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ABSTRACT

The Wolcott landslide is located along 1-70, two miles
southeast of Wolcott and 15 miles west of Vail along
Interstate-70. For the 1last few years, this active
landslide has been causing severe damage to both
Interstate-70 and the U.S5.6 frontage road. The costs of
maintaining both highways have greatly increased, and the
possible blockage of these routes appears more likely.
Accordingly, a study of the engineering characteristics of
the faijlure was initiated to determine the most appropriate

means of stabilization.

The landslide is located on the long slope of Bellyache
Ridge, above where a meander of the Eagle River is cutting
into the slope. It occurs 1in the interbedded shales,
siltstones and sandstones of the lower Benton formation. The
slide occurs near the axis of the Wolcott syncline were

artesian or near artesian conditions prevail.

The slide was defined by delineating its geometry and
mapping its topography using plane table mapping techniques.
The potentiometric surface was located by measuring water
levels 1in eight observation wells and by locating seeps and

iid



ER-3110

standing water bodies. Surface movements were monitored by
the installation of a series of survey points. These were
measured with differential levelling, transit traverses, and
other surveying techniques. Subsurface correlations were
done using borehole logs, core samples obtained at the site,
and deflection measurements in the inclinometers and

piezometer tubes.

Correlations of the geologic, hydrologic and movement
data suggest that the Wolcott landslide 1s a dip slope
landslide with two shallow failure surfaces along which the
movement 1is translational at an angle of 11 degrees. The
upper failure surface is 12 feet deep while the lower is 19

feet below the surface.

The STABL3 computer program was used to evaluate the
stability of the Wolcott landslide. The generated failure
surfaces correspond closely to those mapped in the field.
With maximum observed groundwater saturation, a factor of
safety of 0.994 was calculated for the shallower failure

surface and 0.949 for the deeper.

The effects of the installation of an intercebtor drain
at the slide was analysed using Glover’s solution for flow

iv
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towards an open trench. Water tables corresponding to
different hydraulic conductivity wvalues were determined
using a computer program to solve Glover’s equation. The
resulting drained profiles were analysed using STABL3. The
corresponding factor of safety for all the permeability
ranges are above 1.0, indicating that an appropriate drain
will probably dewater the slide efficiently. A French drain
located at a sufficient distance above 1-70 to allow for
interception of water moving through the full depth of the
slide and drainage into existing culverts under [1-70 is
therefore recommended as the primary remedial measure. Other
remedial measures include realignment of the irrigation
ditch to stop its current overflowing and saturation of the
landslide toe area, and protection and regrading of the

Eagle River bank in the toe area.

The cost of the installation of the new drainage system
was estimated at around $ 35,000.00. The realignment of the
irrigation ditch could be done at a price of $ 16,500.00.
The regrading' of the highly disturbed zone, the supply and

emplacement of the rip-rap costs $ 4,500.00.
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1.0 INTRODUCTION

For the last few years the Wolcott landslide has been of
major concern to the Colorado Division of Highways. This
active landslide is located on the south side of the Eagle
Valley, two miles southeast of the town of Wolcott, or 115
miles west of Denver and 15 miles west of Vail along
Interstate-70, (Figure 1). The landslide is located on the
long slope of Bellyache Ridge, above where a meander of the
Eagle River is cutting into the slope. Figure 2 shows an
aerial photograph of the slide area. Movements have
affected both lanes of Interstate-70 and the U.S5.6 frontage
road, repeatedly causing severe tilting and cracking for
both highways, and requiring constant maintenance to keep
them both safe and usable. An irrigation ditch located

between the highways and the river has also been affected.

During the winter of 1984-85, Mr. Robert K. Barrett of
the Colorado Division of Highways began a drilling program
on the Wolcott landslide and two other landslides-one along
Interstate-70 near Vail, and the other along U.S5.24 south of
the town of Minturn. The Colorado Division of Highways
contracted with the Colorado School of Mines for Dr. A.
K. Turner and graduate students in Geological Engineering

to conduct water level and movement monitoring programs at
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Figure 2 : Aerial Photograph Over the Site.
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each slide over the next year. This report describes the
engineering characteristics of the Wolcott landslide based
on the field investigations and the data analysis completed

during the year 1985-1986.

1.1 Objectives

This study was part of a larger project commissioned by
the Colorado Division of Highways to monitor three
landslides in the Vail area. All monitoring work was
conducted under the supervision of Dr. A. Keith Turner.
This study has the following seven objectives:

1) Determination of the physical characteristics
of the landslide using plane table survey
techniques;

2) Investigation of the local geologic conditions
affecting the landslide;

3) Documentation of hydrogeologic conditions;

4) Documentation of mass movement characteristics;

5) Analysis of geologic, hydrologic and movement
data;

6) Performance of slope stability analysis using
the STABL3 computer program; and

7) Recommendation of appropriate, cost effective,
remedial measures to reduce the damage caused

to the highways.
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1.2 Methods of Study

The Wolcott landslide was defined by delineating its
geometry, mapping its topography and potentiometric surface,
and by determining the location of the failure surface or

surfaces.

A plane table map at a scatle of 1 inch = 50 feet and a
contour interval of 10 feet was completed in May, 1985, by
the author and Mr. John Post of the Colorado Division of
Highways. It defined the topography of the landslide, and
was used as a base map to locate all slide features and

monitoring data.

The potentiometric surface was located by measuring
water levels in eight observation wells and by locating
seeps, springs and standing water bodies. Observations were
made on a monthly basis from February to the end of May,
1985. Readings were then taken three times a week during

the month of May.

Surface movements were monitored by the installation of
a series of survey points. These were measured with
differential levelling, transit traverses, and other survey
techniques, including direct measurements across movement

zones in the slide. Data on pavement deformation and crack
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elongation along Interstate-70 and U.S.6 were also collected
on a8 regular weekily basis during the month of May 1985, when

the movements were believed to be at their highest rate.

Data on subsurface movements were obtained by the
examination of cores from two drilled observation wells, and
by the inclinometer measurements taken by highway personnel
on a regular monthly basis from April to June 1985. Two
gouge zones in the core samples were readily identified as
two failure surfaces. These failure surfaces were also
evident in the data analysis of two inclinometers (CSMW4 and
CSMW9) located in the slide area. A third inclinometer
(CSMWZ2 ) was drilled outside the slide area and so gave no

useful data.

The data analysis included three main phases:

1) Data evaluation, including the correlation of
topography, geology, hydrology and movements
observed on the landslide;

2) Stability analysis of the landslide using the
STABL3 computer program; and

3) Evaluation of the possible remedial measures to
stabilize the slide.

These phases are discussed later in this report.
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1.3 Physiography

The Wolcott area is structurally low and surrounded by
the Gore and Park ranges towards the east and the northeast,
the Sawatch range to the south, and the White River Plateau
to the west. Figure 3 shows the general topography at the

immediate landslide area.

The Eagle River is the main drainage feature 1in the
area. It flows west through the Eagle Valley and joins
the Colorado River near Dotsero. The terrain on either
side of the Eagle Valley 1is mountainous and many
tributaries to Eagle River drain the area. The toe of the
Wolcott landslide 1is being undercut by a high to moderate
energy meander of Eagle River. From this low point the
slide rises around 250 feet towards the south over a
distance of 1400 feet making an average topographic slope of
11 degrees. The 1landslide is characterized by elongated
hummocks with a predominant east-west trend, parallel to the
topographic contours, and perpendicular to the direction of
movement. Plate | shows the topography of the immediate

slide area.
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Figure 3

Topography at the Immediate Landslide Area.
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1.4 Previous Work

The first report dealing with the engineering
characteristics of the geologic formations along I-70 in
Eagle County was published by the Colorado School of Mines
(Johnstone, 1965). Many other reports pertaining to the
construction of 1-70 in Eagle County and specifically in the
Vail Pass area were submitted to the Colorado Division of
Highways. The latest report by Mears, dealt with mudflows,

rockfalls and landslides in the vVail area, (Mears, 1985).

A tremendous amount of work is available concerning the
stability analysis of landslides. Terzaghi studied the
properties of soils and their applications in engineering
practice (Terzaghi, 1967). Deer and Patton (1971) and Hough
(1969) contributed to slope stability evaluations and
control. The Highway (and subsequeniy Transportation)
Research Board has published a series of reports concerning
treatment of landslides (Shuster and Krizek, 1978). A
report on computer aided analysis of slope failures was
published by the School of Civil Engineering at Purdue

University, (Carpenter, et al., 1985).
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2.0 GEOLOGIC ENVIRONMENT

The first detailed geologic mapping in the area was done
in 1952 (Wanek, 1952). Prior to that date, Hayden (1881),
George (1913) and Lovering (1935) all mapped the area in
reconnaissance, but no direct reference to the immediate
Wolcott area appears in their publications. Wanek (1952),
studied the geology and structures in the area of concern
and produced a detailed geologic map. Charles Robinson and
Associates (1972), mapped the area as part of the

requirements for the Eagle-Piney project, Colorado.

The geologic setting of the landslide was critically
evaluated during this investigation; an existing 1:24000
scale geologic map by Wanek (1952) and aerial photos were
used to guide the field mapping. Detailed geclogic field
work was completed by the author during the month of August
1985. The bedding attitudes and stratigraphy were checked
and corrected to accurately relocate the axis of the Wolcott
syncline, the main structural feature 1in the area. The

resulting updated geclogic map is shown in Figure 4.

The structurally Jlow Wolcott area is surrounded by
areas of high relief. These include the Gore and Park

ranges towards the east and northeast, the Sawatch range to
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the south and the White River Plateau to the west. While
Precambrian rocks crop out in each of these uplifts, a great

thickness of tilted rocks is preserved in the Wolcott area.

Sedimentary rocks examined and mapped in the field range
in age from the Upper Triassic Shinarump formation to the
Upper Cretaceous Niobrara formation. Figure 5 is a

generalized stratigraphic section of the study area.

The Shinarump, Chinle, Entrada and Morrison formations,
and the lower part of the Dakota formation which resulted
from continental deposition, consist mainly of sandstones
and shales. Whereas the younger Benton, Niobrara and Pierre
formations are predominantly shales of marine origih (Wanek,
1952). Breaks in sedimentation are marked by erosional
unconformities at the base of the Shinarump, the Entrada and

the Dakota formations.

The lower sections of Bellyache Ridge are wunderlain by
the Benton formation while the upper sections are underlain
by the Dakota sandstone. The contact between the two
formations is covered and could not be precisely located in
the field (see figure 4). The landslide occurs in the
interbedded sandstones, siltstones and shales of the Benton

formation. It is located near the axis of the Wolcott
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syncline, the main structural feature in the area.

The Wolcott syncline plunges towards the north with its
axis passing near the distinctive meander of Eagle River
that faces the toe of the landslide. Dips on the western
limb of the Wolcott syncline range from 8 to 25 degrees
northeastward, while beds on the eastern 1imb rise gradually
away from the synclinal axis until they steepen very
abruptly to nearly vertical attitudes at the east of the map’
area. Figure 6 is a structural cross section across 1line

A-A’ indicated on the geologic map (Figure 4).

The possibility exists that artesian or near artesian
conditions prevail at the Wolcott landslide as a consequence
of the regional flow regime controlled by the Wolcott
syncline in the area. The recharge probably occurs at the
outcrops in the eastern hills where the beds are almost
vertical in attitude. Elsewhere, recharge will occur where
aquifers outcrop below the alluvium of small ephemeral
streams. Ground water flow in the area is belfeved to be
directed from the south, west and east towards the synclinal

axis and diverted northward toward the Eagle River.



ER-3110

ELEVATION (v.n)
>

@
o
o]
o
|

7500~

Scale: 115278

LANDSLIDE

EAGLE‘

15

7000 — Jm Kd
e
% R,-'Fm
: Structural Cross-Section along Line A-A’ Shown

Figure 6

on Figure 4.



ER-3110 16

3.0 FIELD INVESTIGATIONS AT THE WOLCOTT LANDSLIDE

The monitoring activities at the Wolcott 1landslide
started early in January 1985, when the highway department
drilled for eight observation wells including three
inclinometers at the site. Surveying and monitoring at the
site continued until August 1985, with intensive work
concentrated over a six week period between May and early
June 1985, when the movements were expected to be at their

highest rate.

The field investigations are described under the
following four categories:
1) Observation wells and inclinometer
installation;
2) Plane table mapping;
3) Hydrologic observations; and

4) Movement monitoring.

3.1 Observation Wells and Inclinometer Installation

In the fall of 1984, and at the end of November, the
Colorado Division of Highways installed five observation
wells identified as CSMW3, CSMW5, CSMW6, CSMW7 and CSMW8;
Three inclinometers, CSMW2, CSMW4 and CSMW9 were also

instalied. These holes were located and drilled prior to
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the involvment of any CSM personnel. Field reconaissance at
the landslide determined that observation well CSMW5, and
fncl inometers CSMWZ2 and CSMW4 were located outside the slide
area. All the holes were logged, but by several different
personnel, some from Colorado School of Mines and some from
the Colorado Division of Highways. These logs are recorded

in Appendix A.

The five observation wells were drilled using a 4 inch
rotary bit with compressed air used to flush the cuttings.
The wells were cased with a half inch inside diameter steel
pipe, backfilled with sand and capped with bentonite. Core
samples were taken from hole CSMW3 (19.3 feet, total depth)
and from CSMW9 (14 feet, total depth). These cores were
used to interpret subsurface conditions. For some reason,
records on the perforated sections of the well casings were

not kept.

The inclinometer borings, CSMWZ2, CSMW4 and CSMW9 were
also drilled using a 4 inch rotary bit and compressed air.
They were cased with Sinco three inch PVC inclinometer

pipe and backfilled with sand and bentonite.
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3.2 Plane Table Mapping

Plane table mapping of the Wolcott Jlandslide was
undertaken during the month of May, 1985 by the author and
Mr. John Post of the Colorado Division of Highways, to
produce an original map of the slide at 8 scale of | inch =
50 feet and a 10 feet contour interval. Scarps defining the
surficial boundaries of the slide mass were delineated in

the field and plotted on the map.

This map was further used as a base map to indicate
various features associated with the landslide that were
observed and monitored in the field. The plane table map of

the landslide will be referred to as Plate 1.

3.3 Hydrologic Observations

The hydrologic observations at the tandslide included
the monitoring of both the surface and the subsurface
hydrology. The subsurface hydrology was evaluated using the
eight observation wells labeled (CSMW2-CSMW9). These are

shown on Plate 1I.
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3.3.1 Water Level Measurements

Potentiometric measurements were taken on a monthly
basis from wells CSMW2 through CSMW9 starting in February
until early June, 1985. Three measurements a week were

taken through the month of May, 1985.

Water level measurements were taken wusing a Slope
Indicator Co. water level indicator, model # 51453, a
wireline device that gives an audio signal when the water
level is reached in the observation well. Levels were taken
with a tape measure to the nearest eighth of an inch to the
top of the well casing pipe and then converted to a ground
level datum. Water level data from the observation wells
are summarized in Table 1, the water level versus time plots

for each well are shown on Plate 2.

3.3.2 Potentiometric Surface

A potentiometric surface map was constructed based on
the data obtained on May 10, 1985, when the most complete
and representative potentiometric information was collected.

This surface is shown on Plate 3.

The details of ground water flow 1in the Wolcott
landslide are not entirely unambiguous from the available

data. However, as one would expect, local flow is generally
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to the north-northeast, directed basically towards the Eagle
River. The potentiometric surface was observed to be deeper
towards the west of the landslide where the water level was
recorded at a depth of 40-45 feet on average at CSMWS. It
gradually becomes shallower towards the east, where near
artesian conditions prevail. The water level was recorded
at an average depth of 20 feet near the head of the slide.
The potentiometric surface gradually becomes shallower
towards the toe. The potentiometric level below I[I-70, as
recorded from CSMW8, was at 8 feet below ground surface.
Plate 4 shows the relationship of the water table to the

failure surfaces of the slide.

The ground water flow within the slide mass |is
essentially part of & larger regional groundwater flow
regime shown in Figure 7. The area is characterized by a
series of low transmitting capacity aquifers (Lobhman, 1979)
that are confined by very Jlow permeability beds of
siltstone, mudstone and/or shale. The main aquifer in the

area is the Entrada formation.

The regional ground water flow appears to be directed
toward the Wolcott syncline axis. Groundwater, coupled with
seepage and infiltration of Jlarge volumes of water from

precipitation through the heavily broken siltstone.
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composing the surface over much of Bellyache Ridge uphill
from the slide, caused a marked rise in the potentiometric
surface during April and early May. The net result is a
high Jlevel of saturation through the landslide material

which undoubtably contributed to its instability.

Except during this peak infiltration period, the
observed potentiometric surface in the wells corresponds to
the upper part of the Dakota formation which consists mainly

of white, clean, well sorted sandstone.

3.3.3 Surface Hydrology

During the spring melt period, two drainages were
observed flowing at or near the slide. The flow 1in both
channels ceased early in May, when all the snow in the
hillside had melted. The location of both of these channels

is shown in Plate 1.

One drainage Flowedvnorthward west of, and outside the
slide mass, and was diverted through a system of culverts
below Interstate-70 into the Eagle River. A second drainage
flowed along the western scarp of the landslide. This water
disappeared into the slide mass near CSMW3, providing a
constant flow of water into the slide material, and

presumably contributing to its saturation. The infiltration
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rate into the slide was estimated at around 18 gallons per
minute but could not be quantified accurately due to the

difficulty in controlling the water discharge.

Table 2 shows the rainfall and snowfall data from
September 1984 to May 1985 obtained from NOAA climatological
records. These data are for the town of Eagle, the closest
available station to the study area. A plot of this data is
shown in Figure 8. The increase in precipitation during the
months of April and May, 1985, correlated with the increase
in the piezometric water levels at that time, suggesting
that rainfall and snowmelt contributed to the recharge in
the slide. This is probably due to the heavily fractured
and broken character of the siltstone forming the surface of
the slide. This probably facilitates water percolation into
the slide material rather than allowing it to flow across
the surface and via local drainages directly into Eagle
River.

Snowmelt seems to contribute more to the recharge than
rainfall. The melt water is constrained from flowing away
by the snowpack and percolates directly into the slide
material. Thus there is a constant source of water to the

slide material during the spring thaw.
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Precipitation Data,

Table 2

25

1984-1985, NOAA Climatological Records.

Date Rainfall(in.) Snowfall(in.)
Sept. 1984 1.54 0
Oct. 1984 1.46 0
Nov. 1984 0.26 0.23
Dec. 1984 0.84 0.42
Jan. 1985 0.36 4.9
Feb. 1985 0.39 5.5
Mar. 1985 3.52 19.0
Apr. 1985 1.81 7.1
May. 1985 0.81 0.4!
" |
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Figure 8 : Precipitation Data, Year 1984-1985.
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3.3.4 Seepage and Ponding at the Surface

Seepage was observed at several locations early in May.
The largest seepage was observed near CSMW4 adjacent to the
eastern scarp of the landslide. Other seepages were
observed on the scarp face above the Eagle River meander at
the toe of the landslide. The discharge at the seep near
CSMW4 was measured by averaging the times required to fill a
known volume of a container. These flow rates at different
dates are shown in Table 3 and Figure 9. The flow rate
decreased dramatically by the middlie of May as most of the
snow had melted from the hillside. Flow completly ceased by

the beginning of August.

Standing water was observed at different locations early
in the month of May. Ponds were observed along the southern
edge of I1-70 near the seepage area at CS5MW4 and in the 1-70
median. These ponds were probably associated with the
malfunctioning of the French drain installed between CSMW4
and culvert C-1( see Plate 1). In fact, water seeping out
of the slide material was not carried by the French drain to
culvert C-1; rather, culvert C-1 remained dry and the
seepage was recharged into the slide material, locally

raising the potentiometric surface.
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Table 3

Discharge Rates at the seep near CSMW4.

Date Flow Rate(gpm)
May 4 18
May 15 15
May 20 3
May 22 1.6
June 6 1
July 3 0
4
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Figure 9 : Flow Rates versus Time near Inclinometer CSMWA4.
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Ponding was also observed near the toe of the landslide.
This pond started in May 9, 1985 because the irrigation
ditch passing above the toe was distorted due to the
sl ide movement and began leaking water. This water
recharged locally and probably triggered the renewed
movement near the toe of the slide that migrated up to
Interstate-70 by the end of May. This later movement cycle
is believed to be the result of the ditch ponding, since the
overall movement of the landslide had stopped by that time.
The pond disappeared by May 22, 1985 when the water level in
the ditch was lowered by highway department personnel and
the ditch fixed temporarily. The pond and seep locations

are shown in Figure 10.

3.4 Movement Monitoring

S1ide movements were quantified as follows:

1) Subsurface movements evaluated by inclinometer
data;

2) Monitoring and mapping of pavement cracks along
Interstate 70 and U.S.6;

3) A simple extensometer system, using heavy
rubber bands, installed across the major
landslide scarp;

4) Measurements of survey points located on the

sliding material; and
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Figure 10 : Pond and Seep Areas at the Slide Mass.
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5) Direct measurements across active cracks and

scarps

3.4.1 Subsurface Movements

The subsurface movements were evaluated using the data
from inclinometers CSMW2, CSMW4 and CSMW9 provided by the
Division of Highways. The inclinometer readings were
adjusted by a computer program that reduced the raw data.
It uses the greatest depth reached by the probe as the
stable bottom of the hole, regardless of whether or not the
casing 1is sheared. It then compares these data with the
original readings. If the casing is sheared, it adds the
last known displacement at the shear depth to the data taken
after the shearing had occured. Total displacement is the
distance the inclinometer casing has moved from its original

position based on original readings taken on April 18, 1985.

Inclinometer CSMW4 sheared off just below the ground
surface on May 24, 1985. The probe could not get below 10
feet into inclinometer CSMW9 on May 24, 1985. Complete data
were taken from inclinometer CSMW2 from April to June 1985.
A plot of these data 1is shown in Figure 11. However,
‘inclinometer CSMW2 gave no useful data because it is located

outside the slide mass.
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The inclinometer data only suggested that the sliding
occurs along a shallow faflure surface. However, an
accurate location of the failure surface using these data
was impossible. Additional data on the location of the
failure surface were taken from the observation wells
although they were not designed as inclinometers. These
wells would bend or break at shearing =zones. Accordingly,
a"Dead-man", shown in Figure 12, was lowered down these
holes to locate such bends. The results obtained are
summarized in Table 4, and were used to locate the shallower
failure surface. The deeper failure surface was identified
in the field at nearby bedrocks outcrops, and by observation

of the subsurface cores.

3.4.2 Definition of the Failure Surfaces

Well logs of the eight bore holes were examined and
correlated to identify the subsurface lithologies of the
sliding material. Core samples obtained from two drill
holes in the slide mass were also used for this purpose.
Examination of the subsurface lithologies allowed the
identification of two gouge zones that were correlated with
the failure surfaces identified by the inclinometer and the

dead-man data.

One failure surface is at an average depth of 12 feet,
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1 foot

The Dead-man Probe.

Figure 12
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Table 4

Deadman Data, May 21, 1985.

Borehole number Depth reached by the Dead-Man
CSMwWe No bending observed

CSMW3 12°35"

CSMW4 6°51"

CSMW5S No bending observed

CSMwWe Bent out of shape

CSMW? 17°25"

CSMWB No bending observed

CSMWS 16°85"

Table 4 : Deadman Data, May 21, 1985.
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another deeper one was identified at 19 feet. The failure
surfaces are believed to involve bentonite layers that

characterize the Benton formation.

3.4.3 Mapping and Monitoring of Pavement Cracks

The failure surfaces of the landslide caused major
scarps and cracks where they intersected the surface. Those
cracks observed along I-70 and U.5.6 were mapped and their
evolution with time was monitored. First mapping of these
cracks started on May 2, 1985 and their monitoring continued
until the end of May on a weekly basis. Plates 5 and 6 show

the evolution of the cracks through the month of May.

Monitoring of the cracks 1inciuded mapping and direct
measurements across major scarps. Measurements across pin
points located on opposite sides of the cracks along the
highways were taken. Data from the major crack along U.S.6,
at the western margin of the slide (Figure 20), are
summarized in Table 5. Differential leveling was used to

evaluate the vertical offsets of the cracks.

3.4.4 The Rubber Band Extensometer System

The rubber band system was designed by the author in an
attempt to evaluate the horizontral, vertical and lateral

directions and amount of movements at various Jlocations
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Table 5

Movement Data from an Opening Crack along U.S.6.

Date Hor izontal Verticél
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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along the major scarps of the landslide. The steps followed
to install a rubber band system across & major scarp are

described below:

1) Two vertical rebars were installed vertically
each on one side of the crack.

2) A horizontal rubber band was connected between
the two rebars and stretched to a maximum.
Horizontality was checked using a brunton.
Measurements of the initial bearing length of
the rubber band were taken.

3) Length, bearing of the rubber band and its angle
with the horizontal were then taken at weekly
basis.

Figure 14 shows the Rubber Band Extensometer system.
The data gathered was reduced and recorded in Table 6, it
gives values of lateral, horizontal and vertical offsets
across the major scarps of the slide. Plate 7 shows the
amounts and directions of the recorded movements. The
location of the four sets of extensometers is shown in Plate

8. The data reduction is documented in APPENDIX B.

3.4.5 Surveying of Selected Points

Three stake 1lines, A, B, and C, were installed across

the sliding mass, these are shown in Plate 8. These lines
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Figure

13

HORIZONTAL RUBBER BAND

The Rubber

Band Extensometer.
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were set by sighting a transit on a specified distant object
and installing stakes and nails along the 1lines of sight.
Movement along these lines was measured by resighting the
lines and recording the offset distances from the points.
Unfortunately, the measurements taken as described above did
not give any significant new data, probably because these
stake 1lines were installed late in May after most of the
movement had occured. This system may, however, be used for

further survey work on the Wolcott landslide when needed.
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4.0 DATA INTERPRETATION

The data interpretation involved the following three
steps:

1) Correlation of geologic, hydrologic and movement
data;

2) Analysis of the mechanical behavior of the
landslide;and

3) Computerized slope stability analysis of the
landslide using STABL3 computer program.

(Lovell, et at., 1985).

4.1 Data correlation

TwO gouge zones were observed 1in the cores recovered
from CSMW3 and CSMW9, (Figure 14). As discussed later,
these apparently correlate with two clay rich zones which
are respectively located at 8 and 18 feet above the base of
the Benton formation when observed in an outcrop at half a
mile to the west of the slide. They also occur at depths
averaging 12 feet and 20 feet in the landslide. When the
"deadman'" probe was used in the piezometers, it indicated
shearing at an average depth of 14 feet,(Figure 15), this
appears to correlate with the shallower gouge zonhe

identified in the cores.
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Figure 14 : Core Samples Obtained at the Site.
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The contact between the Benton and the Dakota formation
is exposed {In an outcrop located half a mile towards the
west of the landslide along 1-70, (Figure 16). The rocks
exposed in this outcrop correspond to the sliding material.
This outcrop shows two clay layers above the contact between
the Benton and the Dakota formation at elevations which
closely correspond to those observed in the core samples.
The wupper clay layer was therefore correlated with the
shal lower gouge zone observed in the cores and made evident
by the "deadman" probe. The second layer was correlated

with the deeper gouge zone that was observed in the cores.

Bentonite is suspected to be in each of these clay
layers because they occur in the lower section of the Benton
formation that is characterized by numerous thin layers of
bentonites (Wanek, 1952). However, attempts to prove its
presence by X-Ray diffraction were unsuccessful because the
samples were stored by the Colorado Division of Highways in
a fashion which allowed drying. It was thus impossible to

prepare the samples according to the required procedures.

Bentonite layers act as failure surfaces because
they are rich in montmorillonite, a clay mineral with high
swelling potential (Hunt, 1985). The montmorillonite

structure is characterized by two Al-Mg silicate layers with
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a negative charge that s balanced by the positive charge of
the cations located in between the silicate layers. Upon
water intake between the silicate layers, the cohesive
forces decrease dramatically and cause a considerable
decrease of the bentonite shear strength (Veder, 1981).
Accordingly, these suspected bentonite layers would
readily allow the overlying siltstone beds to slip along the
bedding planes which dip at around 11 degrees towards Eagle
River. Failure was probably initiated by the undercutting
of the toe of the landslide caused by the Eagle River

meander.

4.2 Mechanical Behavior of the Landslide

The rates of movement of the landslide correlate with
the local rises in the water table (Figure 17). Movement is
initiated once a threshold in the ground water level is
reached. This threshold appears to occur when the water
table rises to about 12 feet below the surface. Even after
the water level drops below this threshold, loss of the soil
strength and internal structural changes allow the slide to

continue to fail.

The Wolcott landsiide is a dip slope landslide with two
shallow failure surfaces along which the movement is

translational. Field reconnaissance at the site, and the
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observation of the subsurface cores, suggest that the
landslide has two basic parts. Two major scarps were
fdentified in the field. Observations of the subsurface,
exposed in the cores, fidentified two gouge =zones that
correlate to the failure surfaces identified in the field,
with the inner scarp corresponding to failure along the
shallower layer. This suggests that one slide occurs within
the other. Plate 9 is a detailed north-south cross section

of the slide.

The western part of the slide shows movements which have
a considerable vertical component, while the eastern part of
the slide moves more or less laterally downslope. The
movement towards the west of the slide has a larger vertical

component while to the east it is more strictly horizontal.

Near the eastern edge of the slide, total lateral
movement of 2 inches was measured along a major crack on
I-70 by May 15. This was not associated with any vertical
movement (see Figure 18). A lateral displacement of 2
inches was observed along a crack on U.S5.6 toward the
western edge of the slide. This was associated with a
vertical offset of 2.4 inches (see figure 19). Movements
were noticed to be progressively larger towards Eagle River,

especially towards the west. Accordingly damage to U.S.6
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Figure

18

Primarily Horizontal Movement on a Crack

along

Interstate-70 on the Eastern Margin of

the Lands 1ide.
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Figure 19 : Combined Vertical and Horizontal Movements on a

Crack along Highway U.S.6 at the Western Margin

of the Slide.
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was especially severe.

4.2.1 Phases of Movement

The failure at the Wolcott landslide consists of two
phases, (see Figure 20):

1) Phase I: late in April-May 25, 1985

2) Phase Il: May 15-May 30, 1985

The initial phase is associated with saturation of the
slide material and made worse by a poor drainage system.
The lower failure surface, 19 feet deep, is believed to be
always saturated. During the spring thaw, water
infiltration increases and the potentiometric surface rises
to saturate the upper surface at a depth of about 12 feet ,
which then acts as another failure surface. Movement then
occurs and affects both 1-70 and U.5.6 distorting and

cracking the pavements. This phase ended by May 25, 1985.

In the middle of May 1985, leakage from an irrigation
ditch saturated the toe of the slide. The lower portions of
the slide were reactivated, initiating a second phase of
retrogressive failure that migrated back up the slide. This
caused further cracking of U.5.6 and the west bound lane of

Interstate-70 by the end of May (see Plates 5 and 6).
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Phase I

Phase]I

Figure 20 : Phases of Movement.
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5.0 COMPUTER ANALYSIS OF THE LANDSLIDE STABILITY

Computers are now considered as an important too! in
slope stability analysis because of the large number of
variables and calculations involved. One of the
state-of-the-art programs written for s lope stability
analysis was developed over the last ten years at Purdue
University (Lovell, et al., 1985). A series of updated
versions were issued periodically. All are called STABL
with numbers to indicate the version. The STABL3 version of
this program was used in the analysis of the Wolcott

landslide.

5.1 Description of STABL3 Computer Program

STABL is written in Fortran 1V source language for the
general solution of slope stability problems using a
two-dimensional limiting equilibrium method. The
calculation of the factor of safety against instability of a
slope is performed by the method of slices. The particular
methods employed 1in STABL3 are the simplified Janbu method
and the modified Bishop method of slices. The Bishop method
is applicable to circular shaped failure surfaces, while the
Janbu method is applicable to failure surfaces of general
shape. Surfaces of circular shape, of sliding block

character and of irregular shape can be generated.
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STABL3 features unique randomization techniques for the
generation of potential failure surfaces. Up to hundred
trial failure surfaces are generated in a given analysis and
the factors of safety for the ten most critical surfaces are
calculated. The means for defining and analyzing a

specified trial failure surface are also provided.

The slope stability analysis of the Wolcott landslide
was performed using the Simplified Janbu Method of Slices
for irregular failure surfaces. A critical failure surface
searching method using a random technique for generating

sliding block surfaces was specified, (Siegel, 1975b).

5.2 Analysis Procedure.

The steps in the computer analysis of the landslide

involved:

1) Identification of the appropriate values for the
mode 1 ;

2) Sensitivity analysis;

3) Selection of the characteristic values for cohesion
and angle of internal friction for the slide
materials;

4) Analysis of the effects of drainage on the water
table geometry using Glover’s solution; and

5) Analysis of the effect of such dewatering on the
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landslide stability.

5.2.1 Data Input File Preparation

A model for the geometry of the landsl ide was
established in order to prepare a data input file for the
STABL3 computer program. The ground surface and the
existing piezometric surface were defined and the boundaries
between the differing soil types were also specified. The
block parameters required by the BLOCK routine to generate
the active and passive portions of the failure surfaces were

also determined.

The engineering properties of the soils were not known
and could not be determined in the laboratory because of the
inapropriate condition of the avaitlable samples. A high
amount of variability of these parameters was anticipated
due to clay materials locally present in the sliding mass.
Thus, any values obtained from the laboratory testing of
small samples would probably not be representative of the
actual field conditions. Accordingly, values for the
strength properties of the soils were estimated from the

standard engineering tables (Hunt, 1985).

The data were all stored in a free form input file that

was executed by STABL3. Several runs were performed to
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provide & sensitivity analysis. An example run is

documented fn APPENDIX C.

5.2.2 Sensitivity Analysis

A sensitivity analysis was conducted using values of
soil cohesion ranging between zero and 3000 pounds per
square foot (psf), and values for the angle of internal
friction ranging between 10 and 30 degrees. These values
were obtained from standard engineering tables (Hunt,

1985).

Figure 21 shows the relationship between the cohesion
and the factor of safety for various angles of internal
friction. The limits of the shaded area cover all likely
subsurface conditions. By examination of Figure 21, it is
apparent that the cohesion affects the factor of safety much
more than the angle of internal friction. As the angle of
friction varies from 10 to 30 degrees, the factor of safety
changes only about 5 to 7 %, while a change in cohesion from
zero to 3000 psf causes the factor of safety to increase by

about 25 %.
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5.2.3 Selection of Characteristic Soil Parameters

Based on the sensftivity analysis a
value of 14 degrees for the angle of internal friction
and a cohesion of 1900 psf were selected for the landslide
material. However two marked failure surfaces were observed
and believed to contain bentonite. Accordingly, values of
200 psf and 6 degrees were selected for these layers. These
values were chosen from published data on a bentonite zone

involved in a landslide in Minneapolis (Wilson, 1974).

These soil parameters and the specified geometry were
used to generate the ten most critical failure surfaces
using STABL3. The first generated critical failure surface
corresponds closely to the deeper failure surface identified
and mapped in the field, while the eighth generated surface
corresponds to the shallower gouge zone mapped in the field.
The factors of safety of the first and the eighth generated

surfaces were 0.949 and 0.994 respectively.

This suggested that the above specified soil parameters
are probably representative values of the subsurface

conditions
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5.2.4 Drainage Effects on the Water Table Geometry

Interceptor drains are frequenly used to drain
groundwater in landslide zones. They are installed
perpendicular to the groundwater flow direction, and create
a continuous zone where groundwater flows towards the drain
with a8 resulted lowering of the water table. Figure 22
shows the effect of an interceptor drain in altering the

configuration of the groundwater table.

In order to assess the effect of an interceptor drain on
the stability of the landslide, a reasonable estimate of the
upgradient and the downgradient influence of the drain was
required . For this purpose Glover’s solution for the
groundwater flow towards an open trench, as described in

McWhorter and Sunada (1974) ,was used.

Glover determined that a value of the drawdown at a
certain distance upgradient from a drain for a specified
time is:

s=s’{l-erf (xfA%t)}

s : Drawdown at distance x
: Drawdown at the trench
x : Distance upgradient from the trench
t : Time

erf : Error function(McWhorter and Sunada, 1974)
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Figure 22 : Effect of Drain Installation on the Groundwater

Table.
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His solution assumes unsteady flow {in a homogeneous,
isotropic aquifer of infinite extent. Drawdown values are
also assumed to be everywhere smaller than the saturated
thickness. Although these assumption only approximate the
existing field conditions, this solution provides a

reasonably good estimate of the zone of influence of a

drain.

A computer program to solve Glover’s equation
(Hydrosearch, 1986), was used to analyze the effect of the
installation of a French drain at the Wolcott landslide.
Data input included values of the hydraulic conductivity,
average saturated thickness, drainable formation porosity,
and drawdown at the drain. Values of drawdown up to an
upgradient distance of 900 feet, at different time

intervals, were generated.

Drawdown data was generated for a hydraulic condutivity
ranging from 0.001 to 10 feet per day, after one and two
years of the installation of the french drain. These data
are summarized in Table 7. All other parameters were
assumed to be constant. These data show how the radius of
influence of the drain increases with increasing hydraulic
conductivity, with a corresponding increase in the

dewatering efficiency of the drain. As will be shown in the
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next sectfon, such a8 drain will substantially raise the
landslide factor of safety for all the permeabilities
tested. Thus, the data in Table 7 merely suggest how
efficiently such a drain is Jlikely to operate under the

actual field conditions.

5.2.5 Effect of the Dewatering on the Landslide Stability

The effect of dewatering the landslide using the French
drain was analysed using STABL3. A factor of safety for the
slide was calculated for +the specified water table

corresponding to each hydraulic conductivity (Table 8) .

Figure 23 shows the relationship between the hydraulic
conductivity and the factor of safety of the landsltide. The
factor of safety for both failure surfaces increased with
increasing hydraulic conductivity. Higher hydraulic
conductivity increases the radius of influence of the drain,
thus increésing its efficiency in dewatering the landslide,
and this in turn causes an increase in the factor of safety
of the landslide. Even with the minimum value for hydraulic
conductivity, the factor of safety of both failure surfaces
increased above 1.0. The drain is thus believed to be of

major importance for stabilization of the landslide.
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Such a8 drain could be located anywhere within the lower
portion of the landslide above 1-70. The actual location
will be controlled by the elevations of the existing

I-70 culverts, as described in section 6.1.
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6.0 SUGGESTED REMEDIAL MEASURES

A major obJjective of this study was to determine the
most effective and economic method to stabilize the Wolcott
landslide. It was found that various factors contributed to
the instability at the site. In addition to the geology,
man-made disturbances contributed to the phenomena and are
believed to be the major trigger to the movements. The
recommended remedial measures are the following:
1} Reconstruction of the drainage system, fncltuding:
- Extension of the culvert C-1, and
- Installation of a new French drain above [-70;

2) Realignment of the irrigation ditch;

3) Regrading the toe and straightening of Eagle River
meander .

These remedial measures are listed by order of priority

as suggested by the cost-benefit evaluation.

6.1 Reconstruction of the Drajnage System

An old French drain was located at the southern edge of
east bound lane of 1-70. This drain is connected to culvert
C-1 that diverts the intercepted groundwater finto the Eagle
River (See Plate 10). Culvert C-1 was observed to be dry
during and after the snowmelt season suggesting that the

presently located subsurface drain system is not functioning
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properly. Ponding observed near the French drafin and at the
median of [-70, suggested that the water was recharging to
the slide material instead of being properly diverted to the

Eagtle River.

A new French drain extending below the deeper failure
surface should be installed to intercept the seepage moving
through the sltide above the highways. Culvert C-1 should
then be extended southward (upsiope) to properly collect and
divert the intercepted water (see Figure 24). Such an
extension must have an adequate slope and capacity to carry
the expected volumes. It must also extend far enough so
that it intersects the deeper failure surface (Figure 24).
Assuming the use of a clay tile or concrete pipe as an
extension for culvert C-1, a typical Manning coefficient of
the pipe will be 0.015. To maintain a velocity of 1.4 feet
per second, and allowing a pipe capacity of 2 cubic feet per
second, it was determined using Manning’s equation that an
18 1inch diameter pipe should be installed at a gradient of
0.09 2. A 100 feet extension is required for C-1 to

intercept the deeper failure surface.

The French drain should be installed 110 feet upslope
from the existing old drain. It should extend to a depth of

35 feet below the surface or one foot into the less



69

ER-3110

"walsAg asbeujeuq pPasodouy mapn 4L : pZ 9unby 4

UO | SU3IX3 JULDALIND MaN

S
Wb —55;::_.r[-.nuuwm..:--tzh‘ i1 (o

'1

0L-1 193

0L-1 ‘

Ujiedp youad4 MaN

- 317v3S s



ER-3110 70

permeable Dakota sandstone, whichever 1is less. With an
assumed Manning coefficient for the slotted pipe, and
allowing a velocity of 1.4 feet per second and a capacity of
one cubic feet per second, a 12 inch diameter pipe should be
installed at an 0.13 % gradient towards culvert C-1. This
drain should extend over a length of 325 feet to the east of
C-1, with a N70W trend to efficiently intercept the major
seepage zones located in the area (while maintaining the
required 0.13 % gradient), and 200 feet west of culvert c-1
with an east-west trend. It should be lined with suitable
permeable geotextile to prevent infiltration of fines and
extend its life expectancy. Similar installations have been
successfully used on the Colorado Highway 9! realignment on
Fremont Pass in similar geologic conditions( . Figure 25
shows the design of +the drain proposed at the Wolcott

landslide.

This action will require about 3000 cubic yards of
trench excavation and backfilling with 1500 cubic yards of
gravel and 1500 cubic yards of slide material to close the
trench. Around 1500 cubic yards of material must then be
disposed of off the site. The cost of the installation of
this drain together with the culvert extension is estimated

to be about $ 35,000.00 (Godfrey, 1984).
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6.2 Realignment of the Irrigation Ditch

The realignment of the irrigation ditch is necessary to
prevent leakage of its water and saturation at the landslide
toe. About 550 feet of the existing ditch has had its grade
disturbed so that overflow now occurs or is imminent. The
new ditch should be constructed with materials that would
prevent seepage into the landslide even if some additional
movements occur. Thus flexible material such as impermeable
membranes or bentonite clay should be considered and the new

banks should have adequate freeboard.

With a unit price of $ 30.00 per feet, (Godfrey, 1984),

The cost of realigning the ditch was estimated at around

$ 16,500.00.

6.3 Toe Protection

Further, erosion by the Eagle River meander could be
reduced by regrading the highly disturbed zone and by
rip~-rap emplacement. It is estimated that an area of around
900 square feet of bank requires treatment, and 200 cubic
yvards of rip-rap needs to be placed. A unit price of $ 21
per cubic yard (Godfrey,1984) is suggested as reasonable for
regrading, supplying and placing rip-rap. Accordingly, the

cost of this remedial measure is estimated at $ 4,500.00.
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Straightening of the river course at the meander could
help prevent the high rates of erosion at the slide toe.
This appears to be feasible by excavating through the inside
of the meander which s mostly gravel and near the river
level. However, while this measure would assist in
increasing the long term stability of the Wolcott landslide,
its cost-effectiveness and logistics suggest that the
drainage control measures should be undertaken first,
because movements which would damage the highways would

continue without such drainage improvements.
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7.0 CONCLUSION

The Wolcott landslide is located near the axis of the
Wolcott syncline, in the siltstones and shales of the Benton
formation. The regional structure tends to direct
groundwater toward the slide, and artesian or near artesian
conditions may exist in the Dakota sandstone units

immediately below the slide.

The landslide is a dip slope landslide with two failure
surfaces at 12 and 19 feet below the surface. Translational
movement occurs within layers containing bentonite dipping
at 11 degrees toward the Eagle River. Undercutting of the
toe of the slide by the meander of the Eagle River, probably

initiated the instability.

Two phases of movement were observed during the Spring
of 1985. The first occured in May, and was due to
saturation of the slide by recharge from snowmelt which was
not drained by the existing drainage system. The second
phase occured in late May, and resulted from saturation of
the toe area by leakage and overflow of the irrigation

ditch.
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Thus the following measures are recommended to increase
the stability of the slide:

1) Reconstruction of the drafnage system including the
installation of a new French drain around 110 feet southward
of east bound 1lane of [-70, and the extension of the
existing culvert C-1 below I-70 over a distance of 100 feet
southward. The cost of this measure was estimated to be
around $ 35,000.00

2) Realignment of 550 feet of the irrigation ditch at
a cost of $ 16,500.00.

3) Regrading the toe and rip-rap emplacement to reduce
the erosion caused by the Eagle River meander. This
remedial measure was estimated to cost $ 4,500.00; the
possible straightening at the meander of Eagle River could

assist in increasing the long term stability of the slide

These remedial measures are listed 1in their order of
priority as was understood 1in this study. However, the
reconstruction of the drainage system seems to be the most
urgent and cost effective method. The computer aided
analysis of the effects of the drain installation on the
stability of +the landslide showed a promising increase of

the factor of safety to a value above 1.0 upon dewatering.
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MEMORANDUM

DEPARTMENT OF HIGHWAYS
714 Grand Ave . PO Boz 298
Eagle. Colorado 81631-0298

(303) 328-6385

DATE: March 11, 1985

TO: *R—Berrett ]:). ZZ 7L7LT

IR 70-2(131)
East of Wolcott

FROM: M3 Smith 19& 7% (7‘ /_—

SUBJECT: Topography for drill holes.

Attached is one cross section sheet and two 8%" 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



ER-3110

$1ATE OF COLORADO.

DEPARTMENT OF HIGHWAYS

DIVISIOP, OF HIGHWAYS
DOM Form No. 207
Ravised. Septembder, 1978

82

, Project wolett Clide.

oy ow

Structure

" wocation 2— ak20" 2:i
v __SL.d1

Route T -2 _____County E- ale

Date Dritted —_13/13/ 8

'FOUNDATION BORING LOG

o gop

lcfz

s’

gMcLensirh
Top Hole Elev. G gist M kha _Station Boring No. Rl |
Elev. Depth Description of Material BPF* Remarks
ong ¥S
—.¢ | sty e(ﬂ_,_az.-.c_".!.-m, < die ap(st 5" rC. ../‘./)J_\;
— Lo 1#0 re ' 0", ".
Ak “02” | . faiuq_ -
e 1o i A, tled 4/ alv.
i 1y 5D | v L. NI . ot roy jl(s/rar -
7 . ~
Lo Hfle -1«‘:1 e o GQWJ b Lo e g ,-ln
rd ‘ -
S0-4.c | ac olave iy ?24\ N2/ 52 >4 se-ple feerdl
) ~ J 4 G /
Cp-£. 8 | o5 alow
L2-f7 | dR 33.5 slfstore.  boed sfess deitlive
j'..('t-. "qu ({';’/d Y 2% 2 sa)
£1-p.0 | o Jn.ll[u‘. ele yey em-(l ol r(lr Lin r(n
y J y ...,.,h- tus
10.60 & (’lé\wv omve! /rh oeolw(ﬁ) n/;r/:o 33 ’j ) Yo,
[l,;.u,‘_n &E‘j’ °,.,| sié( ""l(zg")',.! !I'HE Q’og(e'ga, q\&.’iku'l-‘ e o»Q/‘ .
e | necgle (20 off f dillsto fovet 4 o))
'L LY ,l [1 L f‘h .L\'-g
o~ — 3 p
Cvisy! uh! Pmm wades 49»«‘-5 o o I F
Lr\—_‘_& pa ey o A’[G
150-15.€ ko ve. ]
15.5-16.2 Jf.-t clee < dule
s’ -
=120 il L, sl
dl-med qiey o> o fbly by
NN J
L 1.2-t4.2 19 wl  swte $c— - S 0[45 -:&- ‘WJ elacs-
* S' «ndard Penetration Test (AASHTO T 206-74) - v
* -tar level upon completi Elev Date Timee———
waler lavel (24 hrs.) Elev Date Time.




ER-3110

83
STATE OF COLORADO " Project _We Lklb Sﬁu-\(
L GARTMEN M A (173
DIVISION OF HIGHWATS ;m’:;w -
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STATE OF COLORADO Project
DEFARTMENT OF HIGHWAYS Location __halcott S1ide

DIVISION OF HIGHWAYS Structure

DO Form No 267 Royte__1-70 County _Eagle

Revised September 1978

Date Dnited
Conolough
FOUNDATION BORING LOG
inclinometer
Top Hole Elev. 1103, Teologist_ D+ Pitts  sunon Boring No. — 2
Elev. Depth Description of Materal BPF° Remarks

“Tues. -

Feb. |7081.7; 22.0-2840 Siltstone, Lt. Grey
19

1985 ]7075.2| 28.5 H,0

7075.7| 28.0-2940 Siltstone, Dk. Grey & black shale

7074.7| 29.0-32{0 Ss: Dirty Grey, very fine grain,

subangular to subrounded

Wed.
F:b. 7071.7| 32.0-42J0 Ss: White, very fine grain, subangular

1985 to subrounded

7061.7| 42.0-4345 Coal

7060.2| 43.5-45J0 Ss as above

7058.7{ 45.0 TD

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion Elev Date. Time.
Water level (28 hrs. ) Elev Date. Time
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STATE OF COLORADO

DEPARTMENT OF MIGHWAYS

DIVISION OF HIGHWAYS
DOM Form No 287
Revised. September 1978

Top Hole Elev. 1104.1 Geologist_D. Pitts  stetion

85

Project

Locston __Walcott Slide

Structure

Route__I1=70 _ County _Eagle
ed.Feb.20, 1985 _

Date Drilled _W

FOUNDATION BORING LOG 1 of 2 pages

BoringNo. . #3

CSHW3

Elev Depth

Description of Material

BPF"

Remarks

7104.1/0.0-4.5

Core #l Recovered 3'% Siltstone: Black

and Brown, badly broken. Trace vellow

clay like material on some pieces

7099.614.5-9.5

. et A
Core 32 Kecovered 2.5'~ Siltstone as

above. No yeilow clay like material but

has .2' zone ¥ (near top of recovery)

of Grey, dirty, grairy clay

TRUR.
FEB. [1094.6(9.5-14.5

Core $3 Recovered 2,5'1' 1' siltstone

21
1985

as above, badly broken w/ vellow clay

like material thru out. 1.5' siltstone!

as_above partically brcken, no vellow

clay like material

7069.6 114.5~13.

M

-

Core ¥4 Recovered 5' .2' Clay, Dr g;gv

dirty + gritty. 1' siltstone: Grey + Bliack,

laminated

bed Rogk
7087.4(16.7

l' siltstone + clay: Grev + vellowish, intekmixed

cecomposed. 2.8' Siltstone Grey + Black lam

7084.6(19.5-24.

Core #5 Reccvered 5' Ss: White to Grey]

inated

very fine grain, sub L to sub C w/ 2g§§_g;§pk

siltstone partings @ Top grading to S%t

black siltstone partings @ base

7079.6{24.5-29.

Core #6 Recovered 5' Ss bove, 5 to

* Standard Penetration Test (AASHTO T 206-74) 10%

thru out

Water leve! upon compietion Elev Date. Time

Water level (24 hrs.)

Elev Date Time.

black siltstone partings
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STATE Of COLORADO Project
DEPARTMENT OF HIGHWAYS Location Walcaott Slide
DIVISION OF MIGMWAYS Structure

DOM form No 267

v R (—I—lQ———
Revised Septemder 1978 D::‘o.onllcd Wed. ng 50 Yoge

FOUNDATION BORING LOG ¢ °f 2 pages

wsnW3
Top Mole Elev 2104 . 1Geologist_R. Pitts  Station BoringNo. _#3___
Elev Depth Description of Material 8PF* Remarks

2074.6/ 2°,5-3445 Core #7 Recovered 5' Ss as above w/
black siltstone partipcs

7069.61 34.5-3945 Core #8 Recovered 5' Ss white as above
No silis: ings. M .

70€4.6/ TD 39.51

5 sxs. sand 75 1lb. sxs.

* Standard Penetration Test (AASHTO T 206-74)

Water leve! upon completion Elev Date. Time
Water level (28 hrs.) o Elev Date Time.
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“
STATE OF COLORADO

» DEPARTMENT OF MIGHWAYS

87

P l:_'m.t_il}_d:mm_
&iddn Ueet _of Wolcott

* DIVISION OF MIGHWAYS
DOM Form No 287 Structure Slide
Rovaed. Sapiemoe:. 107 TSR VT T V5LY) C—
Oate Orilied -
1of 2
N RING LOG
FOUNDATION BO csMwW
Inclinometer
Top Hole Elev. 2\2€: 5 Geologist_P. Macklin _ Ststion BoringNo. —_1
Elev. Depth Description of Material 8PF° Remarks
CME 75
0.0-1.0 1 Silry clay: black, damp from snow drilled w/gir
20' of 4" casing
1.0-2.5 1 Clayey gravel: gravel 502, siltstone 3.3/4" IC
chips, angular-subangular, average
dismeter 1" clay: Black, sticky
dm
2.5-9.7 Gravelly clay: hlack, decreasing N
anount _of gravel with depth
clay as ahave: wet @ 9.7° wet @ 9,.7°'
5.0-6.5 _Gravelly clay (as ahave) 1=3-7 10
9.72-11.13 Siltstane, dark grey
10.0-10.0! (as ahave) refusal 25/0 25/0
11,.3-12.5. Shale hlack
12.5-13.8! Siltsrone/fige grain sandstone
12,825.2! Shale interbedded with siltstone
and very fine grain sandstopes
15.0-15.0! (As ahove) refusal 25/Q | 25/0
25.2-36.41 Very fine grained sandy siltstope,
white, chalky powder
36.4-3R.3] Shale: hlack minxmm
38.342.0! Sandstone; orange: much water HZO level
42.0-55.01 Sandstone-siltstone: very fine grained
* Standard Penetration Test (AASHTO T 206-74)
9.7' 1/31/85 10:00 A wvet
Water ievel upon completion 38" Elev Date__1/31/8fime_2:30P
Water ievel (24 hrs)___25.3' Elev Date2/13/85 1; 10:00A
21.1 2/14/85 10:30A
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STATE OF COLORADO Project W
DEPARTMENT OF MIGHWAYS Location __Eaat of Noleate
DIVISION OF HIGHWAYS Structure __Slide
DOM Form No 287 County
Revised. Septembder. 1970 Date Drited 1729/85-2712/85
2 of 2
FOUNDATION BORING LOG
cenWy
‘ Inclinometer
Top Hole Elev. Geologist_P_Macklin—.Station BoringNo. __}
Elev. Oepth Description of Material BPF° Remarks
55.0-62.5| Sandy shale; very sandy, dark
_grey to black
62.5-71.2| Sandstone; alternating coarsening
and firing layers, grey
71.2-72.5] Shale, black
72.5-82.5| Sandstone; med.-fine grained,
dark brown to grev, quartzitic
82.5-83.0| Shale, black )
83.0-85.0] Sandstone (as before)
85.0-87.7] Sandy silty shale, gradational

87.7-100.9

1Z pyrite

contact with above sandstcne

Sandy siltstone; tan-buff colored
302 feldspara, 51 black minerals

100.5-101.3 Shale, black

10]1.3-103.0 Sandy siltstone

103.0-10545 Shale; black

105.5 T.D.

* Standard Penetration Test (AASHTO T 206-74)

Water level upon compietion ; 38’ Elev

Water level (24 hrs.) 25.3 Elev

Date

21.1

1/31/89;me___2:30P
Dat /85 Time 0:00A
7714785 10:30A
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8TATE OF COLORADO Project
DEPARTMENT o(;uwscswA's Locstion w——————
DIVISION OF Hi Structure
2?:-:: 'go:;m’:;. 1978 Route__1=70  County _EGGlE
Dste Drilec Tues. Fab, 12, 19858
FOUNDATION BORING LOG 1 of 1 page
CSHWE
Top Hole Elev. 2152.9 Geologist—R. PIELS _ Station Boring No. _#5
Elev Depth Description of Materia! BPF* Remarks
7152.9/0.0-5.0 Brown soil: sl plastic
7147.9 5.0-11.c Brown soil: sl] plastic, damp
7141.9/11.0-1740 Brown soil w/ pieces of black shale,
damp
7135.9{17.0-2240 Black shale: sl silty
7130.9{ 22.0-294{0 Ss: white, fine grain, subangular to
subrounded, hard
7123.9| 29.0-31J0 Black shale: sl silty
7121.9{ 31.0-35/0 Ss as above
:eb 7117.9( 35.0-53J0 Ss as above, varies in hardness
1
1955 7099.9/53.0-54J0 Coal _
To very fine sandstone
7098.9( 54.0-59J0/H-0 Siltstone: Brown Hard
7093.9/59.0-6140|{ Coal
7091.9/61.0-64/0/Sand: white, fine grain, subangular
to subrounded soft
7088.9 64.0-7440, Stringers of Black shale, brown silt
Thur{ l .
*eb. ! stone and some ss white
14 i 207 4" csg 15"
1985 7078.91 74.0-100.0 Same as above
7052.9{ TD 100°'

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion
]

Water level (R )

Elev Date Time

Eiev2l07,9 pate 2/18/8%ime 11:00 a.m.
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STATE OF COLORADO Project
°"“T“t~7 OF ”'GNWAYs Location _ﬂm—mﬂ.———_—-—
DIVISION OF HIGHWAYS Structure
OO Form No 287 Route. X=20 ____ County 7Y
Revised Seotemder 1978 Oste Driled 21, 1985
1l of 1 page
FOUNDATION BORING LOG
(LN S
Top Hole Eiev. 2164+ 5 Geologist_ D= _PitES _ sration. BorngNo 36
Elev. Deptn Description of Matenal BPF" Remarks

7164.5 0.0-6.0

Siltstone: Broken, Black and Tan

7158.5| 6.0-9.0

Same as above, damp

7155.51 9.0-12.4

Same as above

4" csg to 15°'

7152.5{ 12.0-1740

Ss: white, very fine grain, subangular

to subrounded

7147.5 1700-3610

Siltstone: Grey

7128.51 36.0

Coal, H.,O

7128.5| 36.0-45.0

S$s: white

7119.5({TD 45.0

6 sxs sd 75 lb. sx

pipe to 28'

* Standara Penetration Test (AASHTO T 206-74)

Water leve! yupon compietion
Water level (24 nrs.)

26' g, 7138.5,,2/21/85, _ 12:00 Noon
Elev Date. Time
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STATE OF COWORADO
DEPARTMENT OF MIGHWAYS
DIVISION OF HIGHWAYS
DOK Form No 267

Revised. September. 1978

Project

91

Location
Structure

nouto__L%Q__’

Dste Drilleg JU@S .

c _Fagle
iy —RAS e

Jan.

FOUNDATION BORING LOG 1 of 1 page

Top Hole Elev. &D‘_’Goolooist__p_:_ﬂtt' Station

CSHW¥E
Boring No __..____.7

Elev. Depth

Description of Material

BPF"

Remarks

7173.7 0-0-2.0

Siltstone: Black, hard

Acker w/ air +
casing advancey

7171.7 2-0'200@

Siltstone: Tan and Black, hard

Wed.
Jan.

30 Acker w/ air
_1985]7153.7| 20.0-3140 Siltstone as above and Tri cone
Tues
Feb.7142.7 | 31.0-4640 Ss: white, medium grain, subangular

S

1985 to subrounded, hard

7127.7| 46.0-46 (5 Coal
7127. | 46.5-49/0 Siltstone: Tan and black, hard

Mon.
Feb. |7124.7 49.0-55(0 * " . - »

11 i
1985]7118.7| 55.0-6540 Ss: white, very fine grain, subangular

. and subrounded, soft

. 7108.7 65.0-70{0 Shale: Dark grey to black
Tues
Feb. Abandon hole. Roy's orders

12
1985}7103.7 TD 70.90

8 sxs sand 75 1lbs.

* Standard Penetration Test (AASHTO T 206-74)

Water level upon compietion
Water level (24 hrs.)

Elev Date. Time

Elev Date. Time.
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STATE OF COLORADO
DEPARTMENT OF HIGHWAYS
DIVISION OF MIGHWAYS
DO Form No 207

Reviseo September 1978

92

Project
Locston MWALcOtt Blide

Structure

Moute___1=20 __ County _Bagle

Date Dniteoc Thur. Fah. 21, 198%
Conolouge

FOUNDATION BORING LOG 1 of 1 page

csWW3
Top Hole Elev. 20B9. 0 Geologist_D= _PItLS  sianon BoringNo. 98
Elev Depth Description of Materia! BPF* Remarks
7089.0/0.0-4.5| Core #1 Recovered 1'+ Broken Siltstong:
Black w/ Tan clay matrix
50-50+.  Sod top .2';447
7084.5/ 4.5-9.5| Core $#2 Recovered 15;7
Same as above. Clay 30\; No Sod.
7079.5/9.5-14.9 Core #3 Recovered 3.5'+
'Bed ROTX ——
7078.0/11.0 .8 Siltstone and clay as above
2' siltstone + ss laminated black, grey
tan siltstone. Grey ss. .2' clay ¢
broken siltstone .5’ Ss: white
7074.5| 14.5-1945 Core #4 Recovered 5'
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 Test (AASHTO T 206-74)

Water ievel upon compietion
Water level (24 hrs.)

Elev Date. Time

Elev Date Time.
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8TATE OF COLORADO Project
DEPARTMENT OF HIGHWAYS Locaton _Walcott Blide

DIVISION OF MIGHWAYS Btructure

Roraes Soptamoe: 1078 Routs. T=T0  Cowrry ERGI®
Date Dnilec _TUGA. z.'E._, 19, 198%

FOUNDATION BORING LOG 1 of 1 page

CsSNwy
inclino
Top Hole Eiev. 1972 &goiogise D+ Pitts  stgtion Boring No. 9
Elov. Depth Description of Material BPF* Remarks

7072.8/0.0-3.0 Fill

. .0-17.0 Siltstone, black broken
7055.8{17.0-21.0 Siltstone (some H,0) Some 1lt. grey plastiq clay
137 47csg to 157 mixed in w/ the sgiltstone
7051.8]{21.0-24.0 Siltstone: black

(7048.8! 24.0-27./5 Core #1 Recovered 3'+ Siltstone, shaldy,

sandy. Black ¢+ white, laminated. Sand{ white,

very fine grain, angular. Micaceous, pyritic
kI
7045.3{27.5-32./5 Core §2 Recovered 5' Siltstone

as above. Becoming sandier w/ depth

1.5' Ss: white, fine to very fine grain,

subangular, hard.

Core #3 Recovered 3' Ss as above
<0’ 4°Csg to LU

7040.3| 32.5-35.45

7037.3/35.5-3745 Core #4 Recovered 2' ss as above
0
5

7035.3]37.5-40J0 Core #5 Recovered 2' ss as above

7032.8{ 40.0-42.5 Core $#6 Recovered 2' ss as above but

a 6" zone of coal 0+ coal like materisl

between the sand washed away

7030.3] 42.8-47{0 Core #7 Recovered 4.5' .l' grey shale

soft 2.4' siltstone black to dk. grey

2.0' Ss. Grey: very fine grain,subangﬁlar

7025.8/ 47.0 TD| w/ dirty black ss streaks thru out

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion Elev. Date Time
Water level (24 hes. ) Elev Date Time
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APPENDIX B
RUBBER BAND EXTENSOMETER

DATA REDUCTION

94
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Legend

X1-X2
L s
z :
X :
L’ :
h :
o
H :
v :

Formulas

Rebars labels

Original length of the rubber band
Rubber band bearing

Angle of rubber band with the horizontal
New length of rubber band

Initial lateral movement

Final lateral movement

Total lateral movement

Horizontal movement

Crack opening

L
l) z,l, /'x;_
-
h _ -
\ -~
h =L tan Z
X7
top view
X
X, z
2) L |
3
v - v = L tan X

sfde view

96
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2)

S1-S2

a. Latersl displacement

h =2.23 tan 6 = 0.234’ = 2.81"
h’= 2.25 tan 3 = 0.117 = 1.41"
H=h+hHh" = 1.4] + 2.81 = 4.22"

" \
X, Xao

b. Vertical displacement

v =2.25 tan 4 = 0.157° = |].88"

97
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3) T1-T2

a. Lateral displacement

h = 3.5 tan 4 = 0.244° = 2.93"
h= 3.6 tan 9 = 0.570’ = 6.842
H=h+h’ = 6.842 + 2.93 = 9.77"

b. Vertical displacement

v =3.6 tan 7 = 0.422" = 5.30"

98
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4) Kl-K2
a. Lateral displacement
No lateral displacement observed.

Crack opening of 1.8 finches.

b. Vertical displacement

v = 4.45 tan 6 = 0.467’= 5.61"

= = ==

S) N1-N2

No movement was observed along this crack.
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APPENDIX C
STABL3 Computer Program

Input and Output Example Files
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run 1

PFORLEM DESCRIPTION
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1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

62,40

-

UNIT WEIGHT OF wATER

1 SPECTIFIED BY 12 COORDINATE PNINTS
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BHER Db R OARIES

DEF
SU

SEANREEH SRR FE

BOUNDARY

(-] o)
e Lay
[« 4524

NO.

260.00

1275.00

35.00

25.00
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3 BRHRO
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* » SAFETY FACIORS ARE CALCULATED BY THE MCDIFIED JANBU METHOL *
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~ FAILURPE SURFACE SPECIFIED BY 59 COOFDINATE POINTS
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FAILURE SUFFACE SPECIFIFED BY 59 COORDINATE POINTS
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* » SAFETY FALTORS AFE CALCULATED BY THE MODIFIED JANBU METEIL *

FAILUPE SUBFACE SPECIFIED BY S€ COORDINATE POINTS
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