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ABSTRACT

The W o lc o t t  l a n d s l i d e  is  lo c a t e d  a lo n g  1 - 7 0 ,  two m i le s  

s o u th e a s t  o f  W o lc o t t  and 15 m i le s  west o f  V a i l  a lo n g  

I n t e r s t a t e - 7 0 .  For t h e  l a s t  few y e a r s ,  t h i s  a c t i v e  

l a n d s l i d e  has been c a u s in g  severe  damage t o  bo th  

I n t e r s t a t e - 70 and t h e  U . S . 6 f r o n t a g e  r o a d .  The co s ts  o f  

m a i n t a i n i n g  both  highways have g r e a t l y  in c r e a s e d ,  and t h e  

p o s s i b l e  b lockag e  o f  t h e s e  r o u te s  appears  more l i k e l y .  

A c c o r d in g l y ,  a s tudy  o f  t h e  e n g i n e e r i n g  c h a r a c t e r i s t i c s  o f  

t h e  f a i l u r e  was i n i t i a t e d  t o  d e t e r m in e  t h e  most a p p r o p r i a t e  

means o f  s t a b i l i z a t i o n .

The l a n d s l i d e  is  lo c a t e d  on t h e  long s lo p e  o f  B e l ly a c h e  

R idg e ,  above where a meander o f  t h e  E a g le  R iv e r  is  c u t t i n g  

i n t o  t h e  s lo p e .  I t  o c c u rs  in t h e  in te rb e d d e d  s h a le s ,  

s i l t s t o n e s  and sandstones o f  t h e  lower Benton f o r m a t i o n .  The 

s l i d e  occurs  near  t h e  a x i s  o f  t h e  W o lc o t t  sync 1ine  were  

a r t e s i a n  or near  a r t e s i a n  c o n d i t i o n s  p r e v a i l .

The s l i d e  was d e f i n e d  by d e l i n e a t i n g  i t s  geometry and 

mapping i t s  topo graphy  u s in g  p l a n e  t a b l e  mapping t e c h n iq u e s .  

The p o t e n t i o m e t r i c  s u r f a c e  was lo c a te d  by m easur ing w a te r  

l e v e l s  in e i g h t  o b s e r v a t i o n  w e l l s  and by l o c a t i n g  seeps and

i i i
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s t a n d in g  w a te r  b o d ie s .  S u r f a c e  movements were m o n i to re d  by 

t h e  i n s t a l l a t i o n  o f  a s e r i e s  o f  su rv ey  p o i n t s .  These were  

measured w i t h  d i f f e r e n t i a l  l e v e l l i n g ,  t r a n s i t  t r a v e r s e s ,  and 

o t h e r  s u r v e y in g  t e c h n iq u e s .  S u b su r fa c e  c o r r e l a t i o n s  were  

done u s in g  b o re h o le  lo g s ,  c o re  samples o b t a i n e d  a t  t h e  s i t e ,  

and d e f l e c t i o n  measurements in  t h e  in c l i n o m e t e r s  and 

p ie z o m e te r  t u b e s .

C o r r e l a t i o n s  o f  t h e  g e o l o g i c ,  hydro  lo g ic  and movement 

d a t a  suggest  t h a t  t h e  W o lc o t t  l a n d s l i d e  is  a d i p  s lop e  

l a n d s l i d e  w i t h  two s h a l lo w  f a i l u r e  s u r fa c e s  a lo n g  which t h e  

movement is  t r a n s l a t i o n a l  a t  an a n g le  o f  11 d e g r e e s .  The 

upper  f a i l u r e  s u r f a c e  is  12 f e e t  deep w h i l e  t h e  lower is  19 

f e e t  be low t h e  s u r f a c e .

The STABL3 computer program was used t o  e v a l u a t e  t h e  

s t a b i l i t y  o f  t h e  W o lc o t t  l a n d s l i d e .  The g e n e r a te d  f a i l u r e  

s u r f a c e s  correspo nd  c l o s e l y  t o  t h o s e  mapped in t h e  f i e l d .  

W ith  maximum observed g rou ndw ater  s a t u r a t i o n ,  a f a c t o r  o f  

s a f e t y  o f  0 .9 9 4  was c a l c u l a t e d  f o r  t h e  s h a l lo w e r  f a i l u r e  

s u r f a c e  and 0 .9 4 9  f o r  t h e  d e e p e r .

*

The e f f e c t s  o f  t h e  i n s t a l l a t i o n  o f  an i n t e r c e p t o r  d r a i n  

a t  t h e  s l i d e  was a n a ly s e d  u s in g  G l o v e r ' s  s o l u t i o n  f o r  f l o w

i v
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towards  an open t r e n c h .  Water  t a b l e s  c o r re s p o n d in g  t o  

d i f f e r e n t  h y d r a u l i c  c o n d u c t i v i t y  v a lu e s  were d e te rm in e d  

u s in g  a computer program t o  s o lv e  G l o v e r ' s  e q u a t i o n .  The 

r e s u l t i n g  d r a in e d  p r o f i l e s  were a n a ly s e d  u s in g  STABL3. The 

c o r re s p o n d in g  f a c t o r  o f  s a f e t y  f o r  a l l  t h e  p e r m e a b i l i t y  

ranges a r e  above 1 . 0 ,  i n d i c a t i n g  t h a t  an a p p r o p r i a t e  d r a i n  

w i l l  p r o b a b ly  dewater  t h e  s l i d e  e f f i c i e n t l y .  A French d r a i n  

lo c a te d  a t  a s u f f i c i e n t  d i s t a n c e  above 1-70 t o  a l l o w  f o r  

i n t e r c e p t i o n  o f  w a te r  moving th ro u g h  t h e  f u l l  depth  o f  t h e  

s l i d e  and d r a in a g e  i n t o  e x i s t i n g  c u l v e r t s  under 1 -70  is  

t h e r e f o r e  recommended as t h e  p r im a r y  re m e d ia l  measure. O th er  

re m e d ia l  measures in c l u d e  r e a l ig n m e n t  o f  t h e  i r r i g a t i o n  

d i t c h  t o  s to p  i t s  c u r r e n t  o v e r f l o w i n g  and s a t u r a t i o n  o f  t h e  

l a n d s l i d e  t o e  a r e a ,  and p r o t e c t i o n  and r e g r a d in g  o f  t h e  

Eag le  R i v e r  bank in  t h e  t o e  a r e a .

The c o s t  o f  th e  i n s t a l l a t i o n  o f  t h e  new d r a in a g e  system  

was e s t im a t e d  a t  around $ 3 5 , 0 0 0 . 0 0 .  The r e a l ig n m e n t  o f  t h e  

i r r i g a t i o n  d i t c h  cou ld  be done a t  a p r i c e  o f  $ 1 6 , 5 0 0 . 0 0 .

The r e g r a d i n g  o f  t h e  h i g h l y  d i s t u r b e d  zo n e ,  t h e  s u p p ly  and 

emplacement o f  th e  r i p - r a p  c o s ts  $ 4 , 5 0 0 . 0 0 .

v
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1 .0  INTRODUCTION

For t h e  l a s t  few y e a r s  t h e  W o lc o t t  l a n d s l i d e  has been o f  

m ajor  concern t o  t h e  C o lo ra d o  D i v i s i o n  o f  Highways. T h is  

a c t i v e  l a n d s l i d e  is  lo c a t e d  on t h e  south  s id e  o f  t h e  Eag le  

V a l l e y ,  two m i le s  s o u th e a s t  o f  t h e  town o f  W o l c o t t ,  o r  115 

m i le s  west o f  Denver and 15 m i le s  west  o f  V a i l  a lo n g  

I n t e r s t a t e - 7 0 , ( F i g u r e  1 ) .  The l a n d s l i d e  is  lo c a te d  on t h e  

long s lo p e  o f  B e l l y a c h e  R id g e ,  above where a meander o f  t h e  

E a g le  R iv e r  is  c u t t i n g  i n t o  t h e  s l o p e .  F i g u r e  2 shows an 

a e r i a l  photograph  o f  t h e  s l i d e  a r e a .  Movements have  

a f f e c t e d  bo th  lanes  o f  I n t e r s t a t e - 7 0  and t h e  U . S . 6 f r o n t a g e  

ro a d ,  r e p e a t e d l y  c a u s in g  s e v e r e  t i l t i n g  and c r a c k in g  f o r  

both h ighw ays ,  and r e q u i r i n g  c o n s ta n t  m ain tenance  t o  keep  

them b o th  s a f e  and u s a b l e .  An i r r i g a t i o n  d i t c h  lo c a te d  

between t h e  highways and t h e  r i v e r  has a l s o  been a f f e c t e d .

D u r in g  t h e  w i n t e r  o f  1 9 8 4 - 8 5 ,  Mr. Robert  K. B a r r e t t  o f  

t h e  C o lo ra d o  D i v i s i o n  o f  Highways began a d r i l l i n g  program  

on t h e  W o lc o t t  l a n d s l i d e  and two o t h e r  1a n d s 1id e s -o n e  a lo n g  

I n t e r s t a t e - 7 0  near  V a i l ,  and t h e  o t h e r  a lo n g  U . S . 24 south o f  

t h e  town o f  M in tu r n .  The C o lo ra d o  D i v i s i o n  o f  Highways  

c o n t r a c t e d  w i t h  t h e  C o lo ra d o  School o f  Mines f o r  Dr .  A. 

K. T u rn e r  and g r a d u a te  s t u d e n t s  in  G e o lo g ic a l  E n g in e e r in g  

t o  conduct w a te r  l e v e l  and movement m o n i t o r in g  programs a t
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F i g u r e  1 : L o c a t i o n  Map o f  t h e  S tudy  Area

( A f t e r  J o h n s to n e ,  1965)
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F i g u r e  2 : A e r i a l  P h o to g ra p h  O ver t h e  S i t e .
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each s l i d e  o v e r  th e  n e x t  y e a r .  T h is  r e p o r t  d e s c r ib e s  t h e  

e n g i n e e r i n g  c h a r a c t e r i s t i c s  o f  t h e  W o lc o t t  l a n d s l i d e  based  

on t h e  f i e l d  i n v e s t i g a t i o n s  and t h e  d a t a  a n a l y s i s  com ple ted  

d u r i n g  t h e  y e a r  1 9 85 -1 9 86 .

1.1 O b je c t  i ves

T h is  s tu d y  was p a r t  o f  a l a r g e r  p r o j e c t  commissioned by 

t h e  C o lo ra d o  D i v i s i o n  o f  Highways t o  m o n i to r  t h r e e  

l a n d s l i d e s  in  th e  V a i l  a r e a .  A l l  m o n i t o r in g  work was 

conducted  under  th e  s u p e r v i s i o n  o f  D r .  A. K e i t h  T u r n e r .  

T h is  s tu d y  has t h e  f o l l o w i n g  seven o b j e c t i v e s :

1) D e t e r m in a t io n  o f  t h e  p h y s ic a l  c h a r a c t e r i s t i c s  

o f  t h e  l a n d s l i d e  u s in g  p la n e  t a b l e  su rv ey  

te c h n  i q u e s ;

2) I n v e s t i g a t i o n  o f  t h e  lo c a l  g e o lo g ic  c o n d i t i o n s  

a f f e c t i n g  t h e  l a n d s l i d e ;

3) Docum entat ion o f  hydrogeo 1o g ic  c o n d i t i o n s ;

4) Docum entat ion o f  mass movement c h a r a c t e r i s t i c s ;

5) A n a ly s is  o f  g e o l o g i c ,  hydro lo g ic  and movement 

d a t a ;

6) Per form ance  o f  s lo p e  s t a b i l i t y  a n a l y s i s  u s in g  

t h e  STABL3 computer program; and

7) Recommendation o f  a p p r o p r i a t e ,  c o s t  e f f e c t i v e ,  

re m e d ia l  measures t o  reduce  t h e  damage caused  

t o  t h e  h i ghways.
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1 .2  Methods o f  Study

The W o lc o t t  l a n d s l i d e  was d e f i n e d  by d e l i n e a t i n g  i t s  

geom etry ,  mapping i t s  to p o g ra p h y  and p o t e n t i o m e t r i c  s u r f a c e ,  

and by d e t e r m i n in g  t h e  l o c a t i o n  o f  t h e  f a i l u r e  s u r f a c e  o r  

s u r f a c e s .

A p la n e  t a b l e  map a t  a s c a l e  o f  1 inch = 50 f e e t  and a 

c o n to u r  i n t e r v a l  o f  10 f e e t  was com pleted in May, 1985, by 

t h e  a u t h o r  and Mr. John Post  o f  t h e  C o lo ra d o  D i v i s i o n  o f  

Highways. I t  d e f in e d  t h e  topo gra phy  o f  t h e  l a n d s l i d e ,  and 

was used as a base map t o  l o c a t e  a l l  s l i d e  f e a t u r e s  and 

mon i t o r  i ng d a t a .

The p o t e n t i o m e t r i c  s u r f a c e  was l o c a t e d  by m easur ing  

w a te r  l e v e l s  in e i g h t  o b s e r v a t i o n  w e l l s  and by l o c a t i n g  

seeps,  s p r in g s  and s ta n d in g  w a te r  b o d ie s .  O b s e r v a t io n s  were  

made on a m onth ly  b a s is  from F e b ru a ry  t o  t h e  end o f  May, 

1985. Readings were th e n  ta k e n  t h r e e  t im e s  a week d u r i n g  

t h e  month o f  May.

S u r fa c e  movements were m o n i to re d  by t h e  i n s t a l l a t i o n  o f  

a s e r i e s  o f  s u rvey  p o i n t s .  These were measured w i t h  

d i f f e r e n t i a l  l e v e l l i n g ,  t r a n s i t  t r a v e r s e s ,  and o t h e r  s u rv ey  

te c h n iq u e s ,  in c l u d i n g  d i r e c t  measurements ac ro ss  movement 

zones in  t h e  s l i d e .  Data on pavement d e f o r m a t i o n  and c ra c k
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e l o n g a t i o n  a lo n g  I n t . e r s t a t e - 7 0  and U . S . 6 were a l s o  c o l l e c t e d  

on a r e g u l a r  w e e k ly  b a s is  d u r i n g  t h e  month o f  May 1985, when 

t h e  movements were b e l i e v e d  t o  be a t  t h e i r  h i g h e s t  r a t e .

Data on s u b s u r fa c e  movements were o b t a i n e d  by t h e  

e x a m in a t io n  o f  c o re s  f rom  two d r i l l e d  o b s e r v a t i o n  w e l l s ,  and 

by th e  i n c l i n o m e t e r  measurements ta k e n  by h ighway personne l  

on a r e g u l a r  m o n th ly  b a s is  f rom  A p r i l  t o  June 1985. Two 

gouge zones in  t h e  c o re  samples were r e a d i l y  i d e n t i f i e d  as 

two f a i l u r e  s u r f a c e s .  These f a i l u r e  s u r f a c e s  were  a l s o  

e v id e n t  in t h e  d a ta  a n a l y s i s  o f  two in c l i n o m e t e r s  (CSMW4 and  

CSMW9) lo c a te d  in  t h e  s l i d e  a r e a .  A t h i r d  i n c l i n o m e t e r  

(CSMW2 ) was d r i l l e d  o u t s i d e  t h e  s l i d e  a r e a  and so gave no 

u s e fu l  d a t a .

The d a ta  a n a l y s i s  in c lu d e d  t h r e e  main phases:

1) Data  e v a l u a t i o n ,  in c l u d i n g  t h e  c o r r e l a t i o n  o f  

to p o g r a p h y ,  g e o lo g y ,  h y d ro lo g y  and movements 

observed  on t h e  l a n d s l i d e ;

2) S t a b i l i t y  a n a l y s i s  o f  t h e  l a n d s l i d e  u s in g  t h e  

STABL3 computer  program; and

3) E v a l u a t i o n  o f  t h e  p o s s i b l e  re m e d ia l  measures t o  

s t a b i l i z e  t h e  s l i d e .

These phases a r e  d is c u s s e d  l a t e r  in  t h i s  r e p o r t .
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1.3  Phvs i ography

The W o lc o t t  a r e a  is  s t r u c t u r a l l y  low and s urround ed  by  

t h e  Gore and Park ranges tow ards  t h e  e a s t  and t h e  n o r t h e a s t ,  

t h e  Sawatch range t o  t h e  s o u th ,  and t h e  White  R iv e r  P la t e a u  

t o  t h e  w e s t .  F ig u r e  3 shows t h e  g e n e ra l  to p o g ra p h y  a t  t h e  

immediate lands 1 ide a r e a .

The E a g le  R iv e r  is  t h e  main d r a in a g e  f e a t u r e  in  t h e  

a r e a .  I t  f lo w s  west  th ro u g h  t h e  Eag le  V a l l e y  and j o i n s  

t h e  C o lo ra d o  R iv e r  ne a r  D o ts e r o .  The t e r r a i n  on e i t h e r  

s id e  o f  t h e  E a g le  V a l l e y  is  mountainous and many 

t r i b u t a r i e s  t o  Eag le  R i v e r  d r a i n  t h e  a r e a .  The t o e  o f  t h e  

W o lc o t t  l a n d s l i d e  is  b e in g  u n d e rc u t  by a h igh  t o  m odera te  

energy  meander o f  E a g le  R i v e r .  From t h i s  low p o i n t  t h e  

s l i d e  r i s e s  around 250 f e e t  tow ards  t h e  south  o v e r  a 

d i s t a n c e  o f  1400 f e e t  making an a v e r a g e  to p o g r a p h ic  s lo p e  o f  

11 d e g r e e s .  The l a n d s l i d e  is  c h a r a c t e r i z e d  by e lo n g a t e d  

hummocks w i t h  a p red o m in an t  e a s t - w e s t  t r e n d ,  p a r a l l e l  t o  t h e  

to p o g r a p h ic  c o n to u r s ,  and p e r p e n d i c u 1a r  t o  t h e  d i r e c t i o n  o f  

movement. P l a t e  1 shows t h e  top o g ra p h y  o f  t h e  immediate  

s i i d e  a r e a .
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F i g u r e  3 : Topography a t  t h e  Im m edia te  L a n d s l id e  A re a .
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1 .4  P re v io u s  Work

The f i r s t  r e p o r t  d e a l i n g  w i t h  t h e  e n g i n e e r i n g  

c h a r a c t e r i s t i c s  o f  t h e  g e o l o g i c  f o r m a t io n s  a lo n g  1-70  in  

Ea g le  County was p u b l i s h e d  by t h e  C o lo rado  School o f  Mines  

(J o h n sto n e ,  1 9 6 5 ) .  Many o t h e r  r e p o r t s  p e r t a i n i n g  t o  t h e  

c o n s t r u c t i o n  o f  1 -70  in  E a g le  County and s p e c i f i c a l l y  in  t h e  

V a i l  Pass a r e a  were s u b m i t te d  t o  t h e  C o lo rado  D i v i s i o n  o f  

Highways. The l a t e s t  r e p o r t  by Mears ,  d e a l t  w i t h  mudflows,  

r o c k f a l l s  and l a n d s l i d e s  in t h e  V a i l  a r e a ,  (M ears ,  1 9 8 5 ) .

A tremendous amount o f  work is  a v a i l a b l e  conc e rn in g  t h e  

s t a b i l i t y  a n a l y s i s  o f  l a n d s l i d e s .  T e rz a g h i  s t u d i e d  t h e  

p r o p e r t i e s  o f  s o i l s  and t h e i r  a p p l i c a t i o n s  in  e n g i n e e r i n g  

p r a c t i c e  ( T e r z a g h i ,  1 9 6 7 ) .  Deer and P a t to n  (1 9 7 1 )  and Hough 

(1 9 69 )  c o n t r i b u t e d  t o  s lo p e  s t a b i l i t y  e v a l u a t i o n s  and  

c o n t r o l .  The Highway (and subsequen ly  T r a n s p o r t a t i o n ) 

Research Board has p u b l i s h e d  a s e r i e s  o f  r e p o r t s  c o n c e rn in g  

t r e a t m e n t  o f  l a n d s l i d e s  (S h u s t e r  and K r i z e k ,  1 9 7 8 ) .  A 

r e p o r t  on computer a id e d  a n a l y s i s  o f  s lo p e  f a i l u r e s  was 

p u b l is h e d  by t h e  School o f  C i v i l  E n g in e e r in g  a t  Purdue  

U n i v e r s i t y ,  ( C a r p e n t e r ,  e t  a l . ,  1 9 8 5 ) .
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2 . 0  GEOLOGIC ENVIRONMENT

The f i r s t  d e t a i l e d  g e o l o g i c  mapping in t h e  a r e a  was done 

in  1952 (Wanek, 1 9 5 2 ) .  P r i o r  t o  t h a t  d a t e ,  Hayden ( 1 8 8 1 ) ,  

George (1 9 13 )  and L o v e r in g  (1 9 3 5 )  a l l  mapped t h e  a r e a  in  

re c o n n a is s a n c e ,  but  no d i r e c t  r e f e r e n c e  t o  t h e  immediate  

W o l c o t t  a r e a  appears  in  t h e i r  p u b l i c a t i o n s .  Wanek ( 1 9 5 2 ) ,  

s t u d i e d  t h e  geo logy  and s t r u c t u r e s  in  t h e  a re a  o f  concern  

and produced a d e t a i l e d  g e o l o g i c  map. C h a r le s  Robinson and 

A s s o c ia t e s  ( 1 9 7 2 ) ,  mapped t h e  a r e a  as p a r t  o f  t h e  

r e q u i r e m e n ts  f o r  t h e  E a g l e - P i n e y  p r o j e c t ,  C o lo ra d o .

The g e o l o g i c  s e t t i n g  o f  t h e  l a n d s l i d e  was c r i t i c a l l y  

e v a l u a t e d  d u r i n g  t h i s  i n v e s t i g a t i o n ;  an e x i s t i n g  1:24000  

s c a l e  g e o lo g ic  map by Wanek (1 9 5 2 )  and a e r i a l  photos were  

used t o  g u id e  t h e  f i e l d  mapping.  D e t a i l e d  g e o lo g ic  f i e l d  

work was com pleted  by t h e  a u t h o r  d u r i n g  t h e  month o f  August 

1985. The bedd ing  a t t i t u d e s  and s t r a t i g r a p h y  were checked  

and c o r r e c t e d  t o  a c c u r a t e l y  r e l o c a t e  t h e  a x i s  o f  t h e  W o lc o t t  

sync l i n e ,  t h e  main s t r u c t u r a l  f e a t u r e  in  t h e  a r e a .  The 

r e s u l t i n g  updated  g e o l o g i c  map is  shown in F i g u r e  4.

The s t r u c t u r a l l y  low W o lc o t t  a r e a  is  surrounded by 

a r e a s  o f  h ig h  r e l i e f .  These in c lu d e  t h e  Gore and Park  

ranges  tow ards  t h e  e a s t  and n o r t h e a s t ,  t h e  Sawatch range t o



E R - 3 1 10 1 1

* ^ W u v ' '  J

I •. :I - y    ->  \  £

hK :■
. ' ,  \  \  i . C- v— A,  ?z o O /V a _ ,«•—  .A" I .■ a  ^  • v'r_J/ , 'V ; .  ■. Aa* • I / -r •• ■• .• 'r-^ _• ' I « ]

! L : J

l/ ^ V  /
V / / U r / - '

ITCt * ' '7—'  -
#  .-•*'.•« - ' i  r v T > 7
J'/. 'ie^. ■' •‘ / ' I '   f *'J

Scale: 1*15278

F i g u r e  4 : G e o lo g ic  Map o f  t h e  S tud y  A rea .
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t h e  south  and t h e  W hi te  R iv e r  P l a t e a u  t o  t h e  w e s t .  W h i le  

Precam br ian  rocks crop o u t  in  each o f  th e s e  u p l i f t s ,  a g r e a t  

t h i c k n e s s  o f  t i l t e d  ro cks  is  p re s e r v e d  in  t h e  W o lc o t t  a r e a .

S e d im e n ta ry  rocks examined and mapped in  t h e  f i e l d  range  

in age f rom  t h e  Upper T r i a s s i c  Shinarump f o r m a t i o n  t o  t h e  

Upper C re ta c eo us  N io b r a r a  f o r m a t i o n .  F i g u r e  5 is  a 

g e n e r a l i z e d  s t r a t i  g r a p h i c  s e c t i o n  o f  t h e  s tu d y  a r e a .

The Shinarump, C h i n l e ,  E n t ra d a  and M o rr is o n  f o r m a t i o n s ,  

and t h e  lower p a r t  o f  t h e  Dakota  f o r m a t i o n  which r e s u l t e d  

f rom  c o n t i n e n t a l  d e p o s i t i o n ,  c o n s i s t  m a in ly  o f  sandstones  

and s h a l e s .  Whereas t h e  younger Benton,  N io b r a r a  and P i e r r e  

f o r m a t i o n s  a r e  p r e d o m in a n t ly  s h a le s  o f  m ar ine  o r i g i n  (Wanek,  

1 9 5 2 ) .  Breaks in  s e d im e n t a t io n  a r e  marked by e r o s i o n a l  

u n c o n f o r m i t i e s  a t  t h e  base o f  th e  Shinarump, t h e  E n t ra d a  and 

t h e  D ako ta  f o r m a t i o n s .

The lower s e c t io n s  o f  B e l ly a c h e  R idge a r e  u n d e r l a i n  by  

t h e  Benton fo r m a t io n  w h i l e  t h e  upper s e c t i o n s  a r e  u n d e r l a i n  

by t h e  Dakota  sandstone .  The c o n t a c t  between t h e  two  

f o r m a t i o n s  is  covered  and c o u ld  not  be p r e c i s e l y  lo c a t e d  in  

t h e  f i e l d  (see f i g u r e  4 ) .  The l a n d s l i d e  occurs  in  t h e  

in te r b e d d e d  s andstones ,  s i l t s t o n e s  and s h a le s  o f  t h e  Benton  

f o r m a t i o n .  I t  is  lo c a t e d  n e a r  t h e  a x i s  o f  t h e  W o lc o t t
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S h a le ,  o l i v e  g re y ,  s i l t y  t o  sandy.

In terbedded  l i g h t ,  g r e y ,  c a lc a re o u s  Shale  
and dense grey 1 imestone.

In terbedd ed  b la c k ,  s l a t t y ,  f i s s i l e  sha le  
w i t h  y e l lo w is h  g re y ,  v e ry  f i n e  g ra in e d  
sandstone.  B e n to n i te  l a y e r s .

W hi te ,  c le a n ,  wel l  s o r te d  sandstone w i th  
i n t e r c a l a t e d  s h a le .

S o f t ,  g reen ,  s i l i c e o u s  sha le
no du la r  1 imestone and q u a r to z e  sandstone

Massive ,  e o l i a n ,  c l i f f  fo rm ing  sandstone  
cross-bedded,  wel l  s o r t e d , c 1ean.

in terbedded  re d is h  brown, l imy s h a le ,  
s i l t s t o n e  and very  f i n e  g ra in e d  sandstone.

M o t t le d  red and w h i t e ,  a n g u la r  t o  subrounded,  
medium t o  coarse g ra in e d  sandstone.

F ig u re  5 : G e n e ra l iz e d  S t r a t i g r a p h i c  S e c t io n  o f  th e  a r e a .  

( A f t e r  Wanek, 1952) .
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sync l i n e ,  t h e  main s t r u c t u r a l  f e a t u r e  in  t h e  a r e a .

The W o lc o t t  s y n c l i n e  p lunges  tow ards  t h e  n o r t h  w i t h  i t s  

a x i s  p a s s in g  ne a r  t h e  d i s t i n c t i v e  meander o f  E a g le  R iv e r

t h a t  f a c e s  t h e  t o e  o f  t h e  l a n d s l i d e .  D ips on t h e  w e s te rn  

l imb o f  t h e  W o lc o t t  s y n c l i n e  range from  8  t o  25 degrees  

n o r t h e a s t w a r d ,  w h i l e  beds on t h e  e a s t e r n  l imb r i s e  g r a d u a l l y  

away f rom  t h e  s y n c l i n a l  a x i s  u n t i l  t h e y  s te ep en  v e r y  

a b r u p t l y  t o  n e a r l y  v e r t i c a l  a t t i t u d e s  a t  t h e  e a s t  o f  t h e  map' 

a r e a .  F i g u r e  6 is  a s t r u c t u r a l  c ross  s e c t i o n  a c ro s s  l i n e  

A-A '  i n d i c a t e d  on t h e  g e o l o g i c  map ( F i g u r e  4 ) .

The p o s s i b i l i t y  e x i s t s  t h a t  a r t e s i a n  o r  n e a r  a r t e s i a n

c o n d i t i o n s  p r e v a i l  a t  t h e  W o lc o t t  l a n d s l i d e  as a consequence  

o f  t h e  r e g i o n a l  f l o w  reg im e c o n t r o l l e d  by t h e  W o lc o t t  

s y n c l in e  in t h e  a r e a .  The r e c h a rg e  p r o b a b ly  occurs  a t  t h e  

o u tc ro p s  in  t h e  e a s t e r n  h i l l s  where t h e  beds a r e  a lm o s t  

v e r t i c a l  in  a t t i t u d e .  E ls e w h e re ,  re c h a r g e  w i l l  o ccur  where  

a q u i f e r s  o u tc r o p  be low t h e  a l l u v i u m  o f  small ephemeral  

stream s.  Ground w a te r  f l o w  in  t h e  a r e a  is  b e l i e v e d  t o  be

d i r e c t e d  f rom  t h e  s o u th ,  west  and e a s t  tow ards  t h e  s y n c l i n a l  

a x i s  and d i v e r t e d  n o r th w a rd  tow ard  t h e  E a g le  R i v e r .
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3 . 0  FIELD INVESTIGATIONS AT THE WOLCOTT LANDSLIDE

The m o n i to r in g  a c t i v i t i e s  a t  t h e  W o lc o t t  l a n d s l i d e  

s t a r t e d  e a r l y  in  J a n u a ry  1985 ,  when t h e  highway d e p a r tm e n t  

d r i l l e d  f o r  e i g h t  o b s e r v a t i o n  w e l l s  i n c l u d i n g  t h r e e  

i n c l i n o m e t e r s  a t  t h e  s i t e .  S u rv e y in g  and m o n i t o r in g  a t  t h e  

s i t e  c o n t in u e d  u n t i l  August 1985,  w i t h  i n t e n s i v e  work 

c o n c e n t r a t e d  ov e r  a s i x  week p e r io d  between May and e a r l y  

June 1985, when t h e  movements were expected  t o  be a t  t h e i r  

h i g h e s t  r a t e .

The f i e l d  i n v e s t i g a t i o n s  a r e  d e s c r i b e d  under  t h e  

f o l l o w i n g  f o u r  c a t e g o r i e s :

1) O b s e r v a t io n  w e l l s  and in c l in o m e t e r  

i n s t a l l a t  io n ;

2) P la n e  t a b l e  mapping;

3) H y d r o lo g ic  o b s e r v a t i o n s ;  and

4) Movement m o n i t o r i n g .

3 .1  O b s e r v a t io n  W e i ls  and I n c l i n o m e t e r  I n s t a l l a t i o n

In t h e  f a l l  o f  1984, and a t  t h e  end o f  November, t h e  

C o lo ra d o  D i v i s i o n  o f  Highways i n s t a l l e d  f i v e  o b s e r v a t i o n  

w e l l s  i d e n t i f i e d  as CSMW3, CSMW5, CSMW6 , CSMW7 and CSMW8 ; 

T h ree  i n c l i n o m e t e r s ,  CSMW2, CSMW4 and CSMW9 were  a l s o  

i n s t a l l e d .  These h o le s  were lo c a t e d  and d r i l l e d  p r i o r  t o
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t h e  tnvo lvm ent  o f  any CSM p e r s o n n e l .  F i e l d  re c o n a fs s a n c e  a t  

t h e  l a n d s l i d e  d e te rm in e d  t h a t  o b s e r v a t i o n  w e l l  CSMW5, and  

i n c l i n o m e t e r s  CSMW2 and CSMW4 were lo c a te d  o u t s i d e  t h e  s l i d e  

a r e a .  A l l  t h e  ho les  were  lo g g e d ,  bu t  by s e v e r a l  d i f f e r e n t  

p e r s o n n e l ,  some from C o lo ra d o  School o f  Mines and some f ro m  

t h e  C o lo rado  D i v i s i o n  o f  H ighways.  These logs a r e  r e c o rd e d  

in Appendix A.

The f i v e  o b s e r v a t i o n  w e l l s  were d r i l l e d  u s in g  a 4 inch  

r o t a r y  b i t  w i t h  compressed a i r  used t o  f l u s h  t h e  c u t t i n g s .  

The w e l l s  were cased w i t h  a h a l f  inch in s i d e  d i a m e t e r  s t e e l  

p i p e ,  b a c k f i l l e d  w i t h  sand and capped w i t h  b e n t o n i t e .  Core  

samples were ta k e n  f rom  h o l e  CSMW3 ( 1 9 . 3  f e e t ,  t o t a l  d e p th )  

and from CSMW9 (14 f e e t ,  t o t a l  d e p t h ) .  These c o res  were  

used t o  i n t e r p r e t  s u b s u r f a c e  c o n d i t i o n s .  For some r e a s o n ,  

re c o rd s  on t h e  p e r f o r a t e d  s e c t i o n s  o f  t h e  w e l l  c a s in g s  were  

n o t  k e p t .

The in c l i n o m e t e r  b o r i n g s ,  CSMW2, CSMW4 and CSMW9 were  

a l s o  d r i l l e d  us ing a 4 inch r o t a r y  b i t  and compressed a i r .  

They were cased w i t h  S in c o  t h r e e  inch PVC i n c l i n o m e t e r  

p i p e  and b a c k f i l l e d  w i t h  sand and b e n t o n i t e .
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3 . 2  P la n e  T a b le  Mapping

P la n e  t a b l e  mapping o f  t h e  W o lc o t t  l a n d s l i d e  was 

u n d e r ta k e n  d u r i n g  t h e  month o f  May, 1985 by t h e  a u t h o r  and 

Mr. John Post o f  t h e  C o lo ra d o  D i v i s i o n  o f  H ighways, t o  

produce an o r i g i n a l  map o f  t h e  s l i d e  a t  a s c a l e  o f  1 inch = 

50 f e e t  and a 10 f e e t  c o n to u r  i n t e r v a l .  Scarps d e f i n i n g  t h e  

s u r f i c i a l  b o u n d a r ie s  o f  t h e  s l i d e  mass were d e l i n e a t e d  in  

t h e  f i e l d  and p l o t t e d  on t h e  map.

T h is  map was f u r t h e r  used as a base map t o  i n d i c a t e  

v a r i o u s  f e a t u r e s  a s s o c i a t e d  w i t h  t h e  l a n d s l i d e  t h a t  were  

o b served  and m o n i to re d  in t h e  f i e l d .  The p la n e  t a b l e  map o f  

t h e  l a n d s l i d e  w i l l  be r e f e r r e d  t o  as P l a t e  1.

3 . 3  H y d r o lo g ic  O b s e r v a t io n s

The h y d r o l o g i c  o b s e r v a t i o n s  a t  t h e  l a n d s l i d e  in c lu d e d  

t h e  m o n i t o r in g  o f  bo th  t h e  s u r f a c e  and t h e  s u b s u r fa c e  

h y d r o lo g y .  The s u b s u r fa c e  h y d r o lo g y  was e v a l u a t e d  u s in g  t h e  

e i g h t  o b s e r v a t i o n  w e l l s  l a b e l e d  (CSMW2-CSMW9). These a r e  

shown on P l a t e  1 .
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3 . 3 . 1  Water  Level Measurements

P o t e n t i o m e t r 1c measurements were ta k e n  on a m onth ly  

b a s is  f rom  w e l l s  CSMW2 th r o u g h  CSMW9 s t a r t i n g  in  F e b r u a r y  

u n t i l  e a r l y  June, 1985. Three  measurements a week were  

t a k e n  th r o u g h  t h e  month o f  May, 1985.

W ater  l e v e l  measurements were t a k e n  u s in g  a S lope  

I n d i c a t o r  Co. w a te r  l e v e l  i n d i c a t o r ,  model # 5145 3 ,  a

w i r e l i n e  d e v ic e  t h a t  g i v e s  an a u d io  s ig n a l  when t h e  w a te r  

l e v e l  is  re ac he d  in t h e  o b s e r v a t i o n  w e l l .  L e v e ls  were t a k e n  

w i t h  a t a p e  measure t o  t h e  n e a r e s t  e ig h t h  o f  an inch t o  t h e  

to p  o f  t h e  w e l l  c a s in g  p i p e  and th e n  c o n v e r te d  t o  a ground  

l e v e l  datum. Water l e v e l  d a t a  from t h e  o b s e r v a t i o n  w e l l s  

a r e  summarized in  T a b le  1, t h e  w a te r  l e v e l  versus  t im e  p l o t s  

f o r  each w e l l  a r e  shown on P l a t e  2 .

3 . 3 . 2  P o t e n t i o m e t r i c  S u r f a c e

A p o t e n t i o m e t r i c  s u r f a c e  map was c o n s t r u c t e d  based on 

t h e  d a t a  o b ta i n e d  on May 10, 1985, when t h e  most com ple te  

and r e p r e s e n t a t i v e  p o t e n t i o m e t r i c  in f o r m a t io n  was c o l l e c t e d .  

T h is  s u r f a c e  is  shown on P l a t e  3.

The d e t a i l s  o f  ground w a te r  f l o w  in  t h e  W o lc o t t  

l a n d s l i d e  a r e  not  e n t i r e l y  unambiguous from t h e  a v a i l a b l e  

d a t a .  However,  as one would  e x p e c t ,  lo c a l  f l o w  is  g e n e r a l l y
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t o  t h e  n o r t h - n o r t h e a s t ,  d i r e c t e d  b a s i c a l l y  to w ard s  t h e  E a g le  

R i v e r .  The p o t e n t  1o m e t r ic  s u r f a c e  was observed  t o  be deeper  

tow ards  t h e  west  o f  t h e  l a n d s l i d e  where th e  w a te r  le v e l  was 

re c o rd e d  a t  a depth  o f  4 0 -4 5  f e e t  on a v e ra g e  a t  CSMW5. I t  

g r a d u a l l y  becomes s h a l lo w e r  tow ards  t h e  e a s t ,  where ne a r  

a r t e s i a n  c o n d i t i o n s  p r e v a i l .  The w a te r  l e v e l  was re c o rd e d  

a t  an a v e ra g e  d e p th  o f  2 0  f e e t  near  t h e  head o f  t h e  s l i d e .  

The p o t e n t i o m e t r i c  s u r f a c e  g r a d u a l l y  becomes s h a l l o w e r  

tow ards  t h e  t o e .  The p o t e n t i o m e t r i c  l e v e l  be low 1 - 7 0 ,  as  

r e c o rd e d  from CSMW8 , was a t  8  f e e t  below ground s u r f a c e .  

P l a t e  4 shows t h e  r e l a t i o n s h i p  o f  t h e  w a te r  t a b l e  t o  t h e  

f a i l u r e  s u r f a c e s  o f  t h e  s l i d e .

The ground w a te r  f l o w  w i t h i n  t h e  s l i d e  mass is  

e s s e n t i a l l y  p a r t  o f  a l a r g e r  r e g io n a l  g roundw ater  f l o w  

reg im e shown in  F ig u r e  7. The a r e a  is  c h a r a c t e r i z e d  by a 

s e r i e s  o f  low t r a n s m i t t i n g  c a p a c i t y  a q u i f e r s  (Lohman, 1979)  

t h a t  a r e  c o n f i n e d  by v e r y  low p e r m e a b i l i t y  beds o f  

s i l t s t o n e ,  mudstone a n d / o r  s h a l e .  The main a q u i f e r  in  t h e  

a r e a  is  t h e  E n t ra d a  f o r m a t i o n .

The r e g i o n a l  ground w a te r  f lo w  appears  t o  be d i r e c t e d  

tow ard  t h e  W o lc o t t  s y n c l i n e  a x i s .  Groundw ater ,  coup led  w i t h  

seepage and i n f i l t r a t i o n  o f  l a r g e  volumes o f  w a te r  f rom  

p r e c i p i t a t i o n  th ro u g h  t h e  h e a v i l y  broken s i l t s t o n e .
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composing t h e  s u r f a c e  o v e r  much o f  B e l ly a c h e  Rtdge u p h i l l

from t h e  s l i d e ,  caused a marked r i s e  in  t h e  p o t e n t i o m e t r i c  

s u r f a c e  d u r i n g  A p r i l  and e a r l y  May. The n e t  r e s u l t  is  a

h ig h  l e v e l  o f  s a t u r a t i o n  th ro u g h  t h e  l a n d s l i d e  m a t e r i a l  

which un d o u b tab ly  c o n t r i b u t e d  t o  i t s  i n s t a b i l i t y .

Except  d u r i n g  t h i s  peak i n f i l t r a t i o n  p e r i o d ,  t h e

observed p o t e n t i o m e t r i c  s u r f a c e  in  t h e  w e l l s  c o r respo nds  t o  

t h e  upper p a r t  o f  t h e  Dakota  f o r m a t i o n  which c o n s i s t s  m a in ly  

o f  w h i t e ,  c l e a n ,  w e l l  s o r t e d  sandstone .

3 . 3 . 3  S u r fa c e  H yd ro log y

D ur ing  t h e  s p r i n g  m e l t  p e r i o d ,  two d r a in a g e s  were  

observed f l o w i n g  a t  o r  n e a r  t h e  s l i d e .  The f l o w  in  both  

channe ls  ceased e a r l y  in  May, when a l l  t h e  snow in  t h e  

h i l l s i d e  had m e l t e d .  The l o c a t i o n  o f  both  o f  th e s e  cha nne ls  

is  shown in P l a t e  1.

One d r a in a g e  f lo w e d  n o rthw a rd  west o f ,  and o u t s i d e  t h e  

s l i d e  mass, and was d i v e r t e d  th roug h  a system o f  c u l v e r t s  

below I n t e r s t a t e - 7 0  i n t o  t h e  Eag le  R i v e r .  A second d r a in a g e  

f lo w e d  a lo n g  t h e  w e s te rn  s c a rp  o f  t h e  l a n d s l i d e .  T h is  w a te r  

d is a p p e a re d  i n t o  t h e  s l i d e  mass ne a r  CSMW3, p r o v i d i n g  a 

c o n s ta n t  f l o w  o f  w a t e r  i n t o  t h e  s l i d e  m a t e r i a l ,  and 

presumably  c o n t r i b u t i n g  t o  i t s  s a t u r a t i o n .  The i n f i l t r a t i o n
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r a t e  f n t o  t h e  s l i d e  was e s t i m a t e d  a t  a round 18 g a l l o n s  p e r  

m in u te  b u t  cou ld  no t  be q u a n t i f i e d  a c c u r a t e l y  due t o  t h e  

d i f f i c u l t y  in  c o n t r o l l i n g  t h e  w a te r  d is c h a r g e .

T a b le  2 shows t h e  r a i n f a l l  and s n o w fa l l  d a ta  f rom  

September 1984 t o  May 1985 o b ta i n e d  from  NOAA c 1i m a t o l o g i c a 1 

r e c o r d s .  These d a ta  a r e  f o r  t h e  town o f  E a g le ,  t h e  c l o s e s t  

a v a i l a b l e  s t a t i o n  t o  t h e  s tu d y  a r e a .  A p l o t  o f  t h i s  d a ta  is  

shown in F i g u r e  8 . The i n c r e a s e  in p r e c i p i t a t i o n  d u r i n g  t h e  

months o f  A p r i l  and May, 1985,  c o r r e l a t e d  w i t h  t h e  in c r e a s e  

in t h e  p i e z o m e t r i c  w a te r  l e v e l s  a t  t h a t  t i m e ,  s u g g e s t in g  

t h a t  r a i n f a l l  and snowmelt  c o n t r i b u t e d  t o  t h e  r e c h a r g e  in  

t h e  s l i d e .  T h is  is  p r o b a b ly  due t o  t h e  h e a v i l y  f r a c t u r e d  

and broken  c h a r a c t e r  o f  t h e  s i l t s t o n e  fo rm in g  t h e  s u r f a c e  o f  

t h e  s l i d e .  T h is  p r o b a b ly  f a c i l i t a t e s  w a te r  p e r c o l a t i o n  i n t o  

t h e  s l i d e  m a t e r i a l  r a t h e r  th a n  a l l o w i n g  i t  t o  f l o w  a c ro s s  

t h e  s u r f a c e  and v i a  lo c a l  d r a in a g e s  d i r e c t l y  i n t o  E a g le  

Ri v e r .

Snowmelt seems t o  c o n t r i b u t e  more t o  t h e  r e c h a r g e  th a n  

r a i n f a l l .  The m e l t  w a te r  i s  c o n s t r a i n e d  from f l o w i n g  away  

by t h e  snowpack and p e r c o l a t e s  d i r e c t l y  i n t o  t h e  s l i d e  

m a t e r i a l .  Thus t h e r e  is  a c o n s t a n t  source  o f  w a te r  t o  t h e  

s l i d e  m a t e r i a l  d u r in g  t h e  s p r i n g  th a w .



E R - 3 1 10 25

T a b le  2

P r e c I  pi t a t  Ion D a t a ,  1 9 8 4 -1 9 8 5 ,  NOAA C I f m a t o l o g i c a l  R ecords .

D a te  R a1n f a 1 1 ( f n . )  Sno w fa1 1 ( f n . )
S e p t . 1984 1 .5 4 0
O c t . 1984 1 .4 6 0
Nov. 1984 0 . 2 6 0 .2 3
D e c . 1984 0 . 8 4 0 . 4 2
Jan . 1985 0 . 3 6 4 . 9
Feb. 1985 0 . 3 9 5 . 5
M a r . 1985 3 . 5 2 1 9 .0
A p r . 1985 1 .81 7 .  1
May. 1985 0 .8 1 0 .41
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3 . 3 . 4  Seepage and Ponding a t  t h e  S u r fa c e

Seepage was observed  a t  s e v e r a l  l o c a t i o n s  e a r l y  fn May. 

The l a r g e s t  seepage was o b s e rv e d  near  CSMW4 a d j a c e n t  t o  t h e  

e a s t e r n  s c arp  o f  t h e  l a n d s l i d e .  O th e r  seepages were  

observed  on t h e  scarp  f a c e  above t h e  Eag le  R iv e r  meander a t  

t h e  t o e  o f  t h e  l a n d s l i d e .  The d is c h a r g e  a t  t h e  seep near  

CSMW4 was measured by a v e r a g i n g  t h e  t im e s  r e q u i r e d  t o  f i l l  a 

known volume o f  a c o n t a i n e r .  These f l o w  r a t e s  a t  d i f f e r e n t  

d a te s  a r e  shown in  T a b le  3 and F i g u r e  9 .  The f l o w  r a t e  

d e creased  d r a m a t i c a l l y  by t h e  m id d le  o f  May as most o f  th e  

snow had m e l te d  from t h e  h i l l s i d e .  Flow c o m p le t l y  ceased by 

t h e  b e g in n in g  o f  August .

S ta n d in g  w a te r  was o b s e rv e d  a t  d i f f e r e n t  l o c a t i o n s  e a r l y  

in t h e  month o f  May. Ponds were  observed a lo n g  t h e  south ern  

edge o f  1 -70  near  t h e  seepage a r e a  a t  CSMW4 and in  t h e  1-70  

median.  These ponds were p r o b a b ly  a s s o c i a t e d  w i t h  t h e  

m a l f u n c t i o n i n g  o f  t h e  French d r a i n  i n s t a l l e d  between CSMW4 

and c u l v e r t  C - 1( see P l a t e  1 ) .  In  f a c t ,  w a te r  s eep ing  o u t  

o f  t h e  s l i d e  m a t e r i a l  was no t  c a r r i e d  by t h e  French d r a i n  t o  

c u l v e r t  C—1; r a t h e r ,  c u l v e r t  C - 1 remained d r y  and t h e  

seepage was r e c h a rg e d  i n t o  t h e  s l i d e  m a t e r i a l , l o c a l l y  

r a i s i n g  t h e  p o t e n t i o m e t r i c  s u r f a c e .
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T a b le  3

D is c h a rg e  Rates a t  t h e  seep ne a r  CSMW4.

P a te  F 1ow R a t e ( gpm)
May 4 J8
May 15 15
May 20 3
May 22 1 . 6
June 6  1
J u ly  3 0

JulyM a y

F i g u r e  9 i F low  R ates  v e rs u s  Time near  I n c l i n o m e t e r  CSMW4.
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Ponding was a l s o  observed  near  t h e  t o e  o f  t h e  l a n d s l i d e .  

T h is  pond s t a r t e d  in  May 9 ,  1985 because th e  i r r i g a t i o n  

d i t c h  p a s s in g  above t h e  t o e  was d i s t o r t e d  due t o  t h e  

s l i d e  movement and began l e a k i n g  w a t e r .  T h is  w a te r  

re c h a r g e d  l o c a l l y  and p r o b a b ly  t r i g g e r e d  t h e  renewed  

movement near  t h e  t o e  o f  t h e  s i i d e  t h a t  m ig r a te d  up t o  

I n t e r s t a t e - 70 by t h e  end o f  May. T h is  l a t e r  movement c y c l e  

is  b e l i e v e d  t o  be t h e  r e s u l t  o f  t h e  d i t c h  ponding ,  s in c e  t h e  

o v e r a l l  movement o f  t h e  l a n d s l i d e  had stopped by t h a t  t i m e .  

The pond d is a p p e a r e d  by May 2 2 ,  1985 when t h e  w a te r  l e v e l  in  

t h e  d i t c h  was lowered by h ighway de p a r tm en t  personne l  and 

t h e  d i t c h  f i x e d  t e m p o r a r i l y .  The pond and seep l o c a t i o n s  

a r e  shown in F i g u r e  10.

3 . 4  Movement Mon i t o r  i ng

S l i d e  movements were q u a n t i f i e d  as f o l l o w s :

1) Sub su rfa c e  movements e v a l u a t e d  by i n c l i n o m e t e r  

d a t a ;

2) M o n i t o r in g  and mapping o f  pavement c ra c k s  a lo n g  

I n t e r s t a t e  70 and U . S . 6 ;

3) A s im p le  e x te n s o m e te r  system , u s in g  heavy  

rubb er  bands, i n s t a l l e d  a c ro s s  t h e  m a jor  

lands 1 ide s c a rp ;

4) Measurements o f  s u rv e y  p o i n t s  lo c a te d  on t h e  

s i i d i  ng m ater  ia  1 ; and
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5) D i r e c t  measurements across  a c t i v e  c ra c k s  and 

scarps

3 . 4 . 1  S u b s u r fa c e  Movements

The s u b s u r fa c e  movements were e v a l u a t e d  us in g  t h e  d a t a  

from i n c l i n o m e t e r s  CSMW2, CSMW4 and CSMW9 p r o v id e d  by t h e  

D i v i s i o n  o f  Highways. The i n c l i n o m e t e r  re a d in g s  were  

a d ju s t e d  by a computer program t h a t  reduced t h e  raw d a t a .  

I t  uses t h e  g r e a t e s t  d e p th  reached by t h e  probe as t h e  

s t a b l e  bottom  o f  t h e  h o l e ,  r e g a r d le s s  o f  w h eth er  o r  no t  t h e  

c a s in g  is  s h e a re d .  I t  th e n  compares th e s e  d a ta  w i t h  t h e  

o r i g i n a l  r e a d i n g s .  I f  t h e  c a s in g  is  s h e a re d ,  i t  adds t h e  

l a s t  known d is p la c e m e n t  a t  t h e  shear de p th  t o  t h e  d a ta  ta k e n  

a f t e r  t h e  s h e a r in g  had o c c u re d .  T o ta l  d is p la c e m e n t  is  t h e  

d i s t a n c e  t h e  in c l i n o m e t e r  c a s in g  has moved f rom  i t s  o r i g i n a l  

p o s i t i o n  based on o r i g i n a l  r e a d in g s  ta k e n  on A p r i l  18, 1985.

I n c l i n o m e t e r  CSMW4 sheared  o f f  j u s t  be low t h e  ground  

s u r f a c e  on May 2 4 ,  1985. The probe c o u ld  n o t  g e t  below 10 

f e e t  i n t o  i n c l i n o m e t e r  CSMW9 on May 2 4 ,  1985. Complete d a ta  

were ta k e n  f rom  in c l i n o m e t e r  CSMW2 from A p r i l  t o  June 1985.  

A p l o t  o f  t h e s e  d a ta  is  shown in  F i g u r e  11. However,  

i n c l i n o m e t e r  CSMW2 gave no u s e fu l  d a ta  because i t  is  lo c a t e d  

o u t s i d e  t h e  s l i d e  mass.
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The I n c l i n o m e t e r  d a t a  o n l y  suggested t h a t  t h e  s l i d i n g  

occurs  a lo n g  a s h a l lo w  f a i l u r e  s u r f a c e .  However, an 

a c c u r a t e  l o c a t i o n  o f  t h e  f a i l u r e  s u r f a c e  u s in g  th e s e  d a ta  

was im p o s s ib le .  A d d i t i o n a l  d a ta  on t h e  l o c a t i o n  o f  t h e  

f a i l u r e  s u r f a c e  were t a k e n  from t h e  o b s e r v a t i o n  w e l l s  

a l th o u g h  t h e y  were n o t  des ig n e d  as i n c l i n o m e t e r s .  These 

w e l l s  would bend o r  b re a k  a t  s h e a r in g  zones .  A c c o r d in g l y ,  

a"Dead-man” , shown in  F i g u r e  12, was lowered down th e s e  

ho les  t o  l o c a t e  such bends.  The r e s u l t s  o b t a i n e d  a r e  

summarized in T a b le  4 ,  and were  used t o  l o c a t e  t h e  s h a l lo w e r  

f a i l u r e  s u r f a c e .  The d e e p e r  f a i l u r e  s u r f a c e  was i d e n t i f i e d  

in th e  f i e l d  a t  nearby  bedrocks  o u tc r o p s ,  and by o b s e r v a t i o n  

o f  th e  s u b s u r fa c e  c o r e s .

3 . 4 . 2  D e f i n i t i o n  o f  t h e  F a i l u r e  S u r fa c e s

Well  logs o f  t h e  e i g h t  b o re  ho le s  were examined and  

c o r r e l a t e d  t o  i d e n t i f y  t h e  s u b s u r fa c e  l i t h o l o g i e s  o f  t h e  

s l i d i n g  m a t e r i a l .  Core samples o b t a i n e d  f rom  two d r i l l  

ho les  in  t h e  s l i d e  mass were a l s o  used f o r  t h i s  purpose.  

Ex a m in a t io n  o f  t h e  s u b s u r fa c e  l i t h o l o g i e s  a l l o w e d  t h e  

i d e n t i f i c a t i o n  o f  two gouge zones t h a t  were c o r r e l a t e d  w i t h  

t h e  f a i l u r e  s u r fa c e s  i d e n t i f i e d  by t h e  i n c l i n o m e t e r  and t h e  

dead-man d a t a .

One f a i l u r e  s u r f a c e  is  a t  an a v e ra g e  de p th  o f  12 f e e t ,
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to surface

1 f o o t

Or

F i g u r e  12 : The Dead-man Pr obe .
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T a b l e  4 

Deadman D a t a ,  May 2 1 ,  1985.

B o r e h o le  number

C5MW2

CSMW3

CSMW4

CSMW5

CSMW6

C5MW7

CSMW6

CSMW9

D epth  re ac h e d  by t h e  Dead-Han  

No be n d in g  o b s e r v e d  

12' 3 5 "

6 ' 5 1 ”

No b e n d in g  o b s e r v e d  

Bent  o u t  o f  shape  

1 7 '2 5 "

No ben d in g  o b s e r v e d  

1 6 ' 8 5 "

T a b l e  4 : Deadman D a t a ,  May 2 1 ,  1985.
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a n o th e r  deeper  one was i d e n t i f i e d  a t  19 f e e t .  The f a i l u r e  

s u r f a c e s  a r e  b e l i e v e d  t o  i n v o lv e  b e n t o n i t e  l a y e r s  t h a t  

c h a r a c t e r i z e  t h e  Benton f o r m a t i o n .

3 . 4 . 3  Mapping and M o n i t o r i n g  o f  Pavement Cracks

The f a i l u r e  s u r f a c e s  o f  t h e  l a n d s l i d e  caused m a jor  

scarps and c rac k s  where t h e y  i n t e r s e c t e d  t h e  s u r f a c e .  Those  

c rac k s  o b served  a lo n g  1 -70  and U . S . 6  were mapped and t h e i r  

e v o l u t i o n  w i t h  t im e  was m o n i to r e d .  F i r s t  mapping o f  t h e s e  

c rac k s  s t a r t e d  on May 2 ,  1985 and t h e i r  m o n i t o r in g  c o n t in u e d  

u n t i l  t h e  end o f  May on a w e e k ly  b a s i s .  P l a t e s  5 and 6  show 

t h e  e v o l u t i o n  o f  t h e  c ra c k s  th ro u g h  t h e  month o f  May.

M o n i t o r in g  o f  t h e  c r a c k s  in c lu d e d  mapping and d i r e c t  

measurements a c ro ss  m a jo r  s c a r p s .  Measurements a c ro s s  p i n  

p o in t s  lo c a t e d  on o p p o s i t e  s id e s  o f  t h e  c r a c k s  a lo n g  t h e  

highways were t a k e n .  D a ta  f rom  t h e  m ajor  c ra c k  a lo n g  U . S . 6 , 

at. t h e  w e s te rn  m arg in  o f  t h e  s l i d e  ( F i g u r e  2 0 ) ,  a r e  

summarized in  T a b le  5 .  D i f f e r e n t i a l  l e v e l i n g  was used t o  

e v a l u a t e  t h e  v e r t i c a l  o f f s e t s  o f  t h e  c r a c k s .

3 . 4 . 4  The Rubber Band Ex te ns om ete r  System

The ru b b e r  band system was d e s ign ed  by t h e  a u th o r  in  an 

a t t e m p t  t o  e v a l u a t e  t h e  h o r i z o n t r a l ,  v e r t i c a l  and l a t e r a l  

d i r e c t i o n s  and amount o f  movements a t  v a r i o u s  l o c a t i o n s
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T a b le  5

Movement D ata  f ro m  an Opening Crack a lo n g  U . S . 6 .

D a te  Hor i z o n t a 1 V e r t  i c a 1

May 2 0 . 8 "  1 .2 "
May 8  1 . 2 "  1 .5 "
May 15 2 . 0 "  1 .9 "
May 22 2 . 2 "  2 . 3 ”
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a lo n g  th e  m ajor  scarps o f  t h e  l a n d s l i d e .  The s teps  f o l l o w e d  

t o  I n s t a l 1 a rubb er  band system a c ro s s  a m a jor  s c arp  a r e  

d e s c r ib e d  below:

1) Two v e r t i c a l  r e b a r s  were i n s t a l l e d  v e r t i c a l l y  

each on one s id e  o f  t h e  c r a c k .

2) A h o r i z o n t a l  r u b b e r  band was connected  between  

t h e  two r e b a r s  and s t r e t c h e d  t o  a maximum.

H o r i z o n t a l i t y  was checked u s in g  a b r u n to n .  

Measurements o f  t h e  i n i t i a l  b e a r in g  le n g th  o f  

t h e  rubber  band were  t a k e n .

3)  Le ng th ,  b e a r i n g  o f  t h e  ru bb er  band and i t s  a n g le  

w i t h  t h e  h o r i z o n t a l  were th e n  t a k e n  a t  w e e k ly  

bas i s.

F i g u r e  14 shows t h e  Rubber Band Extensom eter  system.  

The d a ta  g a th e r e d  was reduced  and r e c o rd e d  in  T a b le  6 , i t  

g iv e s  v a lu e s  o f  l a t e r a l ,  h o r i z o n t a l  and v e r t i c a l  o f f s e t s  

a c ro ss  t h e  m a jor  scarps  o f  t h e  s l i d e .  P l a t e  7 shows t h e  

amounts and d i r e c t i o n s  o f  t h e  re c o rd e d  movements. The 

l o c a t i o n  o f  t h e  fo u r  s e ts  o f  e x te n s o m e te rs  is  shown in  P l a t e  

8 . The d a ta  r e d u c t io n  is  documented in  APPENDIX B.

3 . 4 . 5  S u rv e y in g  o f  S e l e c t e d  P o i n t s

Three  s ta k e  l i n e s .  A, B, and C, were i n s t a l l e d  a c ro s s  

t h e  s l i d i n g  mass, th e s e  a r e  shown in P l a t e  8 . These l i n e s
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H O R I Z O N T A L  R UB B E R  B A N D

F i g u r e  13 : The Rubber  Band E x t e n s o m e t e r .
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were s e t  by s i g h t i n g  a t r a n s i t  on a s p e c i f i e d  d i s t a n t  o b j e c t  

and i n s t a l l i n g  s ta ke s  and n a i l s  a lo n g  t h e  l i n e s  o f  s i g h t .  

Movement a lo n g  t h e s e  l i n e s  was measured by r e s i g h t i n g  t h e  

l i n e s  and r e c o r d in g  t h e  o f f s e t  d i s t a n c e s  from t h e  p o i n t s .  

U n f o r t u n a t e l y ,  t h e  measurements t a k e n  as d e s c r ib e d  above d id  

no t  g i v e  any s i g n i f i c a n t  new d a t a ,  p r o b a b ly  because th e s e  

s t a k e  l i n e s  were i n s t a l l e d  l a t e  in  May a f t e r  most o f  t h e  

movement had o c c u re d .  T h is  system may, however, be used f o r  

f u r t h e r  s u rv e y  work on t h e  W o lc o t t  l a n d s l i d e  when needed.
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4 . 0  DATA INTERPRETATION

The d a t a  i n t e r p r e t a t i o n  in v o lv e d  t h e  f o l l o w i n g  t h r e e  

s t e p s :

1) C o r r e l a t i o n  o f  g e o l o g i c ,  h y d r o l o g i c  and movement 

d a t a ;

2) A n a ly s is  o f  t h e  mechanica l  b e h a v io r  o f  t h e  

1a n d s 1 i d e ; and

3) C om puter ized  s lo p e  s t a b i l i t y  a n a l y s i s  o f  t h e  

l a n d s l i d e  u s in g  STABL3 computer program.

( L o v e l 1, e t  a l . ,  1 9 8 5 ) .

4 .1  D ata  c o r r e l a t i o n

Two gouge zones were ob se rv ed  in t h e  cores  r e c o v e re d  

f ro m  CSMW3 and CSMW9, ( F i g u r e  1 4 ) .  As d is c u s s e d  l a t e r ,  

th e s e  a p p a r e n t l y  c o r r e l a t e  w i t h  two c l a y  r i c h  zones which  

a r e  r e s p e c t i v e l y  lo c a t e d  a t  8  and 18 f e e t  above t h e  base o f  

t h e  Benton f o r m a t i o n  when ob se rv ed  in  an o u tc r o p  a t  h a l f  a 

m i l e  t o  t h e  west o f  t h e  s l i d e .  They a l s o  occur  a t  depths  

a v e r a g i n g  12 f e e t  and 20 f e e t  in  t h e  l a n d s l i d e .  When t h e  

"deadman" probe  was used in  t h e  p i e z o m e t e r s ,  i t  i n d i c a t e d  

s h e a r i n g  a t  an a v era g e  d e p th  o f  14 f e e t , ( F i g u r e  1 5 ) ,  t h i s  

appe a rs  t o  c o r r e l a t e  w i t h  t h e  s h a l l o w e r  gouge zone  

i d e n t i f i e d  in  t h e  c o r e s .
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F i g u r e  14 : Core Samples O b t a i n e d  a t  t h e  S i t e .
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The c o n t a c t  between t h e  Benton and t h e  Dakota  f o r m a t i o n  

Is  exposed In  an o u tc r o p  lo c a te d  h a l f  a m i l e  tow ards  th e  

west o f  th e  l a n d s l i d e  a lo n g  1 - 7 0 ,  ( F i g u r e  1 6 ) .  The rocks  

exposed in t h i s  o u tc r o p  c orres po nd  t o  t h e  s l i d i n g  m a t e r i a l .  

T h is  o u tc r o p  shows two c l a y  la y e r s  above t h e  c o n t a c t  between  

t h e  Benton and t h e  Dakota  f o r m a t i o n  a t  e l e v a t i o n s  which  

c l o s e l y  c orrespond t o  th o s e  observed  in t h e  c o re  samples.  

The upper c l a y  l a y e r  was t h e r e f o r e  c o r r e l a t e d  w i t h  t h e  

s h a l l o w e r  gouge zone observed  in  t h e  cores  and made e v i d e n t  

by t h e  "deadman" p ro b e .  The second la y e r  was c o r r e l a t e d  

w i t h  t h e  deeper  gouge zone t h a t  was observed in  t h e  c o r e s .

B e n t o n i t e  is  suspec ted  t o  be in each o f  t h e s e  c l a y  

l a y e r s  because t h e y  occur  in  t h e  lower s e c t i o n  o f  t h e  Benton  

f o r m a t i o n  t h a t  is  c h a r a c t e r i z e d  by numerous t h i n  la y e r s  o f  

b e n t o n i t e s  (Wanek, 1 9 5 2 ) .  However, a t t e m p ts  t o  prove  i t s  

presen ce  by X-Ray d i f f r a c t i o n  were u n su ccess fu l  because t h e  

samples were s t o r e d  by t h e  C o lo ra d o  D i v i s i o n  o f  Highways in  

a f a s h i o n  which a l lo w e d  d r y i n g .  I t  was th u s  im p o s s ib le  t o  

p r e p a r e  t h e  samples a c c o r d in g  t o  t h e  r e q u i r e d  p r o c e d u r e s .

B e n t o n i te  l a y e r s  a c t  as f a i l u r e  s u r f a c e s  because  

t h e y  a r e  r i c h  in  m o n tm o r i11 o n i t e , a c l a y  m in e r a l  w i t h  h ig h  

s w e l l i n g  p o t e n t i a l  (H u n t ,  1 9 8 5 ) .  The m o n tm o r i11 o n i t e  

s t r u c t u r e  is c h a r a c t e r i z e d  by two A l-Mg s i l i c a t e  l a y e r s  w i t h
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a n e g a t iv e  charge t h a t  is  b a la n c e d  by t h e  p o s i t i v e  c ha rge  o f  

t h e  c a t i o n s  lo c a te d  in  between t h e  s i l i c a t e  l a y e r s .  Upon 

w a te r  in ta k e  between t h e  s i l i c a t e  l a y e r s ,  t h e  c o h e s iv e  

fo r c e s  decrease  d r a m a t i c a l l y  and cause a c o n s i d e r a b l e  

decrease  o f  t h e  b e n t o n i t e  shear  s t r e n g t h  (V e d e r ,  1 9 8 1 ) .

A c c o r d in g l y ,  t h e s e  suspected  b e n t o n i t e  l a y e r s  would  

r e a d i l y  a l l o w  th e  o v e r l y i n g  s i l t s t o n e  beds t o  s l i p  a lo n g  th e  

bedding p lan es  which d i p  a t  around 11 degrees to w a rd s  Eag le

R i v e r .  F a i l u r e  was p r o b a b ly  i n i t i a t e d  by t h e  u n d e r c u t t i n g

o f  t h e  t o e  o f  t h e  l a n d s l i d e  caused by t h e  E a g le  R iv e r  

meander.

4 . 2  Mechanical B e h a v io r  o f  t h e  L a n d s l id e

The r a t e s  o f  movement o f  t h e  l a n d s l i d e  c o r r e l a t e  w i t h

t h e  lo c a l  r i s e s  in t h e  w a te r  t a b l e  ( F i g u r e  1 7 ) .  Movement is  

i n i t i a t e d  once a t h r e s h o l d  in  t h e  ground w a te r  l e v e l  is  

reached .  T h is  t h r e s h o l d  appears  t o  occur  when t h e  w a te r

t a b l e  r i s e s  t o  about  12 f e e t  below t h e  s u r f a c e .  Even a f t e r  

t h e  w a te r  le v e l  drops be low t h i s  t h r e s h o l d ,  loss o f  t h e  s o i l  

s t r e n g t h  and i n t e r n a l  s t r u c t u r a l  changes a l l o w  t h e  s l i d e  t o  

cont i nue t o  f a  i 1 .

The W o lc o t t  l a n d s l i d e  is  a d i p  s lo p e  l a n d s l i d e  w i t h  two

s h a l lo w  f a i l u r e  s u r f a c e s  a lo n g  which t h e  movement is

t r a n s l a t i o n a l .  F i e l d  re c o n n a is s a n c e  a t  t h e  s i t e ,  and t h e
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F i g u r e  17 : Wat er  Leve l  and Movement C o r r e l a t i o n .
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o b s e r v a t i o n  o f  th e  s u b s u r f a c e  c o r e s ,  suggest  t h a t  t h e  

l a n d s l i d e  has two b a s ic  p a r t s .  Two m a jor  scarps  were  

i d e n t i f i e d  in t h e  f i e l d .  O b s e r v a t io n s  o f  t h e  s u b s u r f a c e ,  

exposed in  t h e  c o r e s ,  i d e n t i f i e d  two gouge zones t h a t  

c o r r e l a t e  t o  t h e  f a i l u r e  s u r f a c e s  i d e n t i f i e d  in  t h e  f i e l d ,  

w i t h  t h e  in n e r  scarp  c o r r e s p o n d in g  t o  f a i l u r e  a lo n g  t h e  

s h a l lo w e r  l a y e r .  Th is  s u g g es ts  t h a t  one s l i d e  occurs  w i t h i n  

t h e  o t h e r .  P l a t e  9 is a d e t a i l e d  n o r t h - s o u t h  cross  s e c t i o n  

o f  t h e  s i i d e .

The w e s te rn  p a r t  o f  t h e  s l i d e  shows movements which have  

a c o n s id e r a b l e  v e r t i c a l  component, w h i l e  t h e  e a s t e r n  p a r t  o f  

t h e  s l i d e  moves more o r  l e s s  l a t e r a l l y  downslope.  The 

movement tow ards  th e  west  o f  t h e  s l i d e  has a l a r g e r  v e r t i c a l  

component w h i l e  t o  t h e  e a s t  i t  is  more s t r i c t l y  h o r i z o n t a l .

Near t h e  e a s t e r n  edge o f  t h e  s i i d e ,  t o t a l  l a t e r a l  

movement o f  2 inches was measured a lo n g  a m ajor  c r a c k  on 

1-70 by May 15. Th is  was n o t  a s s o c i a t e d  w i t h  any v e r t i c a l  

movement (see F ig u r e  1 8 ) .  A l a t e r a l  d is p la c e m e n t  o f  2 

inches was observed a lo n g  a c ra c k  on U . S . 6  to w ard  t h e  

w e s te rn  edge o f  t h e  s l i d e .  Th is  was a s s o c i a t e d  w i t h  a 

v e r t i c a l  o f f s e t  o f  2 . 4  inches  (see  f i g u r e  1 9 ) .  Movements 

were n o t i c e d  t o  be p r o g r e s s i v e l y  l a r g e r  tow ards  E a g le  R i v e r ,  

e s p e c i a l l y  tow ards  t h e  w e s t .  A c c o r d in g ly  damage t o  U . S . 6
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F i g u r e  18 : P r i m a r i l y  H o r i z o n t a l  Movement on a C rac k

a l o n g  I n t e r s t a t e - 7 0  on t h e  E a s t e r n  M a r g in  o f  

t h e  Lands 1 i d e .
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F i g u r e  19 : Combined V e r t i c a l  and H o r i z o n t a l  Movements on a

C rac k  a l o n g  H ighw ay  U . S . 6 a t  t h e  W e s te rn  M a r g in  

o f  t h e  S I i d e .
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was e s p e c i a l l y  s e v e re .

4 . 2 . 1  Phases o f  Movement

The f a i l u r e  a t  t h e  W o lc o t t  l a n d s l i d e  c o n s i s t s  o f  two  

phases,  (see  F ig u r e  2 0 ) :

1) Phase I :  l a t e  in  A p r i l - M a y  2 5 ,  1985

2)  Phase I I :  May 15-May 3 0 ,  1985

The i n i t i a l  phase is  a s s o c i a t e d  w i t h  s a t u r a t i o n  o f  t h e  

s l i d e  m a t e r i a l  and made worse by a poor d r a in a g e  system.  

The lower f a i l u r e  s u r f a c e ,  19 f e e t  d eep ,  is  b e l i e v e d  t o  be 

a lways s a t u r a t e d .  D u r in g  t h e  s p r in g  th a w ,  w a te r  

i n f i l t r a t i o n  in c re a s e s  and t h e  p o t e n t i o m e t r i c  s u r f a c e  r i s e s  

t o  s a t u r a t e  t h e  upper s u r fa c e  a t  a  d e p th  o f  a b o u t  12 f e e t  , 

which th e n  a c t s  as a n o t h e r  f a i l u r e  s u r f a c e .  Movement th e n  

o ccurs  and a f f e c t s  b o th  1 -70  and U . S . 6  d i s t o r t i n g  and 

c r a c k in g  t h e  pavements. T h is  phase ended by May 2 5 ,  1985.

In  t h e  m id d le  o f  May 1985, le a k a g e  from an i r r i g a t i o n  

d i t c h  s a t u r a t e d  th e  t o e  o f  t h e  s l i d e .  The lower p o r t i o n s  o f  

t h e  s l i d e  were r e a c t i v a t e d ,  i n i t i a t i n g  a second phase o f  

r e t r o g r e s s i v e  f a i l u r e  t h a t  m ig r a t e d  back up t h e  s l i d e .  T h is  

caused f u r t h e r  c r a c k in g  o f  U . S . 6  and  t h e  west bound lane  o f  

I n t e r s t a t e - 7 0  by t h e  end o f  May (s e e  P l a t e s  5 and 6 ) .
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5 . 0  COMPUTER ANALYSIS OF THE LANDSLIDE STABILITY

Computers a r e  now c o n s id e re d  as an Im p o r ta n t  t o o l  In  

s lo p e  s t a b i l i t y  a n a l y s i s  because o f  t h e  la r g e  number o f  

v a r i a b l e s  and c a l c u l a t i o n s  i n v o lv e d .  One o f  t h e  

s t a t e - o f - t h e - a r t  programs w r i t t e n  f o r  s lo p e  s t a b i l i t y  

a n a l y s i s  was d e v e lo p ed  o v e r  t h e  l a s t  t e n  y e a rs  a t  Purdue 

U n i v e r s i t y  ( L o v e l l ,  e t  a l . ,  1 9 8 5 ) .  A s e r i e s  o f  updated  

v e r s io n s  were issued  p e r i o d i c a l l y .  A l l  a r e  c a l l e d  STABL 

w i t h  numbers t o  i n d i c a t e  t h e  v e r s i o n .  The STABL3 v e r s io n  o f  

t h i s  program was used in  th e  a n a l y s i s  o f  t h e  W o lc o t t  

1a n d s 1 i d e .

5 .1  D e s c r i p t i o n  o f  STABL3 Computer Program

STABL is  w r i t t e n  in  F o r t r a n  IV source  language f o r  th e  

g e n e ra l  s o l u t i o n  o f  s lo p e  s t a b i l i t y  problems u s in g  a 

t w o -d im e n s io n a l  l i m i t i n g  e q u i l i b r i u m  method. The

c a l c u l a t i o n  o f  t h e  f a c t o r  o f  s a f e t y  a g a i n s t  i n s t a b i l i t y  o f  a 

s lo p e  is  pe r fo rm e d  by t h e  method o f  s l i c e s .  The p a r t i c u l a r  

methods employed in  STABL3 a r e  t h e  s i m p l i f i e d  Janbu method 

and t h e  m o d i f i e d  B ishop method o f  s l i c e s .  The Bishop method 

is a p p l i c a b l e  t o  c i r c u l a r  shaped f a i l u r e  s u r f a c e s ,  w h i l e  t h e  

Janbu method is  a p p l i c a b l e  t o  f a i l u r e  s u r fa c e s  o f  g e n e ra l  

shape. S u r fa c e s  o f  c i r c u l a r  shape,  o f  s l i d i n g  b lo c k  

c h a r a c t e r  and o f  i r r e g u l a r  shape can be g e n e r a t e d .
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STABL3 f e a t u r e s  un ique r a n d o m iz a t io n  t e c h n iq u e s  f o r  t h e  

g e n e r a t i o n  o f  p o t e n t i a l  f a i l u r e  s u r f a c e s .  Up t o  hundred  

t r i a l  f a i l u r e  s u r fa c e s  a r e  g e n e r a te d  in  a g iv e n  a n a l y s i s  and 

t h e  f a c t o r s  o f  s a f e t y  f o r  t h e  te n  most c r i t i c a l  s u r f a c e s  a r e  

c a l c u l a t e d .  The means f o r  d e f i n i n g  and a n a l y z i n g  a 

s p e c i f i e d  t r i a l  f a i l u r e  s u r f a c e  a r e  a l s o  p r o v id e d .

The s lo p e  s t a b i l i t y  a n a l y s i s  o f  t h e  W o lc o t t  l a n d s l i d e  

was pe r fo rm e d  u s in g  t h e  S i m p l i f i e d  Janbu Method o f  S l i c e s  

f o r  i r r e g u l a r  f a i l u r e  s u r f a c e s .  A c r i t i c a l  f a i l u r e  s u r f a c e  

s e a r c h in g  method u s in g  a random t e c h n iq u e  f o r  g e n e r a t i n g  

s l i d i n g  b lo c k  s u r fa c e s  was s p e c i f i e d ,  ( S i e g e l ,  1 9 75 b ) .

5 . 2  A n a ly s is  P ro c e d u re .

The s te p s  in  t h e  computer a n a l y s i s  o f  t h e  l a n d s l i d e  

i n v o lv e d :

1 ) I d e n t i f i c a t i o n  o f  t h e  a p p r o p r i a t e  v a lu e s  f o r  t h e  

mode 1 ;

2) S e n s i t i v i t y  a n a l y s i s ;

3 )  S e l e c t i o n  o f  th e  c h a r a c t e r i s t i c  v a lu e s  f o r  cohesion  

and a n g l e  o f  i n t e r n a l  f r i c t i o n  f o r  t h e  s l i d e  

m ater  i a 1s ;

4 )  A n a ly s is  o f  t h e  e f f e c t s  o f  d r a in a g e  on t h e  w a te r  

t a b l e  geom etry  u s in g  G l o v e r ' s  s o l u t i o n ;  and

5) A n a ly s is  o f  t h e  e f f e c t  o f  such d e w a te r in g  on t h e
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l a n d s l i d e  s t a b i l i t y .

5 . 2 . 1  Data  In p u t  F i l e  P r e p a r a t i o n

A model f o r  t h e  geom etry  o f  t h e  l a n d s l i d e  was

e s t a b l i s h e d  in  o r d e r  t o  p r e p a r e  a d a ta  in p u t  f i l e  f o r  t h e  

STABL3 computer program. The ground s u r f a c e  and t h e

e x i s t i n g  p i e z o m e t r i c  s u r f a c e  were d e f in e d  and t h e  b o u n d a r ie s  

between t h e  d i f f e r i n g  s o i l  ty p e s  were a l s o  s p e c i f i e d .  The

b lo c k  para m e te rs  r e q u i r e d  by t h e  BLOCK r o u t i n e  t o  g e n e r a t e  

t h e  a c t i v e  and p a s s iv e  p o r t i o n s  o f  t h e  f a i l u r e  s u r f a c e s  were  

a l s o  d e te r m in e d .

The e n g i n e e r i n g  p r o p e r t i e s  o f  t h e  s o i l s  were n o t  known 

and c o u ld  not be d e te r m in e d  in  t h e  l a b o r a t o r y  because o f  t h e  

i n a p r o p r i a t e  c o n d i t i o n  o f  t h e  a v a i l a b l e  samples.  A h igh  

amount o f  v a r i a b i l i t y  o f  t h e s e  para m e te rs  was a n t i c i p a t e d  

due t o  c l a y  m a t e r i a l s  l o c a l l y  p r e s e n t  in  t h e  s l i d i n g  mass. 

Thus, any v a lu e s  o b t a i n e d  f ro m  t h e  l a b o r a t o r y  t e s t i n g  o f  

small samples would p r o b a b ly  not  be r e p r e s e n t a t i v e  o f  t h e  

a c t u a l  f i e l d  c o n d i t i o n s .  A c c o r d in g l y ,  v a lu e s  f o r  t h e  

s t r e n g t h  p r o p e r t i e s  o f  t h e  s o i l s  were e s t im a t e d  f rom  t h e  

s ta n d a rd  e n g i n e e r i n g  t a b l e s  (H u n t ,  1 9 8 5 ) .

The d a ta  were a l l  s t o r e d  in  a f r e e  form in p u t  f i l e  t h a t  

was executed  by STABL3. Se v era l  runs were p e r fo rm e d  t o
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p r o v id e  a s e n s i t i v i t y  a n a l y s i s .  An example run Is  

documented in APPENDIX C.

5 . 2 . 2  S e n s i t i v i t y  A n a ly s is

A s e n s i t i v i t y  a n a l y s i s  was conducted u s in g  v a lu e s  o f  

s o i l  cohes ion  ra n g in g  between z e r o  and 3000 pounds per  

square f o o t  ( p s f ) ,  and v a lu e s  f o r  th e  a n g le  o f  i n t e r n a l  

f r i c t i o n  r a n g in g  between 10 and 30 d e g re e s .  These v a lu e s  

were o b ta i n e d  from s t a n d a r d  e n g i n e e r i n g  t a b l e s  (H u n t ,  

19 8 5 ) .

F i g u r e  21 shows t h e  r e l a t i o n s h i p  between t h e  coh e s io n  

and t h e  f a c t o r  o f  s a f e t y  f o r  v a r i o u s  a n g le s  o f  i n t e r n a l  

f r i c t i o n .  The l i m i t s  o f  t h e  shaded a r e a  cover  a l l  l i k e l y  

s u b s u r fa c e  c o n d i t i o n s .  By e x a m in a t io n  o f  F i g u r e  2 1 ,  i t  i s  

a p p a r e n t  t h a t  t h e  cohes ion  a f f e c t s  t h e  f a c t o r  o f  s a f e t y  much 

more th a n  t h e  a n g le  o f  i n t e r n a l  f r i c t i o n .  As t h e  a n g le  o f  

f r i c t i o n  v a r i e s  from 10 t o  30 d e g re e s ,  t h e  f a c t o r  o f  s a f e t y  

changes o n l y  about  5 t o  7 7,, w h i l e  a change in  cohes io n  f rom  

z e r o  t o  3000 p s f  causes t h e  f a c t o r  o f  s a f e t y  t o  in c r e a s e  by  

a bout  25 7,.
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5 . 2 . 3  S e l e c t i o n  o f  C h a r a c t e r i s t i c  S o i l  Param eters

Based on t h e  s e n s i t i v i t y  a n a l y s i s  a

v a lu e  o f  14 degrees  f o r  t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  

and a cohes ion  o f  1900 p s f  were s e l e c t e d  f o r  t h e  l a n d s l i d e  

m a t e r i a l .  However two marked f a i l u r e  s u r fa c e s  were observed  

and b e l i e v e d  t o  c o n t a i n  b e n t o n i t e .  A c c o r d in g l y ,  v a lu e s  o f  

200 p s f  and 6 degrees  were s e l e c t e d  f o r  th e s e  l a y e r s .  These  

v a lu e s  were chosen from p u b l i s h e d  d a t a  on a b e n t o n i t e  zone  

in v o lv e d  in a l a n d s l i d e  in M in n e a p o l is  ( W i ls o n ,  1 9 7 4 ) .

These s o i l  p a ra m e te rs  and t h e  s p e c i f i e d  geometry  were  

used t o  g e n e r a te  t h e  t e n  most c r i t i c a l  f a i l u r e  s u r fa c e s  

u s in g  STABL3. The f i r s t  g e n e r a te d  c r i t i c a l  f a i l u r e  s u r f a c e  

c orresponds  c l o s e l y  t o  t h e  de e pe r  f a i l u r e  s u r f a c e  i d e n t i f i e d  

and mapped in  t h e  f i e l d ,  w h i l e  t h e  e i g h t h  g e n e r a te d  s u r f a c e  

corresponds  t o  t h e  s h a l l o w e r  gouge zone mapped in t h e  f i e l d .  

The f a c t o r s  o f  s a f e t y  o f  t h e  f i r s t  and t h e  e i g h t h  g e n e r a te d  

s u r f a c e s  were 0 .9 4 9  and 0 .9 9 4  r e s p e c t i v e l y .

T h is  suggested t h a t  t h e  above s p e c i f i e d  s o i l  p a ra m e te rs  

a r e  p r o b a b ly  r e p r e s e n t a t i v e  v a lu e s  o f  t h e  s u b s u r fa c e  

c o n d i t i o n s
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5 . 2 . 4  D r a in a g e  E f f e c t s  on t h e  W ater  T a b le  Geometry

I n t e r c e p t o r  d r a i n s  a r e  f r e q u e n l y  used t o  d r a f n

g r o u n d w a te r  in l a n d s l i d e  z o n e s .  They a r e  i n s t a l l e d

p e r p e n d i c u 1a r  t o  t h e  g r o u n d w a te r  f l o w  d i r e c t i o n ,  and c r e a t e  

a c o n t in u o u s  zone where g r o u n d w a te r  f lo w s  to w ard s  t h e  d r a i n  

w i t h  a r e s u l t e d  lo w e r i n g  o f  t h e  w a te r  t a b l e .  F i g u r e  2 2  

shows t h e  e f f e c t  o f  an i n t e r c e p t o r  d r a i n  in a l t e r i n g  t h e  

c o n f i g u r a t i o n  o f  t h e  g r o u n d w a te r  t a b l e .

In  o r d e r  t o  assess t h e  e f f e c t  o f  an i n t e r c e p t o r  d r a i n  on 

t h e  s t a b i l i t y  o f  t h e  l a n d s l i d e ,  a r e a s o n a b le  e s t i m a t e  o f  t h e  

u p g r a d i e n t  and t h e  d o w n g r a d ie n t  i n f l u e n c e  o f  t h e  d r a i n  was 

r e q u i r e d  . For  t h i s  p u rp o s e  G l o v e r ' s  s o l u t i o n  f o r  t h e  

g ro u n d w a te r  f l o w  to w a rd s  an open t r e n c h ,  as d e s c r i b e d  in  

McWhorter  and Sunada ( 1 9 7 4 ) , was used.

G lo v e r  d e t e r m in e d  t h a t  a v a l u e  o f  th e  drawdown a t  a

c e r t a i n  d i s t a n c e  u p g r a d i e n t  f rom  a d r a i n  f o r  a s p e c i f i e d

t  i me i s :

s = s ' { 1- e r f ( x / A ^ t ) } 

s : Drawdown a t  d i s t a n c e  x 

s ' :  Drawdown a t  t h e  t r e n c h  

x :- D i s t a n c e  u p g r a d i e n t  f ro m  t h e  t r e n c h  

t  : T i me

e r f  : E r r o r  f u n c t i o n ( McWhorter  and Sunada, 1974)
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figure 22: Effect of oraln 1nsta11at1on on the Groundwater 
,ab,e• 
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Hfs  s o l u t i o n  assumes u n steady  f lo w  in  a homogeneous, 

i s o t r o p i c  a q u i f e r  o f  i n f i n i t e  e x t e n t .  Drawdown v a lu e s  a r e  

a l s o  assumed t o  be e v eryw h ere  s m a l le r  th a n  t h e  s a t u r a t e d  

t h i c k n e s s .  A l thou gh  t h e s e  assumption o n l y  a p p r o x im a te  t h e  

e x i s t i n g  f i e l d  c o n d i t i o n s ,  t h i s  s o l u t i o n  p r o v id e s  a 

r e a s o n a b ly  good e s t i m a t e  o f  t h e  zone o f  i n f l u e n c e  o f  a 

d ra  i n .

A computer  program t o  s o lv e  G l o v e r ' s  e q u a t io n  

( H y d r o s e a r c h , 1 9 8 6 ) ,  was used t o  a n a ly z e  t h e  e f f e c t  o f  t h e

i n s t a l l a t i o n  o f  a French d r a i n  a t  t h e  W o lc o t t  l a n d s l i d e .

Data  in p u t  in c lu d e d  v a lu e s  o f  t h e  h y d r a u l i c  c o n d u c t i v i t y ,  q Q
O tr* «| r* oav e ra g e  s a t u r a t e d  t h i c k n e s s ,  d r a i n a b l e  f o r m a t i o n  p o r o s i t y , trJ jja 57T
2  q cj

and drawdown a t  t h e  d r a i n .  Values o f  drawdown up t o  an o ° ^

u p g r a d ie n t  d i s t a n c e  o f  900 f e e t ,  a t  d i f f e r e n t  t im e

Drawdown d a ta  was g e n e r a t e d  f o r  a h y d r a u l i c  c o n d u t i v i t y  

r a n g in g  from 0 . 0 0 1  t o  10 f e e t  per  day ,  a f t e r  one and two  

y e a rs  o f  t h e  i n s t a l l a t i o n  o f  th e  f r e n c h  d r a i n .  These d a ta  

a r e  summarized in T a b le  7 .  A l l  o t h e r  p a ra m e te rs  were  

assumed t o  be c o n s t a n t .  These d a ta  show how t h e  r a d iu s  o f  

i n f l u e n c e  o f  t h e  d r a i n  in c r e a s e s  w i t h  in c r e a s i n g  h y d r a u l i c  

c o n d u c t i v i t y ,  w i t h  a c o r re s p o n d in g  in c r e a s e  in t h e  

d e w a t e r in g  e f f i c i e n c y  o f  t h e  d r a i n .  As w i l l  be shown in t h e

n Cd

i n t e r v a l s ,  were  g e n e r a te d



ER-31 10 62

in
u
<0 cDOOcnocMvDcnvOfMcn
Q) COOMJMftOOrOOCMNO
* — ( \ i r^vDcr»a)CMOcMr'

>» CM OOvDCM^vD^fnCM — o
CO II «
"O P\
P
U- L

CD ocMOOmcor^ocT 'h ' f lO
— <U
ll >x moo —

'X. • • • ! » • • • • •
— r - M - o v o m —- o o - * o
II «  «

•
p

c
0 (ft■— L
P CD
(0 p 0 CMCOr^CMVOOOO
D P > > cm — r ^ i n o o o o
O’ <0
UJ » TD CM M’ O ' i C M O O O O O O O

C \ II —
(0 3 P P

o U-L. TD<1) — (-> <0 • CD n  m in r-  o  o
0 u o CD — o  cm no o  o

Q II > o  cr. r- o  o  o5 • • • » • •
( M i n o o o o o o o o

0) II —
c P

(0
3 (ft

J_
<o (D C' 00 o
p > (1) VD ^  O
CO <0 >» m 00 o
Q T3 ao m o

N CM * • •
c P II M’ O O O O O O O O O

**- P
0
"0 —

O L
<u • CO vO vD ol_ o <D r-  co o
Q II >N in — o

cr> o  o*—4 • • •
II — O O O O O O O O O

P

P
P

—
0)
O
c
to
p
<n o o o o o o o o o o•_ i n o o o o o o o o o
Q — cMm,*ini0r^oo<7' A

ve
ra

ge
 

sa
tu

ra
te

d
 

th
ic

k
n

e
s

s
: 

25
 

fe
e

t 
D

ra
in

ab
le

 
fo

rm
at

io
n

 
p

o
ro

s
it

y
: 

0
.0

2
 

Dr
aw

do
w

n 
at

 
in

te
rf

a
c

e
: 

20
 

fe
e

t



E R -3 1 10 63

ne x t  s e c t i o n ,  such a d r a i n  w i l l  s u b s t a n t i a l l y  r a i s e  t h e  

l a n d s l i d e  f a c t o r  o f  s a f e t y  f o r  a l l  t h e  p e r m e a b i 1 i t i e s  

t e s t e d .  Thus, t h e  d a t a  in T a b le  7 m e re ly  suggest  how 

e f f i c i e n t l y  such a d r a i n  is  l i k e l y  t o  o p e r a t e  under t h e  

a c tu a l  f i e l d  c o n d i t i o n s .

5 . 2 . 5  E f f e c t  o f  t h e  D e w a te r in g  on t h e  L a n d s l id e  S t a b i l i t y

The e f f e c t  o f  d e w a t e r in g  t h e  l a n d s l i d e  u s in g  t h e  French  

d r a i n  was a n a ly s e d  u s in g  STABL3. A f a c t o r  o f  s a f e t y  f o r  t h e  

s l i d e  was c a l c u l a t e d  f o r  t h e  s p e c i f i e d  w a t e r  t a b l e  

c o r re s p o n d in g  t o  each h y d r a u l i c  c o n d u c t i v i t y  ( T a b l e  8 ) .

F i g u r e  23 shows t h e  r e l a t i o n s h i p  between t h e  h y d r a u l i c  

c o n d u c t i v i t y  and t h e  f a c t o r  o f  s a f e t y  o f  t h e  l a n d s l i d e .  The 

f a c t o r  o f  s a f e t y  f o r  bo th  f a i l u r e  s u r f a c e s  in c r e a s e d  w i t h  

i n c r e a s in g  h y d r a u l i c  c o n d u c t i v i t y .  H ig h er  h y d r a u l i c  

c o n d u c t i v i t y  in c r e a s e s  t h e  r a d iu s  o f  i n f l u e n c e  o f  t h e  d r a i n ,  

th u s  i n c r e a s i n g  i t s  e f f i c i e n c y  in d e w a te r in g  t h e  l a n d s l i d e ,  

and t h i s  in  t u r n  causes an in c r e a s e  in t h e  f a c t o r  o f  s a f e t y  

o f  t h e  l a n d s l i d e .  Even w i t h  t h e  minimum v a lu e  f o r  h y d r a u l i c  

c o n d u c t i v i t y ,  t h e  f a c t o r  o f  s a f e t y  o f  bo th  f a i l u r e  s u r fa c e s  

in c r e a s e d  above 1 . 0 .  The d r a i n  is  thus  b e l i e v e d  t o  be o f  

m ajor  im po rtance  f o r  s t a b i l i z a t i o n  o f  t h e  l a n d s l i d e .
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1 .04 -

I .03

0 . 10 . 0 1

H y d r a u l i c  C o n d u c t i v i t y  ( f e e t / D a y )

F i g u r e  23 F a c t o r  o f  S a f e t y  Vs H y d r a u l i c  C o n d u c t i v i t y .
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Such a d r a i n  c o u ld  be lo c a te d  anywhere w i t h i n  t h e  lower  

p o r t i o n  o f  t h e  l a n d s l i d e  above 1 -7 0 .  The a c t u a l  l o c a t i o n  

w i l l  be c o n t r o l l e d  by t h e  e l e v a t i o n s  o f  t h e  e x i s t i n g  

1-70 c u l v e r t s ,  as d e s c r i b e d  in s e c t i o n  6 . 1 .
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6 . 0  SUGGESTED REMEDIAL MEASURES

A m a jo r  o b j e c t i v e  o f  t h i s  s tu d y  was t o  d e te r m in e  t h e  

most e f f e c t i v e  and economic method t o  s t a b i l i z e  t h e  W o lc o t t  

l a n d s l i d e .  I t  was found t h a t  v a r i o u s  f a c t o r s  c o n t r i b u t e d  t o  

t h e  i n s t a b i l i t y  a t  t h e  s i t e .  In  a d d i t i o n  t o  t h e  g e o lo g y ,  

man-made d i s t u r b a n c e s  c o n t r i b u t e d  t o  t h e  phenomena and a r e  

b e l i e v e d  t o  be t h e  m a jo r  t r i g g e r  t o  t h e  movements. The 

recommended re m e d ia l  measures a r e  t h e  f o l l o w i n g :

1) R e c o n s t r u c t i o n  o f  t h e  d r a i n a g e  sys te m ,  i n c l u d i n g :

-  E x te n s io n  o f  t h e  c u l v e r t  C - I , and

-  I n s t a l l a t i o n  o f  a new French d r a i n  above 1 -7 0 ;

2)  R ea l ignm ent  o f  t h e  i r r i g a t i o n  d i t c h ;

3 )  R eg ra d in g  t h e  t o e  and s t r a i g h t e n f n g  o f  E a g le  R i v e r  

m eander .

These re m e d ia l  measures a r e  l i s t e d  by o r d e r  o f  p r i o r i t y  

as s u gg ested  by t h e  c o s t - b e n e f i t  e v a l u a t i o n .

6 .1  R e c o n s t r u c t i o n  o f  t h e  D r a in a g e  System

An o l d  French d r a i n  was lo c a t e d  a t  t h e  s o u th e r n  edge o f  

e a s t  bound lane o f  1 - 7 0 .  T h is  d r a i n  is  conn ected  t o  c u l v e r t  

C - 1 t h a t  d i v e r t s  t h e  I n t e r c e p t e d  g r o u n d w a te r  I n t o  t h e  E a g le  

R i v e r  (See P l a t e  1 0 ) .  C u l v e r t  C - l  was o b served  t o  be d r y  

d u r i n g  and a f t e r  t h e  snowmelt  season s u g g e s t in g  t h a t  t h e  

p r e s e n t l y  lo c a t e d  s u b s u r fa c e  d r a i n  system Is  no t  f u n c t i o n i n g
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p r o p e r l y .  Ponding observed  ne a r  t h e  French d r a i n  and a t  t h e  

median o f  1 -7 0 ,  suggested t h a t  t h e  w a t e r  was r e c h a r g i n g  t o  

t h e  s l i d e  m a t e r i a l  In s te a d  o f  b e in g  p r o p e r l y  d i v e r t e d  t o  t h e  

E a g le  R i v e r .

A new French d r a i n  e x t e n d in g  be low t h e  deeper  f a i l u r e  

s u r f a c e  should  be i n s t a l l e d  t o  i n t e r c e p t  t h e  seepage moving  

th r o u g h  t h e  s l i d e  above t h e  h ighw ays .  C u l v e r t  C - 1 shou ld  

th e n  be e x ten ded  southward (u p s lo p e )  t o  p r o p e r l y  c o l l e c t  and 

d i v e r t  t h e  i n t e r c e p t e d  w a te r  (see F i g u r e  2 4 ) .  Such an 

e x t e n s i o n  must have an a d e q u a te  s lo p e  and c a p a c i t y  t o  c a r r y  

t h e  e x p e c te d  volumes. I t  must a l s o  e x te n d  f a r  enough so 

t h a t  i t  i n t e r s e c t s  t h e  deeper  f a i l u r e  s u r fa c e  ( F i g u r e  2 4 ) .  

Assuming t h e  use o f  a c l a y  t i l e  o r  c o n c r e te  p i p e  as an 

e x t e n s i o n  f o r  c u l v e r t  C - 1, a t y p i c a l  Manning c o e f f i c i e n t  o f  

t h e  p i p e  w i l l  be 0 . 0 1 5 .  To m a i n t a i n  a v e l o c i t y  o f  1 .4  f e e t  

p e r  second, and a l l o w i n g  a p i p e  c a p a c i t y  o f  2 c u b ic  f e e t  p e r  

second,  i t  was d e te rm in e d  u s in g  M a n n in g 's  e q u a t io n  t h a t  an 

18 inch  d ia m e te r  p ip e  shou ld  be i n s t a l l e d  a t  a g r a d i e n t  o f  

0 . 0 9  %. A 100 f e e t  e x t e n s i o n  is  r e q u i r e d  f o r  C - 1 t o  

i n t e r c e p t  t h e  deeper f a i l u r e  s u r f a c e .

The French d r a i n  s hou ld  be i n s t a l l e d  110 f e e t  ups lope  

f rom  t h e  e x i s t i n g  o l d  d r a i n .  I t  s h o u ld  ex tend  t o  a depth  o f  

35 f e e t  below t h e  s u r f a c e  o r  one f o o t  i n t o  t h e  less
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permeable  Dakota s a n d s to n e ,  w h ic he v er  is  l e s s .  W ith  an 

assumed Manning c o e f f i c i e n t  f o r  t h e  s l o t t e d  p i p e ,  and 

a l l o w i n g  a v e l o c i t y  o f  1 .4  f e e t  per  second and a c a p a c i t y  o f  

one c u b ic  f e e t  per  second, a 12 inch d ia m e te r  p ip e  shou ld  be 

i n s t a l l e d  a t  an 0 .1 3  % g r a d i e n t  tow ards  c u l v e r t  C - 1. T h is  

d r a i n  shou ld  ex ten d  o v e r  a le n g th  o f  325 f e e t  t o  t h e  e a s t  o f  

C - 1, w i t h  a N70W t r e n d  t o  e f f i c i e n t l y  i n t e r c e p t  t h e  major  

seepage zones lo c a te d  in t h e  a r e a  ( w h i l e  m a i n t a i n i n g  t h e

r e q u i r e d  0 .1 3  % g r a d i e n t ) ,  and 200 f e e t  west o f  c u l v e r t  c - 1

w i t h  an e a s t - w e s t  t r e n d .  I t  should be l i n e d  w i t h  s u i t a b l e  

permeable  g e o t e x t i l e  t o  p r e v e n t  i n f i l t r a t i o n  o f  f i n e s  and 

extend  i t s  l i f e  e x p e c ta n c y .  S i m i l a r  i n s t a l l a t i o n s  have been  

s u c c e s s f u l l y  used on t h e  C o lo rado  Highway 91 r e a l ig n m e n t  on 

Fremont Pass in  s i m i l a r  g e o l o g i c  c o n d i t i o n s ( . F i g u r e  25 

shows t h e  d e s ig n  o f  t h e  d r a i n  proposed a t  t h e  W o lc o t t  

lands 1 id e .

T h is  a c t i o n  w i l l  r e q u i r e  about  3000 c u b ic  yards  o f  

t r e n c h  e x c a v a t i o n  and b a c k f i l l i n g  w i t h  1500 c u b ic  y a rd s  o f  

g r a v e l  and 1500 c u b ic  y a rd s  o f  s l i d e  m a t e r i a l  t o  c lo s e  t h e  

t r e n c h .  Around 1500 c u b ic  y a rd s  o f  m a t e r i a l  must th e n  be

d isposed  o f  o f f  t h e  s i t e .  The c os t  o f  t h e  i n s t a l l a t i o n  o f

t h i s  d r a i n  t o g e t h e r  w i t h  t h e  c u l v e r t  e x t e n s i o n  is  e s t im a t e d  

t o  be ab o u t  $ 3 5 , 0 0 0 . 0 0  (G o d f r e y ,  1 9 8 4 ) .
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g r a d i e n t  = 0 . 1 3  %

perm eab 1e 
g e o t e x t  1 I e

d e p th  1s 35 f e e t  
below s u r f a c e  o r  
I f o o t  1n to  Dakota  
s a n d s to n e ,  w h ic h e v e r  
I s  l e s s

. 0  0 O '  p .

0 ;

compacted  
n a t u r a 1 s o 11

F i I t e r  m a t e r i a l

s l o t t e d  p i p e  
d i a m e t e r  *  12 Inch

F i g u r e  25 : D es ig n  o f  t h e  Proposed French D r a i n .
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6 . 2  R ea l ignm ent  o f  t h e  I r r i g a t i o n  D i t c h

The r e a l ig n m e n t  o f  t h e  i r r i g a t i o n  d i t c h  is  ne c e ss a ry  t o  

p r e v e n t  leakage  o f  i t s  w a te r  and s a t u r a t i o n  a t  t h e  l a n d s l i d e  

t o e .  About 550 f e e t  o f  t h e  e x i s t i n g  d i t c h  has had i t s  grade  

d i s t u r b e d  so t h a t  o v e r f l o w  now occurs o r  is  im m inent .  The 

new d i t c h  shou ld  be c o n s t r u c t e d  w i t h  m a t e r i a l s  t h a t  would  

p r e v e n t  seepage i n t o  t h e  l a n d s l i d e  even i f  some a d d i t i o n a l  

movements o c c u r .  Thus f l e x i b l e  m a t e r i a l  such as impermeable  

membranes o r  b e n t o n i t e  c l a y  should  be c o n s id e re d  and t h e  new 

banks should  have ade q u a te  f r e e b o a r d .

With  a u n i t  p r i c e  o f  $ 3 0 .0 0  per  f e e t ,  ( G o d f r e y ,  1 9 8 4 ) ,  

The c o s t  o f  r e a l i g n i n g  t h e  d i t c h  was e s t im a t e d  a t  around  

$ 1 6 , 5 0 0 . 0 0 .

6 . 3  Toe P r o t e c t i o n

F u r t h e r ,  e r o s io n  by t h e  Eagle  R iv e r  meander c ou ld  be 

reduced by r e g r a d i n g  t h e  h i g h l y  d i s t u r b e d  zone and by 

r i p - r a p  emplacement. I t  is  e s t im a te d  t h a t  an a r e a  o f  around  

900 square  f e e t  o f  bank r e q u i r e s  t r e a t m e n t ,  and 200 c u b ic  

y a rd s  o f  r i p - r a p  needs t o  be p la c e d .  A u n i t  p r i c e  o f  $ 21 

p e r  c u b ic  y a rd  ( G o d f r e y ,1 9 8 4 )  is  suggested as r e a s o n a b le  f o r  

r e g r a d i n g ,  s u p p ly in g  and p l a c i n g  r i p - r a p .  A c c o r d i n g l y ,  t h e  

c o s t  o f  t h i s  re m e d ia l  measure is  e s t im a te d  a t  $ 4 , 5 0 0 . 0 0 .
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S t r a i g h t e n i n g  o f  t h e  r i v e r  cpurse  a t  t h e  meander c o u ld  

h e lp  p r e v e n t  t h e  h ig h  r a t e s  o f  e r o s io n  a t  t h e  s l i d e  t o e .  

T h is  appears  t o  be f e a s i b l e  by e x c a v a t in g  th ro u g h  t h e  i n s i d e  

o f  t h e  meander which is  m o s t ly  g r a v e l  and near  t h e  r i v e r  

l e v e l .  However, w h i l e  t h i s  measure would a s s i s t  in  

i n c r e a s i n g  t h e  long t e r m  s t a b i l i t y  o f  t h e  W o lc o t t  l a n d s l i d e ,  

i t s  c o s t - e f f e c t i v e n e s s  and l o g i s t i c s  suggest  t h a t  t h e  

d r a in a g e  c o n t r o l  measures shou ld  be u n d e r ta k e n  f i r s t ,  

because movements which would damage th e  highways would  

c o n t in u e  w i t h o u t  such d r a i n a g e  improvements.
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7 . 0  CONCLUSION

The W o lc o t t  l a n d s l i d e  is  lo c a te d  near  t h e  a x i s  o f  t h e  

W o lc o t t  s y n c l i n e ,  in t h e  s i l t s t o n e s  and s h a le s  o f  t h e  Benton  

f o r m a t i o n .  The r e g i o n a l  s t r u c t u r e  tends  t o  d i r e c t  

groundwater  tow ard  th e  s l i d e ,  and a r t e s i a n  o r  near  a r t e s i a n  

c o n d i t io n s  may e x i s t  in  t h e  Dakota  sandstone u n i t s  

im m e d ia te ly  below t h e  s l i d e .

The l a n d s l i d e  is  a d i p  s lo p e  l a n d s l i d e  w i t h  two f a i l u r e  

s u r fa c e s  a t  12 and 19 f e e t  be lo w  t h e  s u r f a c e .  T r a n s l a t i o n a l  

movement o c c u rs  w i t h i n  l a y e r s  c o n t a i n i n g  b e n t o n i t e  d i p p i n g  

a t  11 d e grees  toward t h e  E a g le  R i v e r .  U n d e r c u t t in g  o f  t h e  

t o e  o f  t h e  s l i d e  by t h e  meander o f  t h e  E a g le  R i v e r ,  p r o b a b ly  

i n i t i a t e d  t h e  i n s t a b i l i t y .

Two phases o f  movement were observed d u r in g  t h e  S p r in g  

o f  1985. The f i r s t  occ u re d  in  May, and was due t o  

s a t u r a t i o n  o f  t h e  s l i d e  by r e c h a r g e  f rom  snowmelt which was 

no t  d r a in e d  by t h e  e x i s t i n g  d r a in a g e  system. The second  

phase occured  in  l a t e  May, and r e s u l t e d  from s a t u r a t i o n  o f  

t h e  t o e  a r e a  by leakage  and o v e r f l o w  o f  t h e  i r r i g a t i o n  

di  t c h .
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Thus t h e  f o l l o w i n g  measures a r e  recommended t o  in c r e a s e  

t h e  s t a b i l i t y  o f  t h e  s l i d e :

1) R e c o n s t r u c t io n  o f  t h e  d r a in a g e  system in c l u d i n g  th e  

i n s t a l l a t i o n  o f  a new French d r a i n  a round 110 f e e t  southward  

o f  e a s t  bound lane  o f  1 - 7 0 ,  and t h e  e x t e n s i o n  o f  t h e  

e x i s t i n g  c u l v e r t  C - l  below 1 -70  o v e r  a d i s t a n c e  o f  100 f e e t  

s outh w ard .  The c os t  o f  t h i s  measure was e s t im a t e d  t o  be 

around $ 3 5 , 0 0 0 . 0 0

2) R ea l ignm ent  o f  550 f e e t  o f  t h e  i r r i g a t i o n  d i t c h  a t  

a c o s t  o f  $ 1 6 , 5 0 0 . 0 0 .

3) R eg rad ing  t h e  t o e  and r i p - r a p  emplacement t o  reduce  

t h e  e r o s io n  caused by t h e  E a g le  R i v e r  meander.  T h is  

r e m e d ia l  measure was e s t i m a t e d  t o  c o s t  $ 4 , 5 0 0 . 0 0 ;  t h e

p o s s i b l e  s t r a i g h t e n i n g  a t  t h e  meander o f  Eag le  R iv e r  cou ld  

a s s i s t  in  in c r e a s i n g  t h e  long t e r m  s t a b i l i t y  o f  t h e  s l i d e

These re m e d ia l  measures a r e  l i s t e d  in  t h e i r  o r d e r  o f  

p r i o r i t y  as was un ders too d  in  t h i s  s tu d y .  However,  t h e  

r e c o n s t r u c t  ion o f  t h e  d r a in a g e  system seems t o  be t h e  most 

u r g e n t  and c o s t  e f f e c t i v e  method.  The computer a id e d  

a n a l y s i s  o f  t h e  e f f e c t s  o f  t h e  d r a i n  i n s t a l l a t i o n  on th e  

s t a b i l i t y  o f  t h e  l a n d s l i d e  showed a p r o m is in g  in c r e a s e  o f  

t h e  f a c t o r  o f  s a f e t y  t o  a v a lu e  above 1 . 0  upon d e w a t e r in g .
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O b s e r v a t io n  Wel l Logs
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MEMORANDUM
DEPARTM ENT OF HIGHWAYS  
714 Grand Ava . P O Boa 296 
Eagia. Colorado 81631-0298 
(303) 326-6385

DATE:

TO:

March 11, 1985 

DanuLt / }  P,

FROM: M: J.TmitTT

SUBJECT: Topography for drill holes.

IR 70-2(131) 
East of Wolcott

Attached is one cross section sheet and two 8 V  x 11” sheets 
with information on drill holes for project IR 70-2(131), East 
of Wolcott. If more information is needed please advise.

R. D. Sherman 
Construction Engineer

M. J. Smith 
Resident Engineer

Attachments

xc: Moston
Leonard 
Sherman 
Smith
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fclATk OF COLORADO 
DEPARTMENT-OF MlOHWAVfDivision of miowways
DON Form No 297 
Ravtaad. SaptamOar. 1*T*

Profad
location * * * " > ) *  » * ' I d f l
Structure .. 2 lJ k -
Rouf T~?» County ll.
Data Ortitod i x / \ \ / u ___________

FOUNDATION BORING LOG / o fz

um. ri« n«niagiat—I MhIIL-*---.Station--------------------------------- Boring No. *

Elav. Dapth Dascrlptlon of Matarial BPF* Remarks

o* -  ,r
£0£ TJT
♦•J" rc. V  -1—A ' >1 / '

Jlr lr*s;n % X"tc ¥  •». x
4 ttt V ■*

.r- 1.7 a* ml*** Ai/4 . • 7r.'//ft/ • /  AiV-
*N '  "SJ / nJ

&P iAV a/»M
/. x - r -0

* * *4 -sJ f
» pL }/• At A'rvi j/Zs/ra/r -

Lf ffl* * ptutffJ Jtr L/-' h-V x /r,
Z0 - 6 .T rf< ,7,U 7/ l7/ s 7 JT-f 5<_/*/(C
C-D'C.S

—j '■— -/ /
♦ <

f f

AfW ?/a«v if/jl.'vV
/7 rr>. Atllflmt. Vf U OrA**/. tft'j

«■<*
\ J -J •>/ ■*

/*/tfvfry aravr/ fit a ) / / f r /?0
T «v/v ’'•> « ̂  //. i'
\  ipr l̂ /fl -T.'f -A <» '

//.r-fCrt v
L -4 J-4 . . f /  

of*" tAr Ln/fnr^ 7r (h \ 4l̂  <Ur»*̂ 1*<v\ f?rcL. •£*- ", r
/4,0-

^  ^  j  ■■- - ■ ■ '■ —  ■
3 *-*We (2c.) Jrflt

f T y

fp- A/«crf/ir /*/*✓ f  Otllr *A r̂ *«•/”»
y
t./  ** *m» >/ U ->/

C\Zi-rt"\l+ Pr*** J* *£ H>.i iN /
AoZ P̂ vrlt ** l-T̂  :« hr le

is;o-/5-.c a$ <» ie # -

|5“.5‘-/4.2 Ir'Abue. <y?Tp<1 ?/e/f
£ 1- 17.0

j  *M** *4  ̂ ~‘*—

jL-m *) *»€1 —> wLW

...
•4 -4 1̂

— jkbs J*.{(**+' ;*^p r»L*'

!«r laval upon complation
Watar Itvol {2 * hr« )

Elav_
Elav.

Pat* y  Tima
Data. Tima.
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ST A T I OF COLOAAOO 
Or.*AATM|NT OF HIGHWAY* 
DIVISION OF HIOHWATS 
DOH Form No 267 
Raviaad. Saptamoar. 1171

location \ f i f * '  kSilsmtf 
S trvclu^LlM ______"* ^  WANT’S*! a . _  ̂.
9\t\tcivr9 _ ___ _

PT*’** County fc
Oata Odllad — A /J f .   ____! Z _

FOUNDATION BORING LOG

.Gaoiogial. E h » n . Boring No..Station.

BPF*Dapth Daacriptlon of Matarial

"i IiVl  I

 Jr t b f t  - uL'U p J

2Q£-?1.Q »&>«*) *.1-1

___________ b ~ P  »to4 /f» A*.

* Standard Panatration Taat (AASHTO T 206-74)

Watar laval upon complation
Watar laval (24 hra.)________

Elav.. Data. Tima.
Elav. Data. . Tima.
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STATE or  COLORADO 
DEPARTMENT or  HIGHWAYS 
DIVISION or  HIGHWAYS 
DOH rorm No 267 
ReviMd Soptemtw 1976

&  Walcott Slide
Structure. _ _
Wouf 1-70 .County Eagle
Oat* Drilled

Conolough
FOUNDATION BORING LOG

Top Hole Elev 7 1 0 3 . 'fceoloqist—  Station---------------------------------
inclinometer

.Boring No. 2

Elev Depth Description ot Material BPF* Remarks

'7081.7 22.0-28. 0 Siltstone, Lt. Grey
7075.2 28.5 H,0
7075.7 28.0-29. 0 Siltstone, Dk. Grey 6 black shale
7074.7 29.0-32. 0 Ss: Dirty Grey, very fine grain,

eubangular to subrounded
7071.7 32.0-42. 0 Ss: White, very fine grain, subanguJ ar

to subrounded
7061.7 42.0-43. 5 Coal
7060.2 43.5-45. 0 Ss as above
7058.7 45.0 TD

Tues
Feb.

1 9
1 9 8 5

Wed.
Feb.

20
1 9 8 5

■ Standard Penetration Test (AASHTO T 206-74)

 Elev____Water level upon completion
Water level (24 hrs.)________

Date. Time.
Elev.. Date. Time.
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STATE OF COLORADO 
DEPARTMENT of  HIGHWAYS 
DIVISION OF HIGHWAYS 
DOH Fort" NO 267 
Revised September 1976

Project____________________.___________
Location W alcott S l i d e -------------
Structura - —-------
P o u t >  1 - 7 0  C o u n t y  E a g l e  -

Data Drillad WyH 2Q . 1 QR5-

FOUNDATION BORING LOG 1 of 2 pa9e*

Top Hoia Pi>w 7104 . 1 fi«r>iogi«i D. Pitts Station-------------------------------------------------------Boring No. — U -----

Elev Depth Description of Material BPF" Remarks

7104.1 0.0-4.5 Core #1 Recovered 3'- Siltstone: Black
and Brown, badly broken. Trace yellow
clay like material on some pieces

7099.6 4.5-9.5 Core *2 Recovered 2.3'- Siltstone as
above. No yellow clay like material bu t
has .2' zone - (near top of recovery)
of Grey, dixty, grair.y clay

TKUR.
FEB.
21
1985

7094.6 9.5-14.5 Core #3 Recovered 2.5'* 1' siltstone
as above, badlv broken w/ yellow clay
like material thru out- 1.5' siltstone
as above particallv broken, no vellow
elav like material

7089.6 14.5-19. 5 Core #4 Recovered 5' .2* Clav. Dr ore V
dirty + orittv. 1' siltstone: Grev + Black, laminated

Sed Roc 
7087.4

k
16.7 1' Siltstone + clav: Grev + vellowish. intem i x e d

decomposed. 2.8' Siltstone Grev + Blac k lam inated
7084.6 19.5-24. 5 Core #5 Recovered 5' S s : White to Grev

very fine orain, sub L to sub 0 w/ 20% - blp gk
siltstone partings (PTo d  oradino to 5%-
black siltstone partinos ($> base

7079.6 24.5-29. 5 Core 16 Recovered 5' Ss as above. 5 to
* Standard Penetration Test (AASHTO T 206-74)10% black siltstone partingsthru out
Water level upon com pletion__________ Elev------------------ Date__________ Time____
Water level (24 hrs ) __________________Elev-------------------Date__________ Time.
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Pro|ect___________________________ —
Location  Malc-ott Slide
Structure - ■ — --------
Houii I  ~ 7 0  County E a o  l e
Oata Drilled W e d . F e b .  2 0 .  1 9 8 5

FOUNDATION BORING LOG 2 o£ 2 p‘ 9es

Top Hole Elev 7 1 0 4  .lGeoioqii Boring No.

RemarksBPF*Description of MaterialElev

.5 Cnr*. #7 Recovered 5* Ss as above w/
black siltstone partincs______________

5 Core #8 Recovered 5* Ss white as abov 
 Np__si Its tone partings. Massive_______

7 0 7 4 . 6  2 9 . 5 - 3 4

7 0 6 9 . 6 34.5-39

7 0 6 4 . 6 TD 3 9 . 5

’ Standard Penetration Test (AASHTO T 206-74)

STATE Of COLORAOO 
De p a r tm e n t  or HIGHWAYS 
DIVISION or  HIGHWAYS 
DOH Form No 
Revised September 1978

Water level upon completion 
Water level (24 hrs.)________

Elev--------
Elev..

Date____
 Date.

Time____
 Time.
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4TATC or coiORAOO >pnhrt. ” o lco tt Slide M o n lto rim
DEPARTMENT Of HIGHWAYS iff i l lU i ̂ M t t?f Vtl 1 THf T ____ _

Structure S lide------------------------------------
Rvvisvd September. 1S7I Routs X 30  -  . 5̂Lurn^ , ,

Date Orilled 1/29/83-27127
1 of 2

FOUNDATION BORING LOG c sMmJ 4
Inclinom eter

Top Holt Etev. 7\oC»3T P. Macklln station____________________________Boring No. 1 -

Elev. Depth Description of Material BPF* Remarks

n .n - i . n Sllfy p.lay; Mark, damp from snow
CME 75
drilled w/air

1.0-2.5
20* of 4" casing 
3 3/4” TC

chips, an fill ar-suhangular. average

2 3-9.7 -

wet (8 9.7'

5.0-6.5 Gravelly rlay (ac ahnvel 1-3-7 in

9.7-11.3

l n .n - in .n 25/0

11.3-12.5 Shale, hi ark

12.5-13.8 Siltstone/fine erain sandstone

13.8-25.2 Shale Interbedded with siltstone

15.0-15.0 25/0

25.2-36.4 Verv fine erained sandv siltstone.

36. £-38. 3 Shale; hlark 38'(pressure head

3ft. 3-£?. 0 H O  level

A2.Qr..55J3..— Sandsfnne-si_ltsf nne; very fine grained ...
* Standard Penetration Test (AASHTO T 206-74)

9.7' 1/31/85 10:00 A wet
Water level upon completion ;}§♦ Elev__________ Date l/31/8fim» 2:30P
Water level (24 hf») 7 5 .31______  Elev_________ Pate2 / 13 /85  Tim*  10 :00A

21.1 2/14/85 10:30A
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Wolcott Slide Monitoring—  
Location a *  U n lrn t-r
»*%*«., tm S l id e  ------

ssr- L " -  —

2 o f  2

FOUNDATION BORING LOG
csnvMi^
Inclinometer

Top Hot* Elav__________ Qeoiogisl P Mack 1 in - . .—Station ----------------------------------------------- Boring No 1------------

Elev. Depth Description of Material BPF* Remarks

55.0-62. S Sandy shale: very sandy, dark

ftrey to black

62.5-71.2 Sandstone; alternating coarsening

and firing layers, grey

71.2-72.5 Shale, black

72.5-82.5 Sandstone: ned.-flne grained.

dark brown to arev. auartzitic

82.5-83.0 Shale, black

83.0-85.0 Sandstone (as before)

85.0-87.7 Sandy silty shale, gradational

contact with above sandstone

87.7-100.! Sandy siltstone: tan-buff colored

30Z feldspara. 5Z black minerals

12 pyrite

100.5-101. 3 Shale, black

101.3-103. 0 Sandy siltstone

103.0-105. 5 Shale; black

105.5 T.D.

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion  Elev----------------- Pat*
Water level (24 nr« \ 25.3*_______  Elev__________Date? /31/85 Tima :00A

21.1 2/14/85 1O:30a

STATE OP COIORAOO 
'  DEPARTMENT OP HIGHWAYS 

DIVISION OP HIGHWAYS 
DOH Porm No 267 
Revised. September. 1671
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STATE of  Co lo r a d o
DEPARTMENT OF h ig h w a y s  
D iv is io n  OF h ig h w a y s
DOH Form No 267 
Rovimo S«pt«mboi 1676

Pro (act--------------------------------------
Location W i l e o t t  f i l i r i i

_  C o u n ty  I w l i
Date Dolled Tuas. Fab. 12. 198.5-

FOUNDATION BORING LOG

Top Hole Elev 7152.9 Gooloqiit f i j —Pifctfi Station---------------------------------

1 Of 1 page
c-sVA^5"

______ Boring No 4 5

Elev Depth Description of Material BPF- Remarks

7152.9 0.0-5.0 Brown soil: si plastic
7147.9 5.0-11. Brown soil: si plastic, damp
7141.9 11.0-17. 0 Brown soil w/ pieces of black shale,

damp
7135.9 17.0-22. 0 Black shale: si silty
7130.9 22.0-29. 0 Ss: white, fine grain, subangular to

subrounded, hard
7123.9 29.0-31. 0 Black shale: si silty
7121.9 31.0-35, 0 Ss as above
7117.9 35.0-53, 0 Ss as above, varies in hardness
7099.9 53.0-54. 0 Coal
7098.9 54.0-59. 0

To very fine sandstone 
H?0 Siltstone: Brown Bard

>

7093.9 59.0-61. 0 Coal
7091.9 61.0-64. 0 Sand: white, fine grain, subangular

to subrounded soft
7088.9 64.0-74. o, Stringers of Black shale, brown silt

1
f stone and some ss white

7078.9 74.0-10C
20’ 4" csg IB1 

.0 Same as above
7052.9 TD 100*

Wed.
Feb.
13

1985

Thur 
reb. 
14 

1985

* Standard Penetration Test (AASHTO T 206*74)

Water level upon completion
Water level (J e r r i  4 5 *

Elev------------------Date___________Tim e_________
Eiev.7lQ71 9 Date 2/18/85.m» 11; 00 a.m.
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STATf or COLORADO 
OC’ a n tm c n t or highw ays  
DIVISION or HIGHWAYS 
OOM rof"* No 397 
AoviMO SeotemOer 1| 7|

Location Walcott Slide 
Structure.T-7Q - Cauntv E a o la
Oata Dniied T h u r>  T m h .  2 1 .  IR SS ..

FOUNDATION BORING LOG

Top Hota Elev. 7164.Srwuogmt P> Pitts Station---------------------------------

1 of 1 page

J o n n g  No.

Elav Daptn Oaacription of Matanai BPF’ Remarks

7164.5 0.0-6.0 Siltstone: Broken, Black and Tan
7158.5 6.0-9.0 Sana aa above, damp
7155.5 9.0-12.0 Sana as above

4* cag to 15*
7152.5 12.0-17, 0 Ss: white, very fine grain, aubangular

to subrounded
7147.5 17.0-36, 0 Siltstone: Grey

7128.5 36.0 Coal, HjO
7128.5
7119.5

36.0-45 
TO 45.0

0 Sa: white

6 axa ad 75 lb. ax 
pipe to 28 1___________

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion ^  si*v 7138.5 patt? / 2 1 / 8 5 Timm 12:00 Noon
Water level (24 nrs.)________________  Elev----------------- Date__________Time_________
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•TATE OF COUDAADO 
DEPARTMENT OF HIGHWAYS

Project
In r . t .n n  WftlCOtt Slid#

DIVISION OF HIGHWAYS
DOH Form No M7  
Revised. September 1*78 Ponte I —j Le

Date Drilled ' 'ues. Jan. 29. i.985

FOUNDATION BORING LOG

Top Mol* Elev 7173* D. Pitts___ station___________________

1 of 1 page
CSH^JT- 

#7.Boring No

Elav Deptn Description of Material BPF* Remarks

7173.7 0.0-2.0 Siltstone: Black, hard
Acker w/ air ♦ 
casing advance:

7171.7 2.0-20. Siltstone: Tan and Black, hard
Wed.
Jan.
30

1985 7153.7 20.0-31. 0 Siltstone as above
Acker w/ air 
and Tri cone

Tuea.
Feb.*
5

1985
142.7 31.0-46. 0 Ss: white, medium grain, subangular

to subrounded, hard
7127.7 46.0-46. 5 Coal
7127. 46.5-49. 0 Siltstone: Tan and black, hard

Mon.
Feb.
11

1985
7124.7 49.0-55, q m m m m m

7118.7 55.0-65, 0 Ss: white, very fine grain, subanguli ir
and subrounded, soft

7108.7 65.0-70, 0 Shale: Dark grey to black
Tues. 
Feb. 
12 

1985
Abandon hole. Roy's orders

7103.7 TD 70.0

8 sxs sand 75 lbs.

* Standard Penetration Test (AASHTO T 206-74)

 Elev____Water level upon completion
Water level (24 hrs.)_______

Date. . Time.
Elev.. Date. Time.
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•TATt o r COLORADO
DEPARTMENT or HIGHWAYS 
DIVISION or MIQmwaVS 
DOH rorw No NT 
RoviMO Soptombtr I f f *

Location 'Walcott til'd*
StruCtur*.____________________*""*« 1-70 Piwuftty Regie
Data DnllaO T h u r .  F a K .  31

Conolouge
J315-

FOUNDATION BORING LOG

Top Holt Elav 7 0 8 9 ^ 0  fUoingmi P*  Station___________________

1 of 1 page
CSWO*

_____B oring No • 8

Elev Depth Description of Materia) BPP* Remarks

7089.0 0.0-4.5 Core #1 Recovered 1'* Broken Siltston< :
Black w/ Tan clay matrix
50-50+. Sod top .2' +

7084.5 4.5-9.5 Core #2 Recovered 15+
Same as above. Clay 301+ No Sod.

7079.5 9.5-14.! Core #3 Recovered 3.5'+
UeQ TRCT 
7078.0

;k
11.0 .8 Siltstone and clay as above

2' siltstone + ss laminated black, gri y
tan siltstone. Grey ss. .2' clay +

• broken siltstone .5* Ss: white
7074.5 14.5-19. 5 Core #4 Recovered 5 1

Ss: Grey w/ some black to dark grey
siltstone intermixed Bedding approx.
30*

7069.5 19.5-24. 5 Core #5 Recovered 5' Same as above
also some minor x bedding

7064.5 24.5-29. 5 Core #6 Recovered 5' Same as above
7059.5 TD 29.5

* Standard Penetration Teat (AASHTO T 206-74)

 Elev-------Water level upon completion
Water level (24 hrs.)_______

Date. Time.
Elev.. Date. Time.
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•TA TI 0 * COLORADO 
DCRARTMINT O f HIGHWAY* 
Division 0 *  highw ays  
DOh Pot** No IS?
IWviOOO Soptomoor 1 |7 |

i w a i c o t t  a n d T
•tfyct u r t-  — - 
Routt. -I-T -IO -
Data Dnllto T u a a

.County _lAsift.19. 1985..

FOUNDATION BORING LOG

TOP H o lt Eltv 7 0 7 2  ■ ̂ Uftlagm t P» PittS Station

1 of 1 page

jSoring No.

CSHvJ^
inclino

9

Elev Depth Deecnption of Material BPP- Remarks

7072.8 0.0-3.0 Fill
7069.6
7055.8

3.0-17". <
17.0-21,

Siltstone, black broken 
0 Siltstone (some H^O) Some It. grey p] astic clay

7051.8 21.0-24.
l5' 4*csg to 15' mixed in v/ the i 

0 Siltstone: bleck
ilist one

7048.8 24.0-27. 5 Core #1 Recovered 3'+ Siltstone, shale
sandy. Black + white, laminated. Sand: whit e,
very fine grain, angular. Micaceous, j *< H *-• ft Lft

. c
7045.3 27.5-32.

3.5'
5 Core 12 Recovered S' Siltstone

as above. Becoming sandier w/ depth
1.5* Ss: white, fine to very fine grai n.
subangular, hard.

7040.3 32.5-35. 5 Core #3 Recovered 3' Ss as above
7037.3 35.5-37.

20 ̂ 4"csg to 20'
5 Core #4 Recovered 2* ss as above

7035.3 37.5-40. 0 Core #5 Recovered 2* ss as above
7032.8

--
rM«•loo 5 Core 46 Recovered 2 * ss as above but

a 6" zone of coal 0+ coal like materii 1

between the sand washed away
7030.3 42.8-47. 0 Core #7 Recovered 4.5* .1* grey shale

soft 2.4' siltstone black to dk. grey
2.0' S s .  Grey: very fine grain,subangi lar

7025.8 47.0 TO w/ dirty black ss streaks thru out

Standard Penetration Test (AASHTO T 206*74)

Water level upon completion_________ Elev._______   Date__________Time____
Water level (24 hrs.)________________  Elev__________ Date__________Time.
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APPENDIX B 

RUBBER BAND EXTENSOMETER 

DATA REDUCTION
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Legend

X1-X2 :

L :

Z :

X :

L '  :

h :

h'  :

H :

v :

x :

Formulas

Rebars l a b e l s

O r i g i n a l  le n g th  o f  t h e  ru b b er  band 

Rubber band b e a r in g

Angle o f  rub b er  band w i t h  t h e  h o r i z o n t a l

New le n g th  o f  r u b b e r  band

I n i t i a l  l a t e r a l  movement

F i n a l  l a t e r a l  movement

T o ta l  l a t e r a l  movement

Hor i z o n t a 1 movement

Crack opening

L

h = L t a n  Z

to p  v i ew

2 ) L

v = L t a n  X

\
s id e  v iew
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2)  S1-S2

a .  L a t e r a l  d isp la c em e n t

h « 2 . 2 3  t a n  6  = 0 . 2 3 4 '  = 2 . 8 1 ” 

h '  = 2 . 2 5  t a n  3 = 0 . 1 1 7 '  = 1 . 4 1 ”

H = h + h' *  1.41 + 2 .81  = 4 . 2 2 ”

b.  V e r t i c a l  d is p la c e m e n t

v = 2 . 2 5  t a n  4 = 0 . 1 5 7 '  = 1 . 8 8 ”

a
#/
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3)  T1 -T2

a .  L a t e r a l  d isp la c em e n t

h = 3 .5  ta n  4 = 0 . 2 4 4 '  = 2 . 9 3 ” 

h '=  3 . 6  ta n  9 = 0 . 5 7 0 '  = 6 .8 4 2  

H = h + h' = 6 .8 4 2  + 2 .9 3  = 9 . 7 7 ”

V

b.  V e r t i c a l  d is p la c e m e n t

v = 3 . 6  ta n  7 = 0 . 4 2 2 '  = 5 . 3 0 ”

v
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4) K l - K 2

a .  L a t e r a l  d isp la c em e n t

No l a t e r a l  d is p la c e m e n t  observed .  

Crack opening o f  1 .8  Inches .

b. V e r t i c a l  d is p la c e m e n t

v = 4 . 4 5  t a n  6 = 0 . 4 6 7 ' =  5 . 6 1 ”

5) N1-N2

No movement was o b se rv ed  a lo n g  t h i s  c r a c k .
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APPENDIX C 

STABL3 Computer Program 

Input  and O u tput  Example F i l e s
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PROFIL 
run 1
21 17
0. 25. 175. 105. 1 
175. 10*. 240. 105. 1 
240. 105. 25*. 115. 1 
255. 115. 320. 12C. 1 
320. 120. 375. 135. 1 
375. 135. 420. 135. 1 
420. 135. 445. 140. 1 
445 . 140 . 490. 140. 1 
490. 140. 5J5. 15 C. 1 
505. 150. 530. 155. 1 530. 155. 560. 15C. 1 
560. IPO. 707. 195. 1 
7 0 7 .  195. 765. 215. 1 
765. 215. 900. 230. 1 
900. 230. 595. 250. 1 
995 . 250 . 1170 . 275 . 1

1
62 . 52. 1275. 268 . 1 
40. 43. 1275. 265. 2 
35. 40. 1275. 262. 1 
33IL *>
160. 169. 1900. 14. 0. C 
116. 12 4. *00 • 6. 0. 0. 
WATEP 
1 0.

5*60. 50.
75. 60.
320. 120.
375. 130.
405. 135.
535. 155.
705. 175.
770. 195.
545. 2C5.
955. 210.
1275. 27C.
LIMITS
25. 35. 1275. 260.
BLOCK 
10 2 1.61 . 46 . 80. 49. 1 .
975 . 203 . 1200 . 243 . 1 .
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• • SAFETY FACTORS ARE CALCULATED BY THE MODIFIED JANBU METHOC • 

FAILUPE SURFACE SPECIFIED BY 56 COORDINATE POINTS

POINT
NO.

10

n
13
14

I*17
V20

23

P5s
29
30
12
l \35
36
5 7
39
40
41
42
43
44
45
46
47 
43 
49 
5 0
5253
54
55
56 
5 
5

X-SURF
(FT)
63.50 
63 .86 64.82 
65.55 
66 .35 
67.35
I I  :Y I
69.52
70.46
J } * 377j.ll 
7 J .90 

152 .OC

Y-SUPF
(FT)

52.66 52.63 
1153.32 
1154.03 
1154.70 1155.39 
1156.09 
1156 .47

H1157.34
\ m i
1159.41
1160.08
1160.18
116C.52
1161.251161.49Hls.iS
1163.13
1163.64
1164.54
1164.78
' ‘ .9 3.65.38 
1165.99
H66.7 0 

66.73 116 7.42 
1166.10 
1163.57 
1168.59 
1169 .24
1170.01 
1170.44 
1171.04W i - M
1172.65 
1173.26
1173.66

I54.0:
53
52.70
ll'M51.24
50.53
49.95
49.59
ll-M
47 .84 

239 .66
240.63
241.63 
242 .40

* 1°243.94
244.57 
245 .26 
245 .21

i w245.72 249 .63 
250.42 
251.26 
252 .00
}S:W254.67
255 .64
256 .35 257.30
258 .08 
258.78
259 .49 
260.46
261 .44
262 .36
263 .15 263 .S‘ 
264. S< 
265.53 
266 .31
267.19 
268 .19 
268 .95
269.95 270.66
271 .56
272 .36
Hi:?
274.85 
275 .64 
276.04

9  •  * 0 . 9 9 4  * * *
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FAILURE SURFACE SPECIFIED BY 59 COORDINATE POINTS

POINT
NO.

4
5
6

I
910

H13
14
t i17
13

X-SURF
(FT)

34
3536
37 
3339
40
41
42
43
44
45
46
47 
43 
49 
* 051
52
53
5455
56
57
58
59

64.64
65.41
66.17

H 8 i i
6b .61

h : h72.22 
72 .93

. 3 6  
1102.16 
1102 .27
m i : U1102 .69 1104.22
im ;1105.39 
1106 .00 
1106.62  
1107.33 
1107.69

lili-i1109.33
1103.94

1110.95
Hh'M
1112 .69
1113 .46 
1114.13 
1114.54 
1115.15
1115 .79 
1116.43 
1116.58 1117 .13 
1117 .71
m  :lt
U l b  .72
1116 .d?
m m
1 1 2 0  .5 *  
IliC .87
m i l l

Y-SURF 
(FT)
53.77 
53 .67 
57.15 
52.44 
51.90 
51 .15

49.57
46 .8645.58 
48.23 
45 .18
47 .4?

333:33
83:33
234.30
235.18 
235 .90 
236.74
1 1 1 :1 1
239.51 
240 .28 
241.07 
241.78 
242 .71 
2 43 .71
244.49 
245.26
246.19 
246.99 247.93 
248.92 
249.77
250.49 
251.21 
252 .04 
252 .85 
253.61
254.52
255 .32
256 .09 
256.85
257 .84 
258.64 
259 .49
m : l i262 .21 
263 .20
Itl'M265.68 
266 .61 
267.51 
268.13

*  *  * 1 .032 * * *
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FAILUP.E SOFFACE SPECIFIED BY 59 COORDINATE POINTS

POINT
NO.

\1

2 435
36
37
3839
40
41
42
43
44
4546
47
4849
50
51 
5 *
5354
55
56
57
58
59

X-SUFF
(FT)

li:SI63.93 64.64 65 .41

67 .90 68.61

7 1 . 2 ;

m \110S.94 1101 .56 1102.16

1102.991103.69

1104.93
1105.38

IS !:? ?
1107.33

\ mlioe.98 
110? .33
1 5 : *

1110.42
1111.95
1111.64
1112.33 
1112 .89

1114.54
1115.15

1116.58
1117.16
l i t t l t t
1118 .50 
1116 .721115:2
1119.92 112C .52
m -M
1121.92

Y-SUFF
(FT)
5J .77 
5$ .67 
53.15 
52.44 
51 .80
U'M50.27
t k t t
46.58 
49.23 48 .18

230 .75 
231.54 
232 .33

235 .18 
535 .9C
m i t
238 .61 
539 .51

241.78
242.71
244.49 
245.26 
246 .19
3 3 4 :1 !
248.92
249.77
250.49 
251.21
252 .04 
252.85
253 .61
254 .52
255 .32 
256.09 *56 .85 257 .84 
259 .64 
25^.49 
260.24 
261.23 
262 . 21  
!63.?0 
64 .1264 .86
65 .68
iSHlu / • v i  
68 .13

* * * 1 . 1 6 6  * » *
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* • SAFETY FACTORS AFE CALCULATED BY THE MODIFIED JANBU ME?HOC • 

FAILUPF SURFACE SPECIFIED BY 58 COORDINATE POINTS

POINT
NO.

Q

13
i t
16
17
it
11
i l
It
f t

*!30
31
1134
35 
263738
39
40
41
42
43
44
46
47
48
49
sc-
s i
52
53
54
55
5?58

X-SURF
(FT)
63.5013:85
65.55 
66 .3« 
67.35 
66.08 
68.79 
69.52 
~C.4£ 1.37

90

1 1 5 ;
115:

•6 8 
.32

1155.39
1156 .09
Uliiti
1157.77
1157 .84
l i lS : 3 81159.41 
1160.08
m : 8
1161.25
1161.49 
1162.291162.49 
1163.13 
1163.84 
1164.54
1164.78
1164.96 
1165.38
Htt-rt
1166.73
1167.42 
1168.10
1168.571168.59
1169.241169-.30 
117 C .01 
1170.44

1171.96
X U i1173.26 
1173.66

Y-SURF
(FT)
54.03 
52 .67 
53.39 
52 .70 
52 .14 
51.93 
51.24 
50.53 
49.85 
49.5Q 
49.13 
46.45 
47 .84 

23° . 8 8  
^40 .63 
41.63 
42 .40 
!43.10 
43.84 

244.57
245 .28
& 6 :2 i
247.7*
246 .7*
249.63 
250.42 
251.26 
252 .00
« 1 : W254 .67
255.64 
256.35
257 .30
258 .08 
258 .76 
259.49 
260.46261 .44
262 .36
263 .86 264.96
265 .58 
265.31 
267.19
266 .19 
268 .95 
26Q .95
270 .66
271 .56

3.29 
74.11 
f7 4 .65 75 .64 
76.04

* * * 1.127 *  » *
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