 1 i t 
spoon s ampl er 
dri ven 1 8 " w i th 
a 1 4 0  l b . hammer 

3/ 0 3 SPT- l . 5ft . penetr t i o n  
· r:sE 2 5 . 0ft . l o s t  a l l 
· dr i l l i ng fl u i d 

return . Too k  a s hel by 
· 4 3 

tub e  s am�l e  at 2 
SPT-0 . 8f . reco ve 

po . 
4 ed 

1 . 5ft . penetra t i o  
· , 

� rS-h 4" cas i ng pl aced - f--. i n  ho 1 e to 4 0  f .  '�r l '  I ' S ta rted dri l l i n g 
dl' e d' e wi Ne-wi re l i n e  am n - 1 1 or b ' reg u a r  core b ar e 

· an/ o� '" 6E  5 ft . l o ng . 
_ '2�U ar '

Core bb . 3E 
, �  r--- . -l.31 .9 1f SPT - 1 . Oft . recove �ed 

-I l 1 . 5ft . penetra t i ' n  
4 � No dri l l i ng fl u i  j 

� retu rn 

I _  9( 
1"- I---

e. w o a. <l: a:: (!) 

(J) ..... x 0 CD 

GLAC IAL DEBR I S , l oo s e  to den s e ,  
l i ght g ray a nd l i g h t  b rown s i l ty 
s andy gravel s ,  f i n es are s ti ff ,  -
s l i g htl y mo i s t  but  are not pl a s t i c 
a t  natural mo i sture . M tl . become s  
pl a s t i c  w i th addi t i o n  o f  a smal l -

- ' C>. 
:'0: . , 
O ·  rzO - :} 'i1 0'. irJ,.. 

<> - - 0': -rrg 
_ . · 0  

3 0  -=:i?'6 - d ··� ':-Cu 
- -0 . ... � "" ' /: 1 · #4 - . �-
-40 -'0:' , , 0 

'Fl. 

amo u n t  o f  mo i s ture , l ow to med i um dry 
s tre ngth . 

Gradat i on a l  change i n  mtl a nd col o r  

-

-

� -A - - - .  - --_.. -_. '---.-
GLAC I AL DEBR I S ,  co n s o l i dated b rown , 

r � cl ayey s a ndy gravel s ,  s l i ghtl y mo i s t ,  
50 -� s t i ff ,  fi n e s  b ecome pl a sti c w i t h  -

- ·, '0 a ddi t i onal  mo i s ture,  med i um 
0 :  to ugh nes s , very s l ow to n o  d i l  a tan ey, 

_ - : 9'#5 . and med i um d ry s treng th -

-�-"-=- Sampl e No . 5 . ,' . 20 . 0% gravel s i zed ro ck fragments  -60 - ;'.0,..:0.: / '  2 0 .  O�� s a n d  
60 . 0% fi  n es ( �lL ) 
l i q u i d l i m i t = 18 . 7 % 
P I  = 5 . 9�� 
natural mo i s tu re 8 . 3% 
soeei fie Qrav i  tv_ 2 . 67 I H O L E  N O .  

DH - 3 

-
-

-
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� LO G I PRO JECT • 

DR I L L Man t l  S l i de Study 

���% '-:;-..- ... >---:;- Z �  uJ a: , c  :) 0 w 
� ii � 8 :i � 

o � � :> 0 
� :z W O O w 

C 2 � 4 a: 

R E M A R  K S  
WATER lEV E L S 
WATER RETURN ELEVATION x l-
DR i lL I NG FLU ID Co I4J 
CAS I NG DEPTH 0 

(? 0 ..J 
u 
X Q. <t. IX: '" IU .� : 

I� 

• 

t 
I� 

t 
· 

� 
· 

· 

· 

· 

· 

· 

· 

I 

L 

80 No dri  1 1  i ng  
fl u i d  return 

-

00 
�/1·1/� S P T  - 1 . 2f t .  penetr-ati on 

00 0 . 7ft . reco vered 
I--+-tr--l 46 5J S PT-O . 7ft . penet ati on 

60 
f--
60 

� SPT - o .  2ft . penet r-a ti o n  - No reco ve�'y 
65  

1-

� Average d ri l l  i n� 
rate '4 NC di amo T d 

56 b i t  - 1 0  ft/ h r  
1-
6 0  

" 

t--
54 

50 SPT- 0 . 2ft . pene  f- ra t i o n  
64 

.- O .  2ft . recoveree 

96 
-

52 
-

96 
17  5( S P T  - ft . o f  

penetrati on 
79 ft . reco vered 

k , �  

0 Z 
UJ ..J Co � <t. � x 0 til 

.S H E ET --=2�_ O F  5 

I

Joe NO , 
6 14- 02 I 

HOLE UO. 
DH - 3  

M A T E R I A L  C LA S S I F I C A T I O N 

PHYS I CAl D E SCR I PT I O N  

GLAC IAL DEBRIS , ' con so l  i da ted brown 
cl ayey s andy gravel s ,  den s e , s l i ghtl y
mo i st ,  fi n es are not pl ast i c  a t  
natura l mo i s ture wi th added mo i s ture 

· they become pi a s t i c  w i th medi um _ 

to ughnes s , and medi um dry s tren g h t . 
Sampl e No . 6 -

Oi rect Shear  Tes t -
o = 1 50 co hes i o n  1 . 7  ks f ' 
Dry den s i ty 1 26 . 0 l b/ ft 3 

-

-
-

-
-

Ro c k  fragmen ts are h ard , fre s h  
sands to nes a n d  l i mesto n es , s ubang u l a �  
to s ubro unded , g ravel to bou l de r  
s i zes . Ro ck fragmen ts are i n  a 
matr i x o f  very s ti ff ,b rown , s l i g htl y 
mo i s t  sand cl ay .  

n atural mo i sture 1 2 . 6% 
s peci fi c gravi ty 2 . 63 
3 0% g ravel s i zed roc k  fra gments 
16% sand  
54% pl a s ti c fi n e s  ( CL )  
l i qu i d  l imi t 23 . 8% 
P I  = 1 0 . 4% 

-
-

-

-
-

-
-
-
-

-

-
-

-
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t: ;;�� DATA % R E M A R KS �-:-'- >-"J 1: � uJ � W A T E R  LE V E L S 
� 4 ::;l <.) uJ W A T E R  R ET U R N  ! ii � 8 � � D R I L L I N G  FLU I D  
/I 0 � :; ;>O uJ° " 111 0 C A S I N G DEPTH 
� 4  :l ..l oCt a: 
.. G1 ,;..--

00 No d r i l l  i ng 
- fl u i  d return 

74 

-

� 
00 

-

60 
-

$ 
42 

1-
76  

-

62 

E L EVAT I O N  

.2.5.� 
1J 

SPT- O . 9ft . pene · rat i o n  
O . 9ft . recoveree 

78 

28 5( SPT- 0 . 7ft . penet a t i on 

38 

20 4f 50 S PT - 1 .  2 ft .  penE tra t i  on 
68 1 . 2ft . re<;:overe< . 

�+=-:!-= �� SPT-O . 6ft . pene ' rat i on  � 0 . 2ft . recoveree  

� 
40 

I-
64 

I---

-

-

- � "  - <>/ � ... 
- - .;&J� 

'(J, 
-

-

180-(J 0 '-
. / . '0' 

/.: _ . . . . ��ll � 
-'190 - . :.<s. CI--fr : .Q 

M A T E fH A  L C L A S S I F I C A T I O N 
P H Y S I C A L  D E S C R I P T I O N  

GLAC IAL D EBR I S , conso l ida ted b rown 
cl ayey sandy gravel s ,  dense  s l i g htl y  
mo i s t .  
B rown p l a st i c fi nes a re very st i ff ,  
�o t pl ast i c at  n atura l  mo i s ture , 
but  become pl asti c w/ smal l amo un t 
o f  add i t i o nal  mo i sture , wi th med i um 
to ughnes s ,  med i um dry streng th . 

:;1 ' . io<.-= -'�,l.f Dark g ray cl ay , shear pl ane  
r- -\:::. d i  p 50 degrees 

200-y 

-

-
. 

-

-

-

-

-
-
-

-

-

-

-

-

�13 ;' : : =f---- _._- -- -- -- -- -

.... 

-0 Dark b l ue-gray sa ndy cl ay-very st i ff , �1i .?Jl�a r Bl.an� at  206. 0 d i p-LQ degrees . 
' 6 

-2 10-� 
- .' ' .  

· 0 . 

� -
-

., 0 "" f.;.. - <::l . 
220-::: �� 

-.-:":. ; r- :<1.: d� . - : <:: 
I� 

-

230 IV 

Brown cl ayey sandy gravel s ,  dens e ,  
s l i ghtl y mo i s t ,  a s  a bove . 
27% g ravel  s i zed roc k  fragments 
1 6 . 0% s and 

. 57 . 0% p l a s t i c  fi nes ( CL )  
l i q u i d  l i m i t 2 2 . 0% P I  = 8 . 7% 
n atura l  mo i s ture 7 . 1% 

I H O L E  N O ,  
DH- 3  

-
-
-
-

-

-

-

-
-
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72 

62 

25  

50 

94 

R E M A R K S 
WATER LEV E L S 
WATER RETURN ELEVATION 
DR ILLI N G  FLUID 
CAS I NG DEPTH 

S P T- 0 . 4ft . pene  ra t i on  
O. 4ft . recovered 

SPT-o. 9 ft . pene  rat i o n  
O. 9 ft . re co v e  re 

SPT- 0 . 5ft . pene  rat ion  o . 4ft . recovere 

SPT- 0 . 4ft . penet 
O . 4ft . recovere 

SPT-(l 9 ft . pene 
0 . 9 ft .  recovere 

a ti o n  

rati on  

I l-a. W 0 

2 3 0  

30 

310  

<-' 0 -I 
{} 
I a. <t a: (!J 

'" . .  ?( 

" Q  
• <l :' 

0 z 
w -I a. ::!: <t en ...... )( 0 CD 

S H E ET 4 O F  -"'<.5 __ _ 

J OB N O .  H O L E NO .  
614-02 DH - 3  

M AT E R I A L  C LA S S I F I C A T I O N 

PHYS I CAL D E SC R IP T I O N  

GLAC IAL  DEBRI S ,  conso l i dated b rown , 
c l ayey sandy gravel s ,  dens e . 
Rock  fragments a re hard , g ray 
s ubangu l a r .  F i n es are very s ti ff, 
brown , s l i g htl y  mo i st not pl a s t i c 
at  natura l  mo i sture , become pl a st i c  
w i th add i tiona l  mo i s ture wi th med i um 
toughness  and med i um dry strength . 

Co l o r  change  - dark g ray cl ayey s andy 
246. 0 - s hear pl a n e  d i p 30 degrees . 

� = 32 . 00 cohes i o n  = 0 . 0  ks f .  

B rown c l ayey sandy g rave l s a s  a bove . 

Co l o r  c ha nge 

Gray i s h  b rmvn to  gray clayey s andy 
grave l s ,  dens e ,  s l i g ht l y  mo i s t ,  
decrease  i n  the s i ze and amo unt o f  
g rave l s .  
Fi nes are no t pl ast i c a t  na tural 
mo i st u re ,  become pl a s t i c  w/ s l i g ht 
amo u n t  o f  add i ti o nal  mo i s ture , w i th 
med i um to ughnes s a nd medi um dry 
s trength . 

7 286 . 5-wood-o 1 d buri  ed  tree 1 i mb . 

Sampl e from 280 . 0  ft . 
7 . 0% gravel  s i zed rock fragments  
30 . 0% s and 
63 . 0% p l a s ti c fi nes  ( CL ) 
L i q u i d  l im i t 28 . 2 %  P I  = 1 1 . 8% 
s pec i fi c  g rav i ty 2 . 5 1 

I 
----------------____________ �4 
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50 

R E M A R K S  ,.. a:: w ;;. o () w a:: 

WATER LEV ELS 
WATER RETUR N ELEVATION 
DR I LLI NG FLUID 
CAS I NG DEPTH 

94 No dri l l i ng fl u d 
retu rn b ut  fl  u ;  
s tays i n  bottom 

00 of  hol e wh i l e 
dr i l l i ng 

00 

80 

00 

85 
6938 

SPT- 0 . 5ft . pene rat i on  

58  

00 

0 . 5 ft . reco vere 

No g round water 

301 . 5 ft o f  
i ncl i nometer 
cas i ng " 
i nstal l ed i n  
dri l l hal e 3 .  

:z: I-a.. w 0 

320 

330 

3 34 

(!) 
3 
u 
:z: a.. 
« a:: (!) 

".0.' 

340� 
� p-es 

z 
w ..J a.. � « � >< o CD 

M A T E R I A L C LA S S I  F l  C A T I O  N 
PHYS I CAL D E SC R I PT I O N 

GLAC IAL  DEBRI S ,  co nso l i dated 
g ray cl ayey , s andy gravel , dense  a s  
above . 

Dry den s i ty 1 32 l b/ ft3 

Col o r  change 
---_ . - ' - '---

s hear zone  - marbl ed dark gray and 
brown cl ayey sandy gravel s, avera g e  
d i p  o f  z o n e  2 5°, s l i ckens i des o n  s hear 
p l a nes d i p s hown at l eft . ' � = 1 00 
co h �s i.9J1. 4_._l � 

i n crea s e  

S I LTSTONE , dark b l u i s h  gray ,  mas s i ve 
bedded , s oft , mol ds w/ hand p ress u re 
to gravel l y  sandy s i l t .  

I ncr�a s i n g hardnes s w i t h  depth .occa s i  
th i nl 1mm th i ck) wh i te m i nera l heal ed 
fractures . 

BOTTO M  O F  HOL E Depth 350. 0  ft . 
E l evat ion  - 692 2 . 0  
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1 ____ LO G j P R O J E C T  I J O B N q .  
2 I H O L E  N O . IOR IL. L Mant i  Sl  i de Study J 6 1q-0  ElH-4 

'� B E G U N C O M P L E T E D  H O L E  S I Z E  A N G L E  F R O M  H O R I Z.SBEARIHG 
'" 

upper mos t s i te i n  s tudy area 6/ 20/ 76 6/ 23/ 76  NC V erti cal 

1�7TE7s94 D E P T H / E L .  G R O U N D  WA T E R' I G R O U N D  E L .  D E PTH / E L .  TO P OF R O C K  ,.:33 . N . 1 . 984 . 184 none 7.36 1 . 0  None . � CO N T R A C T O R  CORE RECOV L E N G T H / %I -SA M P L E S  f C�RE BOXES DEPTH / EL .  BOTTOM OF HOLE 
"'�yl es Bro s .  Dr i l l i ng Co . 1 1 58 / 89 I 5 1 3  1 50 . 5/ 72 10 . 5  I <"'AKE AND M O D E L  LO G G E D  B Y : �onQyear 44 �PLE OAT� % 

, I- >-� c % 5  w II: ' ,,_ 0 0  0 W ;. o o :z: > x � <C 0 r �  ti 9 � � 

R E M A R K S  

.WAT E R  L EVELS 
WA T E R  R ET U R N  
D R I L L I N G  F L U  1 0  
C A S I N G  D E P T H  

E L EVAT I O N  
:z: .... 0.. .... o 

C . C .  Payton & J . A .  Cercone 

M A T E R I A L  C L A S S I F I C A T I O N  

P H Y S  I C A l  D E S C R I P T I O N  

� c  :;I Ol  <c a: 
� __ �+-+-�------------�------�----�����------------�-------------------i -

Started ha l e 7 361 . 0 =� 5 5/81 wi th  a 5 5/8"  .jricor e tri  cone  b i  t f- _ �� 

He 

· 

· 

· 

I ' f 
· 

· 

.. 

· 

I l I 
� 

11 5C 

� 

SPT- { Standard � � 
Penetrati on  Tes ) lO-�.::i 2 "  d i a .  s p 1 i t  a' � 
spoon s ampl er  r- ' . .  � 
dri ven w i  th a -fJ 0 -
140 l b . hammer 

- � 
09ft . penetrati o l 
4"  d i a .  ca s i ng 

79 pl aced  to a dep h 
of  200 ft . 

r-- SPT- 0 . 3ft . pene rat i o n  
0 . 3  ft . recover d 

- 67 
Sta rted d r i l l i nJ 1-

95  at  20 . 0 - ft . w i t 
NC-w i re l i n e  co e - bb  1 and d i amo nd b i t : 

66  
-

.5.Q Average dri l l  i n  
rate wi th NC-wi e 73 l i n e  regu l a r  co -. e 

95  barrel i s  10 ft h r  --

96 
--

80 
-

OC 100% return o f  
,- dri l l i ng fl u i d  

40 
1 i ght  brown 

loa 

GLAC IAL DEBR I S ,  co nso l i da ted Brown 
den s e ,  cl ayey sandy gravel s ;  f i nes _ 

very s ti ff , non pl a s ti c a t  n atural 
mo i s ture ,  s l i g htl y mo i s t .  Add smal l 
amount  o f  mo i sture f i nes  become _ 

pl ast i c ,  ... l i th med i um to ughnes s , very 
s l ow d i l atancy , and medi um dry 
s trength . 

Sampl e from 4 9 . 0  ft . 
Na  tu ra 1 mo i s tu re 8 . 4  % 
Spec i fi c  gra v i ty 2 . 62 

40% gravel  s i zed ro ck frag s .  
13% sand  
47% p l as t i c  fi ne s  ( C L )  

L i qu i d  l i m i t 2 9 . 2% P I  = 12 . 5% 

-

-

-

-

-

-

-

-

s l i g ht  col o r  chang e ,  m i xed brown and 
l i ght  g ray , v ery s t i ff cl ayey sand -

- matr i x  aro und fre s h , hard l i g ht gray 
- rock  fragments . 

-
-

-

....... ----� .. ��----------------------------------� -- -- - - --- .----------------------�� 



oJ • 0 4  0 -.. 0 
.. 0 
. � ,. 4 .. 

f 
I 

E NG I N E E R I N G C O . ,  I N C, 
PROJE CT Man ti  Sl i de Study 

% R E M A R  KS >-cz: WATER LEVEL S "" X 
> WATER RETURN E LEVATIO N l-0 DR ILLI NG FLU ID a.. 
U LlJ w CAS I NG DEPTH 0 a: 

00 

4 5  

5 3  80 

83 

00 

60 

00 
SPT� 0 . 4  ft . pen  tra t i o n  

0 . 4  ft . recove ed 

100 

85 

00 

98 

50  SPT- 0 . 3  ft . pen  trat i on 
0 . 3  ft . reco ve ed 

00 1 30 

96  

55 Hol e bottomed a 
1 50 . Oft .  a s  
des i gnated by t e 
U . S .  Fores t Ser 

I���I SPT - 0 .  9ft . penet a t i on 

(!) 0 ...J 
u 
x a.. c:( a: (!) 
., . 

'D 

.' . . � .  

d 
:" . " 
<); ':0 . " . " 

d z 
"" ...J a.. ::!: <I: .!(! X 0 CD 

S HE E T  __ 
2 

___ 0 F  ___ 
2 
__ __ 

J OB N O .  HOLE N O . 
6 14 -02 D H - 4  

M ATE R I A L  C LA S S I F I C A T I O N 

PHYS I CAL D ESCR IP T I O N  

GLAC IAL DEBR I S ,  con so l i dated Brovm , 
dense , s l i gh t l y  mo i s t ,  c l ayey sandy 
gravel s .  F i n es a re very s t i ff ,  not  
pl a s t i c a t  natural  mo i s ture b ut  
becomes p l a s t i c  w i th s l i g ht  add i t i o n  
O f  mo i sture ,  med i um toughnes s , med i um 
dry s trength ,  very s l ow to no d i l a tanc 

change i n  col o r ,  m i x ed redd i s h  and 
yel l O\lJ i  sh brown , brovm and g ray 
mo ttl ed dense ·  cl ayey sandy g ravel s .  

Sampl e from 108 ft . 
22% gravel s i zed rock frags  
20% s and 
58% p l a s ti c fi nes  ( CL )  
L i q u i d  l i m i t = 1 7 . 6% P I  5 . 9%  
natural mo i s ture 7 . 1% 
s peci fi c g rav i ty 2 . 6 3 

Decrease  i n  hard  gravel s 

Mottl ed yel l ow i s h  brown , g ray a nd 
dark g ray , cl ayey s andy gravel s very 
st i ff, s l i ghtl y mo i s t ,  f i nes pl a s t i c  
w i t h  added mo i stur e ,  l ow toughnes s , 
1 0\'1 to med i um dry s trength . -----
I n creas e i n  s ubangu l ar  g ravel s cl ayey 
sandy gravel s ,  g l ac i a l  debri s ,  mo ttl e 
yel l ow i s h  brown , b rown and g ray fi nes 
Dry dens i ty = 140 l b/ ft . 3 
� = 320 co hes i on = 2 . 2 ksf  

148 . 0 - dark gray c l ay wi th s ome sand · 
and g ravel s ,  very st i ff ,  s l i g h  
l y  damp - po s s i b l e  zone  o f  
defo rmat i o n  b eg i n n i n�..=.a...:;.t----_'1 
148. O ft . HOLE N O .  

DH-4 
No recovery bel ow 149. 9 Bottom of Ho l e depth 1 50. 0 ,  e 1  evat i on  7 2 10 . 5 ft . 
I n cl i nome�er ca's i ng i ns ta l l ed i n  dri l l  ho l e to a depth o f  1 50 . 0  ft . 
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'� B E G U N  CO MPLETED HOLE S I Z E  AHGL E F ROM HORIZ. aBEARlkG 
r£ Dam S i te Ri g h t  Abutmen t 6/ 1 5/ 76 6/ 16/ 76 N C  Verti cal  

�ES None determi ned 
I � C ON T R A C T O R  ,-tLL 

Boyl es B ro s . Dri 1 1  i ng Company 

D E P T H /EL . G R O U N D  WA T E R  1 GROUNO E L .  D E PTH /E L .  TOP 0; R O C K  
non e 6140 _0_ 5 7 . 5 ft. / 6082 . 5 

CORE RECOV. L E N G T H / o/� S A M P L E S  I CORE BOXES DEPTH / EL .  BOTTOM OF HOLE 

1 3 . 6ft . 59% I 6 2 70 ft. / 6070 
' �MAKE AND M O O E L  

"IL
Mo bi l D ri l l B - 56 

LOG G E D  B Y : 

J .  Cercone and F . D .  N i e l son  

' I 

�TA 
R E M A R K S  .,;.--- , I- . � J .  z z: a:: o � Q 5  � w e "  0 °  Z � ' II "  :t �  « 0 , %  � 9  � w , ,. '"  2 ", « 0:  , "  -

rri con'e 

WAT E R  L E V E L S  
WAT E R  R ETURN 
D R I L L I N G  FLU 1 0  
C A S I N G  DEPTH 

Dri 1 1  ed w i th 
tri cone  roc k  
b i t  

0 . 7 ft recovery 

E L EVAT I O N  

6 140 . 0  

::c IQ. IIJ o 

(!) 0 ..J 
0 
::c (L « 0: (!) 

_ ;�J ' 
- \,); 

I- / :.1,.' -)� 
I- �J 

� 
W ..J (L 2 � <I) "-)( 0 CD 

';\)'1-10 - �.f.� 
t- :(J: - -r..(� 

M A T E RI A L  C L A S S I F I C A T I O N  

P H Y S I C A L  D E S C R I P T I O N  

Sl ope Wa sh  Materi a l  - con s i s ts pr imari 
l y  o f  a hete rogeneo u s  m i xture o f  rock  
fragments and  b l ocks  o f  a l l s i zes up 
to several feet  i n  a matri x o f  brown
i s h to tan sandy s i l t .  

Ro ck fragmen ts  are hard to mod .  hard . 
s ubaRgul a r . gray and  l i g ht  brown . 
sandstones  and l i mes tones . 

-

-

If I � 
2V9i/9 SPT ( S tandard 

Pen etrati on Tes t )  
D ri ven w i th " 2 "  
s pl i t  s poon and 
140 1 b hammer.  

� Qr-=-£1 Ii I f f 
if 

1 11/ 9 1/ 9 SPT - 1 .  Sft . pene1 rat i on 
0 . 9  ft . recover ed 

O . S ft. recovere� 
Lo s t  water c i rcll a t i on 
at  30 . 0  � 
A t  37ft. open e1 

pe rmea o i  1 i ty te t .  
k =  3 . 48 x 10-2 / sec 

r- 20 -�. 

'1· 1 f-- - J(1 i;;-

-�:�� t- , _ . ,"1--30 - .�.�t& " : t- . . r -�.: 
I- J ri: -� , . 
-- 40 -={? 

V-
1 ./12/32 SPT  - 1 .  Sft . pen E t ra t i on _ t .l : rs--t;;; I� 

-

NC 

Started dri l l i rg � ,� . 
w i th NC-w i re 1 i ne _ _:Q regu l a r  core barrel . SO-=� 
At  S7ft . o pen erd � � 
permeab i l i ty te s t .  � k= 1 . 46  x 1 0-4 cm/ sec - ' 

NC-CSW- - Do? · 
S 0 f -�� P T  - . 1  t . peretrati on  -

. • . #� f- no recovery -60- '.: :  

_ . . . 

Permeab i 1  i ty tes� ., . 

""' ..... ====:k::::::!::::::b::b...b:.:kt;=
t
�.,5

e
.:....
e
�1���7.....:.iH15

f�m/ sec f--70 - ;�:. 

� 

-

-

-

-

-

-

Al l uv i um - s ome rounded rock  fragment� 
gravel to co bbl e s i zed , a few l a rger 
boul ders i n  a ma tri x of  sandy s i l t . 

TnD n� .RmQflIy :-
SANDSTO N E  - g reen i sh -g ray , f i ne  g ra i ne� 

s ugar6Y texture . Open  hori zontal  
to 2 0  j o i n ts .  Beddi ng not we l l  de-
fi ned but contacts between fi ne  & 
medi &m gra i n e d  sands tones s hows 1 70 . 
- 1 9  d i p .  -

I Hh�:�r�' 
Bo ttom of Hol e - Depth 70ft - El . 6 070. 0ft ( es t imate d )  
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TU RBID WATER FROM 
HEADWALL OF SOUTH 
SLIDE 

P H O T O  3 - MIXING OF CLEAR WATER FRO M B U R N T  HI L L  F O R K  AN D T U R B I D  
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(j) DATES 
NORTH SLIDE MOVEMENT 

FROM I NCLI N OM ETER READI N GS AND SURFACE SU RVEYS 

H OLE NO, 4A 

EXHIBIT 1 0 

<i C 
<D 0 

0 "") 

SLIDE MOVEMENT 

DH -4A 



ELEV. 
7200 

7 1 5 0 

7 1 00 

70 50 

7000 

o 

NOTE : SOUTH SIDE NOT C ONSIDERED 
IN ANALY S I S  

SLIP CIRCLE FOR ROCK 
FI L L ED C HANNEL 
F. S. = 1 . 5 2  

SLIP CIRCLE FOR 
EXISTING CHANNEL F. S. = 1 . 07 

I /.. ' w ' 

£ MANTI . •  ! '.'l.. �--�li::....--------/-�---+-----:-
I CREEK .!:':�: ' R O CK F I LLED CHANNEL�.....:",---_ . __ . __ ._{_�_= i

O
-

O
-

P-C.F----- .+' • •  :(/0.;;' � • u 0 � 

EXISTING CHANNEL ROC K  F ILL CI> 
= 

40° 1 ... °6 : ' .. ..  
C = 0 PSF .. ..  : . 

ERODED CHANNEL � _ __ _ 

100 200 

LIP CIRC LE FOR 
ERODED CHANNEL 
F. S. = 0. 87 

I 
300 

D I S T A N C E  ( FEET) 

'6 
= 

I 1 0  PCF 
CI> = 29° 
C = 5 00 PSF 

]' = 1 1 5 PCF 
CI> = 1 2.5° 
C :;  1 000 PSF 

� :; 1 1 5  PCF 
CI> = 4° 
C = 1 700 PSF 

� = 1 20 PCF 
CI> = 34° 
C = 7500 PSF 

I 
400 

NORTH SL I DE 

STA B I L ITY A N A LYSI S  SECTION I 

I I 
SEE EXHIBIT 3 FOR GEOLOGY 

PROPOSED BY -PASS PIPE LINE 

E X H I B I T  I I  

( = IN PLACE DENSITY • •  ANGLE OF INTERNAL FRICTION 

C = COHESION 

500 600 

SECTION I 



ELEY. 7 300 

7250 

7200 

7 1 50 

7 100 

7050 

o 

NOTE : SOUTH SLIDE NOT CON S I DE R ED 
IN ANALY SIS 

I ct MANTI CREEK 
I ! 

PROPOSED 
BY- PASS ---
PIPELINE J'-I!�----

_ . RO C��LED C�ANNE��. __ . I  . __ .A ����������
L

ROCK 

ff = 135 PCF f : ' .' . ' . · 
RO CK F I LL "\t� 65;SF . -::: ': .: SUP CIRCLE FFl:m---

F
-.

S
_. _

= 
_
1 . 1_7 

___ -� -------....::::::;�--_..----foo..;;.::-'"_f EXISTING C H ANNEL EXISTING CHANNEL--- F.S. = 1 . 06 -----�-
SLIP C I R C L E  FOR 
ERODE D CHAN N EL 

( =  135 PCF 
<p = 18 ° 
C = 1000 PSF 

i = 135 PCF 
<p = 1 1 ° 
C = 1500 PSF 

SEE EXHIBIT 3 FdR GEOLOGY 

E X H I B I T  12 

f • I N  PLACE DENSITY • - ANGLE OF INTERNAL FRICTION 
C · COHESIOtlo 

------------------------- F. S. = 0.94------------------------------------------�--------------------------------------------� 

100 200 300 

DI STANC E  ( F EE T )  

NORTH SL I DE 

t = 130 PCf 
<p = 15° 
C =  2000 PSF 

400 

ST AB I L ITY ANALYS IS SECTION 2 

500 600 

SECTION 2 



ELEV. 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 

I <t MANTI 
I I 

o 5 0 0  

CREEK ,p..SI.£. _- -
'l/p..\�_--9- -,DH-I 

_ - --
-�- - -- . .  -

------+---�==---= 
-

� 
.. ---- .. � .. �==� 

1000 1 500 2000 2500 3000 3500 4000 4500 5000 

- --

5500 6000 6500 

DI STANCE ( FE ET) 

7000 

ASSUMED PLANAR 
FAI L U R E  SURFA C E  
F.S . =  1 .06 

7500 8000 

NORTH S L I DE 

STAB I LITY ANA LYSIS SECTION 3 

E X H I B I T 1 3  

If = 1 35 pcf . : I S G  

C = 1000 pst 

- -- - � = 135 pct - -_ -.1- - ----- -:.::=---
+ = 

C • 

1 1 °  
1500 pst SEE EXHIBIT 3 FOR 

GEOLOGY 

8500 

� = 1 30 pct 
+ = 1 5 °  
C ·  2000 pst 

t =IN PLACE DENSITY ¢ =ANGLE OF INT ERNAL FRICTION 

C =COHESION 

9000 9500 10000 10500 

SECTION 3 



ELEV, 

9000 

8500 

8000 

7500 

7000 

6500 

6000 

5500 

5000 
o 500 1000 

I ct MANTI CREEK I • 

I DH-3 

1500 2000 

ASSUMED PLANAR 
FAILURE SURFACE 
F. S. = 1. 1 4  

- - - - - - -

2. - - - _ _ _  -- - '  - - - - - _ . 

- - - - - -

- - ..--- . . ---- , . 

- - - - - ' - - - -
. .  --- " --- . .. .---

. . 

2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 
DI STAN C E  ( F E E T )  

NORTH SLIDE 

STABL ITY ANALYSIS SECTI ON 4 

8500 9000 

l' = 135 pet 
• = le° 
C = IOOO ps! 

--------
- - - - - - , • 135 pc! 

• = 1 1° e • 1 500psl 
l' • 1 30 pel 
• = 15° 
C = 2000 p!!,. 

3" =IN PLACE DENSITY 

EXHIBIT 1 4  

SEE EXHIBIT 3 FOR G EOLOGY 

• = ANGLE OF I N T E R N A L  FRICTION 
C = C OHESION 

9500 10000 10500 

SECTION 4 


