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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
iii
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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-
6ume of slide materials is 1.08x10 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.

i v
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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.

v
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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 two 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 the Battle Mountain Landslide from 

September, 1984 to September, 1985.

The objectives of this study were:

1. Definition of the slide and description of its

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 potentiometrie 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



ER-3139 5

Figure 1. Study area location.
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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
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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 work (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
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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).

ARTHUR LA 17! 3 UR? ART 
COLORADO • SCHOOL of" M1N2S 
GOLDEN, COLORADO 80401
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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 ob

vious and of concern only after U.S. Highway 24 was rerout-
f

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). In 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 which 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 age from Pre-Bull Lake to Pinedale (Tweto 

and Lovering, 1977).

In the immediate study area, the relatively unweathered 

terminal moraines of the Pinedale glacial advances down 

Cross Creek Canyon are most important. All three stades 

of the Pinedale glaciers flowed eastward to form a terminal
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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 A. 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-



ER-3139 14

Figure 3. Pinedale terminal moraine at the 
mouth of Cross Creek Canyon that diverted 
the Eagle River to the east, oversteepening 
the valley walls.
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1000 2000106° 24*00

Figure 4. Geologic map of the Battle Mountain Landslide 
vicinity (see figure 5 for legend).
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Qal U n c o n s o l i d a t e d  alluvial deposits of gravel, sand, and
silt

Qc U n c o n s o l i d a t e d  colluvial deposits, mainly derived from
  t-he M i n t u r n  Forma tio n

Qls U n c o n s o l i d a t e d  lan dsl id e material composed of colluvium

£m Minturn F o r m a t i o n  ( P e n n s y l v a n i a n ) - G r a y , tan, and red
  sandstone, shale, and conglomera te up to 6000 ft. thick

lb Belden F o r m a t i o n  (P e n n s y 1vanian)-Gray to black carbon-
— ate, shale, and sandstone, about 900 ft. thick

Ml L e a d vi lle Do l o m i t e  ( M i s s i s s i p p i a n ) - G r a y , massive dolo-
 mite, about 150 ft. thick in this area

MDc Chaffee F o r m a t i o n  ( M i s s i s s i p p i a n -Dev on ian)-Ba nd ed light
 tan and gray sandston e and c a r b o n a t e ,about 150 ft.

thick in this area

V \

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 Minturn 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. In 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 Pr ec a m b r i a n  rocks to the west.

In this respect, the location of the l a n d sl id e is 

st ru ctur al ly controlled. Its orie nt ation is similar to 

that of s u r r ou nding lineaments, and it rests on the n o r t h 

west facing slope of a large drainage. However, on a q u a l 

itative level, sand st one and congl o m e r a t e  strata are r e l 

ati vel y und efo rmed and no p r e f e re ntial jo int in g pat ter ns 

were observed.

2.4 Geol ogy  of the Immediat e Lands li de Area

The geology of the i m m e diate area of the lan dsl id e 

was examine d in some detail. The site was mapped using c on

ve ntional surve ying and geologic ma pping techniques.

Be dr oc k geology, as noted in the R e g ional Ge ol og y s e c 

tion, consist s of gentl y dipping beds of the M i n t u r n  and 

Be lde n F o r m at ions si tuated on a steep slope o v e r l o o k i n g  the 

Eagle River. Some min or fold ing and f a u lting is app are nt 

in the roadcut imme d i a t e l y  south of the slide.

The moving slide mass overlies the M i n t u r n  and Belden 

Fro mations, with the M i n t u r n - B e l d e n  contact running roughly 

under the highway. The toe of the slide rests about twenty 

feet below the B e l d e n - L e a d v i l l e  contact.

The landslide is compo sed of wea t h e r e d  c o l l uvi um  and
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de t a c h e d  s e g m e n t s  of b e d r o c k  d e r ived  from  the cliffs of the 

M i n t u r n  F o r m a t i o n  that o v e r l o o k  the slide. A l t h o u g h  the 

source m a t e r i a l  c a nnot be c o r r e l a t e d  wit h s p e c i f i c  bedrock  

strata, it can be i n f e r r e d  from the slide l i t h o l o g y  found 

in the wel l  logs that the so urce m a t e r i a l  is l a r g e l y  from 

the n o n - m a r i n e  f a c i e s  of the Min tu rn , w h i c h  be gins about 

365 feet a b ove the highway .



ER-3139 20

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 Report 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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SLUMPEARTH FLOW

O R IG IN A L  G R O U N D  
SU R FA C E

■TOP

hJf
> \ y7jJLongitudin*! f/

- c  O  of ruptur*

NOMENCLATURE

MAIN SCARP— A steep surface on the undisturbed ground around the  
periphery of the slide, caused by the movement of slide material away from  
undistuibed ground. The projection of the scarp surface under the displaced 
material becomes the surface of rupture.

MINOR SCARP— A steep surface on the displaced material produced by 
differential movements within the sliding mass.

HEAD— The upper parts of the slide material along the contact between the 
displaced material and the main scarp.

TOP— The highest point of contact between the displaced material and the 
main scarp.

TOE OF SURFACE OF RUPTURE— The intersection (sometimes buried) 
between the lower part of the surface of rupture and the original ground 
surface.

TOE— Tha m arg in  of displaced m aterial most distant from  the m ain  
scarp.

TIP— The point on the toe most distant from the top of the slide.
FOOT— That portion of the displaced material that lies downslope from the toe 

of the surface of rupture.
MAIN BODY— That part of the displaced material that overlies the surface of 

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

FLANK—The side of the landslide.
CROWN— The material that is still in place, practically undisptacaid and 

adjacent to the highest parts of the main scarp.
ORIGINAL GROUND SURFACE— The slope that existed before the movement 

which is being considered took place. If this is the surface of an older 
landslide, that fact should be stated.

LEFT AND RIGHT— Compass directions are preferable in describing a slide, 
but if ri(jht and left are used they refer to the slide as viewed from the crown.

SURFACE OF SEPARATION— The surface separating displaced material from 
stable material but not known to have been a surface on which failure 
occurred.

DISPLACED MATERIAL— The material that has moved away from its original 
position on the slope. It may be in a deformed or undeformed state.

ZONE OF DEPLETION— The area w ithin which the displaced matenal lies 
below the original ground surface.

ZONE OF ACCUMULATION—The area within which the displaced material lies 
above the original ground surface.

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 inclinometer 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 -j-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 number of relatively small scale mudflows have oc

curred in recent years. These flows appear to be confined
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Figure 7. Aerial photograph of study area. Scale 
is approximately 1:40,675.
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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 sur

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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Figure 8. Plot of movement from inclinometer data.
Original readings were taken 9-9-84. 
Inclinometer casing sheared after 5-28-85; 
subsequent readings use the 5-28 data as a 
baseline.



ER-3139 28

A d d i t i o n a l  l o c a t i o n s  of the se f a i l u r e  sur fa ce s were 

desired. Where they i n t e r s e c t e d  the gr ou nd surface, cracks 

or s c a r p s  might result, so the l o c a t i o n s  of all such f e a t 

ures on the map w ere c a r e f u l l y  checked . The rem aining o b 

s e r v a t i o n  wells wer e  not d e s i g n e d  as in cl in o m e t e r s ,  h o w 

ever, if m o v e m e n t s  occurred, th eir  c a s i n g s  would bend or 

break at the she ar zones. A c c o r d i n g l y ,  a "deadman", shown

in f i g u r e  9, was lo w e r e d  down t h ese h o l e s  to locate such

bends. Only the u p p e r m o s t  f a i l u r e  surfac e,  if indeed there 

were m ore than one such surfac e, c o u l d  be located in this 

way, but the data were be l i e v e d  to be of value.

Well logs wer e e x a m i n e d  for f i f t e e n  of the sev enteen 

o b s e r v a t i o n  we lls (the logs ifor C S M - 5  and C S M-6 were not- 

a v a i l a b l e ) .  Q u a l i t y  of the w ell logs varies, but rough 

c o r r e l a t i o n s  can be made in some p a r t s  of the slide. The 

l i t h o l o g y  of the p r i m a r y  f a i l u r e  surface , as defined by

i n c l i n o m e t e r  and bent well c a s i n g  depths, is mostly a m i c a 

ceous, sandy, g r a v e l l y  m a r o o n  silt.

O nc e these u p p e r  and lower b o u n d a r i e s  were located, it 

was p o s s i b l e  to c o m p u t e  the v o l u m e  of the slide using t e c h 

n iq u e s  that will be d e s c r i b e d  later. The slide volume was
fs ^found to be 1 . 0 8 x 1 0  yards .

3.5 O b s e r v a t i o n  of S u b s u r f a c e  H y d r o l o g y  w i th in  the Slide

H y d r o l o g i c  c o n d i t i o n s  of the l a n d s l i d e  were monitored
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t o  su r face

1 foot

Fi gu re  9. " D e a d m a n "  used to de tect bends or d i s t i o t i o n s  in 
o b s e r v a t i o n  well casings.
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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 monitored, 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 Potentiometrie Surface

A potentiometrie 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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w
regional recharge into Minturn Formationr\

recharge from snow accumulation, avalanches, etc.

Minturn Formation (moderate permeability^
Belden Formation
(low permeability)

influx from drainage and snowmelt running 
through the road fill

Hwy. 24

’zone of 
seepage

N .
/landslide mass

(high permeability)

seepage

V,eâ v
ti°n

Figure 11. 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 Hydraulic 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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Fi g u r e  12. D i s c h a r g e  at toe of lan ds lide.
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Table 1. Discharge at Toe of Landslide

Date Flow Rate (
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 may not be 

related to one another.

3.6 Observations Concerning the Surface Hydrology 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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H

NOT TO SCALE

well
interval date of spikes

flow 
distance 
(feet)

travel
time
(days)

potentiometric 
change 
(feet)

CSM2-TH6 4-30 to 5-9 340 10 90
TH3-TH6 4-30 to 5-9 280 10 70
TJI1-CSM3 4-16 to 4-30 280 14 90
TH8-TH5 4-30 to 5-9 200 10 160
.CSM3-CSM5 6_7 to 6-13 370 6 120

Figure 13. Flow paths and data used in hydraulic conductivity cal
culations. Flow is perpendicular to equipotentia.l 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 t h e b a n k of 

the highway. Snow deposited along the uphill gravel 

shoulder of the highway also percolated 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 2\ 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 

are 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, \ inch diameter steel rein

forcement bars, pounded 3 ̂ 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. Note:

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-l 0.27 -0.29 Hub-A 1,2
A-2 0.30 -0.36 Hub-A 1,2
B-l 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-l 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 - l 0.25 - Hub-B 1,6
b-l 0.15 - Hub-C 1,3
b-2 0.14 -0.04 Hub-C 1,3
b-3 0.00 0 Hub-C 1,3
b-4 0.07 0 Hub-C 1,3
E-l 0.19 -0.35 - 7
E-2 0.23 -0.40 - 7
F-l 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 turned 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 old 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
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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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vertical displacement

'horizontal displacement
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1 9 8 5

Figure 17. 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. It 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 i 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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Date on which slide movement was first noted

TH-1020

1010

1000

surface elevation 1021 ft.990

0.15

0.10

0.05

1000 TH-2

990

980

970 surface elevation 1009 ft.

NS O D J F J JM AMA
1984 1985

Figure 19. Comparison of water table elevations vs. slide 
movement. Slide velocity data taken from 
south lateral scarp movement, across crack in 
Highway 24, immediately adjacent to TH-1.
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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 overall subsidence, making them 

difficult to detect.

Two possible alternatives for such superimposed failure 

zones are shown in figure 21a and b. In the situation rep

resented by figure 21a, 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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Not to Scale
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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 21a.

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 21a 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 21a and b.

A.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-l 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

Aside 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 is 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.



ER-3139 64

It moves about N60W 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 longitudal 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.
6 3Slide volume was found to be 1.08x10 yards , and the sat-

5 3urated volume on June 13,1985 was found to 6.48x10 yards .

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).

A.5 Analysis of Main Failure

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 witii 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 lbs./ft!

Run cohe"io" friction angle Factor of comments 
(lbs./in ) (degrees) Safety

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 0 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 soil 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 bedrock 

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

3Moist density = 125 lbs./ft ~ 
Saturated density = 130 lbs./f^

Cohesion = 0 lbs./in

Run Friction Angle Factor of 
________ (degrees)_______ Safety
1 34 1.884
2 33 1.716
3 29 1.171
 4_______   28 1.028
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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;

A) Use 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 Regrading 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 frc:n 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.A 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. In 

conjunction with the road fill regrading suggested in sec

tion 5.3 above, a thorough reconstruction of the road fill 

using reinforced earth technology should be considered.

Reinforced earth techniques were successfully used on 

Vail Pass during the construction of In terstate-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

ARTHT7R l.7\THS LIBRARY
COLOBL ' :OOL ef MINES 
GOLDEN, COLORADO 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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Not to Scale

Drill pad locations for horizontal drains.Figure 25. Drill pad
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Bearing N 70EPad 1

Bearing N 4 6 WPad 1NE S W

poa Pad 1 Bearing N 8 0 W

fe e t
J100 perforated section

Figure 26. Cross section showing proposed drain profiles
from drill pad 1 .
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Pad 1 Bearing N61E

Bearing N 54EPad 2NE S W

Bearing N41EPad 2
S W- NE

feet
100 perforated section

Figure 27. Cross sections showing proposed drain profiles
from drill pads 1 and 2.
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Bearing N 5 8 WPad 3
SEN W

Pad 3 Bearing N 3 5 WN W SE

noo Pad 4 Bearing N 58E

NE S W

fe e t
J100 perforated section

Figure 28. Cross section showing proposed drain profiles 
from drill pads 3 and A.
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Bearing N 8 7 WPad 4

Pad 4 Bearing N 5 0 WN W

on
noo Pad 5 Bearing N 7 8  E

f eet
J100 perforated section

Figure 29. Cross secti 
from drill pads 4 and 5
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Table 5.

Pad
Elevat ion Drain

1007 a
b 
c 
d 
e 
f

8
h
i

j
1025 a

b 

c

795 a
b 
c 
d

760 a
b 
c 
d 
e 
f 

8
830 a

b 
c

Horizontal Drain Design Data.
Elevation Perforated

Bearing Angle Length Section

N70E 16.0 200 45

N70E 12.5 190 55

N70E 2.9 145 50

N46W 12.33 160 20

N46W 2.9 125 25

N80W 2.9 125 40

N80W 10.6 150 45

N80W 16.7 190 40

N61E 10.5 200 60

N61E 5.7 170 60

N54E 10.5 200 100

N54E 2.9 200 150

N41E 2.9 100 60

N58W 2.9 200 85

N58W 6.0 200 105

N35W 6.3 200 105

N35W 2.9 200 120

N58E 11.9 200 170

N58E 2.9 200 175

N87W 11.3 200 130

N87W 2.9 200 140

N50W 13.0 200 ioo
N50W 9.4 200 150

N5QW 2.9 200 165

N78E 14.8 200 120

N78E 8.8 200 145

N78E 2.9 200 155
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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

tain .
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 Horizontal 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 achieved 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 a r e  

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 maintonnncc 

costs. It should be noted, however, that this comparison 

does not differentiate between current and future expen

ditures .

5.6 Other Drainage Facilities

All water discharging from these horizontal drains 

should be routed away from the slide by appropriate surface 

drainageway s. 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

Priority Total Length Cost 
(feet) (dollars)

Estimated
Drainage

Benefit-Cost
Ratio

1 2,065 20,650 43
V ft a W W W  /

2.09
2 2,150 21,500 33 1.54
3 740 7,400 14 1 .87
1 + 2 4,215 42,150 76 1.81
1 + 2+3 4,955 49,550 90 1 .82
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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 A,955 feet of horizontal drains from the 

five specified drill pads.

2) Rehabilitate surface drainage systems a Jong 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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APPENDIX A 

HIGHWAY MAINTENANCE RECORDS
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DEPARTMENT OF HIGHWAYS

606 So. Ninm  St. P O. Box 2107 
Grand Junction. Colorado 81S02-2107
(303)t2sasassa 248-7389

Mr. firend Shine
P.O. Box 1042
Golden, Colorado 80402

STATE OF COLORADO

August 7, 1985

Mr. Shine;
In responce to your request for information on Battle Mtn. Slide, Hvy. 24, 
Mile Marker 0149."30 to 149.50, I was able to gather the following information. 

The location in question has been re-paved nearly every year since our 
. records were started in 1978.

7-78 thru 8-78 
9-79 thru 10-79 
7-80
7-81 
82

83

8-84 thru 10-84 
6-85

93 tons of premix applied
86 tons of premix applied

360 tons of premix applied
10 tons of premix applied
no premix recorded for this 
location
no premix recorded for this 
location
72 tons of premix applied 
146 tons of premix applied

Material placed on the shoulder is Impossible to trace since it 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, 
please let me know.

Merle J./£on 
M.M.S. Coordinator
Grand Junction, Colorado
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S T A T E  OF C O L O R A D O  
D E P A R T  ME.N'T OF H IG H W A Y S  
D IV IS IO N  O F H IG H W A Y S  
D O H  Form  N o 267  
R e v v e d . S ep tem ber. 1978

P ro ject- 
Locution
Structure S l*c l«

H E S S
n o u te _ J £ L i± _  
Date D rilled ___

.Copnty C  **R!County &

'P#<-

Top Hole Elev..

FOUNDATION BORING LOG

w iX n jK t C v \W > ~ _________ S ta tiO O ________ ____________ ____G Boring No. T H  ~ 1

Elev. Depth Description of Material BPF* Remarks

0-S' F.U

s'-zz.*' Xsjj s \\« .U s TCi1

.

'

* Standard Penetration Test {AASHTO T 206-74)

  Elev____Water level upon completion
Water level (24 hrs )________

Date. , Time.
Elev., Date. Time.
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S T A T E  OE C O L O n A D O  
DEPARTMENT or H IG H W A Y S  
D i v i s i o n  O? H IG H W A Y S  
O O H  Form  N o  267  
R f . ' i r i .  S ep tem ber. 1978

FOUNDATION BORING LOG
(TH-2)

Top Hole Elev___________Geologist.__________________ Station__________________________________ Boring N o .__ £=______

Elev. Depth Description of Material BPF* Remarks

o - 3 ' Or~£|A««iC * to p  S o t\
i fci

2 1 2 / U&dc. si k  U v / e jT C o J t l.... J *
H avoom ^  LodeltrJ, CdUJei ftrvc^OrAXX-l

Z l ' Wet- •  N/c f£+Or/\/.£ topped. ^0r Cr\y

22 ' -3 S ' SpcflN 5ctiy\p lc rtttempitcL " Ma fcHtravj 7/^s

3s' wk»U clust (? )  - p0* r Slour d n l l t N ^

H cvronrv 5 t l+  tv/ LcuLfcv-T

4 z '-4 ? ' &Ar-!c bravo* K U<adc. T K
✓ 7 /

Rrw  PVC -f« T t ^

%

Standard Penetration Test (AASHTO T 206-74)

Project______ __________________________
Location
Structure ______________________
R o u te  2 H  Ctnnnty____________ ____
Date Drilled 7 < ? ^ > 4  ~  7 / 2 . 5 ^ ^ -

Water level upon completion
Water level (24 hrs t

Elev.   Date__________ Time____
Elev Date Time.
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S T A T E  o f  C O L O R A D O  
D E P A R T M E N T  O F H IG H W A Y S  
D IV IS IO N  OF H IG H W A Y S  
O O H  FO'ITI N o. ?67 
R evised . S ep tem b e r. 1978

Project,
Location
Structure____
Rmi»r» 2*4

llr. t*'<’ He.■ zCj't'
Date Drilled ihj^jVr

County

Top Hole Elev.

FOUNDATION BORING LOG
i

Gontnglst P « ^ \___________ Station_____________________ .Boring No.

( T H - 3 )

Elev. Depth Description of Material BPF* Remarks

o - \ \ f i l l

u - z o '

Z o '-Z 2 .' tva.'-W \ jydvjW S I \"t
) ’•> ^ r ' l l e r

C o \c v  S"t 4

z Y - z z ' tv io«U ''A «dy cpWlJAf * * 4  ^r*v«A

Z % ' - 2 3 ' w j  S uW o'jvncU i. "to Well fovnvcUA

C)r"a.u£.\ /aj 1 f *6  |rtwcr T

fis  c J o o x . M a * 4 r

4 9 - 7 5 ' As <A cv<.. U e V

in'- fro* Aj l/cry UJd-
M  w

72.-S1' AJo r  cKa» kj s b>(TVlCwtV Jirjll
N « r<-Vu t rJS Un ■Vo clr i U

? f c ' - No Ttf-urNis
Cs»yV » d u l l

SO %" PVc P,>« -t* Tti

*

* Standard Penetration Test {AASHTO T 206-74)

Water level upon com pletion__________Elev___________ Date__________ Time____
Water level (24 hrs )_________________  Elev___________Date__________ Time.
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S TA TC  OP C O L O H A O O  
D-EPAn I  M E N  I OF H IG H W A Y S
D i v i s i o n  OF h i g h w a y s
D O H  F o h "  N o  267 
Revised . S eptem ber. 1973

FOUNDATION BORING LOG
(TH-A).'

Top Hole Elev__________ Geologist___ ^   Station__________________________________B oring No. — t -------

Elev. Depth Description of M aterial DPF* Remarks

O 1 \

r.M

i V M<*rod>0 S t l t  w /  H  S«A»r

I l ' - I M - '

! vj J

Tom. i t l +  w j  qrA .\yi\ , H o t r V/ J

(a iu lc U r- fvV \ 3

2 2 -  2 4 - ' U l X \ (  "tsi qffltK jArNcisl̂-vJt.
2 9 x- 7 o '

' ■ J
f farc-JK. S t I t  w /  OCC4J/OT-ta( S^vi.-lsfcrJC. L v J i L r ;

7 o ' - f f Z * M ^ ro a t-J  T* IE  .

/ / 
2 2 -  1 2 7 U/lv'tc 'Va E v A vV\ccIl/av>> CrajsYxA

S f . r A <3Lv-X |V» A v o o *J n h -

1 2 7 - m o ' R  a tA-n, JLtX "fo  ̂ roUrv.le.ri J Ay s lo ro t. Cj f  A.vjy J w /

'\r& c jl_  oT vSAilj
/

S<Lt PVC to izs-*

•
* S t a n d a r d  P e netra t ion  Test ( A A S H T O  T  2 0 6 -7 4 )

Water level upon completion_________ Elev___________ Date__________ Time____
Water level (24 hrs )_______________________ Elev___________ Date_________   Time.

P ro je c t__________   j________
Location 6 niaz__lliLVLnl.<AA_______
Structure
Route kS 24  C ou nty__
Date Drilled 7 /z « /? V --------------
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s t a t e  o p  C o l o r a d o
D E P A R T M E N T  OF H IG H W A Y S  
D IV IS IO N  O F H IG H W A Y S  
D O H  Form  N o. 267 
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FOUNDATION BORING LOG
( T H - 5..)

Top Write Plov CenfngKt 1 m i  Station Uorma NO.

Elev. Depth Description of Material BPF* Remarks
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—  — .................. /
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*

* Standard Penetration Test (AASHTO T 206-74)

Project  pj------- p—:------------------
Location __Q&- -r. H JU— __________
Structuro  1----
Route_JiL_2ii County —
Date Drilled ' I  /  7 r / 7 ^  -  7 f2 'o f< 4t

Water level upon completion
Water level (24 hrs.)________

Elev-------------------Date__________ Time____
Elev-------------------Date__________ Time.
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s t a t e  o f  C O L O R A D O -------------------------------------------------------------------------------------------------------------- P r o je c t -------------------- — ------------------
d e p a r t m e n t  O F  h i g h w a y s  L o c a t io n  R c h ! »  M j w n T r u
D i v i s i o n  O F h i g h w a y s  S t r u c t u r e _ _ ^ L d
D O H  Form N o . 267  a  . tie
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Z ' - G * A wJL SOt^roU»vJLc.<i ^  4Ju a *"+? Sdw ^fo

R e .if iv H ' 1*1 C « .v k \ . H o i s t

e ' - i i 1 fU<L s»h f jw f to  rrsieitumx ^jrouU> s<vw«A.

JLN/f^rAaeJfaitJl f t i \ A  ^ r < t v .  • h tU d S fs N C i

totcLuw * ^ reuvx4  SiaL rzu.r^.(jul. tjt&K'hZ  ^ rd xr< i

\ 7 * - l V U^lti  C < U t«4 . ^ 1*^  C \ T & X w . t k  jGsnd-SrcnjZ..

\tf-Zz' HTntV? ̂ W l .<1cJL r tc l OrsA Cj m tx U  VorvX r  ^ L Ia a Ic

sKaIc. Ck^\X. S«|vr\«(s

rL Z > * 2 ,7 1 -1-  rr.\KxA s tan /C  } ^ ‘A A r f t

o jr^ w t l j;  dmcL r<e( ^ v x .A s y  i t  h * . H o t f t

Z 7 - 4 4 '

J “ " "" ~ ------  ' /
R acI  S ifr  i- /  C eU r£cl •flAK r)f< tu ve ( yovyvtlrfuKX-" / -  — -  *

C oLLlet c.t :1 'o ^ L t^ c ie ri t r o c c  «rT S k a I<  . K *» is t

H 4 - 5 3 ' (\? cJoO-*- Uf! VY\Ot<^ Sll-fr TV'QtS'flA.M..

S 3 - & 7 . 5 ' S i 1+
* A n ( (

6 J .s ' - 6 5 " ' RaJ. S i l t  I^j/ cjrALVut^ Xo^vtly-foAit. C o U o U s  a w t l
f t y p i d .  "fcr d c v y

<~y ■fTAic r p  ,  M o ts f

fU A  SZlivrli., L j /  rvuA tfOjLYul  ^ fr tu tl
- . ■■ ■ ■ / ---  "■—---1 w . .. J . .

L W )l\ U.»«vTCr CCNtrovvf

?l'-&7# £ * .C y  #■* <t( y i ( (

<*7-94' ^ r a o M  CAviriv., S ilt* w /  S 0»vf_ r^vo<.( '

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion
Water level (24 hrs.)________

Elev------------------ Date__________ Time____
Elev------------------ Date__________ Time.
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S T A T E  O r  C O L O R A O O  
D E P A R T M E N T  O F  H IG H W A Y S  
D IV IS IO N  OF H IG H W A Y S  
O O H  Form  No. 267  
Revised. September. 1978

FOUNDATION BORING LOG
(TH-6 , 2 of .2)

Unl» Flow L>eoiogisi_ 1 .1'H  ^lauon------- . . tiorinq no — t-

Elev. Depth Description of Material BPF* Remarks

<54 ' - J ? 1 A s  LA-V-
Q r id  ri^ ^(aMD iai^

9 ? , - | o i /

/

X ^ r W i J . C e l  djrC£*\ > Y \ v u - l ( M o  */> )  , Wlc*Ac.
Drillirvs 'S/ytaoif'*d

c u r

i k A t  ( l o  % )  )V K iro i»o  rviiccLOLetoi Y txA tX tvs*

c\fcu,+tJi SAvJls-f^>si£ ('ViJ% )

10l ' -  |C 2 *

¥

A /o  y ^ f t A r iv ^

X M i c r ’oeJeLtx^ Vrt'jdU+eA/« . t la -e .k  stK a U
r»A

"" V J  

•rY t^TO0>sJ MteLuAS+s +\ r C U A ^ J
S U p p t A  ftr.

to c c k e ^ M .

\ n ' - \ z s ' S< ColdoUs 6 a \cL  Cj f a ^ e \
7(C

\ Z S - H z ' /j<r  r < f u Y w r
stoppcA  v- Az-y 
KlCaA morf. C Ire ..

Izt'-izs' S ' ' I t *  u jf C v L U f ;  <lw 4  cj rc^xi * h

tis'-n?' Ja.r\z_ C\ra^f (10%) ,c)raLu

m n d s i u r j < .  (Zd%) 4C*\X /yitcLuvy}

Sos*\Xsk,»sz. (5° %  )
r n - m ' S ^ il+ y  S3/r\_A.. u-</ Co  Lio’ cs eVy^J- c^r *uac.Ii

S ’ttppcct'fc*’

H z ' - \Sz' C o V > U < s  cjaxcL ^ r £ u jc l  ~  LosV CA»-c*

S ^ V  P V C  p'P4. T «  1 5 Z . *

' .

* Standard Penetration Test {AASHTO T 206-74)

Water level upon com pletion__________ Elev.__________ Date__________ Time____
Water level (24 hrs.)__________________ Elev___________ Date__________ Time.

rivjcwi — ■— ■ — -
L o c a t io n  Ht>UnT a I /v \___________

Structure _ S I 'cU
R n n te  US 2 M  County g
Date Drilled f / t / r V  -  —
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S T A T E  OF C O L O R A D O  
D E P A R T M E N T  OF H IG H W A Y S  
D i v is i o n  OF h i g h w a y s  
D O H  Form  No. 267 
R evised . S eptem ber. 1978

Project__
Location .
Structure.

R e> H\<. M o'AacV cv'̂sr.cL
R o u t e _ U 5 _ 2 ± _ C o u n t y .

Date Drilled g /« * /W _______ I ------

FOUNDATION BORING LOG
(TH- 7 ).*

p  t \  ~7
Top Hole Elev__________ Geologist------..I:----------------------- Station---------------------------------------------------------- Boring N o .--------- 1--------

Elev. Depth Description of Material BPF* Rem arks

0  - z ' H I clcK .

z ' - ? ' c l a y e y ,  s o n  A y  S i l t  .  R o iV t

3 ' - 2 Z '

' 7

G r « 4 A \ 1o t c ^ v  S ^ a U i /  K V t u J l i f (M \e i  Scjvviovl

h> I t ^ W  r / \A Y C x i > j  s ifo  ex^X.

- Z j ' / k  rA oO /C . Lav/  O C C O S S IO ja I c U r ) c »  lo/5*u>7 /d  U a x J<.

"S llV y  S d ^ A  Co U J a S &i\cL

? S ' - 3 S ' (-t/'v jL 'V i i ' U c l a v w  0) ^ p e L v / t l  i>j)
J

5o rx js _  -h z * \  S i  W
Mavo»Ki 51 ! t  t -» / sa/nsJf/yvoC.

» ^

C o U J c L  l o « v l A z r T .  H « i  tV

5 5 ' - r 3 ' s l i ^ W y  S ^ r t A /  5»  f t "  S ' l v n A s f d o t L .

< t V . A  c I a ' - v ;  - K  U vxa^C. O  F A o 1? . )
J •

LljXT  /lD c L r ! C-fcxwv v e r y  - f i*^  SL-VrvA.

a > \ A .  * i l +  i ~ /  S Ia 1» rg x n c l c A  "t< V-tlv. /L U a 'i .V L x l

# vncL  S;,~a] t .  c jrA «X .{.

- | Z * ' ^ r r t y  lor^;^/»J SdWvAy J l l v  O a J L
■ /  /  ' . ...............

uAa.V<. S r X Y v lS-ftX>€. . Ogca.SPiowa.1 * r a A - * i  COTHpOSc/1.
- ---- ----- ------------  -  J  r — ......... .

t/CFw ( . tA ^ c l  U a «Jc_

L l^ l  TT C o lo r^ A  - f l f x  G.Io ’-.m J  £ £•> ' d  , S - f l

\
U

F c j.v x t .v ' .
t t - ' / H S ' E I a c L  S t.^ l «_ S S Jx /. S A r t A y f c A K .  U  ^ -V .'L a - *

’ Standard Penetration Test (AASHTO T 206-74)

Water level upon completion
Water level (24 hrs.)________

Elev— _________Date Time___
Elev------------------ Date__________ Time.
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S T A T E  O F  C O L O R A D O  
D E P A R T M E N T  O F  H IG H W A Y S  
O IV IS IO N  O F H IG H W A Y S  
D O H  F o rm  No. 267  
R evised . S c p ic m te r , 1978

Project __________ _
Location .
Structure _ _ 5 1 ik k ___________
Route  County,
Date Drilled f f / l o / i H  ...

Top Hole Elev.

FOUNDATION BORING LOG

.Geologist— —JzSiJixl__________ Station____________________ .Boring No.

( T H - 8 )  

2r ■

Elev. Depth Description ot Material BPF* Remarks

0  - 2 / C lo c k . p^A T SctonoisltavX to L lo lg .^

2 - 1 5 ' H rU o tn *  +0 ^OftiV>J S O v jL /  S tH - u /  0-rxgu.U- + o
/  ' *

S u l< v n ^ ^ U r  SOvui.S'hrrx. encu»«j(, c « U s U f a^r Ji

L  au-kl-t. rS

15'-32.' f\ue,\^ar  tu  S u k a ^ u U r  T/t<u|, C fU A rfe

S’ArKcisfdroe. S^Hnoiv/ + 0  c ta . i 'k -  \<Xr/\ S tW

r ^ r e ^  i*Nw«As‘h jrJ^

3 7 - ' - ^ ' ^ t \ l  S or^ tA  t S IaI?^r^nlctr* "̂ "o i ftruc. ”fu................. 7 J
MtcLc*-tAY\ &  fOASr*zJi O u t v i e  StVAd.(

q o ' - ^ z . s '

j 1
As d - W -  w /  So/nckf YvxuxkVdrje. <XA>(f <?-.

1 \i ! j

•VtOlCA. S 'd 'K c lt/ s k ^ e .

4 2 . 5 - 4 * '

—  / 1
H  VVKituj/h* c^rouuy\

W -  5 % '

V
I n I s. R j Vet!A\  TrvU-clsloide. , CjUA«“ f" i S&V.J.

J ■

CVK^i U // S lA krO lW clo I ^VAJLrg] /TfoX

5 V  -73  ‘ X w K v lo v c U ^ e L  , K u A j U r n  S & m p irf-rX .,
J

b U c L  O/kJI p t p p a r  />,.lct'iC9JlAS SAwrlrfc^

T rac ts  o f  r>lArOON S tiT ilo /N j. fyyj.
j J

H M t.p iiiv .rx . . K o t < : i -

\

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion
Water level (24 hrs.)________

Elev------------------ Date__________ Time____
Elev------------------ Date__________ Time.
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S T A T E  OF C O L O R A O O  
D E P A R T M E N T  O F H IG H W A Y S  
O .V lS tO N  O F H IG H W A Y S  
D O H  Form  N o 267 
R evised . Septem ber. 1978

Project__
Location . 
Structure. Route (IS 2M- 
Date Drilled

 .County _ ^ a .^ Z Z .
^in/ry ^

Top Hole Elev..

FOUNDATION BORING LOG

_G eolo g ist__J0LiL l_________ Station----------------------------------- -Boring No.

(TH-9) 
> -

Elev. Depth Description of Material BPF* Remarks

&
1O (U «.cJc pea.V w f  e jn s v t l o w i .  c o U a U s  . H o l j ^

L a r k .  V)vcw»o S i l l y  •^t'Aaa-s SAt\X \?j)

C tra v x .\ . C0*-oUes amrl LoulrfcrS < M«>isTJ ! ~ ......... .
Silfy S*wv4. C\ rfrJcl u</ Kia.rco>J

1 J  1 

31 W
IG -ZZ* HicccjLews. . mtzliuvw a r « w \  ûbroivhtlcdl SB'fA

1•jj) csr̂K\je\i awd "Si l-tafdxx. . \J-iru M o ts-t*

ZZ'-Z57
• 0 / 
MArffaw 5£L>\A. &>\J SU.brotA*'d<<A.

/  .. ...
ej f .

H « T 0 i S h J /  cW-yty Silty 3"&Wct lA j t c r f v iJ L j  V v / /

c,fA.ut\r .LIacIc. sIvaIc. r̂-tovx AtÛ li-Votoe.
U e rM

26.5 '-5\' f\z dJoOVC. w/ r<. clay t
s/- w

------ r-----
XkfWLcdcJed U o-< .k- sl\*le. . qret/K JnuArbtOC

£ V y < A  (câ L£_I .

‘
• Standard Penetration Test (AASHTO T 206-74)

Water level upon completion ^_________Elev----------------   Date__________ Time____
Water level (24 hrs.)_______________________ Elev_________   Date__________ Time.

.G.w-j-iWaU'ZJJ'U
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S T A T E  O F  C O L O R A D O  
D E P A R T M E N T  O F H IG H W A Y S  
D IV IS IO N  O F H IG H W A Y S  
O O H  F orm  No. 267  
R e v is ed . S ep tem ber. 1978

Project____________________ t
Location Mc'AHTALm.
Structure a lv i f ____________ _
R o u te  US 2^- .C ou nty .
Date Drilled 9  /IH j 'f <± -  9 / 7  r> 4‘? '

FOUNDATION BORING LOG
(TH-10)

Top HnlA FIpv fienlngist Station Borino NO. ' ^

Elev. Depth Description of Material BPF* Remarks

o - i f P«a V  5«*rncAsl-0rJ<. C^t-PiAX.1 Ol\JL GoUalc. V h

z ' - 9  7 BroujM  S i l ly  SO'Vxci Owsd. S «^A s^o *«x . <yTA*>d a-orA,
J

c o U o W .  F \c x  3"V*

Mq.r<J0tJ S i l l y  4f>bK qreu.r*-i\ Z o * A  \*j S dvJs 'h irxx .
/

$ m v K . \  ctovJl C g U o W j . ^ C r y  )M 0 i5 t

Is  1 - Z l ' IovbUjW S l l f y  S<SL>xd O-VvA c) r & o d  _ 'J;ry Hctsf

T Z ' Z S ' M  ica.c*^uj s i k y  z < v ^ A

O) r  a.l^c.1 .
t /

2 5 - 4 - 7

W
T n tY * r W e\Ae4. b la d e  t yv\udsf<j*is.

4tneX ■flhK. W ^Un.v* c^reix*\ ZaiJls-hkX. OCC/XSS<C\lx(
u

CM\d[ CVr-4u\«.<- <L<S>uc|o>Htr^*.

H flc o o b j s  i Ifs ls io c  u /  ^ r p -U i l  t - fb
/  v

c id r s e .  c jT d in  S ^ t'A s to r**- ^ rtC vv  Pa UcI j ’Wn ’C.

G S ' - l l *

W J 
lo t d e le d . ^  f C£A\ VV\bLC.\ d > J -  rOA/OOrJ

5b>j>pd*i. "L r c ^ 7

Sil-h rfop**.

7 3 ' - a V M a rc o  vj S \k^+c«N K .
P /lS

Set ÎVC p ip <  t o  $ < 4  *

\

Standard Penetration Test (AASHTO T 205-74)

 Elev____Water level upon completion
Water lovnl f?4 hrs 1 ____

Date. , Tim e.
Flev. Date  Tim*>
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S T A T E  Or C O L O R A D O  
D E P A R T M E N T  O F H IG H W A Y S  
O lV lS tO N  O F  H IG H W A Y S  
D O H  F o rm  N o  267  
Revised . S ep tem b e r. 1978

Project_________ ____ ______—i—
Location tjA .u l£ .
Structure S ln -lg .
Rnnte US County . .
Date Drilled ff/fSy/i?*/ -  g / / y ^ * / —

FOUNDATION BORING LOG ,(TH-11, 1 of 3)
H ftl* FIpv fipnlngist 1 Station Borina NO. '

Elev. Depth Description of Material BPF" Remarks

0 - 4 ' F i l l ,  O . v A  G o U c io  Wyl U rL tk . GrcfiHic  J l l f y
f r / i s

*-* " ........  J /
S A' v\  A

Bt7)WKj s \ l t - y  c j r A ^ e c i  Sfr*t{ V jJ  cj rd iv A

C o L U i.1

U / - I 3

B row vj fu  K c le lts lv  t S L^V \fly  c U y c y ,  S l l f

U // £Vk A  5U.t»roU*->Ai£,l.

r o u - ^ A c J l  , c o k U < 5  < v h ^ - b c u U z r s

S J .
fV o w t - j  s t t r u  S&vtclu C-lrXu «~7 Sotv.# t l H l K  ^  I

/  /  /  / 

jv iu A s - fo w t  < \ r c a i t l  4 . ex. -frflc x .
K C 0 V € /« A  | 4  *

0 J

o f  U&cJe. s ! \ a U -
s«^u<-«L |<J"

2 6 - 2 6 . 5  IL f tA s t lf -  w /  £ *7 }u lCKr DvaAmavv c\t**U.k«,A
V/

S o-v tis -fo tvx  < ) r ju / t l  f t « d  a  \rnet_  A "
\J

On^iA^P.r L U c |l  cdUlol^jc.
2 6 .  s ' - 3 t ' / Is  4x(o<A/i. U r/ T G ^ A c -fo K x . * u \A  0>f &LY\

■ —  -  J

C a U o U l  On\/L  L o u y c r j -  • M o l s - L

11 ' - 4 3 - S ' M e w o c t o  S I I fu  ^ A n A  (rs) V e i ^ A  . R ilt dl
■y /  /

£ X v \A  S ^ L  C ^ U J ^ S  . (D0iAls(«rr r 7 .w l  f f t i . i t l
5 f cpptA  £>*■ A a y

43.5-4?-'
' J 

/U  <A>iX/«. t*-/ K.voktr' C\T*wO€{ %

4?-4 9.5'
J J

H a ro o x ; d ia i /e y ,  } l>V y  S^oL u // S u L flU v jjv Jar +L)
./-/■■-■ y /  w ---------  ” —

ucU y-ouavWI qrcxn muAs+oro< „ Hô -k. r l \A « -  ' — ^ "" »* .." — —
(NCCOV«',<^

* Standard Penetration Test (AASHTO T 206-74)

V/ater level upon completion
Water level (24 hrs )________

Elev___________Date__________ Time____
Elev___________Date__________ Time.
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S T A T E  O F C O L O H A O O  
D E P A R T M E N T  O F H IG H W A Y S  
D IV IS 'O N  O F H IG H W A Y S  
D O H  Form  NO. 267  
Revised. September. 1978

FOUNDATION BORING LOG
(TH-11, 2 of 3)

Top Hole Plev fienlnglst Station --------------------------HOrinQ NO. ---------------------

Elsv. Depth Description of Material BPF* Remarks

V - H 9 . S '.*■ CtA\ A  SA«Yv£\s4TiT̂ <. C,TdcvJC\

4 9 . 5 - S 3 #

J
/ } r  o L o x c

S 3  - 5 f r ' As rJr, s m o a + l\c .A

5 ?  - 5 9 . 5 '
* ' / *■'

5 ? -5 9  ; c U y c y  5o n A ^  , j i l f  i~>/ b r t l i c  ^-2
* « • / J 

lYtuAsVotOe., c l\A .l* . < w i-  SVwlsfflWC. re c o v e re d  13 1

 ̂ J 

5 5 -5 9 .5  6ytjw»o )n<<slus»i Fp Coars<- °ir&vw*c\ p o o rly tod r & w d
J /

COYTvtirvtcA (C<aRul< c i  j

S 5 . 5 - 2 ' l ' A t pJoove. , l i s t  C jrd v u d l. lA /c t *

t f l - S H '

J
Hui.S-VftMC-'

rc. c avu, i->.j b n U H

^ ' - * 7 . 5 ' N *  f C c o v ^ r y t ^ r w e

$ 7 . 5 - S V H ar<x»s i s i l t *  c ^ ro .o tl

G la d e . s I \ a. \ c_ b y t C i

e) Z / - 9 3 .5 * 92  -9 2 .S  H^rcoKo S cavA /  i i K  savt^ s fo v^ **- a *. A r? .c o u irc A  lO *

slra l<- CjrA*->̂ \ Saued

9 2 .5 * 9 3  5uk<V*.e|ldcV.r S AVMtl sLoM€_
,  * "

93  -9 3 .5  M ic a o jOUo C jr O o ^ J  SonvJL l ~ /  So*v\j£_

\W trOOiv/ S lt - r
/ /

< 9 3 .5 - 9 9 /4 s  a L & x l  , i/c*y s  r f f "

9 9 ' -  1 0 6 '

# /  - •

J - ^ r t ^ d c L d .  5 CU'x .Ls4-OnHZ- C tyvi^ R \u d ? Y t> K _ /

* Standard Penetration Test (AASHTO T 206-74)

r tu jo ti | , ■ -
Location___________  M fl lArd’AV’* —
Structure S lt«U --------------------------- .-----
Route CtS "ZH_____ ,_County
Date Drilled -Trft r f r M .

Water level upon completion
Water level (24 hrs.)________

Elev.—  _______ Date___________Tim e____
Elev— ________ Date__________ Time.
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S T A T E  O F C O L O R A D O  
D E P A R T M E N T  O F  H IG H W A Y S  
D i v i s i o n  O F H IG H W A Y S  
D O H  Form  N o  267  
R*vis«<3. S ep tem b e r. 1978

Project________ ^ _______ __— _
Location M»l«iaTo.<
Structure SI l4<___________________—
R oute_U 5_ZS  County ^ - ^ y L .
Date Drilled —

Top Hole Elev.. .Geologist.

FOUNDATION BORING LOG

P.U .Station.

(TH-11 , 3 of 3) -3/3 
|\ •.Boring No.

Elev. Depth Description of Material BPF* Remarks

fofrUfc

lov\Sc4

S * t  I l f ,  o ?  Ik K . f l /L u T n e . 'V * , -
1 »

Pu^OCei 15b ^ a | d f  Skper e^\ U / / c f ' f i r1 \J ' U 

t o  l\J<L . C otA -lJw  l\tCKr- COVyiYvaUaa .

U,/ U L  .

Pu.***d )5 0 ^ l s h t r l f  <jF z  sacb

P gv^ ca^  0/rA. I o t
11

SUp'Sr *
I v . . . . .

R*_pOcVecl u// 2 6<sU(l'fl0)'JA‘ l50-*\^[

i ' A ' w k s  a b o v e .  s l u - y ^ u

*h» u v - | L u ,  o p  s i A r f < u j L .

9

»

* Standard Penetration Test (AASHTO T 206-74)

 Elev____Water level upon completion
Water level (24 hrs.)_________

Date. . Time.
Elev.. D a te . . Time.
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S T A T E  O F C O L O R A O O  
D E P A R T M E N T  O F H IG H W A Y S  
D IV IS IO N  O F H IG H W A Y S  
D O H  Form  N o  267  
Revised. S ep tem b e r. 1978

Project.
Location _  
Structure______Home ^  2H

£*'i. -J.,st
Oate Drilled

 County.t

FOUNDATION BORING LOG

Top Hole Elev___________Hentnqist ^  • *3vAr■<u‘v Station__________________________________ Boring No. ^

Elev. Depth Description of Material BPF* Remarks

C  - 2 / h ta c J e  , cr r Tj ^/ . - K.  H c4a c o i l

3 ' -  I t ' rt-ci S \ ! - v  S ^ .v J v  Ya xc & c c o us S c ; y j  C A ^ M i S ’

v 7  Ljc.l( r ixnJx.c{_  + o  S c K i‘. r s U v A i f  J  ' l U A r t '£

l i ' - l s '

j

r e d  t ic id c lc v

|3 - q < / r e d  s\(w S ^ - v d y  r'sfc.*£&:•: 7, .  ' \^j y :-\ : r
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* Standard Penetration Test {AASHTO T 206-74)

Water level upon com pletion__________ Elev._________ Date___________Time____
Water level (24 hrs.)__________________ Elev___________Date__________ Time.
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s t a t e  o f  C O L O R A O O  
D E P A R T M E N T  O F  H IG H W A Y S  
D IV IS IO N  OF H IG H W A Y S  
D O M  Form  No. 267 
Revised. September. 1973

Project.
Location .  
Structure.
Route_LLS_2ifc
Date Drilled

_ C o u n ty__
W j \ 9  h><±

FOUNDATION BORING LOG
k C5M-2-

Top Hole Elev___________G eo log isL -lU___ I__ I T - ! ____ s t a t i o n . ---------------------------------------------Boring N o .--------------------

Elev. Depth Description of Material BPF* Remarks

O - H ' r e A  c ,^ Y t_ v  S o il w /  r e d  stlk, HMcaceoAS
1 /  /

c.o \>LW_j
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/"  ”  " . 
r&d. -fc* "\*clv\  C Lfkoric  ScLmdsKroe. 5 ‘ >hfo^< S o A y-o c -V.

S‘tn rO « lc .r i s\ow JvilliN^
sJ

Ss3" p d r f d V - ^ d c d .  o H otJ p i p e1 1 j

%

• Standard Penetration Test (AASHTO T 206-74)

Water level upon completion
Water level (24 hrs.)_________

E le v ._ ________Date__________ Time____
Elev__________. Date__________ Time.
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D E P A R T M E N T  O F h i g h w a y s  
D IV IS IO N  O F  H IG H W A Y S  
O O H  Form  Mo. 267  
Revised . S ep tem ber. 1978

Project.
Location
Structure ___Si_Lxi<__________ ja_____
Route_ALL_2L£ County
Date Drilled “  *'ii

Top Hole Elev.

FOUNDATION BORING LOG

Rr»nlr»ji<t ^  . ~ 3 * L A r i c U  S ta t io n _______________ .Boring No. CSM-3

Elev. Depth Description of Material BPF* Remarks
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1 7 ^ 1 9 ' rC c t c U y © y , s t U y  S O t l
t

M e l S 'U l j  5 o \ \  v - /  CttLUcS of"
»

cjrr^y -  ^ f  CiLV\ sK rJ«_ rU v4  •flr-'e WK.JL * jT £ iW .i |
J /  4 J 

O^TCAAv.

z i ' - z z . s 1
(

4 *  »Y\ce(. cj rax->\i.d *\rcj^ cttr. j & h r / j f d v o e .

z z x ' - z s *
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<\l m<i\srure.  c o > v / h . > j t ‘
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1 * i  t
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!

\

* Standard Penetration Test (AASHTO T 206-74)

Water level upon completion__________ Elev___________ Date__________ Time____
Water level (24 hrs.)----------------------------   E|ev___________ Date__________ Time.
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S T A T E  OF C O L O R A D O  
D E P A R T M E N T  OF H IG H W A Y S  
D IV IS IO N  O F H IG H W A Y S  
O O H  Form  No. 267  
R e .is e fi. S ep tem b e r. 1976

FOUNDATION BORING LOG

Top Hole Elev_____________________ ^  • ^ u r i d \  station-----------------   Boring No. ^

Elev. Depth Description of Material BPF* Remarks

0  - 3 / blfiudc. lo A t r ty  Q r c & w t c  r t c l \  s m \

2 - 5 '

5 ' - V \oAYn\i| o t ^ i n k  l r t c U

Z * - 2 5  * r e J L  C - U t / t y  S o il * - /  *  f * w  c o U U t  o f
/ /  ' ■"" * 

rtA.  I'hiCftCCeisS f lr lc o iic

z s - s V r e d  c L u ^ ^ y ,*  t t f y  S «>1 C - * U a U i  a n d
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s i r l i u r ^ r i  ' t f  s,A/^c:fy S IIfs-bct**/ s k a l <

-

tandorp Penetration Test (AASHTO T 206-74)

ter level upon com pletion__________Elev___________ Date__________ Time____
:er level (24 hrs.)_________________  Elev___________ Date________ _ T im e .

Project________ _____________________
Location Cattle. _ .
Structure S ( i J 4 . . _____________
Route frr   County _ C.aJ  ic.
Date Drilled . . . ___ IU z c / ^ ___________
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Drill Hole Water Level Summary

Date ♦ 
Drill Hole

9-9-84 9-16-84 9-23-84 9-30-84 11-11-84 11-20-84

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 Cround Surface

Data ♦ 
Drill Hole

1-22-85 2-19-85 3-19-85 4-2-85 4-16-85

TH-1 Covered with enow 24 21.00 22.00 10.92
TH-2 - - - 35 28.42 24.92 Burrled by

Avalanche
TH-3 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 at 82.00 Dry at 78.73
TH-5 >150.0 >150.0 >150.0 182.50 180.42
TH-6 Covered with anow Covered with anow Covered with anow Covered with anow 107.50
TH-7 Covered with anow Covered with anow Covered With anow Covered with enow 21.10
TH-8 Covered with anow 49 Covered with anow 44.50 43.75
TH-9 Covered with anow Covered with anow Covered with anow Covered with anow Covered with anow
TH-10 Covered with anow Covered with anow Covered with anow Covered with anow Covered with anow
TH-U Covered with anow Locked 82.83 83.00 82.50
CSH-1 Covered with anow 45 44.50 45.00 44.17
CSH-2 Covered with anow Plugged by ice at 9 Plugged by ice at 19 Plugged at 25.0 18.50
CSM-3 Covered with enow Plugged by Ice at 5 30.08 29.42 24.08
CSM-4 Covered with anow Plugged by ice at 6 140.67 Dry at 141.5, TD 135.50
CSH-5 Covered with anow 117 111.83 111.21 105.00
CSM-6 Covered with anow Dry at 57, TD---1-- Dry at 52 Dry at 58.58 47.08
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Drill Hole Mater Level Sueeary

F««t Belov Cround Surface

Dace * 
Drill Hole

4-30-85 5-7-85 5-9-85 5-14-85 5-21-85

TH-l 11.42 11.50 12.00 13.25 14.82
TH-2 Burled by

Avalanche 24.33 26.58 28.75 28.49
TH-3 54.75 53.75 53.92 55.25 56.33
TH-4 Dry at 78.25 Dry st 78.25 Dry at 78, TD 78.21 Dry st 78.52
TH-5 180.83 181.00 180.75 Blocked and Dry at 

34.27
34.41

TH-6 94.17 607 57.08 83.21 60.26
TH-7 143.00 143.33 143.25 140.92 142.06
TH-B 42.75 42.00 42.00 42.04 42.75
TH-9 Covered wltb snow Covered with snow Covered with snow Covered with snow
TH-10 Covered with snow Covered with snow 29.13 30.17 30.32
TH-11 82.50 83.17 82.50 82.50 Not taken
CSM-1 42.58 41.75 41.92 43.00 42.54
CSM-2 6.00 14.67 15.58 18.08 19.00
CSM-3 22.92 23.67 23.67 25.79 26.83
CSM-4 Moisture st 135.67 

TD-13600
Dry st 93.58 Dry at 93.50 93.25 93.19

CSM-5 101.42 98.58 100.42 100.25 102.29
CSM-6 47.50 46.50 48.00 49.54 50.42

Feet Below Cround Surface

Date ♦ 
Drill Hole

5-27-85 6-7-85 6-13-85 6-30/85 7-22-85

TH-1 16.00 17.23 17.96 20.67 19.69
TH-2 28.78 28.90 29.21 29.92 31.33
TH-3 56.99 57.69 57.83 56.35 58.19
TH-4 78.80 Dry 878.75, TO Dry 878.08, TD not found not found
TH-3 Mud only 9185 TD Dry 834.46, TD Dry 834.40, TD Dry 833.15, TD Dry 834.25, TD
TH-6 50.51 48.92 48.31 49.61 . 52.75
TH-7 140.10 139.60 not taken due to 

shear condition 
in pipe

140.31 143.00

TH-8 43.06 43.10 42.98 43.40 42.67
TH-9 26.26 Dry 824.00, TD Dry 812.42, TD 23.81 23.89
TH-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 '
CSM-2 19.52 Dry 819.42, TD Dry 819.48, TD Dry 819.44 Dry 819.43. TD
CSM-3 27.21 28.97 25.42 28.65 28.40
CSM-4 147.74 Dry 894.26, TD Dry 893.21, TD Dry 893.17, TD Dry 893.13, TD
CSM-5 104.29 101.38 105.75 107.40 109.13
CSM-6 50.85 49.42 47.33 50.50 49.98
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Drill Hole Wittr U»>1 3..— .ry

Data * 
Drill hola

7-31-85 9-3-85

TH-1 19.90 22.00
TH-2 31.60 32.70

* TH-3 60.38 64.32
TH-4 Loac base
TH-3 Dry 834.33, TD Dry 834.35, TD
TH-6 49.88 49.37
TH-7 142.96 143.99
TH-8 43.67 44.08
TH-9 23.92 24.13
TH-10 31.46 31.56
CSM-1 43.65 44.00
CSM-2 Dry 819.42, TD Dry 819.46, TD
CSM-3 28.02 29.21
CSM-4 Dry 893.10, TD Dry 893.10, TD
CSM-5 108.65 109.03
CSM-6 50.58 49.76
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1985 Precipitation Data (Inches)

Ma June July Aug.

1 NR 0.12 0 0
2 NR 0 0.02 0.19
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 0 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

Sept,

0.02
0.07

Note: Data taken from White River National Forest Ranger Station, 1.75 miles
N.W. of the study area. Data are taken during the spring and summer 
months only, starting on May 5 this ye*r. Total rainfall from May 5 to 
Sept. 2 was 5.48 inches.
NR ■ not recorded.
T * trace.


