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Preliminary-Study of the Geotechnical Properties of the Fort Union 

Formation from the White Tail Butte Drill Holes 76-103 and 76-108

near Recluse, Wyoming 

by Jack K. Odum and James J. Sebesta

Introduction

This report contains lithologic and geotechnical data on core samples 

from two drill holes. They are White Tail Butte drill holes 76-103 and 

76-108, drilled by the U.S. Bureau of Reclamation (USBR) and U.S Bureau of 

Land Management (USBLM) in cooperation with the U.S. Geological Survey 

(USGS). The holes were drilled at White Tail Butte, in the Little Powder 

River coal field near Recluse, Wyo. (fig. 1). Hole 76-103 was drilled between 

July and September 1976, and is located in sec. 31, T. 56 N., R. 72 W. Hole 

76-108, located in sec. 24, T. 56 N., R. 73 W., was begun in October 1976 and 

completed in the spring of 1977. Drilling for both holes was done solely 

within the Fort' Union Formation and its surficial material.

This study is part of the Energy Lands Program effort to define the 

geotechnical characteristics of the Fort Union Formation in the Powder River 

Basin, Wyo. Its purpose is to provide information pertinent to the effects of 

mining in the formation and to help define characteristics of formation 

materials comprising spoil banks on reclaimed land.
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Figure 1.--Location of White Tail Butte drill holes 76-103 and 76-108, near 

Recluse, Wyo.



Scope of study

Except for the fracture pattern distribution count which was done at the 

drilling site, the analysis of core was carried out entirely in the U.S. 

Geological Survey's laboratory in Golden, Colo. Its scope included lithologic 

logging and the following geotechnical property analyses: Atterberg limits, 

grain-size distribution, as-received density, dry-bulk density (calculated 

after oven drying), slake durability, and the reaction to dilute hydrochloric 

acid. The results are summarized in Appendix 1. Because of moisture loss and 

exposure, the condition of the core received in the laboratory did not permit 

reliable measurements of natural density, natural moisture content, and 

strength characteristics. Where no core was available for laboratory study, 

lithologic information and some field data were obtained from the unpublished 

log kept in the field.

Hole 76-103 had a total depth of 216.5 m (710.2 ft); the core that was 

made available to the laboratory for testing represented approximately 

60 percent of the cored interval from 71 to 216.5 m (232.9 to 710.2 ft). Hole 

76-108 had a final depth of 239.4 m (785.5 ft) after resumption of drilling in 

the spring of 1977; the core that was made available to the laboratory for 

testing represented approximately 38 percent of the interval from 0 to 146.9 m 

(0 to 482 ft). Fracture-count data and samples for as-received density data 

were obtained for the interval of 36.2-143.3 m (118.7-470 ft) for hole 76-108 

only. Competent samples were not generally available for study from either 

hole and data on total core recovery are not yet available for publication.
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Field test program and procedures

The only test performed in the field was the determination of the 

fracture spacing of the core from drill hole 76-108. This was done 

immediately after the core was removed from the core barrel. The core was 

grouped into intervals of approximately evenly spaced fractures. The interval 

distance was divided by the number of fractures to get an average fracture 

spacing, which is graphically displayed as centimeters per fracture in the 

data sheets found in Appendix 1.

Laboratory test program and procedures

Work performed at the laboratory included the logging of available core 

and the determination of: the Unified Soil Classification, grain-size 

distribution, Atterberg limits, presence of CaCOg as determined by the 

material's reaction to a weak hydrochloric acid solution, slake durability 

index, and dry bulk density. As-received bulk density values were determined 

for selected core samples from drill hole 76-108 that were sealed in airtight 

plastic containers.



The scope of the laboratory test program yras limited by the condition of 

the core upon arrival at the laboratory. Part of the core was saturated . 

because it had been covered with wet rags. Uncovered parts of the core were 

dried out. Along most sections of the core, drying resulted in separation 

along bedding planes and air slaking. As a result, few samples with the 

proper length-to-width ratio required for point load, Schmidt hammer, and 

unconfined compression tests were available for testing.

Brief explanation of the tests performed 

Atterberg limits

Atterberg limits define the moisture contents at which a soil changes 

from a solid state to a plastic state and from a plastic state to a liquid 

state. The range is shown as a bar graph (Appendix 1). The standard test for 

the liquid limit of soils, ASTM designation D423-66, reapproved 1972 (American 

Society for Testing and Materials, 1978, p. 81-84), and the standard test for 

the plastic limit of soils, ASTM designation D424-59, reapproved 1971 

(American Society for Testing and Materials, 1978, p. 85-86), were used.

The liquid limit (LL) is the water content of the soil at which it 

changes from a plastic to a liquid state, and the plastic limit (PL) is the 

water content of the soil at which it changes from a solid or semi sol id state 

to a plastic state. These limits are reported as the water content in 

percentage of dry soil weight. The plasticity index is the difference between 

the liquid limit and the plastic limit and represents the range of water 

contents over which a soil is plastic (U.S. Bureau of Reclamation, 1974).



Grain-size distribution

The grain-size distribution analysis used in this study provides relative 

percentages of sand, silt, and clay according to the standard method for 

particle-size analysis of soils, ASTM designation D422-63, reapproved 1972 

(American Society for Testing and Materials, 1978, p. 70-80). 

Unified Soil Classification

A description of the symbols used in Appendix I can be found in the 

"Earth Manual" published by the U.S. Bureau of Reclamation (1974). This 

manual describes size, dry strength, dilatancy (reaction to shaking), 

consistency near the plastic limit, and other general characteristics 

according to group symbols. 

Dry bulk and as-received density

Dry bulk densities were determined utilizing the techniques for measuring 

bulk volume as described by Chleborad, Powers, an.d Farrow (1975). It should 

be noted that dry bulk density (dry weight/dry volume) as defined here means 

that the sample was oven dried before any measurements were made. Samples for 

as-received density, collected at the drill site, were removed from their 

airtight containers and weighed immediately. These densities closely 

approximate natural state densities.



Slake durability .

Slake durability testing followed the procedures of Franklin and Chandra 

(1972) and is a measure of a rock's resistance to weakening or disintegration 

due to cyclic wetting and drying. A standard 2-mm mesh cylinder containing 10 

irregular specimens, dried to a constant weight of 40-60 g each, is partially 

immersed in distilled water, and rotated at 20 r/min for 10 minutes. All 

particles larger than 2 mm are retained within the mesh cylinder, dried, and 

weighed. The percentage ratio of the final to initial dry sample weight is 

the slake durability index. Slake durability results are for a one-cycle run 

only. An observation was made that some samples with high-clay contents tend 

to adhere to the mesh surface of the tumbling apparatus and therefore do not 

fall fairly during rotation. This observation suggests the quantitative 

significance of results on some dominantly clay rich material may be limited.

Test results

Appendix r presents, in tabular and graphical form, all physical 

properties (grain-size analysis, Atterberg limits, and densities) test results 

for drill holes 76-103 and 76-108, White Tails Butte, Wyo. As-received bulk 

density and fracture spacing tests were performed on samples from drill hole 

76-108 only. A specific sample's test results are displayed horizontally, 

while the sample's depth and stratigraphic location to other samples are 

displayed vertically.
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LITHOLOGIC SYMBOLS

i'WH Soil horizons Calcareous

Sandstone
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