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ABSTRACT

The Battle Mountain Landslide has existed below the
cliffs south of Minturn, Colorado since late Wisconsin time.
In the past few years, a portion of this original slide has
reactivated. The costs of maintaining U.S. Highway 24
through this slide have become prohibitive, so a study of
the engineering characteristics of the failure was initiat-
ed to determine if stabilization was economically feasible.

The landslide overlies a gently folded Paleozoic sed-
imentary sequence. The oldest unit beneath the slide is
the Belden Formation, a marine shale and limestone sequence.
It is overlain by the Minturn Formation, a nearshore accum-
ulation of clastic terrestrial material resulting from the
uplift of the Ancestral Rockies. Both units are of
Pennsylvanian age. The landslide itself is composed of
colluvial material derived from the cliffs of the Minturn
Formation. During the Pinedale glaciation; a glacier ad-
vanced down Cross Creek, immediately west of the site, and
diverted the Eagle River eastward, oversteepening the
cliffs. Accumulations of colluvial materials at the base
of the cliffs eventually failed and the original landslide
formed. In recent years, a portion of this original land-
slide mass has reactivated, forming the modern slide.

The spoon-shaped sliding mass is characterized by a
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circular failure which was located using 16 observation
wells and an inclinometer installed on the slide. Movement,
which was monitored in spring and summer of 1985, can be
correlated with increases in the water table caused by
spring snowmelt. Water table elevations varied by as much
as 12 feet, and during this time up to 14 inches of move-
ment were observed.

Maps of the water table and the failure surfaces, and
a plane table topographic map were prepared as part of the
study. These maps were digitized and used in volumetric
calculations and a computerized stability analysis. Vol-
ume of slide materials is 1.08x106 cubic yards. Because
soil strength values were unknown, a sensitivity analysis
was run on soil strength values versus factor of safety.
This showed that the angle of friction had more effect on
the stability than did the cohesion. Failure zone strength
parameters of zero cohesion with a 32° friction angle were
chosen for comparison analyses. These values yielded a
safety factor of 0.971 under current conditions, which
could be increased to 1.065 by lowering the potentiometric
surface by 10 feet.

The following procedures are recommended to stabilize
the Battle Mountain Landslide:

1) Install 4,955 feet of horizontal drains from the

five specified drill pads.
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2) Rehabilitate surface drainage systems along the
highway, to further reduce water infiltration
rates.

3) Reduce the weight of the slide by minimal regrad-
ing of the excessively wide highway shoulder.

4) In conjuction with (3) above, consideration of a
more extensive reconstruction of the road fill,
using reinforced earth techniques to further re-
duce its weight.

Rough cost analyses indicate that the installation of
the full set of horizontal drains would cost about $50,000;
the regrading and removal of the excess fill might cost as
much as $72,000, while the excavation and removal of up to
half the failing slide would cost $6.5 million. Further-
more, assuming a 20 year life expectancy for these drains,
their annual cost of $2,500 is substantially less than the
current average maintenance cost for roadway resurfacing
of $4,300. Accordingly, the installation of the horizontal

drains appears to have the highest priority.
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1.0 INTRODUCTION

Since the time that U.S. Highway 24 was rerouted
across the Battle Mountain Landslide in the late thirties,
this section of road has required constant maintenance to
keep it safe. In 1984, Mr. Robert K. Barrett of the
Colorado Highway Department began a drilling program on
this slide and twc other landslides in the area. Dr. A.
Keith Turner at the Colorado School of Mines was contacted
and asked to conduct a water level and slide movement mon-
itoring program over the next year. That request eventual-
ly resulted in this study of the Battle Mountain Landslide.

1.1 Objectives of the Study

This study was undertaken as part of a larger project
commissioned by the Colorado Highway Department to investi-
gate some troublesome landslides in the Vail area. Specif-
ically, this report presents the results of an investiga-
tion conducted at fhe Battle Mountain Landslide from
September, 1984 to September, 1985.

The objectives of this study were:

1. Definition of the slide and description of its

physical characteristics;

2. Documentation of hydrologic and mass movement mon-

itoring program;

3. Investigation of local geologic conditions that may
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affect the slide;

4. Analysis of the relationships between geology,
hydrology, and slide movement;

5. Analysis of slope stability; and

6. Recommendations concerning the most appropriate
and cost effective remedial measures for slide
control.

1.2 Methods Used in this Study

The slide was characterized by mapping the topography,
potentiometric surface, and the failure surface, and by mon-
itering slide movement. Observation well water levels were
monitored on a monthly basis from September, 1984 to March,
1985. From March to May, measurements were taken every two
weeks, then, beginning in May, potentiometric measurements
were taken weekly until mid-June, followed by monthly meas-
urements in July through September. Movement was monitored
weekly from May 7 to June 13, the period of greatest slide
activity, then monthly into September.

The surface topography was mapped by plane table meth-
ods at a scale of 1:480 (1 inch =40 feet). Scarps, seepage
zones, and standing water locations, as well as cultural
information, were mapped. The failure zones in the subsur-
face were located by analysis of data from a single inclin-

ometer located in the slide. This information was supple-
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mented by observations of depths to the failure zone at the
observation wells, found by locating bends in the well cas-
ings.

The potentiometric surface was mapped by monitoring 16
observation wells and by locating the positions of standing
water, seeps, and springs. In addition, groundwater dis-
charge rates from the toe of the slide were measured.

Surface movements were measured by transit and differ-
ential leveling surveys or by direct measurement across
zones of movement. The direction in which trees were lean-
ing were plotted on the base map to give additional indic-
ations of directions of mass movement. Subsurface movement
rates were monitored by data taken from the inclinometer.

The data analysis involved three phases. First, the
observed data were reviewed to determine if there were cor-
relations among different data types; for example, between
water level changes and slide movements. As a consequence
of these reviews, the slide was divided into four zones,
each having a different rate or character of movement.
Second, the maps of the topography, the potentiometric sur-
face, and the major failure surface were digitized on an
Autotrol CAD system. Volumetric calculations were then
made with this system. Third, the stability of the slide

was analyzed using the STABL2 slope stability program. A
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series of runs were made to establish the sensitivity of the
results to the soil strength parameters for the slide mat-
erials. Typical soil parameters were selected from published
sources, because accurate soil strength data were not avail-
able for this slide.

Based on the results of the stability analysis, alter-
native remedial measures were considered, and the use of
horizontal drains selected as the most appropriate stabil-
izing measure. A series of priority ranked horizontal drain
locations were specified, and a preliminary cost-~benefit
analysis was performed.

1.3 Location

The Battle Mountain Slide is located in the mountains
of central Colorado, 110 miles west of Denver, and 5 miles
west of Vail, immediately south of Minturn (see figures 1
and 2). Physiographically, the study area lies southwest of
the Gore Range and just east of the northern flank of the
Sawatch Range.

The landslide lies on the east wall of the Eagle River
Canyon, the major drainage in the area. The east wall of
the canyon, which rises 1800 feet over the river, is com-
posed of clastic sedimentary beds dipping gently to the
northeast. The toe of the landslide lies about 600 feet
from the river and is some 80 feet higher. From this low

point, the slide rises vertically 600 feet up the canyon
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To Minturn 4 mile 106°22" 30"

$39°33'30"

.

1 MILE

CONTOQUR INTERVAL 40 FEET

Figure 2. Study area topography from Minturn 73' quadrangle
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wall. Plate 1 presents a detailed topographic picture of
the immediate study area.

1.4 Previous Work

Previous investigations of landslides in the area have
been limited to site-specific studies of individual slides
or debris-flows, especially in the Vail area (Mears, 1985).
Of particular interest are the engineering reports pertain-
ing to.the construction of Interstate 70 over Vail Pass
(Transportation Research Board, 1979). That highway was
routed through several active landslides, and some of these
slides are in the Minturn Formation, as is the Battle Moun-
tain Slide.

The Minturn 15 minute Quadrangle has been extensively
studied by Tweto and Lovering, who reported their results
in a U.S. Geological Survey Professional Paper (Tweto and
Lovering, 1977). They described the Minturn Formation type
section and defined a section of the Belden Formation,
both measured within one mile of the Battle Mountain Land-
slide. Bedrock and surficial geology units in the immed-
iate area are described and the geologic history of the
quadrangle is discussed in some detail. The report also
includes some discussion on the landslides and related
disturbances in this area.

The highway that crosses the slide was built in the

late 1930's, but asphalt tonnage records have been kept by



ER-3139 8

the Highway Department only for the past eight years.
These records give a quantitative measure of the season-
ality and gross amount of movement (see Appendix A).

A 1:480 scale plane table map of the slide was made
in August of 1984 by the Highway Department. This map lo-
cates major scarps and seeps and was updated and used as a
base map for this wor% (Coffee and Adler, 1984). The High-
way Department had drilled sixteen observation wells and
installed one inclinometer on, and immediately around, the
slide. Drilling records were obtained for fourteen of the
well installations and for the inclinometer installation.
These were used in subsurface evaluation work.

Because of the large number of iterative calculations
and variables involved in landslide analysis, computers
have become an important tool in this type of work (Boutrup,
1977). One of the latest state-of-the-art programs writ-
ten for slope stability analysis was developed over the
last ten years at Purdue University (Lovell, Sharma, and
Carpenter, 1985). This program, known as STABL4 in its
latest version (an older version is STABL2), is the only
program with routines that handle non-circular failures
(Siegel, 1975a,b). Because of its versatility and avail-
ability, STABL2 was used in the study.

The Transportation Research Board, Special Report 176

(Schuster and Krizek, 1978) discusses stabilization by



ER-3139

drainage and other methods. The use of horizontal drains
to stabilize cut slopes is described by Newby (1953). The
mechanisms for analyzing seepage and drainage of ground-
water are described by Cedergren (1967), and methods of
subsurface pavement drainage are discussed by Ridgeway

(1982).
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2.0 REGIONAL SETTING OF THE BATTLE MOUNTAIN SLIDE

The Battle Mountain Landslide is located on‘the site
of a large prehistoric landslide that occurred subsequent
to the retreat of the glaciers of Pinedale age. The end of
the Pinedale glaciation along the Colorado Front Range has
been dated at about 10,000 years ago (Benedict,1973).
Accordingly, this is the maximum age for the original
prehistoric landslide.

The current, or modern, landslide, which is the sub--
ject of this investigation, involves a remobilization of
part of this original slide mass by a combination of natur-
al and man-made events. It is unknown if the original
landslide was ever truly stable, but movements became pb—
vious and of concern only after U.S. Highway 24 was rerout-
ed across the slide in the 1930's. Since that time, main-
tenance has been required more or less continuously to
counteract the effects of the slide movements. Over the
past few years these movements have intensified and the
maintenance efforts have become a point of more serious
concern.

The following sections describe some of the natural
environmental factors which may affect the overall stabil-

ity of both the prehistoric slide mass and the modern land-

slide.
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2.1 Climate

The climate of the Minturn area is cool and semi-arid.
Average annual precipitation is 20 inches, which is dis-
tributed evenly through the year with a slight increase in
spring (Berry, 1968). 1In Dillon, 10 miles northeast at an
elevation of 9065 feet, yearly average snowfall is 159
inches. The elevation of the study area is 8500 feet;
thus, similar snowfall averages can be expected.

Average winter temperature is 22.8°F, and summer temp-
erature is 46.8°F. Intense afternoon thunderstorms are
common in summer. They may deliver rainfall at the rate
of two to three inches per hour, but usually are of short
duration.

An increase in precipitation over the last three years
has helped initiate landslide movement in the area (Mears,
1985). Mears studied recent mudflows for the Town of Vail
and concluded that the increase in landslide activity corr-
elates with increased precipitation. There is also a
strong inference that mudflow frequency increases with per-
iods of high temperatures during the spring thaw (Mears,
1985).

Because of the rugged topography of the area, micro-
climatic variations are extreme. Slope orientation is very

important. The landslide faces west, which promotes mod-
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erate snow accumulation and rapid snowmelt. To complicate
the situation, the slide lies under steep cliffs which ava-
lanche their snow accumulation though well-developed
chutes, some of thch run out directly onto the landslide.
These avalanches act as a source of material deposited on
the landslide.

2.2 Physiography and Geomorphology

The predominant geomorphic process of the area is mech-
anical weathering, either by frost action or by running
water (Ritter, 1978). Valleys and canyons in the area are
aggrading by deposition of colluvial and alluvial material
under the present climatic conditions.

During Tertiary and Quaternary time, subsequent to the
Laramide Orogeny that produced the modern Rockies, drainage
evolution has been the predominant geologic process in the
region. Glaciation has played a large role in shaping the
present topography, with either erosional or depositional
evidence of as many as nine distinct glacial advances in
the area (Tweto and Lovering, 1977). Regional glacial de-
posits range in agé from Pre-Bull Lake to Pimnedale (Tweto
and Lovering, 1977).

In the immediate study area, the relatively unweathered
terminal moraines of the Pinedale glacial advances down
Cross Creek Can}on are most important. All three stades

of the Pinedale glaciers flowed eastward to form a terminal



ER-3139 13

moraine that was deposited near the mouth of Cross Creek.

The Eagle River was diverted to the east, around the moraine.
This caused undercutting and subsequent oversteepening of

the cliffs on the east side of the valley (Tweto and Lover-
ing, 1977). Figure 3 shows the terminal moraine sequence
that diverted the Eagle River toward the cliffs.

Because of the metastable conditions caused by the
steep canyon wall and the varying lithologies of the strat-
igraphic sequence, this side of the canyon is subject to a
number of geologic hazards. They include snow and debris
avalanches, rockfalls, landslides, and soil creep.

2.3 Regional Geology

The geology of the region consists of a sequence of
gently folded Paleozoic and Mesozoic sediments bounded on
the east and west by uplifted crystalline Precambrian
rocks. A geologic map of the immediate area, interpreted
by the author in 1985, is shown in Figure 4. Tweto and
Lovering (1977) have studied the area extensively.

The oldest stratigraphic unit underlying the slide is
the Leadville Dolomite, of Mississippian age. This mass-
ive gray marine dolomite acts as a host rock for local
economic mineralization.

At the landslide site, the Molas Formation is absent
and the Leadville is unconformably overlain by the Belden

Formation, a shallow sequence of interbedded shales, car-
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Figure 3. Pinedale terminal moraine at the
mouth of Cross Creek Canyon that diverted
the Eagle River to the east, oversteepening
the wvalley walls.
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1000 2000 3000

Figure 4. Geologic map of the Battle Mountain Landslide
vicinity (see figure 5 for legend).
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Unconsolidated alluvial deposits of gravel, sand, and
silt

Unconsolidated colluvial deposits, mainly derived from
the Minturn Formation

Unconsolidated landslide material composed of colluvium

Minturn Formation (Pennsylvanian)-Gray, tan, and red
sandstone, shale, and conglomerate up to 6000 ft. thick

Belden Formation (Pennsylvanian)-Gray to black carbon-
ate, shale, and sandstone, about 900 ft. thick

Leadville Dolomite (Mississippian)-Gray, massive dolo-
mite, about 150 ft. thick in this area

Chaffee Formation (Mississippian-Devonian)-Banded light

tan and gray sandstone and carbonate,about 150 ft.
thick in this area

Contact, dashed where concealed or implied
Fault, dashed where implied

Strike and dip of beds

Adit

Figure 5. Legend for geologic map shown in figure 4.
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bonates, and fine-grained sandstones. The Belden underlies
the lower half of the slide, from Highway 24 to the toe
area.

The youngest bedrock unit found under the slide is the
Pennsylvanian Minturn Formation. The Minturm is a nearshore
clastic accumulation of debris shed from the Ancestral
Rockies, which rose about 15 miles to the east of the study
area. The contact between the Minturn and Belden Forma-
tions is gradational and runs almost directly under the
highway. The Minturn underlies the upper half of the slide
and forms the cliffs, some 1800 feet high, which occur above
the slide.

Geologic structures found in the area generally are
related to the uplifted Gore and Sawatch Ranges. 1In the
vicinity of the landslide, no major faulting and folding
exists, but faulting due to the Sawatch intrusion, immedi-
ately to the west, is apparant.

In general, surficial drainage appears to follow the
northeast-southwest trending faults in the basement rocks
of the Sawatch Range, to the west. These faults are mapped
in the 1978 1° x 2° Leadville Quadrangle by Tweto, Moench,
and Reed. Drainages to the east, in the Paleozoic sedimen-
tary rocks, although not mapped as faults, appear as line-

aments on aerial photographs. These lineaments can readily
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be extended back to the Precambrian rocks to the west.

In this respect, the location of the landslide is
structurally controlled. Its orientation is similar to
that of surrounding lineaments, and it rests on the north-
west facing slope of a large drainage. However, on a qual-
itative level, sandstone and conglomerate strata are rel-
atively undeformed and no preferential jointing patterns
were observed.

2.4 Geology of the Immediate Landslide Area

The geology of the immediate area of the landslide
was examined in some detail. The site was mapped using éon—
ventional surveying and geologic mapping techniques.

Bedrock geology, as noted in the Regional Geology sec-
tion, consists of gently dipping beds of the Minturn and
Belden Formations situated on a steep slope overlooking the
Eagle River. Some minor folding and faulting is apparent
in the roadcut immediately south of the slide.

The moving slide mass overlies the Minturn and Belden
Fromations, with the Minturn-Belden contact running roughly
under the highway. The toe of the slide rests about twenty
feet below the Belden-Leadville contact.

The landslide is composed of weathered colluvium and
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detached segments of bedrock derived from the cliffs of the
Minturn Formation that overlook the slide. Although the
source material cannot be correlated with specific bedrock
strata, it can be inferred from the slide lithology found
in the well logs that the source material is largely from
the non-marine facies of the Minturn, which begins about

365 feet above the highway.
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3.0 FIELD INVESTIGATIONS OF THE BATTLE MOUNTAIN LANDSLIDE

In this report, the terminology for describing land-
slides, developed in the Transportation Research Board Spec-
ial Réport 176 (Schuster and Krizek, 1978), will be used.
Figure 6 shows the principal features of a landslide simi-
lar to Battle Mountain. The standard method of specifying
direction on any landslide is to consider the observer to
be standing at the head of the slide looking down the fail-
ure. Then the "left flank" will be on his left, and the
"right flank" on his right. Accordingly, at Battle Moun-
tain, the right flank is the northern edge of movement,
nearest Minturn, and the left flank is the southern edge of
movement, since the slide is generally moving to the west-
northwest. |

3.1 Frequency and Types of Observations

As described previously, observations were conducted
at intervals throughout a one year period (September, 1984
to September, 1985). However, observations were limited in
the winter, when several observation wells could not be
found in the deep snow. Also, a number of observation
wells were not installed until after November, 1984, so
their data do not cover the entire year.

The frequency of observations also varied by season.

The most intense observation effort was concentrated in a
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NOMENCLATURE
MAIN SCARP—A steep surface on the undisturbed ground around the FLANK—The side of the landslide.
periphery of the slide. caused by the mavemnent of slide material away from CROWN—The material that is stili in piace, practically undisptaced and
undisturbed ground. The projection of the scarp surface under the displaced adjacent to the highest parts of the main scarp.
material becomes the surface of rupture. ORIGINAL GROUND SURFACE—The siope that existed before the movement
MINOR SCARP—A steep surface on the displaced material produced by which is being considered took piace. If this is the surface of an older
differential movements within the sliding mass. landstide, that fact should be stated.
HEAD—The upper parts of the slide material along the contact between the LEFT AND RIGHT—Compass directions are preferabie in describing a slide,
displaced material and the main scarp. but if ridht and left are used they refer to the slide as viewed from thecrown.
TOP~—The highest point of contact between the displaced material and the SURFACE OF SEPARATION—Tha surface separating displaced material from
m™ain scarp. stable material but not known 1o have been a surface on which failure
TOE OF SURFACE OF RUPTURE—The intersection {sometimes buried) occurred.
between the lower part of the surface of rupture and the original ground DISPLACED MATERIAL—The material that has moved away from its original
surface. position on the siope. It may be in a deformed or undeformed state.
TOE—The margin of displaced material most distant from the main ZONE OF DEPLETION~—The area within which the displaced matenal lies
scarp. below the original ground surface.
TIP—The point on the toe most distant fram the top of the slide. ZONE OF ACCUMULATION—The area within which the displaced material iies
FOOT—~Thet portion of the displaced material that lies downsiope from the toe above the original ground surface. -
of the surface of rupture.
MAIN BODY—That part of the displaced ial that ies the surface of

rupture between the main scarp and toe of the surface of rupture.

Figure 6. Terminology used to describe the parts of the
landslide in this study (from Schuster and
Krizek, 1978).
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six week period in May and early June, when the slide move-
ments were the greatest. Field investigations included the
following activities:

1) Installation of boreholes;

2) Construction of a plane table map;

3) Definition of the failure surface or surfaces;

4) Hydrologic observations, and;

5) Movement observations.
The following sections describe these activities in more
detail.

3.2 Installation of Boreholes

Two sets of observation wells were drilled at this
site. In the late summer and fall of 1984, the Colorado
Highway Department installed ten observation wells, identi-
fied as TH-1 through TH-10, and one inclinometer (TH-11).
These holes were located, drilled and logged prior to the
involvement of any CSM personnel.

In October 1984, after CSM personnel were contacted,
the locations of six additional observation wells were
agreed to and drilling of these holes, identified as CSM-1
through CSM-6, began in November of 1984. Snow and cold
weather conditions delayed the completion of these addition-
al observation wells. The holes were logged by several dif-

ferent personnel, some from CSM and some from the Highway

Department.
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Wells TH-1 through TH-10 were drilled using a 4-inch
rotary drilling bit and ordinary drilling mud to wash cut-
tings. They were cased with 3/8 inch PVC pipe, backfilled
with sand and capped with bentonite. Spoon samples were
taken at infrequent intervals, but neither samples or rec-
ords of the samples could be located.

The inclinometer boring, TH-11, was also drilled with
a 4-inch rotary bit and drilling mud. One hundred sixteen
feet of Sinco 3-inch PVC inclinometer pipe was placed and
backfilled with a concrete slurry to within four feet of
the ground surface. For this reason, the inclinomefef did
not give an accurate representation of fluctuations in the
“water table.

Wells CSM-1 through CSM-6 were drilled using a &4-inch
rotary bit with compressed air used to flush the cuttings.
The wells were cased with 3-inch inside diameter steel pipe
and completed similarly to the other wells.

For reasons unknown, records were not kept on the per-
forated sections of any of the well casings and some may
not have been perforated at all. Well logs were recorded
by at least 4 different individuals and are sometimes incom-
plete or inconsistent. The logs for CSM-5 and CSM-6 could
not be located, and the remaining logs are found in Appendix

B.
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3.3 Slide Definition

The slide is defined as the colluvial and detatched
bedrock material that is part of a moving mass with dis-
tinct boundaries. These boundaries are the subsurface fail-
ure plane, the lateral scarps, crown scarp and toe bulge,
all of which are readily discernible in aerial photographs
and by ground reconaissance. Figure 7 shows an aerial pho-—
tograph of the study area. The major failure surface app-
roximates a circular arc. Its location was confirmed later
in during the stability analysis of the slide.

Using the original plane table map drawn by Coffee and
Adler in 1984 as a base, the slide was defined using con-
ventional plane table surveying techniques. The original
1:480 (1 inch=40 feet) scale map was amended to include the
locations of cracks, seeps, bulges, mudflows, topography,
observation wells, monitoring stations, and other features
of interest that did not appear on the original map. Tran-
sient features such as mudflows are dated as nearly as pos-
sible. Monuments placed by Coffee and Adler in 1984 were
used to locate and align the updated map. The updated ver-
sion of the plane table map can be found as Plate 1.

3.3.1 Mudflows

A nﬁmber of relatively small scale mudflows have oc-

curred in recent years. These flows appear to be confined



ER-3139

Figure

7.

Aerial photograph of study area.
is approximately 1:40,675.

Scale
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to disturbed area such as roadcuts, scarps, and embankments.
They are relatively high velocity events, occurring in a few
minutes to a few days. Locations for these flows are in
saturated areas, with seeps and springs oozing from the re-
sultant scarps. They are generally less than 100 feet long
and 40 feet wide, and once they have failed, further serious
failure at the same location seems unlikely. The failures
appear to open an outlet for the release of localized ex-
cess pore pressure by allowing seeps to ooze freely through
the failed material. Seeps flowing from these scarps were
used for water table elevation control.

3.4 Definition of the Failure Surface

The inclinometer provided useful data concerning the
location of failure surfaces at one location in the slide.
The inclinometer data were processed using standard tech-
niques and the results are shown in Figure . Several sur-
faces are evident at this location. The major failure sur-
face is at a depth of 108 feet, but there are several other
zones at depths of 95, 55, 38, and 20 feet. Near the éur—
face, some rotational movement is indicated by the progres-
sively decreasing displacements from about 20 feet of depth
to the surface. In general, however, the movements at this
location are largely translational. This is not unusual in

the center of a large complex slide of this type.
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Original readings were taken 9-9-84.
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Additional locations of these failure surfaces were
desired. Where they intersected the ground surface, cracks
or scarps might resulf, so the locations of all such feat-
ures on the map were carefully checked. The remaining ob-
servation wells were not designed as inclinometers, how-
ever, if movements occurred, their casings would bend or
break at the shear zones. Accordingly, a "deadman'", shown
in figure 9, was lowered down these holes to locate such
bends. Only the uppermost failure surface, if indeed there
were more than one such surface, could be located in this
way, but the data were believed to be of value.

Well logs were examined for fifteen of the seventeen
observation wells (the logs: for CSM-5 and CSM-6 were not-
available). Quality of the well logs varies, but rough
correlations can be made in some parts of the slide. The
iithology of the primary failure surface, as defined by
inclinometer and bent well casing depths, is mostly a mica-
ceous, sandy, gravelly maroon silt.

Once these upper and lower boundaries were located, it
was possible to compute the volume of the slide using tech-
niques that will be described later. The slide volume was
found to be 1.08x106 yards3.

3.5 Observation of Subsurface Hyvdrologv within the Slide

Hydrologic conditions of the landslide were monitored
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Figure 9.
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by using the sixteen observation wells (TH-1 to TH-10 and
CSM-1 to CSM-6), distributed around the lower two-thirds of
the slide. The inclinometer, TH-11, was monitorea, but was
not an effective piezometer. Locations of the wells can be
found in Plate 1. The discharge rate from the toe of the
slide was also measured, and seeps, springs, and standing
water were mapped on the topographic base.

3.5.1 Potentiometric Measurements

Water levels were measured in wells TH-1 through TH-11
starting in September 1984 and continuing on a regular basis
until September 1985. Wells CSM-1 through CSM-6 were also
monitored subsequent to their completion dates. Completion
dates can be found in Appendix B, which documents the drill-
ing records for TH-1 through TH-11 and CSM-1 through CSM-4.

Water levels were taken using a Slope Indicator Co.
water level indicator, model #51453, a wireline device that
gives an audio signal when the water level is reached. Lev-
els were measured with a tape measure to the nearest eighth
of an inch to the top of the well casing pipe, then convert-
ed to a ground level datum. Water level data from the ob-
servation wells are summarized in figure 10. Enlarged ver-
sions of the data shown in this figure, and the associated

tabular water level data can be found in Appendix C.
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3.5.2 Definition of Potentiometric Surface

A potentiometric surface was constructed from the data
taken on June 13, 1985, when the most complete and accurate
potentiometric information existed. This surface can be
found on Plate 3. Some interesting observations and implica-
tions can be taken from the shape of this surface.

As one would expect, local flow is generally downhill
and to the north and west, towards the Eagle River to the
west and towards the ephemeral drainage immediately to the
north of the slide. There are some minor fluctuations in
the potentiometric surface. These are probably due to the
lack of homogeneity of the aquifer material.

The details of groundwater flow are not entirely clear
from the available data. The most obvious pattern shown in
Plate 3 is the flattening of the potentiometric surface
gradient in the lower portions of the slide. Figure 11
shows why such a flattening may occur.

The groundwater flow within the slide mass is but part
of a larger regional groundwater flow regime. Regionally,
groundwater is believed to move more easily through the
Minturn than through the Belden. This difference in permea-
bility will cause the groundwater to migrate laterally and
discharge above the Minturn-Belden contact into the slide

mass. Coupled with seepages at higher elevations in the
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regional recharge into Minturn Formation

Figure 11.

recharge from snow accumulation, avalanches, etc.

influx from drainage and snowmelt running
through the road fill

landslide mass
(high permeability)

South-looking section of suspected hydrologic
conditions existing in the slide.
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Minturn, and the infiltration of large volumes of water from
avalanche deposits on the upper portions of the slide, this
subsurface seepage seems to cause a "mounding” of ground-
water within the slide mass which can only drain by moving
through the lower portion of the slide materials. Because
the slide materials are more permeable than the Belden, the
net result is a high level of saturation throughout the
slide mass.

Other factors may be important: If some faulting
occurs under the slide, as appears possible, then addition-
al seepage conditions may exist at this location. This may,
in fact, have been a factor in triggering the original pre-
historic failure.

The road fill, being composed of large size aggregates,
is an excellent aquifer, sometimes channeling water from the
southern part of the slide under the road, where it enters
the slide material and contributes to the saturation.

Along with the primary water table, a deeper potentio-
metric surface was observed in wells TH-7 and CSM-4. This
surface runs about 50 feet above the Leadville-Belden con-
tact and probably represents a confined artesian aquifer in
a sandy zone of the Belden. Casing perforation depths were
not recorded, so that the exact source of the water is un-

certain., This potentiometric surface lies well below the
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deepest failure surface and probably has no effect on the
ground water aquifer as it applies to the slide.

3.5.3 Drainage From the Slide

Discharge from the base of the slide was measured by
diverting the surface flow originating from the toe area.
The flow was directed through a rectangular section galvan-
ized steel gutter down pipe measuring 2 x 3 inches. Flow
was directed over the edge of the bank of the gravel road,
where the discharge could run directly into a plastic buck-
et. The bucket was filled repeatedly, and average times
were used to determine the flow rate. Discharge rates were
determined only in dry weather in an effort to eliminate
contributions from overland flow. The flow rates, as a
function of time, can be found in figure 12 and table 1.
The flow rate decreases as available snow melts from the
hillside. All snow was gone by June 5 and flow completely
ceased by September 1.

3.5.4 Estimation of Hvdraulic Conductivity

If Darcian conditions are assumed, it is possible to
estimate the hydraulic conductivity in the slide. Assuming
isotropic, homogeneous conditions, a rough approximation of
the ability of the slide to transmit water can be made by
examining hydrograph peaks as a function of time and dis-

tance.
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Table 1. Discharge at Toe of Landslide

Date Flow Rate (gpm)
5-8 14.4

5-14 6.25
5-22 4.95
5-30 4.16
6-10 1.61
6-13 0.86
6-30 0.51
7-31 0.29

9-3 0.00
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A flow net, constructed from the potentiometric sur-
face (Plate 3), was used to find travel distances for
hydrograph peaks in wells along the same flow path. These
flow paths can be found in figure 13, which also summarizes
the data used in calculating the hydraulic conductivity.
Potentiometric peaks that occured in upstream wells were
detected later in downstream wells. These peaks are shown
in figure 10. Travel times versus flow distance estimates
for the peaks in five sets of wells were made and using the
data in figure 13 and Darcy's law, and an average hydraulic
conductivity of 13 feet per day was arrived at. It should
be noted that the peaks used in this calculation mav not be
related to one another.

3.6 Observations Concerning the Surface Hvdrology of the

Slide

Because of the steepness of the terrain above the
slide, a number of well developed snow and debris avalanche
chutes have formed. Some of these chutes lead directly
onto the slide, where material is deposited. Figure 14
shows one of the avalanche runs that deposited snow in the
vicinity of TH-9.

A constant flow of water into the landslide was ob-
served at three locations during the spring thaw. Peak

flow into the slide was estimated to be about 20 gallons
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NOT TO SCALE

/
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TH-1
TH-6 X CSM-3
CSM-5
well flow travel potentiometric
interval date of spikes distance time change
(feet) (days) (feet)
CSM2-TH6 4-30 to 5-9 340 10 90
TH3-TH6 4-30 to 5-9 280 10 70
TH1-CSM3 4-16 to 4-30 280 14 90
TH8-TH5 4-30 to 5-9 200 10 160
CSM3-CSMS 6-7 to 6-13 370 6 120

Figure 13. Flow paths and data used in hydraulic conductivity cal-
culations. TFlow is perpendicular to equipotential lines on Plate 2,
hydrograph spikes are shown in figure 10.
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Figure 14. Drainage above TH-9 running directly
into the slide. Note snow avalanche debris in
the foreground.
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per minute. Water flows down the channels above the left
flank, then disappears into the slide mass when it reaches
the left flank scarp. The location of these channels is
shown in Plate 1. Flow into the slide was not measured be-
cause of unstable snow and difficulty in reaching the
channels. Flow in these channels ceased as soon as all of
the snow on the hillside had melted.

These channels also acted as snow avalanche chutes in
the winter and early spring months. This avalanched snow
is believed to be a major source of water infiltrating into
the slide mass. The avalanche shown in figure 15 ran down
the slide, crossed Highway 24, and ran out over the bank of
the highway. Snow deposited along the uphill gravel
shoulder of the highway also éercolated into the slide. At
TH-1, the sound of underground flowing water could be heard
during spring thaw.

In the summer, precipitation in the study area occurs
in the form of rain. Records of precipitation are kept by
the White River National Forest Ranger Station in Minturn,
about 23 miles from the landslide. Precipitation is re-
corded from mid-May until mid-September, as part of a pro-
gram to calculate fire hazard in the area. Records for
‘rainfall in 1985 can be found in Appendix C These records

arce plotted in figure 10, where they can be compared with
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Figure 15. Remains of a snow avalanche that
ran across Highway 24 near the south flank.
Photograph taken April 16, 1985.
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observation well water levels. Even with the large in-
crease in precipitation in July, only slight increases in
observation well levels are noted.

When compared with the significant increase in obser-
vation well levels due to the spring thaw, it can be in-
ferred that most of the rainfall never contributes to re-
charge in the slide. Most of the rain runs across the sur-
face and into the local drainages, which feed directly into
the Eagle River. Furthermore, summer rainstorms are usual-
ly of short duration, interrupted by dry periods that allow
for the evaporation of surface water. Snowmelt, on the
other hand, is largely constrained from flowing away by the
snowpack and percolates directly into the soil. Thus,
there is a constant source of water to the soil during the
spring thaw,

3.7 Observations of Slide Movements

3.7.1 Conventional Surveying Techniques

Conventional surveying techniques were used to quan-
tify surface movements. These included:
1) the laying out of several stake lines and resur-
veying them at intervals.
2) the observation of isolated control points (usual-
ly the observation wells) by angular measurements

with a transit, and;
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3) differential leveling.

Table 2 describes the techniques used for the individual
stations, which are located on Plate 4.

Seven stake lines (lines A through F on Plate 4) were
laid out in various orientations from the crown of the
slide to the toe. Lines A, B, C, and D were transit lines
originating across the slide from permanent hub locations
to reference points located some distance off of the slide.
The hubs were four-foot long, 3 inch diameter steel rein-
forcement bars, pounded 33 feet into the ground and center
punched. In addition, instrument height was reproduced at
each station by sighting on a vertical control mark on a
nearby surface to allow for reproduction of vertical angles
with some reasonable degree of accuracy.

Lines A, B, C, and D were set by sighting the transit
on a specified distant object and setting stakes or nails
in the ground surface along the line of sight. Movement
was measured by resighting the line some time after it was
set and recording the offset distances for the points.
Vertical angles were recorded on lines C and D, but data
proved inconclusive.

Lines E and F consisted of a string run across the
slide from trees originally thought to be located outside

the movement. Distances were measured from the end of the
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Table 2. Total Movement From May 14 to July 22, 1985

Station Horizontal (feet) Vertical (feet) Instrument Sta. Notes
TH-1 0.10 -0.03 Hub-A 1,2
TH-2 0.46 ~0.35 Hub-A 1,2
TH-3 0.39 ~0.41 Hub-A 1,2
TH-4 0.25 -0.29 Hub-A 1,2
TH-5 0.56 -0.30 Hub-A 1,2
TH-11 0.42 -0.35 Hub-A 1,2

LC 0.42 ~0.60 4
L - -0.38 2,5
A-1 0.27 -0.29 Hub-A 1,2
A-2 0.30 -0.36 Hub-A 1,2
B-1 0.31 -0.27 Hub-B 1,3
B-2 0.30 ~0.,27 Hub-B 1,3
B-3 0.29 -0.36 Hub-B 1,3
B~4 0.54 -0.23 Hub-B 1,3
B-5 0.49 -, Hub-B 1,6
c-1 0.21 - Hub-B 1,6
c-2 0.33 - Hub-B 1,6
c-3 0.31 - Hub-B 1,6
C-4 0.28 - Hub-B 1,6
c-5 0.35 - Hub-B 1,6
c-6 0.31 - Hub-B 1,6
c~-7 0.25 - Hub-B 1,6
D-1 0.15 - Hub-C 1,3
D-2 0.14 ~0.04 Hub-C 1,3
D-3 0.00 0 Hub-C 1,3
D4 0.07 0 Hub-C 1,3
E-1 0.19 -0.35 - 7
E-2 0.23 -0.40 - 7
F-1 0.34 -0.33 - 7
F-2 0.25 ~0.36 - 7
F-3 0.31 -0.27 - 7
F-4 0.24 -0.33 - 7
Notes:

1. Horizontal movement perpendicular to line from instrument station.

2. Vertical movement measured by differential leveling.

3. Vertical movement measured by change in vertical angle from instrument
station.

4, Stake location, measurements were taped across crack.

5. No horizontal control.

6. No vertical control.
7. Vertical and horizontal control taken from a line fixed across the slide.
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string and stations were set by dropping a plumb bob from
that point on the string. String tension was set using a
spring scale, and the height of the string above the point
was recorded. Subsequent measurements were compared with
the original measurements to determine movement parallel
and perpendicular to the string and in a vertical direc-
tion. The northernmost terminus of line F was found to be
moving, consequently, only the south four points, where
error was small, were used.

Another method was to turn an angle with the transit
from a permanent point to a point on the slide. This meth-
od was used to monitor movement of the observation wells
along the highway. Angles were turned and recorded to the
nearest 20 seconds to the original location of the point.
Later, the same angle was turnea and the distance that the
point had moved was recorded. These angles were not meas-
ured from any other location because errors from the next
closest possible transit station would have been excessive.

Slide movement has caused subsidence along the road,
therefore, several points along Highway 24 and in the shoul-
der area were differentially leveled to obtain vertical con-
trol. Rather than readjust the contours and elevations
shown on the 1984 map, these observations were plotted sep-

erately and compared. The 1984 map appears accurate in
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areas where movement has not occurred, and thus is believed
to accurately represent the elevations along Highway 24 as
they existed in the late summer of 1984, Comparison with
the new data revealed up to eight feet of subsidence. Acc-
ordingly, the two profiles were plotted on a new plate
(Plate 5).

3.7.2 Direct Observations

Other measurement techniques included direct measure-
ment, using a tape measure, of points located on opposite
sides of the crack across the highway. Although these
points were continually being patched over by Highway De-
partment crews, data could be extrapolated from the old
point to the new one by plotting movement as a function of
time and connecting the slope of the o0ld point to the new
one. This location is shown in figure 16. Horizontal and
vertical measurements taken at various points along the
crack are shown in figure 17, which summarizes rates of
movement taken from the points used at this location.

3.7.3 Observation of Leaning Trees

Numerous mature conifer trees are found in the slide
area. Many are leaning or have curved trunks indicating
direction and degree of movement (figure 18). Such trees
were located on the base map and the directions of move-

ment for each tree were recorded. These data were also



ER-3139 48

Figure 16. Before and after shots of a measure-
ment point along the south lateral scarp on the
highway. The top photo was taken May 14, 1985,

and the bottom photo was taken July 31, 1985.
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Observed displacement as a function of time at station
located across the south lateral scarp, where it crosses
Highway 24. Station was paved over and replaced on
5-13, 5-21, and 6-6
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Figure 18. Looking north from the
upper drill road at a distressed
conifer, typical of the older trees
found on the slide.
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plotted on Plate 4, as directional information, to provide
supplemental movement data.

3.8 Subsurface Movements

Movement below the ground surface was quantified by
the inclinometer, TH-11. Figure 8 is a plot of movement
recorded from September 9, 1984, when the original readings
were taken, to September 2, 1985. Total displacement is
the distance the inclinometer casing has moved from its
original position, based on readings taken on September 9,
1984.

These reading are adjusted by the program (provided
by the Highway Department) used to reduce the raw data.
The program uses the greatest depth reached by the probe
as the stable bottom of the hole, regardless of whether or
not the casing has sheared. 1t then compares this data
with the original readings. If the casing has sheared, it
adds the last known displacement at the shear depth to the
data taken after the casing had sheared.

Between May 28 and June 5, the inclinometer casing
sheared off at just below 100 feet. Readings taken after
May 28 show displacements relative to the original inclin-
ometer casing profile, but total movement of any point is
not known.

Surface surveying techniques used on TH-11 show 2.4
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inches of movement between May 28 and June 6, 1985. The
inclinometer data, by way of comparison, shows 1.8 inches
of displacement 4 feet below the surface during the same
period. This is a difference of about % inch, which is
within the error of the transit readings. It is also pos-
sible that the surface moved more than the subsurface.

The inclinometer data were useful in locating failure
zones in the subsurface. The main failure is located at
about 108 feet, where the inclinometer casing was sheared.
Other failure zones are evident at around 95, 55, 38, and

20 feet, and are shown in figure 8.
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4.0 DATA ANALYSIS

The data analysis was conducted in three phases. First
the observational data were reviewed to determine if there
were correlations among the data items which would indicate
differential rates, directions, or mechanisms of movement
within the slide. As a consequence of these reviews the
slide was divided into four zones, each having a different
rate or character of movement.

The subsequent two analysis phases involved the compu-
tation of volumes and an analysis of the slide stability.

4.1 Relationship Between Potentiometric Surface and

Movement

Figure 19 was constructed to demonstrate the effect
that increases in the water table elevation have on slide
movement. Movement data were taken from measurement points

across the crack in Highway 24, near TH-1 (see figure 15 for

photographs of the crack). No movement was observed on this
crack until late April. From that time until August, move-
ment was regularly monitored. Movement was converted into

inches per day and compared with water levels in the adjac-
ent observation wells, TH-1 and TH-2.

Figure 18 shows that movement lags behind rises in the
water table. This suggests that once a threshold water lev-

el is reached, movement is initiated. After the water level
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drops, loss in soil strength and internal structural changes
allow the slide to continue to fail. Finally, when water
levels drop sufficiently to stabilize the slide, movement
abruptly decreases.

4.2 Definition of Zones

Even before the surveying data from the spring of 1985
were analyzed, it was apparent that differential movement
existed within the slide. Transverse cracks mapped by
Coffee and Adler in 1984 attest to the existence of smaller
failures within the main slide mass. Plates 1, 5, and 6
show the location and probable subsurface extensions of
these failure surfaces. Inclinometer data and bent observa-
tion well casings were used to locate these failures at
depth. From these subsurface locations, circular failures
can be extrapolated back to the transverse cracks at the
surface.

Surveying data, gathered from May to August of 1985,
confirms the existence of these secondary failures. The
boundaries of these zones are well defined near their crowns
but become nebulous in their toe areas.

Plate 4 shows surface movement surveyed over the entire
slide. Differences in directions and amounts of movement
are apparent at different locations on the slide. Secondary

data were defined by using the movement data plotted on
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Plate 4, scarp and crack locations, and inclinometer and
well casing deformation depths. Figure 20 shows the approx-
imate boundaries for the larger failures.

The toe of the slide shows little horizontal displace-
ment, and vertical measurements were inconclusive. In
September 1985, vertical displacement was observed along
cracks immediately northeast of CSM-5. The sense of move-
ment on these cracks implied that the toe was moving up
relative to the stable ground immediately to the west of the
slide. Similar movement is to be expected in the toe areas
of the secondary slides. Because the main slide is general-
ly subsiding (except in the toe area), any positive vertical
movements in the toe areas of these secondary slides are
superimposed on this gross ovefall subsidence, making them
difficult to detect.

Two possible alternatives for such superimposed failure
zones are shown in figure 2la and b. 1n the situation rep-
resented by figure 2la, movement first occurs at the head of
the slide with failure occuring in the upper zone. This
loads the next lower zone which fails in turn. Thus, the
movement progresses down the slide in an incremental fash-
ion.

The situation shown in figure 21b fails in a different

manner. Failure begins in the lower portion of the slide,
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Figure 20. Major zones of movement.
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Figure 21. Cross section showing two possible modes of
failure.
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not necessarily right at the toe, but perhaps as a more gen-
eralized remobilization of the lower part of the slide mass.
This could be caused by saturation. As this lower portion
moves, the upper portions become unsupported and fail in
turn. In this situation the failure retrogresses up the
slide.

Comparison among the zones shown in figure 20, shows
that Zone D, at the top of the slide, moves slowly, move-
ments increase down the slide to Zone B, and Zone A moves
the most rapidly. These movements suggest that the slide
is failing in accordance with the concept of figure 21b.
This movement also seems to be in agreement with what might
be expected if groundwater was seeping into the slide mass
from the lower Minturn, and saturating the lower parts of
the slide. This observed potentiometric surface geometry
suggests that such a groundwater condition is likely (see
figure 11 on page of this report). However, saturation
by snow avalanche debris on the head of the slide would
favor the situation shown in figure 2la.

On the other hand, the observed scarp locations and the
lack of observable toe bulges within the slide make the sit-
uation shown in figure 2la unlikely.

The possibility remains, however, that snowmelt may

begin the slide movement by initiating failures in the crown
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area causing increasd loads on the central slide mass.

Such movements would occur early in the season when obser-
vation is difficult or impossible. Once lower portions of
the slide become saturated, its failure rate increases, and
the bulk of the movements then occur according to the scen-
ario shown in figure 21b.

Another exception is Zone A, where the road fill may
be failing due to its inherent instability when large vol-
umes of meltwater infiltrate into the fill. Its failure
would tend to load the main mass of the slide and initiate
additional failure. However, it can also be argued that
movement of the slide will tend to remove support for the
road fill and so cause movement in Zone A. Zone A moves
the most rapidly of all of the zones and it is suspected
that it is failing by a combination of causes, including
both scenarios shown in figure 2la and b.

4.2.1 Description of Zone A

Zone A is the fastest moving part of the slide. It is
composed mostly of road fill of unknown composition, inclu-
ding a shoulder made up of uncontrolled fill. The failure
is defined by cracks across the highway pavement that con-
tinue northward to a mudflow along the south lateral scarp
of the main slide. The north boundary is undefined, but

the toe of this failure is at the base of the rock fill
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beneath the shoulder. At this location, large cracks sur-
face in the road fill. Above the cracks, the fill slope is
oversteepened. Direction of movement is about N70W, direct-
ly downslope.

This zone has been analyzed for stability using the
STABL2 program. Results of this analysis were inconclusive.
Boundary conditions for this failure were not readily quant-
ifiable for such an analysis. These conditions include
shear along a vertical plane between the road fill and the
main slide mass. The fill also rests on top of the main
slide and is no doubt subject to subsidence as the slide
moves out from under it.

As it was mapped in 1984 by Coffee and Adler, the left
flank of the slide, in the area of Zone A, was apparently
not well defined (see Plate 1). They approximately located
the flank across the highway about 160 feet north of the
1985 location. The location of the 1985 flank is very
clearly defined by a major offset in the pavement surface,
This implies that movement in this area was first initiated

or accerated in the spring of 1985,

4.2.2 Description of Zone B

Zone B is the next fastest moving part of the slide.
It is composed of colluvial material similar in composition

to the rest of the slide. This zone is defined by a
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transverse crack above the upper drill road. This crack
intersects the left lateral scarp where it continues down-
hill to Zone A. The north boundary and the toe areas show
no distinct surface expressions but the inclinometer data
and bent well casings in TH-2, TH-3, TH-9, TH-10, and
CSM-2 can be used to define the shear surface at depth.
The toe is somewhere below the lower drill road, or the
failure surface might intersect the primary failure at
depth. Zone B underlies Zone A and apparently contributes
to its instability. The direction of movement of this zone
is perpendicular to Highway 24.

This part of the slide is subject to the highest in-
filtration rate and hence, has the highest water levels in
spring. It is the main runout area for snow avalanches and
recieves considerable flow from two drainages that feed
directly into its crown and left lateral scarp.

4,2.3 Description of Zone C

Zone C moves more slowly than Zone B. Zone C is com-
posed of colluvial material and is defined by a significant
transverse crack originating above Zone B along the left
flank. The right flank area is heavily forested and any
surficial expression is obscured.

Subsequent stability analysis with the STABL2 computer

program suggested that a circular surface with a maximum
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depth of about 94 feet under the highway, or roughly 10
feet above the primary failure zone, was very likely to
fail. Such a surface was evident in the inclinometer data,
and so was used to set the limits of Zone C.

Although surveying data in this zone are lacking, a
clear divergence of movement directions can be observed on
Plate 4 at the south end of line F, between points 3 and 4.
The transverse crack can be extended uphill between these
points. Above line F, the ground is covered with colluvial
and mudflow debris.

Lower on the slope, the zone B-C boundary lies between
point C-1 and C-2 (on Plate 4) along the lower drill road.
Along the highway, the boundary lies between TH-11 and
TH-4. Zone C underlies Zone B.

4.2.4 Description of Zone D

Asidc from the toe, Zone D is the least active part of
the slide. It underlies the other zones and acts as a basal
unit, moving at a fundamental velocity along the primary
failure surface. This basal unit daylights above Zone D,
and probably in the toe, where differentiation between
zones 1is not possible. The boundaries of Zone D begin at
the right flank of the slide, just above the highway, and
continue uphill, around the main crown, then down the left

scarp where it intersects the transverse crack of Zone C.
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It moves about N60OW beneath the other zones.

4,3 Volume Calculations on Autotrol Computer System

Volumetric data for the landslide were computed on an
Autotrol three dimensional computer aided design (CAD) sys-
tem. The surface topography, water table, and primary
failure surface (Plates 1, 2, and 3) were digitized using
a digitizing table connected to the system.

Slide volume and saturated slide volume were computed
by taking 20 sections of the data on 40 foot centers, rough-
ly parallel to the lqngitudal axis of the slide. The sec-
tions were rotated 90° to display a simple view of each
vertical section. A planimeter built into the CAD system
was used to calculate the section area. Total volumes
were then computed using the average end area method.

Slide volume was found to be 1.08x106 yards3, and the sat-
urated volume on June 13,1985 was found to 6.48x105 yardss.

4.4 The STABL2 Computer Program

Because of the large numbers of calculations and var-
iables involved in landslide analysis, computers have be-
come an important tool in slope stability analysis (Boutrup,
1977). One of the state-of-the-art programs written for
slope stability analysis has been developed over the last
ten years at Purdue University (Lovell, Sharma, and Carpen-

ter, 1985). A series of updated versions have been issued
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periodically. All are called STABL with numbers to indicate
the version. The STABL2 version was used in this study.

The STABL2 program can handle non-circular failure
surfaces (Siegel, 1975a, b). It is written in FORTRAN and
calculates the safety factor against slope failure by a two-
dimensional limiting equilibrium method, either the Simpli-
fied Bishop Method of Slices (for circular failure surfac-
es), or by the Simplified Jambu Method of Slices, for fail-
ure of a general shape (Bishop and Morgenstern, 1960). It
is also capable of analyzing failures along specified sur-
faces, which proved useful in this study since the failure
surface had been mapped in the field (see Plate 2).

4.5 Analysis of Main Faijilure

Because soil properties were unknown, values were est-
imated from the general soil characteristics of the failure
zone and standard engineering data tables (Hunt, 1985).
Initial values of 300 pounds per square inch cohesion and

a friction angle of 28° were used.

Since the failure surface had previously been defined,
the STABL2 failure surface searching routine was used on
the established topography and water table. This routine
searched for a failure containing the known crown and toe
of the landslide. One hundred trial surfaces were gener-

ated using the Jambu method for irregular failure shapes.
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The actual failure surface found in the field was in close
agreement with the second most likely surface generated by
the program. A section of this surface is shown in Plate 6.

This initial run yielded a factor of safety of 0.917
for the most critical surface (see Table 3). This value
seemed too low for the observed field conditions. Because
the landslide was failing, but the failure did not seem to
be accelerating, a factor of safety of between 0.95 and 0.97
seemed appropriate.

Accordingly, the soil strength parameters of cohesion
and friction angle were modified and a series of runs were
undertaken (Table 3). Values of zero for the cohesion and
32° for the friction angle yielded a factor of safety of
0.971 run 10, Table 3).

Using these soil parameters, the effect of lowering
the potentiometric surface in the slide was examined with
some additional runs. The elevation of the potentiometric
surface was lowered uniformly by five feet to simulate
drainage from the slide. This yielded a factor of safety
of 1.019 (see run 11, Table 3), a small but significant
increase in stability. Further lowering of the water table
by five additional feet (ten feet total) gave a factor of
safety of 1.065 (see run 12, Table 3), an increase of 9.7

percent over the original 0.971 factor of safety,
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Table 3. Stability Analysis of Main Failure Surface

Moist density=115 lbs./ft:

saturated density=125 1lbs./ft:

r (SOhOTIon) Friction amele Factor of commencs

1 300 28 0.917 initial run

2 300 15 0.495

3 300 24 0.771

4 300 34 1.127

5 0 24 0.692

6 0 34 1.048

7 1000 24 0.954

8 1000 34 1.311

9 300 30 0.976

10 0 32 0.971 values used in analysis

11 32 1.019 water level drop of 5 ft.
12 0 32 1.065 water level drop of 10 ft.
13 300 30 1.069 water level drop of 10 ft.
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It should be noted that, because scil conditions were
unknown, the results of this analysis are only estimates.
They are designed to show the relationships among soil
strength, potentiometric surface levels, and the factor of
safety. The numbers reported in this section are intended
only to show such relative changes.

4.5.1 Sensitivity Analysis

The analysis described above used a range of values
for both cohesion and friction angle. The failure surface
occurs within a sandy maroon silt zone. Accordingly, co-
hesion values are likely to be very low or zero. However,
if significant amounts of clay materials occur in parts of
the failure zone, then the cohesion would be significant,

Figure 22 shows the relationship between cohesion and
the factor of safety for various angles of friction. The
shaded zone shows the area between the angles of friction
of 24° and 34°. The limits of this area (cohesion of zero
to 1000 psi and angles of friction of 24° to 34°) encompas-
ses all likely subsurface conditions. The change in factor
of safety, represented by the height of this area, as the
angle of friction varies from 24° to 34°, is much greater
than the change in factor of safety as cohesion varies from
zero to 1000 psi. Therefore, these analyses show that the

angle of friction is the most critical soil parameter in
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Figure 22. Sensitivity analysis of soil strength vs.
factor of safety. Factor of safety is more sensitive
to changes in friction angle than cohesion. Stippled
area includes conditions likely to be found in the
failure zone.
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these factor of safety calculations.

4.6 Analysis of Road Fill Failure

The failure of the road fill under the highway and
shoulder area adjacent to the south lateral scarp was also
analyzed with the STABL2 program. The fill under the road
is of unknown composition, but probably consists of large
angular sandstone and siltstone blocks cut from the bedréck
roadcut south of the slide. The shoulder area is composed
of uncontrolled fill of sandstone and siltstone boulders
and blocks, with a matrix of sandy silt. There are numer-
ous void spaces between the boulders.

The failure in the road crosses the asphalt diagonally,
then parallels the pavement as it goes south (see Plate 1).
It resurfaces at the base of the fill slope, but because
of the nature of the road fill material, the toe is diffic-
cult to define. The fill slope is disturbed and oversteep-
ened in this area.

The subsurface geometry of the road fill is unknown,
so a circular analysis was attempted with only the crown
and toe limits specified. Initial soil parameters were
selected with zero cohesion and an angle of friction of 32°.
A bedrock surface was located and bedrock strength values
were selected to keep the failure zones from extending into

the bedrock.
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A series of iterations were performed (Table 4). The
results are plotted on figure 23. The factor of safety be-
comes 1.0 at an angle of friction of 28°. This value seems
unreasonably low for the type of material because angular
rip-rap typically has a friction angle of 34° or more (Hunt,
1985). At a friction angle of 34°, the computed factor of
safety is around 1.884,

These analyses suggest that the fill may not be inher-
ently unstable, but that the distress observed in the fill
may be largely due to its position on top of a moving slide

mass.
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Table 4. Stability Analysis of Road Fill Failure
Moist density = 125 lbs./ft3 3
Saturated density = 130 1lbs./f
Cohesion = 0 1lbs./in
Run Friction Angle Factor of
(degrees) Safety
1 34 1.884
2 33 1.716
3 29 1.171
4 28 1.028

72
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Figure 23. Plot of factor of safety vs. angle of

friction for road fill stability analy-
sis.
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5.0 SUGGESTED REMEDIAL MEASURES

The ultimate purpose of this study was to determine
the most economic method of stabilization of the landslide.
In general, there are five basic engineering alternatives
to consider in highway construction through a landslide
area (Schuster and Krizek, 1978):

1) Avoid the landslide by rerouting;

2) Excavate dangerous materials;

3) Regrade the area to stabilize zones of movement;

4) VUse restraining structures to control movement;

and,

5) Stabilize the area by hydrologic alteration.

Each of these categories was considered and their relative
costs and potential for success were assessed.

5.1 Rerouting

Because of the steep canyon walls and the lack of suit-
able alternate routes, construction costs for a new right
of way would be prohibitive. Therefore, rerouting is not a
valid alternative.

5.2 Excavation of Slide Materials

The total volume of the present slide was calculated
as slightly more than one million cubic yards. Typical
costs for excavation and haulage to a nearby disposal site,

assuming a suitable nearby site can be found, are estimated
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to be $12 per cubic yard. In this case, a total removal of
all materials is probably not feasible, since the highway
would then have no simple method of traversing this area.
Therefore, this alternative would more likely involve re-
moving about half the material at a cost of $6.5 million.
The costs for this are much higher than the other al-

ternatives described in the following sections.

5.3 Repgrading the Slide

The regrading alternative refers to a greatly reduced
volume of earthwork excavation compared to the volume in the
excavation alternative. Regrading is often used to reduce
driving forces and increases resisting forces by excavating
the upper portions and adding material to the toe areas of
slides. Its success and practicality depends on the geometry
of the slide.

The Battle Mountain Slide, in general, does not seem
to be especially favorable to regrading. The construction
of a large toe berm is not practical within the space avail-
able between the toe of the slide and the Denver and Rio
Grande Western railway tracks. The upper portion of the
slide is not particularly steep.
Some regrading of the highway fill may aid in the stability
of the highway grade. Analysis of stability for Zone A,

the highway fill, showed that this fill was probably not
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failing on its own account, but was failing due to loss of

support by the underlying slide materials. However, know-

ledge of the strength characteristics of the fill materials
is very poor, so the computed factors of safety are open

to question.

The present fill is much larger than needed and has a
very steep face. This undoubtedly adds considerable loads
.and stresses to the underlying slide materials. Narrowing
the excessively wide shoulder and regrading this slope
would involve the removal of about 6,000 cubic yards of
material, removing a load of at least 10,000 tons frcm this
portion of the slide. This measure should cost $72,000.

By itself, it will not stabilize the slide, but since it is
a probable contributing factor to the distress and distor-
tions exhibited in the pavement, it may be an appropriate
measure to undertake if maintenence costs rise significant-
ly.

5.4 Restraining Structures

Restraining structures include various types of walls,
berms and pile structures. Because of the size and depth
of this slide, retaining walls and piles are not viable.
Since there is limited space available between the toe and
the railroad tracks, an adequate toe berm cannot be con-

structed.
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One type of restraint might be feasible, however. 1In
conjunction with the road fill regrading suggested in sec-
tion 5.3 above, a thorough reconstructién of the road £fill
using reinforced earth technology should be considered.

Reinforced earth techniques were successfully used on
Vail Pass during the construction of Interstate-70 to dra-
matically reduce the volumes, and thus the weights, of road
fills in landslide areas. The design and cost of this type
of reconstruction is beyond the scope of this report, but

it is believed this alternative should be studied.

5.5 Alteration of Hydrologic Conditions

A common, and frequently effective, method of slide
stabilization is the alteration of the hydrologic condi-
tions to promote drainage of the slide mass. Such drainage
can involve both the diversion of surface waters to reduce
the infiltration of water into the slide, and the instal-
lation of drainage systems to assist the removal of ground
water contained within the slide.

Due to the steepness of the slopes, diverting the
drainages that lead into the Battle Mountain Slide would
prove difficult. If any diversion structures were con-
structed, the snow avalanches which inundate the drainages
in winter and spring would probably damage or destroy them.

Finally, much of the water that saturates the slide mass

ARTHUR TEXNR LIBRARY
COLOR- et of MINES
GCLDEN, CULUORADQO 80401
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comes from snowmelt percolating directly down through the
soil (see section 3.6).

In the past, horizontal drains, constructed of perfor-
ated PVC pipe, have been used successfully in dewatering
saturated slopes. One slide in California produced one
million gallons of water in one day from horizontal drains.
The slope proved to be stable after the drains were in-
stalled. The Colorado Department of Highways has used hor-
izontal drains to control landslide movements on Vail Pass
and the Whiskey Creek Slide, north of Minturn. One of the
Whiskey Creek Slide installations is shown in figure 24.

In most cases, such drains are hidden by small rock fills.

These are permeable enough not to interfere with the drain-
age process, but help prevent vandalism and freezing of the
drainage pipes' discharging ends, while also improving the

aesthetics,

The Battle Mountain Slide appears to be favorable to
treatment by horizontal drains. Generally, these drains
are drilled in roughly fan-shaped arrangements from a small
number of "drill pads". Economic and technical considera-
tions mandate the use of drill pads which should be located
in accessible areas to maximize the potential drainage
while minimizing the total amount of drilling.

Five drill pad sites have been selected. Four are acc-
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Figure 24. Horizontal drains used on the Whiskey
Creek Landslide, north of Minturn.
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essible from the highway and the fifth would require an
easily constructed access road. Figure 25 and Plate 1 show
the locations of these proposed drill pad sites, and define
the pad elevations and orientations of each drain hole.
These locations and patterns were selected to meet the
following criteria;

1) The drains should not cross any shear surfaces,
to ensure their continued operation and prevent
the pipes from acting as a source of water in the
event of slide movement;

2) A minimum upward gradient of 5% in the drain pipe,
which seems a practical limit to ensure efficient
flow through the pipes;

3) The maximum drill depth is 200 feet, due to equip-
ment limitations, and;

4) Drains are located to maximize the interception of
groundwater in the slide.

It is proposed that two-inch inside diameter PVC pipes
be used, with mill slot perforations in the appropriate sec-
tions. Figures 26 through 29 show the drain profiles for
each drill pad while Table 5 quantifies their orientation
and design.

The washing out of fines from the annulus around the

drain pipe may be a significant problem in this type of in-
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_/_;.—z I y \
. ot to Scale

Figure 25. Drill pad locations for horizontal drains.
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Bearing N70E

Bearing NA6W

Bearing NBOW

Figure 26. Cross section showing proposed drain profiles
from drill pad 1.
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Bearing N6

Bearing NG4E

Bearing N41E

perforated section

Figure 27. Cross sections showing proposed drain profiles
from drill pads 1 and 2.
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Pad 3 Bearing N58VV.
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Figure 28.

from drill

Cross section showing proposed drain profiles
pads 3 and 4.
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Bearing N87W
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o

......... perforated section

Figure 29. <Cross section showing propésed drain profiles
from drill pads 4 and 5.
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Table 5. Horizontal Drain Design Data.
Pad Elevation Perforated

Pad Elevation Drain Bearing Angle Length Section Priority

1 1007 a N70E 16.0 200 45 2
b N70E 12.5 190 55 3
c N70E 2.9 145 50 1
d N46W 12.33 160 20 2
e N46W 2.9 125 25 1
f N8OW 2.9 125 40 1
8 N8OW 10.6 150 45 3
h NB8OW 16.7 190 40 2
i N61E 10.5 200 60 2
j N61E 5.7 170 60 1

2 1025 a NS4E 10.5 200 100 2
b N54E 2.9 200 150 1
c N41E 2.9 100 60 1

3 795 a N58W 2.9 200 85 1
b N58W 6.0 200 105 2
c N35W 6.3 200 105 2
d N35W 2.9 200 120 1

4 760 a N58E 11.9 200 170 2
b N58E 2.9 200 175 1
c N87W 11.3 200 130 2
d NB7W 2.9 200 140 1
e N50W 13.0 200 100 2
f N50W 9.4 200 150 3
8 N50OW 2.9 200 165 1

5 830 a N78E 14.8 200 120 2
b N78E 8.8 200 145 3

c N78E 2.9 200 155 1
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stallation (Cedergren, 1967). Because of the nature of the
installation, it is impossible to place a filter around

the drain. However, when the slide material is fairly
coarse, as is believed to be the case at Battle Mountain,
the slotted portion of the drain may provide an adequate
filter (Cedergren, 1967). Thus, it is believed that hori-
zontal drains should operate satisfactorily at Battle Moun-
tairn. |

The maximum net flow into the slide during spring run-
off is estimated to be 105 to 150 gallons per minute. This
is based on the maximum change in the potentiometric sur-
face, from April 2 to April 16, and on a conservative es-
timated average void ratio of 0.15 in the saturated soil
zone. In order for the drain system to work, it obviously
should have a discharge capability greater than or equal to
the maximum rate of infiltration of water into the slide
(Ridgeway, 1982).

The actual discharge due to these drains cannot be
accurately predicted. Some rough calculations suggest that
the maximum rates of drainage through the pipes under nor-
mal operating conditions would be about 90 gallons per min-
ute. However, rising heads would increase this flow rate,
so it is believed that the system, as outlined, is adequate

to handle the groundwater volumes likely to be encountered.
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By reason of the observed geologic and hydrologic con-
ditions, along with length and other economic factors, some
drain orientations are more likely to be successful than
others; hence, each drain in Table 5 has been given a pri-
ority ranking of 1, 2, or 3.

5.5.1 Estimated Cost for llorizontal Drains

The Colorado Department of Highways suggested that a
cost of $10 per foot is a reasonable estimate for install-
ing horizontal drains in the Battle Mountain Slide. The
total footage of priority 1, 2, and 3 drains shown in Table

were summed and multiplied by the $10 per foot estimate
to compute the cost for this proposed drilling program.
Table shows three costs: the cost for the priority 1
drains only; for the priority 1 and 2 drains, and; all the
proposed drains.

5.5.2 Cost-Benefit Analysis

Table 6 also shows the anticipated drainage rates for
each option. When the increases in cost are compared to
the increases in anticipated drainage, an estimate for rel-
ative efficiency can be calculated. In the final column of
Table 6, the estimated relative efficiency has been comput-
ed for each class of drains in terms of gallons per minute
of drainage acﬁieved for each $1,000 of drilling costs.

These calculations show that the priority 1 holes are ex-
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pected to perform more drainage for the dollars spent than
either the priority 2 or 3 holes. Actually, the priority

3 holes appear to have a better drainage-to-cost ratio than
do the priority 2 holes, but are believed to be more risky
because of geological uncertainities.

According to Mr. Jim Henderson, a Highway Department
crew foreman, maintenance costs for patching the slide are
approximately $45 per ton for materials, labor, and equip-
ment. Based on the maintenance records in Appendix A, this
works out to about $4,300 per year.

Some horizontal drains in California have been work-
ing for over 20 years. Using this figure as a design life,
the total cost of installing all the drains ($49,550) aver-
ages $2,477 per year. This represents a savings of over
$1,800 per year compared with the current maintenance
costs. It should be noted, however, that this comparison
does not differentiate between current and future cxpen-
ditures.

5.6 Other Drainage Facilities

All water discharging from these horizontal drains
should be routed away from the slide by appropriate surface
drainageways. Discharges from pad 2 should be drained a-
long the highway shoulder to pad 1, then off the slide to

the north. This drainage can be accomplished with a ditch
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Table 6. Cost-Benefit Analysis

Priors Total Length Cost Estimated BenefiF—Cost
riority (feet) (dollars) Drainage Ratio
Rate (gpm) (gum/$1000)
1 2,065 20,650 43 2.09
2 2,150 21,500 33 1.54
740 7,400 14 1.87
142 4,215 42,150 76 1.81

1+243 4,955 49,550 90 1.82




or french drain, preferably lined with a flexible, imperm-
eable geomembrane to prevent infiltration of the water back
into the slide mass. Drainage water collected at pads 3,
4, and 5 can be diverted away from the slide by gravel
drains to prevent surface erosion.

Water infiltrating through the shoulder of the highway
should also be considered. Snow plowed off of the road
melts and percolates directly into the slide from the
shoulders. Conventional drainage gutters, made of bitu-
minous material, should be installed from 100 feet south of
TH-1 to the north lateral scarp, on both sides of the road.
For the same reason, the road should be repaved. The drill
roads should be revegetated, as should any disturbed soil

on the slide.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The Battle Mountain Slide is a complex slide, with a
volume of approximately one million cubic yards. Movement
is triggered by saturation of the mass by snowmelt in the
spring. Intense rainfall events which occur during the
summer do not appear to affect the slide's stability.

The slide has at least four zones which move at differ-
ent rates. The dominant sequence of movement appears to

begin with the failure of the lower central portions of the

slide which become saturated. These movements cause a loss
of support for zones higher in the slide causing them to
fail in turn. It is possible that this movement may also
be triggered by initial movements in the crown area, as the
upper slide mass becomes saturated by avalanche deposits
and moves downhill early in the spring. This process would
increase loads to the central lower portions of the slide
mass. Such movements could not be confirmed due to snow
cover and difficult access.

The saturation in the lower portions of the slide ap-
pears to be due in part to seepage of groundwater from low-
er portions of the Minturn Formation into the more perm-
eable slide material.

The most rapid movements during the Spring of 1985
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were in the road fill on the south flank of the slide.
This failure appears to be due to several causes, including
the removal of support from beneath the fill by movement
of the main slide, by saturation of the road fill from
snowmelt, and by the weight of the road fill, which is much
larger than is required for the highway.

Analyses using the STABL2 .computer program-indicated
that the slide stability could be increased significantly
with drainage. For this reason, the major stabilization

measures listed below are recommended to provide proper

drainage. Regrading and reconstruction of the road £fill,
thereby reducing its mass and increasing the stability of
the highway, is also recommended.

6.2 Recommendations

The following procedures are recommended to stabilize

the Battle Mountain Slide:

1) Install 4,955 feet of horizontal drains from the
five specified drill pads.

2) Rehabilitate surface drainage systems along the
highway, to further reduce water infiltration
rates.

3) Reduce the weight of the slide by minimal regrad-
ing of the excessively wide highway shoulder.

4) In conjunction with (3) above, consideration of a
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more extensive reconstruction of the road fill,
using reinforced earth techniques to further re-
duce its weight.

Rough cost analyses indicate that the installation of
the full set of horizontal drains would cost about $50,000;
the regrading and removal of the excess fill might cost as
much as $72,000, while the excavation and removal of up to
half the failing slide would cost $6.5 million. Further-
more, assuming a 20 year life expectancy for these drains,
their annual cost of $2,500 is substantially less than the
current average maintenance cost for roadway resurfacing
of $4,300. Accordingly, the installation of the horizontal

drains appears to have the highest priority.
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DEPARTMENT OF HIGHWAYS — '
V. SR N, N

806 So. Ninth St. P O. Box 2107 7 \!

Grand Junction. Colorado 81502-2107 ¢

(303 mxmensa 248-7389 : ,

August 7, 1985

Mr. Brend Shine

P.0. Box 1042

Golden, Colorado 80402

. .

Mr. Shine;

In responce to your request for information on Battle Mtn. Slide, Bwy. 24,

Mile.uarker #149.30 to 149.50, I was able to gather the following information.
The location in question has been te-p;ved nearly every year since our
records were started in 1978. c

7-78 thru 8-78 93 tons of premix applied

9-79 thru 10-79 86 tons of premix applied
7-80 360 tons of premix applied
7-81 10 tons of premix applied
82 _no premix recorded for this
location .
83 no premix recorded for this
location
8-84 thru 10-84 72 tons of premix applied
6-85 146 tons of premix applied

Material placed on the shoulder is impossible to trace since 1t would
have been removed cleaning ditches within two or three miles, and not
recorded as to where placed. Also, since the road seems to sink
gradually, our records do not reflect an exact day of settlement,
except that it occurs in the springtime. . March 15, thru May 31,
seems to be the most active time.

I hope this information is of value to you. If I may be of further assistance,

M.M.S. Coordinator

please let me know.

Gtand‘Junction. Colorado
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STATE OF COLORADD

DEPARTAIENT OF HIGHWAYS

DIVISION OF HIGHWAYS
OOH Form No. 267
Revised. Scptember, 1978
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Project
Location ___Battle

M yam
Structure Shele

Route_WS 2% Copnty € 25/<
Date Drilled JI :z.xllpzf

FOUNDATION BORING LOG

Loseer : -
Top Hole Elev. G 2 “ AN r\\\i.v‘ Station Boring No. _T_H_:..‘.__
Elev. Depth Description of Material BPF* Remarks
o-5' Pt
14 .
57-2¢.5 | Sandshone ) interbeddad shales REAN
i
! ]

* Standard Penetration Test (AASHTO T 206-74)

V/ater level upon completion

V/ater tevel (24 hrs)

Elev. Date.

Time

Elev Date

Time
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STATE OF COLONADO
DEPARTMENT OF HIGHWAYS Location _ B¢ Hountam

D:VIS!ION OFf HIGHWAYS

OOH Form No 267

Re.is:d. Sepiember, 1978

Project

101

Structure ___3V:d ¢

Route_ WS 2%  County _Eaylc

Date Drilled

TRY/:4 — Z/25 7
T v i s

FOUNDATION BORING LOG

(TH-2)
Top Hole Elev. Geologist Station_ Boring No.
Elev. Depth Description of Material BPF* Remarks
03 | orqerte top sl &z
2~/ black silt w/ :u‘poreju\a'- gt awel
12°-21" | Mavoon sitt w/ Bw\zlus) cathles andh aravel’
2'-25" [Wer = no retarms Stepped For ciny
22 -35" | Speons Sample altempted. = Mo rcturns Yzs
15’ 3% | White ot (?) = Pogr redurns Stow, c'\r;“n.rvj
37°42" |Marouw stk wf cotbes qraved and boulders
uz’-yg! TA

Dack browe $o aray L]t\(.k SL ‘.‘(._, X Samcj‘., C\C\\.{
. v / / /

Raw PVC pipe o THD

* Standard Penetration Test (AASHTO T 206-74)

Vater level upon completion Elev Date Time

\Watar jovel (24 hrs.)

Elev Date Time
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STATE OF COLORADOQ Project
DEPARTMENT OF HIGHWAYS tocation =04 Houdely
DIVISION OF mG;owAYS Structure N
22:::;';‘e:|::b69r. 1978 Route U324 County €431<
Date Drilled Zin e
L
FOUNDATION BORING LOG
) (TH-3)
Top Hole Elev. Geologlst P\ Station, Boring No. =
Elev. Depth Description of Material BPF* Remarks
.
o-u fill )
20" | Maran $ilt [
20°-22° Dark LYyeonw Sl.\'\’ ? L.Jj‘A L7 dritler
227-217 | Sclmorn coler 5'; l\'
23’-2%’ PQGt‘? +e rnool'l'ﬁ‘\(\y \\“\IYIQLL Ce‘aUu Mll 11&\.‘&\ 1 )
2% ’-23' Maroors :}\1- u/ Su‘:roumolii to \..u.“ row«h:l
graut\ ~ R 6" '4y<rf
12’-4s ' As clocre Mast
$s-75’ At clewe., Wek
75°-80" | As above . Very Lot
go’-g2' NG tedtur g
Qy_'.gu" No relurrs B(‘?{'Ckh“ to J'.\l{
’ ’ i
- Lest Cil{x\(h't
4 -%6 Ny rerurs o dleill
- ‘7"}, No returws DTl 4o drill
[T .
Set T OPUC pise A TR

°* Standard Penetration Test {AASHTO T 206-74)

Water level upon completion

Water tevel (24 hrs))

Time,
Time

Date
Date

Elev
Elev
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STATE OF COLORADO Project :
DIPAATMENT OF HIGHWAYS tocation __Baitls__ Hountsrs
DIVISION OF ";S;“W‘YS Structure 3¢
OOH Form No }
HF ® per. 1978 Route_US_2% ____County _E44le
Reviz2d. Scptember Date Drilled 77/2“/29 7
FOUNDATION BORING LOG
(TH=4)."
Top Hole Elev. Geologist P “'\\ Station. Boring No. -
Etev. Depth Description of Material BPF* Remarks
0-2° U
, -
- ’3 quoan Slk‘ W/ Su\g q,s“u‘a\r Yo SK‘:Y QUMJAG‘. ﬁf."ux.\
7
, W .
-1 [Tow silt w/ v qmw;\ Mot
V4722 | Marern and tan iherlbeddedd sl Sandstomse
l’:nu‘el"‘ z\‘\' \9
4 7 . .
22-2% lhike to |-5 Lt dan )md.um\ qram 5a»als+.w¢,
W70 |Harcan st s “’/ OC(UION‘*( S!l'n.\s‘!':uc Lo \"Lf'
R )
7o 'EZ‘ quaqd T'H' . H\'-!f{
’ _ K X .
22- 127 .Luftr':yc(cle,l whide E TN \'Y\tclwm. t:ra,wuj
S‘c'.w,l;.L;‘uv_ a.»l_ maraaw S]H-
17.7 ‘(‘-':0' RcwuluL to SL\L Nltv’t‘-&({. P t{s‘!’ow‘. qra.o\el ‘NL

’\’raq_ g. {’li, LA“

[

* Standard Penetration Test (ARASHTO T 206-74)

VWater level upon completion Elev Date Time

Vater level (24 hrs)

Elev. Date Time
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STATE OF COLORADO

DEPASTMENT OF HIGHWAYS

DIVISION OF HIGHWAYS
OOH Form No. 267
Revised. September, 1978
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Project

Location ___Q¢ e, Howabain

Structure

Route_US_ 2%  County Ce ﬁ]-‘:;
Date Drilled __2/zxfcd - 2020/

FOUNDATION BORING LOG

(TH-5)
Top Hole Elev. Geotogis__Lihl Station Boring No. 9
Elev. | Depth Description of Material BPF* Remarks

0-2= |Fll, sexd crd qravel ? Cogged by s
2100’ |Maram silt wf a;r:wz‘ ond. cabbles & sandihmre B Deller
lav’- 1ps’ Medium to Coarse "Jra.w\ui sandstove . Weathared Stepped S Doy
los™uo |Medaudd y el Sor*'cc(, subansdar meclun granwed e

sodstove_colldes ’
e'-nis’ S”fy sand o) gravels amcl cobbles
197~1237 [Tuterbedded mavour 51l anel glfquly

Micaceouns sand rtore. qrn.u'_l ‘ i
1271397 [Selmen colored §3f!~y ?»iw.;;ro.‘mf san W,

Pt cacasto ra«d;l-mel. :7/‘4»4.‘ ’
139-162" [ Salman siltstore o) coblles amol gy ave
(2 -1e5’ | ks de. Mot ' ’ ?f&rjr:éf"
16% -178" 5(“., subravnded, madiim irA.mcz(“ et saned 730
176" 25" | 5urounded medins sramed qarke sind )

Feoce oF Llade shale and dack wearorn fe

Ueckish 5'»{!'40(4.’, shale

Set  PUC F’.\PQ

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion Elev. Date Time
V/ater leve! (24 hrs.)

Elev Date Time
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STATE OF COLORADOQ Project -
DEPARTMENT OF HIGHWAYS Location __LPztle Mountdim
DiIVISION OF HIGHWAYS -,
DOH Form No. 267 :::"’e‘“'e de oty Easle.
Ravised, September, 1978
) Date Drilled __¥/1 [&4 - ¥fefx
FOUNDATION BORING LOG
(TH-6, 1 of 2)
. Pll\\ . 6 v -
Top Hole Elev. Geologist Station, Boring No. __9O 2 __
Elev. Depth Description of Material BPF* Remarks
o-2’ orqu}. top soil

2-6" | ¢obbes and sUbrmunded growel of guatz mudibobe
6’ -’ Red skt w/ sub runded, 9 cavel . Most
g1’ |Rd sk w filse to ma dasm grasm somd

W17’ [Taterbedeled red omd 4reen, . mudsones and
' Medtvm A)fwmul subrunclad. qim-f'z srm&l
7 1%’ gl cel'arez!' Qe gredme samdstene

[€-227 |Tak-bedded redand Greamn muelstomz s , bledde

thale ond. samd showe

27’"27' Iw*‘(p‘o«in(L QMV.(:, ?NIM mu.u.t :J.-owe) q‘.«arfi
gravds andk red talc-lke qreasy sk, Mast
2744’ |Rd sk w/ holdt edlared fine arad sondstome

colllet ard badders u/".‘rau_ oF Shale. Mokt

L‘H"S)' As cbose ) mare le andl morsture :
1 f—éf/éf?ebé{r;{,

Stppid for ey

53°-62.5" Mavcen st bt
63.8°=6%" |Red skt o) Fieqrainad samdstone colbles and

Bm\c(zt; w} traw r{: Ylult. . He'\sf
&5 - Red 95“\’1‘/ s'.h- w[ M.Aclf‘,;,\,_,i sarzlshne qu‘

?/=

- 7
,M"‘LL\ wa\%cr cc;\);'c*.\“‘

’ .
?\ -&7 NO fi“u/\f,\/;_
?7'~9“l" Marsan S‘:MA\, S;‘t- \.,/ Some eraug( ,

* Standard Penetration Test (AASHTO T 206-74)

Eify te dnil]

\/ater level upon completion Elev Date Time
\/aler level (24 hrs.) - Elev Date Time
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STATE OF COLORADO

DEPARTMENT OF HIGHWAYS

DIVISION OF HIGHV/AYS
DOH Form No. 267
Revised. Scptember, 1978

Project

106

Location __B_::;L"i_ﬂo_knﬁm_______
Structure S)ide

Rou!e_’«&z_‘*__7_
Date Dritled 9

County
ed = RfR[gu”

c:aqlc

FOUNDATION BORING LOG

(TH-6, 2 of 2)
Top Hole Elev. Geologist___P.rh i Station___ Boring No. __é»_Z/L_
Elev. Depth Description of Material BPF* Remarks
94/-92' | fs aboue © Very, Wet ol r:‘j Ji'"?;~3
g8'-101" [Tivheledded greun muwedshome (4o%) , blek. b".gllfv sracot
‘l“?“ (?.o'/oT ) ek marosw micacous vl
Cch.umul Sandstone ($0%)
o1z’ | Ao N'h,«m;c ‘
lox’ =10z 7 | Tivterbeddad Yrerin Wum Lack chale °"“\‘;"?\;"
) ok ms coons e dem ‘)chhcy( sandstomve s*(‘u:tzii(_
10871257 |Sik oy Coldkles amd 3raw¢\ i<
125-28’ | Mo returng ;:’ff::: ’c‘:;rt
es'-135” | Sl of culble and o rawel 77
15-3¢ " |Tokerbedded dack qw, shale é’o,d),qrcu‘
mudstorse (20 A) xno‘ Maltw’n 9f
somdstome (50% )
i’ | Sity somd o) colllesamd gravels Stoppecl o Jof
I43'= 1527 | Cobbles amel ﬁraue,\ - Lost airc. o
Set PVC pipe te 1527
* Standard Penetration Test (ASHTO T 206-74)
N it
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STATE OF COLORADO Project .

DEPARTMENT OFbegvg\/AYs Location Rattle Mot aim

ggf;ﬁx»%:;% Structure __Slide

Rewised. September, 1978 Route Us 2+ ____ County _E_S.Lf-
Date Drilled 8,/9,/94

FOUNDATION BORING LOG

(TH-7).-
Top Hole Elev. Geologist Pl Station BoringNo. — 7"
Elev. Depth Description of Material BPF" Remarks -
0-2 Black peat
25" |clayey, sandy silt . HMaist 4'-5°
9’-22° Gremm 1o "hv«l SL«‘ty mud stone ondd  selmon
to lisglt mavoan s'\(l'i and sanul
22’ - 757 | A above w] occassional dack o s Uack
'S"l‘.h, s‘amo( M«( COUJPJ amc(. bouUcrg
234357 [ulide medam oira,uwf sandsfine ﬁra.ud v/
Soma_ tan S0 ‘
15 255% | Marosw :MVL( Sh‘f b-‘/ W\A?f’vuﬁ- ‘}WW“"
colddes amaL badders.  Heirk
55"= 93" [Tom s ved slvc,Lk(., S:!m.,,/ si e u} sindstose
amd  dak grezn h l:lu—k Slvxle_ or:we)
29! [/jkf browm o dark 4am very fiare qvwcl sanck
amel il o) subnunded b0 wdl aundid somclsts
ardh shale r;;ra.w.(. Maist
o -8’ [Toterbededed gray brmm sandy silt and
whike sardshwe . Occassional gravd own'pssai
of Gery liard Yack shale
lqu'lnl L'a It colored fine cw ved S ncln"o've_, Salt and,
' Pc Fate Tesdun .
'.’.2',1‘%5' Rlack SL, ] Sine Sandstine terasa )
* Standard Penetration Test (AASHTO T 206-74)
V/atar level upon completion Elev Date Time
Vater leval (24 hrs.) Elev Date Time
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STATE OF COLORADO

DEPARTLIENT OF HIGHWAYS

108

Project

Structure ___3lhielg.

Location __L3athe, Howtam

DIVISION OF HIGHWAYS
23:;::(&::0&«3:;. 1978 gg:ﬂear——:j:lsw—?'“—m(ﬁamv Eage
FOUNDATION BORING LOG (TH-8)
Top Hole Elev. Geologist__Pihl Station Boring No. __ 5.
Elev. Depth Description of Material BPF* Remarks
0-2' |Bladk peatr W sandstone wbbles
2-153'  [Haraan tv O oun so-na\, sile u/ orrqular ta
su‘:wu\m— So.mo\s{’cm ara.,oJ colllac and
boders
I5%-32° ANqujdr to $u¥Mﬁular med, c,rdm qu«r‘f'&
sand shore W/ selmon 4o c\ark -*'a,-,‘ SL"\‘ omel
a lHle greom wmundstone
32740’ [l sorted  subangdar o subyoundid, e 4o
mulu'um o rapred quarts saadl
1{0,“42.5' As above :z/ qray SM*.;L, mudshove amd o
Yroce oF sm\c\‘., sl\,\le_
Yz.5-4g’ Em t mediim arain sand
4%'-5R7  [uterbedded ye:y\ mudstove , Guactz Sard
and shale W, subrounded cranel and_cdddss
5¢ =79 Muterbedded  red | medidom ;rmu)‘w( Somd shve .
black ska‘e_ amz,( th’ amt( peppar '/7‘J.¢(\(5.)uu', snm(n'-(..J
Traces of Maroon Sawcl-;, siltstone aad areun
mudstove . Merct
)

° 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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Project

STATE OF COLORADO R
DEPARTLIENT OF HIGHWAYS Location __Batle Houmlan
O:VI51DN OF HIGHWAYS Structure ___Slidhg

Eacle

DOH Form No. 267
Rewvised, September, 1978 Route_{AS 24 __7€ounly
Date Drilled g3 zy

FOUNDATION BORING LOG

, (TH-9)
Top Hole Elev. Geologist P’ "1 Station, Boring No. .
Elev. Depth Description of Material BPF* Remarks
0-4’ Rlack peat wf 3rm\ and cobbles. Haist

4’-7 Dark Brown Solhy ‘mecliium, 0‘!‘4\4:- Sand v/

3rau¢\ cobdes amd bowlders . Marst

b 30 [ S".'(»y samek and Samdstone qraucl wf Maraw
. ' J '

1sile

6 -22° Micaceaun mecdiunm arm subrownded. m“‘(

u) qrauL\S and 3l h:{'M . U-ru tnast
22’ 25’ Marchn 31'1‘ Sa,vwk omd S“l°’°“"“’l<”L 3""‘"‘(“*9”“
o)rML\ .

25°-26.5" Haro)h), c\a-juf Sll{‘l'y Sdm:i ;N’x‘ch;Jf.i w/
/ 4 7

3(@;5\: luw.k s‘.\k‘& amch Greian :‘»\WIS‘\‘OME,

UQ(\‘, er
25.5-5\" [As aloove ) mere Cj“’»/.
Sl" 7‘*! Ikﬁe.rlav.do[cd 'Q\ML S‘«»\l( L Qram ‘/mu!, S‘{’JNL

aha& "(\.\M\ de\als‘!'wt (C,MQ.! .

-

° Standard Penetration Test (AASHTO T 206-74)

\ater level upon completion 4 Elev. Date Time
Waterlevel (24 hrs) Elev Date Time

Quw&.ma [GROIRUNVNVIY
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STATE OF COLORADO

DEPARTMEMT OF HIGHWAYS
DIVISION OF HIGHWAYS

OOH Form No. 267
Revisea, September, 1978

Project

110

Location ___[atte Hourdain

Structure Slele

Route_US 2+  County Z4 f"‘

Date Drilled 9/1u "‘L.. -91"7

FOUNDATION BORING LOG

(TH-10)
Top Hole Elev. Geologist Station Boring No. !
Elev. Depth Description of Material BPF Remarks

0-2° |Black peat of Sandstune gravel ond colhle Y
2' =97 [Brown St"n, somd amcd Samdstue aravel amd

collles.  Mavst .
9" -12'  [Maraw s;,h/ e qralnzA sond of Sanlstone.

g ravdl a,.\,,l colboles . Very mast
Is7-23" | hark brown $ll|'7 sand ancl C)f@tl Jm, Hoxst
21257 | Marcan Slh,uhy nlcacens sl’h, sand le

aravel |
2s5-y47’ Ik:\"er‘ctalc‘e‘l black S“M\‘L)QIU&\ raud skone

and five Ao mecism \cl,r;.ih sandsfeve occassionnl

growel and arqular Qewc‘IOerA&
47"-69" | Marasas sﬂ"rﬂ;:a;c v qr.;vd mediwm Fo

caarse qrmm Sm(s;om- onel 9retn rudstene
69"~ I»’refbuic{ul 9r2%m w\w,\s%ue 234 pravcon Skppadd or cL‘/

snl*ﬁu«
7354 |Marcw S‘“‘ﬂ’o‘r«_ 9/‘5

Set  MC ppe to T4’

* Standard Penetration Test (AASHTO T 205-74)

Water level upon completion Elev Date Time
Water lavel (94 hrs )

Flev. Date ——— Time
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STATE OF COLORADO Project
DEPARTMENT OF HIGH;NAYS Location Tattle Maumtam
OIVISION OF HIGHWAY Structure ___Shicle
DOH Form No 267 us o% G‘JP
Revisad. ber, 1978 Route ! County _&
evised. September Date Drilled 8/15/&4 - elrjx—f
FOUNDATION BORING LOG ] }/
(TH-11, 1 of 3) /3
Top Hole Elev. _.Geologist P t\\\ Station. Boring No. __\\__
Elev. Depth Description of Material BPF* Remarks
‘ . L'
o-4 Fil(l qravd ond colkles w) Hack, oraanc slhy llS
v 7

sam|
k‘*“]()' Brcw_u s\'hL(l;H‘- 5r~mc<l Samcl w/ (_:)ro.vcl awl

colbles
=13 | Samstome balder
11257 | Brown e teddishy | stishtly clayey sandy sily
‘ o) Mudstove. and sandstove subvomeleck
1+ rownded gramel | cobbles and lboulders

DH\;( # l

’ ! 4 Y]
g ! !

25°-25,5(25-26" Ryeguun S,'ml, SCW'ML;L‘&LII "’:! <ome
recovered 14"

gaved (9

G rem uc stome ;\Jraud omd a trace
oF Uaok Sl\o\(& i
%6-26.5" Red silt o) avgubr wedium, araived
¢ Ak g

Sa.\o\slowc Qraul.! aml a +rlla_ o‘F

M-‘v\‘or (:'&ck thale  cablbles,

2(-.5'-3l' As aLow_ w’] send sdorse an\ ?rw« muzlghm
colbles amd bowdders .  Morsk

37 -43.5 Mavoew Slhu <and w/ \‘amc‘s}ouc mucl shome

anel shele CALJ(S laoyc' lecs anad ?rmld Stepped e ‘!‘7

— €,
43.5-ude’ As cbove o/ k\ql\cr 3\}'6\06‘ conterst /(6
br\\‘}( 12

reeove "tli 5 “

"‘:;2,"“‘9-5’ Harczm C’ayex{, 5”“, Sahc(_ l.// Sul:am_e,u,‘ar +
wlt TclM"(\léL qfu,y\ wqjs{'om Llock S‘l\a\e_

* Standard Penetrahon Test (AASHTO T 206- 74)

Viater 1evel upon completion __ Etev Date Time
Watertevel (24 hrs) - Elev Date Time
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ER-3139
3221.5;35&?‘8? :«?Gou;vus f::ij::;n _Beaitle Mowrtam
DIVIS'ON OF HIGHWAY Structure Sl
DOH Form No. 267 - a4\
Re\:eao. Scpl:mber, 1978 g:::g[)r(;lsed&i 2‘“ 53‘:5“)_" .'E/I(Z‘}/;L
FOUNDATION BORING LOG 2/3
| (TH-11, 2 of 3) -
Top Hole Elev. Geologist P‘L\ Station, Boring No. “
Elev. Depth Description of Material BPF* Remarks
‘ )
H49.5 L | amdh sandihire 9r avel ot saved
49.5-53’ | As dbove
53%-s5’ | As abave Arillivg “smorthed ot
; v S
’ . » &
5%’-59.5 /5859 Mareen '.c\mﬁJf,SaML,J;Jf o/ greun - Drive #3
mv.AS{'ocoe. <l\d<_ a-uL s‘mls{'m thel mcw“(
59-535" Brown medwm b coarse ﬁramb\ poor‘y nat saveel
comunted samdstont (wﬂ\u ul)
- 7 ~
53.5-21" | Ac aboue. , less Qnﬁv{,] . Wet
’ L4
gl-% 4’ Mudshre
&q"'gﬂvl Na reesven,) br\;x_%q'
6 ~57. 5’| Na recovery . Bt\;e =

?7.51'89' Maros silt awd 9ravel

§9°-92 | Blade shdle Drwve ¥6
92’ -93.5"|92"-92.5" Marcum St’-nv,\;y nht o/ sandstowa and l"(couzmo( lo"

SLA‘& C,:'MQ.‘ SdUec( so.nfb_
92.5-93" SuLa«-,uJac c!uar{'E Sandstome ‘5““"\

93793.5" Micactouo Sine c“)ra,;wd sord o] soma
]

Weran sih

93'5'99 rl: alq«,)" Ucvy SO‘Q"

99”- 106" [Tikrbedded  samstore ancl. muclmm/
§)l1‘${\,w .

° Stancard Penetration Test (AASHTO T 206-74)

Water level upon completion Elev. Date Time
Viater level (24 hes ) Elev. Date. Time
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- STATE OF COLORADO Project
DEPARTMENT OF HIGHWAYS C T
DIVISION OF HIGHWAYS Location Betile Homida,
DOH Form No 267 Structure ___S1ds
Ravisec, Sepltember, 1978 Route_US%_24 County Eaale
Date Drilled ?[lslw = FTLI')-‘A

FOUNDATION BORING LOG ;
(TH-11, 3 of 3) /3

GeologlsL_&u_—_Station Boring No. J___

Elev. Depth Description of Material BPF* Remarks

Rb-N6 | Brownw shele inferbedded o thi .
sondstove lemses

Top Hole Elev.

St 16 o puclimometer ‘p;ﬁa
PW 150 ét\l of Superf;e.l o.‘ml wate
ta_seal oSE Wile | Couldk hesi commun |
w, hole, ¥3,
fum.pcol, ISON S’l(hl/ Gp 2 sacks AF
Portlond. "Npo.,'ﬂ comed arh | % sacks oF
Super ﬁ'e\
Rupemezt w/ 3 vo[l'hO)\-M! 150 - 5.
Yonks o above. slurry, ©
Gravdted + Ul W/?e,cw‘ & surface,

* Standard Penetration Test (AASHTO T 206-74)

\:laler level upon completion Elev Date Time
Water level (24 hes)______ Elev Date Time
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STATE OF COLORADO Project .
DEPARTMENT OF HIGHWAYS Location Gz __y i,
DIVISION OF HIGHWAYS s"uc‘we RTE
DOM Form No. 267 ER "
Revised. September, 1978 ROUte——__Zc___Counlx LY
Date Drilled ! .‘, 5 &
FOUNDATION BORING LOG
S . CSH4 -
Top Hole Elev. Geologist D . Ihe.ct  station Boring No. M-
Elev. Depth Description of Material BPF* Remarks
c-27 b\ao\; lcm-nu fo‘xaul'c. ”rol« <‘ol\
’
3’_ 11 Pecl Lv SG VC(\; macccus Sc cl \./ 06(29(" 4
e
o L.n“. ‘.wlz_c,( 4o Sem hb\s\ctlol ‘\\Af\ff‘é
. /
’ - . - . R -
I =13 r(,.u_{ ar‘:os(c_ SC&N;'S‘"'(‘N&. l:au(c(:\r o‘tc-cttu !‘ A l\vw
do” [red Silty o dy -reroens 5. ¥
13 =Ye" [rea silty Sowdy rircogat: 5 wf
.o - -
cotlles amd Jowldir & ackeric smdine
’ \ . .
Ho =52 |same as qeesd ) "\«q‘u,r Mmaithure coniterit
/e .1, - . c ,
52 “46[ red STy dReaceous Or!(u':'c' Canzisten birelicek
1 ' . ] . .
SQ,'\" );_ S‘T{,il p 1p2 , l\‘.\,u( I Z.Q F(r%‘lﬁ;? n‘

chc_‘&c'\“(o{ W/ Sand

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion Elev Date

Time

Water tevel (24 hrs.) Elev . Date.

Time.
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STATE OF COLORADO Project i .
OSPARTMENT OF HIGHWAYS Location PaSie Mo Ha,
DIVISION OF 1 GHWAYS Structure alite :
DOM Form No. 267 Al 5 ](
Revised, September, 1973 Roule_ﬂi_zf___(:oum, 4
Date Drilled n!n >y
FOUNDATION BORING LOG
i) SM-2..
Top Hole Elev. Geologist D’ SAea Station__ Boring No. csM
Elev. Depth Description of Material BPF* Remarks
V4 . . .
0 -4 red lavey Soil o) red silk, micacears
L 7 T
cobbles
’ '
Y4 -5 red da‘gq Sot‘ c..,/ eoarss eramed arkasic
v
sand ami reel :\‘*\7 Miceceas wdles.
! ’
g -20 rer.k + tan ar‘(cf\c SOMAS*'«J& \'4 ""h{'o;u( Bu\rogk
S“h:we‘ers S‘ou c(n'“\'m’
i =4
Set  yperforaded shd pise
i
Bad(g\“cJ. ‘VI San-\c‘ .
\
* Standard Penetration Test (AASHTO T 206-74)
Water lavel upon completion Elev Date. Time
Water level (24 hrs.) Elev Date Time
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STATE OF COLORADO
DEPARTMENT OF HIGHWAYS Location <

DIVISION OF HIGHWAYS
OOH Form Mo. 267

116

Project

Structure ___St{cle

+al

_US 24 Ce
Route. County _S }1\'-

evised, Scplember, 197/
Rlevised. Seet e Date Drilled 12 ofxces
T 17
FOUNDATION BORING LOG
Top Hole Elev. Geologist D . TJurich Station___ Boring No. Q_S_ﬁi
Elev. Depth Description of Material BPF* Remarks
0-3’ dack b 44 Black oY Game reh soil
’ P v
3-\7 FCc\ Q&O‘oL\LC\‘\yu{ So.l\ \v/ Loull‘US 5 l:u.‘FF
. / ' I. ¢
quarte_Sandstone
[] ', .
17" <9’ red dm,ey,s"\"cy soi
|9"Zl' ?“54 S.\l{'t, 5.)\" w/ aw)u.lqr c..L\.lq o
gray-qceim shale and five to mad. 31&4’:\4.4
T ] N
aream quartz Samdshme .
’ ! N {
21-22.5 | file 4 med . t}rmf“u{ aresn 4z _S'aqu'cwc
225’~25' |as above \M'qlw, maisture  content
’ I'd ~ . . .
25 =R | red quyai, s L‘:\, sail ~very morst 0n
i ) I I

Set Pi."'(w‘cs’tui %" sted Pu.pe

BockSilied w/ sane

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion Elev Date. Time

Vater tevel (24 hrs.)

————— Elev. Date Time
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STATE OF COLORADO

OEPARTMENT OF HIGHWAYS

117

Project

Location __Cottle Motombaun

DIVISION OF HIGHWAYS Strtore T SLd L
DO+ Form No. 267
a Route. us 24 County Casle
Revisec. September. 1978 Date Drilled "/ZQ??"’ 7
FOUNDATION BORING LOG
Top Hole Elev. Geologist & -_J—ut‘KJ'\ Station _Boring No. csi-Y4-
Efev. Depth Description of Material BPF* Remarks
. S
0-3' black, loamy oreawie rich sonl
‘. - Vi 7 %4
2-5 bufl quartz sandsisnre
5-%' Uack \oamy organic rich sail
7 v
3’-25' PQLL C,‘QL’L\/ Sg;l l-u/ Qa ;{\J COLLl{‘ OF
. ol N
red Micaceons arkosic sareletone Guel clean
quart sanelstone
25-%3" [red da.,a,,x”f\, soil ) collles omel
‘(})L\‘(l{(i c'F ar keS Ic SO.ncle—cw; ﬂ-m,L
st r:m,grs t:‘: S'GNC[V Sl./flfom/SI‘\ﬁ‘(
|
i
[
I
!
"
: .
|

tandard Penetration Test (AASHTO T 206-74)

ter level upon completion Elev

‘er level (24 hrs.)

Date. Time
Elev Date. Time
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Water Table Elevation Above Datum (feet)

T Y T T T M
1020}, TH-1
1010}
ﬂ.‘\.
.
1000} e oo . l ‘\'_'4\'
990 i surface elevation 1021 ft.
3
I A A 1 1 " - : i
1000} y 4 ' I ¥ i i N v ; j
| TH-2
990} ! 4
|
L]
980+ / | Lﬁ‘*\‘\.
.
‘ '\‘ |
970} i ]
lsurface elevation 1009 f1.
I . . 1 \ . . H -
T T Y T T T T s T v v ‘!
| TH-3
950k | 4
940 '
L]
930} 1
}
.
L 1 A
960 T T T T —T T T T T M
{ TH-4
950 }
1]
' .
940}t . R
|
.
9301 ! surface elevation 997 ft.
{
il I 1 1 1 A A : y B
T T Y T T T v 3 T T
820F 1 TH-5 1
L
!
810 1
L 2
800 ! 1
|
1]
790F lsurface elevation 990 ft.
L 2 i 1 1 1 - : "
F T T T T M T M -
! TH-6
870} ] ]
L]
l |
860 i ]
.
> l 1
850 .
lsurfnce elevation Q28 ft.
1 .
S 0 N D J F M A M J J A
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Water Table Elevation Above Datum (feet)

820

810

800

790

L

TH-7

@ - et ——

|

surface elevation 946 ft.

1080

1070

1060

1050

g

surface elevation 1113 ft.

1100

1090

1080

10701

| | {'H-Sj

|

surface elevation 1107 ft.

1020

1otof

1000

990

—— - ——

TH-10 4

surface elevation 1036 ft. J

950

940

930

9201

1080

1070

1060

1050F

1 s . .
|
. TH-11
./'—041'».__0.—-0——"\.___4
i 4
.
|
i
!surfa:e elevation 1005 ftr. 4
1 A R
v T v
|
. CSM-1
|
.W;.__;
| 1
!surrnco elevation 1110 (¢,
I R 4

™M J J A
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Water Table Elevation Above Datum (feet)

FIGURE . TEST HOLE WATER LEVELS

T Y T T T T T T T g T
i CSM-2
1080 .
1070 | ‘ﬂ 1
|
.
1060 |
isur!nce clevation 1083 ft.
1050 A I 1 1 1 A ye +
T r T T v v T v
930} I CSM-3 |
920} e AN ee
{
.
910 l §
! J
4 "
ool lsurface elevation 947 ft,
1 N " 1 1 1 n " 1
T L LS l T T T l T
800 - i CSM-4 -
.
790 | ’
1
,
780 | ! . ’
|
770 F isurface elevation 927 fr. |
. 1 —
1 L] T l L 1 L] I T T T
i ~CSM-5
700 ! ]
*
© 690} I r
L)
' .
680 } i
wurface elevation 798 ft,
1 1 1 1 i k. —t — "
670 L
v T T T T v ] v v r
770} i CSM-6
,
7601 : .M
|
.
750} ! 1
!surfnce elevetion 808 ft.
760 |
1 2 4 1 | 1 A 3
T T T T T T T T
Weekly Precipitation, Minturn Ranger Station
09t
bd
o
0615
=
03t
" 1
(6] N D J F M A ™M J J A
1984 1985
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Drill lHole Water Level! Summary
Date + 9-9-84 9-16~84 9-23-84 9-30-84 11-11-84 11-20-84
Drill Hole
TH-1 20.46' 20.92° 21.50' 21,67' 22.08* 22,22
TH-2 30.00 31.00 31.25 31,83 32,50 35.67
TH-3 62.67 61.75 62.21 63.50 64.58" 67.48
TH-4 37.46 37.21 42.04 49,54 61.63 Ice in Pipe
TH-5 29.50 19.00 19.83 25.42 25.58 >150?
TH-6 58.21 52.38 51.04 49.88 56.79 54,79
TH-7 44,33 26.08 53.75 58.42 143.00 142,83
TH-8 44.75 44.00 44,00 44,00 45,00 43,90
TH-9 - - - - - -
TH-10 32,00 32,25 32.08 32.17 32.42 Ice in Pipe
TH-11 68.79 68.00 71.83 73.25 - 82,50
Feet Below Ground Surface
Date + 1-22-85 2-19-85 3-19-85 -4=2-85 4-16-85
Drill Hole
TH-1 Covered with enow 24 21.00 22.00 10.92
TH-2 - - - 35 28,42 24.92 Burried by
Avalanche
TH-) 68,42 74 61.42 63.92 56.25
TH-4 Dry at 82.00, probe Dry at 82.00 Dry at 82,00 Dry st 82,00 Dry at 78.75
TH=S >150.0 >150.0 >150.0 182,50 180.42
TH-6 Covered with snow Covered with snow Covered with snow Covered with snow 107.50
TH-7 Covered with snow Covered with snow Covered with saow Covered with snow 21.10
TH-8 Covered with snow 49 Covered with enow 44.50 43.75
™9 Covered with anow Covered with snow Covered with snow Covered with snow Covered with soow
TH-10 Covered with snow Covered with snow Covered with snow Covered with snow Covered with snow
TH-11 Covered with snow Locked 82.83 83.00 82.50
csn-1 Covered with snow 45 44,50 45,00 44,17
csH-2 Covered with snow Plugged by ice st 9 Plugged by ice at 19 Plugged at 25.0 18,50
CcsH-3 Covered with snow Plugged by ice at 5 30.08 29.42 24,08
csr-4 Covered with snow Plugged by ice st 6 140,67 Dry st 141.5, TD 135.50
CSH-5 Covered with snow 117 111,83 114,21 105,00
CcsH-6 Covered with snow Dry at 57, TD Dry at 52 Dry at 58,58 47.08
3
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Orill Hole Water Level Summary
Feet Below Cround Surface
lbuo - 4-30-85 5-7-85 5-9-85 5-14-85 5-21-85
Drill Hole
TH-1 11.42 11.50 12.00 13.25 14.82
™2 Buried by
" Avalanche 24.33 26.58 28.75 28.49
TH-3 54,75 53,75 53.92 35.25 56.33
TH-4 Dry at 78,25 Dry at 78,25 Dry at 78, TD 78,21 Dry st 78.52
™S 180.8) 181.00 180.75 Blocked and Dry at 34.41
34,27
TH-6 94.17 607 $7.08 83.21 60.26
T™H-7 143.00 143,33 143,25 140.92 142.06
TH-8 42,78 42.00 42.00 42,04 42.75
TH-9 Covered with snow Covered with snow Covered with snow Covered with snow Covered with saow
TH-10 Covered with snow Covered with snow 29.1) 30.17 30.32
TH~11 82.50 83.17 82.50 82.50 Not taken
Ccsi-1 42,58 41.75 41.92 43.00 42,54
csH-2 6.00 14,67 15.58 18,08 19.00
csM-3 22.92 23.67 23.67 25.79 26.83
Ccsi-4 Moisture at 135.67 Dry at 93.58 Dry st 93.50 93.23 93.19
TD-13600 :
csSH-5 101,42 98.58 100.42 100.25 102.29
csi-6 A7.50 46,50 48.00 49.54 50.42
Feet Below Ground Surface
. |pate 5-27-85 6-7-85 6-13-85 6~-30/85 7-22-85
Orill Hole
TH-1 16.00 17.23 17.96 20.67 19.69
™2 28.78 28.90 29.21 29.92 N
TH-) 56.99 57.69 57.83 56.35 58.19
TH-4 78.80 Dry @78.75, TO Dry 78,08, TD not found not found
™S Mud only @185 TD Dry @34.46, TD Dry @34.40, TD Dry @33.15, TD Dry €34.25, TD
TH-6 50.51 48.92 48.31 49.61 . 52.75%
™7 140.10 139.60 not taken due to 140.31 143,00
shear condition
in pipe
TH-8 43.06 43.10 42.98 43,40 42.67
™9 26.26 Dry 824.00, TD Dry €12.42, TD 23,81 23.89
TR-10 31,23 31.27 31.29 31.39 31.58
TH-11 Not taken 82.65 82.75 82.73 83.79
CSM-1 42,92 43.85 42.98 43.38 43.67 !
CSMH-2 19.52 Dry €19.42, TD Dry €19.48, TD Dry €19.44 Dry €19,43, TD
CcsM-3 27,21 28.97 25.42 28,65 28.40
CsM-4 147,74 ’ Dry @94.26, TD bry €93.2t, TO Ory €93,17, TD Dry €93.13, TD
[~ ] 104.29 101,38 105.75 107.40 109.13
L csi-6 50.85% 49,42 47.33 50,50 49,98
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Drill Hole Watar Level Suamary

Date + 1-31-85 9-3-85
Drill hole

TH-1 19.90 22,00

TH-2 31.60 32.70

ri-3 60.38 64.32

TH-4 Lost Lost

TH-S Dry €34.33, T Dry €34.35, 1D

T™H-6 49.88 49.57

TH~7 142.96 143.99

-8 43,67 44,08

™9 23,92 24.13

T™-10 31.46 31.56

CSM-1 43.65 44,00

csM-2 Dry €19.42, TD
csH-3 28.02
CsH-4 Dry €93.10, TD
CSH-$ 108.65
CSM-6 50.58

Dry €19.46, TD
29,21
Dry @93.10, TD
109,03
49.76
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Note:

1985 Precipitation Data (Inches)

Day May June July Aug. Sept.
1 NR 0.12 0 0 0.02
2 NR Q 0.02 0.19 0.07
3 NR- T 0 0
4 NR 0.17 0 0
5 0.03 0 0 0
6 0.02 T 0 0.06
7 0.14 0 0 0
8 0 0 0 0
9 0 0 0 0

10 0.06 0.33 0 0
11 0.35 T 0 0.02
12 0.10 0 0.01 0.27
13 0.10 c 0.25 0
14 0 0 0 0
15 0 0] 0 0
16 0 0 0.03 0
17 0.03 0 0.01 0
18 0.05 0 0.07 0
19 0.15 0 0.16 0
20 0.18 0 0.34 0
21 0 0 0.25 0
22 0.12 0 0.45 0
23 0.02 0 0.44 0
24 NR 0 0.16 0
25 NR 0.31 0.10 0
26 NR 0.07 0 0
27 NR 0.02 0.02 0.01
28 0 0 0 0.03
29 NR 0 0.09 T
30 0 0 0.04 0
31 T - 0 0

Data taken from White River National Forest Ranger Statiom, 1.75 miles
N.W. of the study area. Data are taken during the spring and summer
months only, starting on May 5 this year. Total rainfall from May 5 to
Sept. 2 was 5.48 inches.

NR = not recorded.

T = trace.



