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INTRODUCTICH

A geotechnical investigation was performed to determins
the physical properties (classification) and engineering
properties of the overburden material from a proposed oil
shale mining site in Montgomery County (Means Project).
Three overburden materials were recieved dn sealed mnmetal
drums and were labeled Hancy Membér, Borden Formation; Clay
City Bed, Farmers Member, Borden Formation; and Henley bed,
Farmers Member, Bor&en Formation. Hereafier, they will be

referred to as the HNancy, Clay City and Henley,

respectively. The various Ttypes o0f geotechnical laboratory

 tests performed on these materials are listed in Table 1.
PHYSTICAL PROPERTIES

The natural moisture contents of all the materials were
obtained. The materials, as recieved that were too large to
test were run through a crusher until all particles passed
the %/4-inch sieve. Liquid and plastic limit tests were
performed on the materials according to ASTM D 423%-66 and

AGTM D 424-59. The specific gravity of the soil solids were

determined according %o ASTM D 854-58. Results of the
limits and specific gravity tests and natural moisture
contents are summarized in Table 2, Particle-size analysis
was determined according to ASTM D 422-63. Particle-size

distribution for these materials are shown in Figure 1.

ENGINEERING PROPERTIES

Standard compaction tests were performed on the fthree
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materials according to ASTM D 698-70, Method A (compactive

effort= 12,730 £t.-1b./1t3) The results are shown in Figure

2, and are summarized in Table 3. ‘To approximate the
conditions under which these materials might be placed in
the fieid, an additional moisture-density point was
performed on esach of the materials at the natural moisture
content. The results of these three additional points are
listed in Table 3.

To determine the effective siress parameters that are

used to evaluate the stability of compacted embankments,

three istropically consolidated-drained triaxial tests were

performed e g g e

specimens were compacted at natural moisture contents to the
densities listed in column 4 of Table 3. The specimens were
four inches in diameter and eight inches in height. These
dimensions limited fthe largest particle size %o 3/4-inch.
Filter paper strips were mounted along side of each specimen
to permit faster drainage of the pore fluid, Thus preventing
a build-up of pore pressures during shear.

When performing a consolidated-drained triaxial test, it

is essential that accurate readings of the volume change of
the specimen be obtained during the test. If the specimen is
not saturated or if air bubbles are present in the drainage
lines, improper volume change readings will occur. To
facilitate saturation, the specimen and drainage lines were
evacuated of air by vaccuuming and then allowing water,

under back pressure, fto fill the voids. After saturation,
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the specimen was allowed fo consolidate to the desired
effective stress for a minimum of 24 hours.

During +the t%est, a pore pressure transducer was
connected to the top drainage line. This was monitored +to
determine if positive pore pressures were building up in the
specimen. If positive pore pressures began to build up, than
the strain rate was reduced to allow the pressures 10
dissipate. The bottom drainage line was connected %o a
burette from which the volume change was wmonitored

throughout the test. A summary of the triaxial testing

Qo 2 : 3 M de ] A
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figures 3 through 5. the internal friction angle, ©, for the

Nancy material (Figure 3) was 27.30 and the cohesion value

was zero. The failure envelopes for the Henley and Clay
City . materials curved downward, possibly due to particle
crushing at higher confining pressures. This is similar to

data reported by Marsal(l). Tor the test data associated

with these two materials equivelent sets of cohesion, GCg,

and friction angle, 8 were determined by fitting the

curved Ks -lineas in Figures 4 and 5 with a hyperbolic.

function of the fellowing form:
le =.ﬁ/(b§f + c)

where qp_  maximun deviator stress at failure

Bp_ maximun effective normal stress at failure and

b,c = constants.

The tangent to the curve at any point is obtained from the
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first derivative,

s fap, =(c)/(b" By © +2beBy +c” )J=tan
The arcsin of the above egquation gives ﬁe . Table % lists
these values of 5@ for wvarious effective pressures of
embankments for Henley and Clay City. The eguivalent
effective cohesion value, G, » fOT any particular p and its
associated ae , is defined from the following equation:

A (f)f /(0D +e)- tan B )/cos By -
The Jlast column of Table % lists values of 6@ . Values of

¢ and S in Table 5 are eguivalent because they provide

gquivalent Values of ¢ and ¢ for o given ﬁf To simulate the

Ceurved  failure envelope. They are mot brue  Values of s

friction and cohesion.

One-dimensional compression tests were performed on the
overburden materials. The test consisted of two different
phases. The first phase of testing was designed to determine
how the material in a dry state would perform under one-
dimensional loading. The purpose of the second phase was to
evaluate c¢reep characteristics of +the 01l shales when

inundated with water.

The procedure for the first phase consisted of .
compacting the shales to dry density at natural moisiure
content in a 6-inch diameter mold to a height of 2.625
inches. These dimensions were used tc mimimirze the effects
of frictional forces acting on the sides of the molds during
loading. The specimens were loaded and deformations Wefe

recorded in &2 manner similar to the consolidation tests.
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Loads of 1, 2, 3, 4, 8, and 16 tons per square foot were
used. For each locad when the sample deformed less than .0Q025
inch in twe minutes, the next load was applied.

The strain for each load was calculated by dividing the
deformation occuring under each load by the original height
of the specimen. the stress-strain curves for the threse
materials are given in Figure 6.

Creep characteristics of the shales were studied Ey
relcading the previously loaded specimen %o 4 ftons gper

square foot. The specimen was allowed %o compress for

B
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“stopped.  The mold and specimen were inmmdatsd in water while

the stress level remained consfant at 4 tons per square
foot. The time required to submerge the specimen was less
than five seconds. Upon inundation, a fTimer was immediately
started and deformations and elapsed times were recorded.
Strains were calulated by dividing deformations associated
with time after inundation by the original specimen height
before loading. The strains after inundation were plotfed as

g funection of fime as shown in Figure 7. This figure

indicates that the Nancy and Henley are highly susceptible .

to slaking.
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TABLE 1. SUMMARY OF TESTING PROGRAMY

I MATERIAL | HATURAL | SFECIFIC | LIGUILD | PLASTIC [ GRAIN 1 MOISTURE 1 TRIAXIAL TESTS |
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RESULTS OF PHYSICAL PROPERTIES TESTS.

TABLE 2.
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TARLE 3. RESULTS OF MOISTURE-DENSITY TESTS.

MATERIAL NAME OPTIMUM MOISTURE

CONTERTS (%)

MAXIMUM DRHY
DENSITY

DENSITY AT NATURAL
MOLISTURE CONTHNHT

1 1 T T

| | | |

| | | |

! i (%) E (1b./ft3) % (1v./£%.3)
: 1I 1 |

| | | |

i NANCY } 14.73 } 122.9 | 1419.6
. l l i

l } | |

| HENLEY | 10.5 } 129.6 i 120.2
I | | |

i 1 | |

| | | !

| | | |

| CLAY CITY . 4.6 | 116.0 | 113.8
i | | |

1 1 | |

| i { i

I

|




TABLE 4. SUMMARY OF TRIAXIAL TEST CONDITIONS.

I"MATERIAL NAME |  BFFECTIVE ! "B } AVERAGE 1
I | CONFINING l PORE ! STRALN }
} | PRESSURE | PRESSURE | KATH !
l | (psi) | PARAMETER i (in./min.)
| | | | |
| i | I i
L | | 3 i
1 WANCY ' 20 } 1.00 } 0.00047 i
! l 40 } 1.00 ; 0.00024 {
! ! 80 { 1.00 } 0.00%9 {
| | | | |
| | | | |
| HENLEY l 20 ! 0.91 ! 0.00089 }
i | 40 % 1.00 | 0.00070 i
! } 80 } 0.65 ! 0.0019 i
| | | | |
| | | | |
QLAY CITY } 20 i 1.00 1 0.0027 {
1 i 40 { 1.00 ' 0.0020 |
: ! 80 ! 0.40 0.0024 !
e . e 0
| | | |
| { { |
| | I |
| i | i |
| 1 | | i
| | | i |
| | | | |
| { § l l




FOR VARIOUS PRESSURES.
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Table 5. VALUES OF 7, #_ ,3,8&
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