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INFORMATION OF REJECT MATERIALS

UNC Plateau Mining Company has not received a copy of the reject

analysis from the lab as of this submittal.
We have enclosed a copy of Price River Coal Company analysis, which

represents a similar analysis of rejects from the Wasatch Coal Field.

This analysis is attached as Appendix No. 3.



T0P_SOIL
To prevent suitable topsoil from being wasted or contaminated by spoil
or other waste materials, UNC Plateau Mining Company will remove top-
soil “rom the designated aréa. The topsoil will be stockpiled and

protected from water eroﬁion and contamination which might lessen jts

capacity to support vegetation, .

Topsoil will be collected from refuse pf]e_extension siie prior to
excavation or other surface disthbahce operations within the affected
area. Soils arevof a very fine sandy loam, dark brown when moist;
moderate coarse granular structure; soft very friable, slightly sticky,
slightly plastic; common'very fine.roots;\common very fine and fine
pdres; moderately calcareous, carbonates are disseminated; strongly
aika1ine (pH8.6). In a representative profile the surface layer is

brown very finewgéndy Toam about 3 inches thick.

Present vegetation is dominantly big Sagebrush, Western Wheatgrass, :
Blue Groma, and Needle and Thread. This soil is used for rangeland

and wildlife habitat.

In general, the topsoil to be rembved in these areas consists of 1 to

4 inches of A horizon quality material and 6 to 12 inches of B horizon
quality materia]. The C horizon material will not be removed since it
is not sufficiently capable of supporting diverse vegetation. Additional
soils information is presented in UNC Plateau Mining Company's Under-

ground Mine Permit App1icatioh 30 CFR Part 782, 783, 784, Appendix No. 14.



The equipment used for topsoil removal will consist of bulldozers,
front-end Toaders, and dump irucks. UNC PTateau Mining Company will
haVe present ét the time of topsoi1 removal adequate supervisory
personnel to instruct the equipment operators in the proper techniques
df toossoil removal and to ensﬁrevthat required horizons are removed

and stored.

Topsoil will be stored within the designated area which will not be
-routinely disturbed. During stockpiling operations, unnecessary
compaction will be prevented by Timiting the equipment traffic over

the stockpiles.

There will be fwo topsoil stockpiles covering an area of.approximate1y
0.25 surface aére. The stockpiles will be-estab]iéhed in the draws

on the south sfﬁzrof the site. The stockpiled topsoil will not be
‘removed or otherwfsé disturbed_ﬁntil required for the redistribution
operétion on a prepared, regraded diéturbed area. (Sée Proposed

prsoi] Locations, Map'No. 5)



STABILITY ANALYSIS OF REFUSE PILE

The stability analysis of refuse pile is contained in the Dames &
Moore report. This report details 1ift thickness, slope requirements,
and constituients of refuse material. This report is attached as

Appendix No. 1,



LAND OWNERSHIP

The proposed refuse extension site is an area owned in fee by UNC
Plateau Mining Company. The Tocation of this designated area is

shown on Map No. 5, attached in this addendum.



. SEDIMENT POND LOCATED AT UPPER END OF EXISTING REFUSE PILE

The sedimentation pond located at upper end of the existing refuse pile

will be identified as "Wattis South Sedimentation Pond".

The design details of the sedimentation'ponds, prepared by Vaughn
Hansen Associates, are presented in Underground Mine Permit Application

30 CFR Part 782, 783, 784, Appendix 4B.

The design details of the Wattis South Sedimentation Pond are attached

to this addendum as Appendix No. 2.



REFUSE. PILE CONSTRUCTION

Attached Map No. 5, details the existing contour lines of the

desigrated refuse pile area, prior to construction.

A system of underdrains will be constructed of durable rock in the
refuse pile area. Underdrains will consist of natural rock obtained

from this area.



INSPECTION REQUIREMENTS

UNC Plateau Mining Company will have qualified personnel inspect the fill
for stability at least quarterly. Inspeétfon will also be done during

the critical construction periods, i.e., removal of all organic material
and topsoil, placement of underdrainage systems, installation of surface
drainage systems, placement and compaction of fill material, and
revegetation. UNC Plateau Mining Company will provide the Regulatory
Authority a certified report within 2 weeks aftér each inspection that the
fill has been constructed as specified in the design approved by the

Regulatory Authdrity.



DIVERSION CHANNEL DESIGN

UNC Plateau Mining Company will control discharge from sedimentation
ponds and coal processing waste drains by the use of riprap channels
to recuce erosion, and to prevent deepening or enlargement of stream
channels. These discharge structures will be designed according to

standard engineering-design procedures.
A cross section view of a typical discharge channel is presented on

Map 3 of 4, which has been submitted with the Request for Refuse Pile
Extension on April 23, 1980.
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Plateau Mining Company
Post Office Box 539
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January 17, 1977

Attention: Mr. Tom Bailey,
General Manager

Gentlemen:

Four copies of our report entitled "Report of Engineering
Studies, Stability and Construction Method Study, Active Coal
Refuse Pile, No. 1211-UT-9-0008, Wattis, Utah, For Plateau Min-
ing Company, A Subsidiary of United Nuclear Corporation" are

herewith submitted.

The: purposgﬁénd scbpe of our studies were planned in dis-

cussions between Mr.

Tom Bailey and Mr. Mark Robinson cof Plateau

Mining Company and Mr. William Gordon of Dames & Moore. An out-
line of our purpose and scope was presented in our proposal dated

October 8, 1976.

We appreciate the opportunity of performing this service
for you. If you have any questions with regard to the enclosed
report, please contact us.

WJIG/RLO,/pc
Attachments

cc: Earnal Shaw
Mark Robinson
Dan Price

Yours very truly,

DAMES & MOORE

Wlllla J. Gordon

Associate

Professional Engineer No. 3457
State of Utah
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REPORT OF ENGINEERING STUDIES
STABILITY AND CONSTRUCTION METHOD STUDY
ACTIVE COAL REFUSE PILE
NO. 1211~UT-9-0008
WATTIS, UTAH

FOR PLATEAU MINING COMPANY

A SUBSIDIARY. OF
UNITED NUCLEAR CORPORATION

INTRODUCTION

This report presents the results of our engineering studies
pertaining to Plateau Mining Company's active coal refuse pile,
designated as No. 1211-UT-9-0008 in Wattis, Utah. The location

of the site is shown with respect to surrounding roads, Price,

‘Utah, and major topographic features on Plate 1, Vicinity Map.

A more detailed map of the site showing the location of the ac-
tive coal refusé& pile and an abandoned coal refusé pile are
shown on Platé 2, Site Pian. Presénted on Plate 3, Plot Plan,
is a detailed topographic map of the active coal refuse pile
showing locations of the exploration borings and exploration
test pits, except Test Pit No. 1. Test Pit No. 1 was excavated
in the abandoﬁed refuse pile, No. 1211-UT-9-0009. The location

of Test Pit No. 1 is shown on Plate 2.

SU:MARY

Based upon the results of this study, itvis our conclusion
that subsequent portions of the .active coal refuse pile, No.
1211-UT-9-0008, may be safely constructed in a manner similar
to that employed prior to September, 1976. This assumes that

(1) the gradation of subsequent coal refuse will remain similar
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to that obtained from the existing pile, (2) that the piie
embankment will remain, frdm a geotechnical standpoint, a non-
water retention syétem, (3) that 1lift thickness will be restrict-
ed to 10 feet, and (4) the major slopes (over 20 feet high) will
be constructed no steeper than 1.75 horizontal to 1.0 vertical.
Under these restrictions, the factors of safety against a deep
seated massive failing under both static and dynamic loading
conditions will be in excess of 1.5. Even though the factor of
safety against a controlling deep seaﬁed failure ié in.excesé of
1.5 the factor of safety against non—controlling slow moving
shaliow "slough" type movements, infinite slope failures, of

the sideslope materials would be lower. Failures of this type

were observed at the crest of the abandoned coal refuse pile.

sE PURPOSE AND SCOPE

The purpose and scope of this study were developed in dis-
cussions between Messrs.Tom Bailey and Mark Robinson of Plateau
Mining Company and Mr. Wiiliam Gordon of Dames & Moore. A de-
tailed outline of the purposé and scope is presented in our

proposal dated Octobér 8, 1976.

In general, the purposes of our study were:

1) To determine the most likely slope failure mechanism.
for the existing and to be expanded active coal refuse
pile under static and dynamic loading conditions.

2) Determine the minimal construction (compaction and
slope) effort which will be required to maintain an

acceptable factor of safety against instability.

MFBIWIES & MOQRE
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In accomplishing these purposes, the scope as outlined be-

low was followed:

1)

2)

3)

A field program consisting of a general site recon-
naissance, the drilling of six borings, the excavation
of five test pits, and the performance of a series of

in~place density tests.
A laboratory testing program.

An office program consisting of the correlation of
existing data, engineering analysis, and the prepara-
tion of this final summary report which includes the

following:

a. A vicinity map.
b. A site plan showing the location and general
configuration of the coal refuse piles with

respect to other site facilities.

c. A plot plan Showing the active coal refuse pile
and the locations of the exploration borings

and test pits extended.
d. Logs of the exploration borings and test pits.

e. A detailed description and discussion of the

surface and subsurface conditions encountered.

f. A detailed discussion of the prévious and present

coal refuse pile construction methods.
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g. A summary of the laboratory test data obtained
in conjunction with this study plus a correlation
of these data with available published data for

similar materials.
h. Results of our stability analysis.

i.  Recommended future construction (compaction and

slope) methods.

SITE CONDITIONS

SURFACE

GENERAL

The Plateaw=Mining Company site, consisting of mines, mining
facilities, and two coal refuse piles, is located 18 miles, by
road, southwest of Price, Utah. The location of the site is
shown on Plate 1, Vicinity Map. Plate 2 shows the general site

layout.

ABANDONED COAL REFUSE PILE

The oldest refuse pile, designated as No. lle—UT—9—OOO9;
is located approximately 450 feet northeast of the Plateau Min-
ing Company offices in an intermittent stream gully. This pile
has been inactive for two years other than its present temporary
use as a coal storage area. During the field portion of our

study, a nine-foot high near-vertical road cut in the upper
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portion of the coal refuse pile was observed. The cut was dry
and appeared to have undergone some secondary cementation. The
only signs of instability were noted at the east crest of the
pile. At this location a series of tension cracks three to four
inches wide and with six to eight‘inches of vertical displace~
ment were noted in a zone extending no more than 10 feet back
from the slope crest. The slbpe of the coal refuse‘pile at this
lécation is approximately 1.4 horizontal to 1.0 vertical and over
100 feet high. The tension cracks are indicative of a relatively

slow movement "infinite slope" failure.

It should be noted that other signs of instability or of
spontaneous combustion of the coal refuse, due to the lack of

density, have not been observed.

ACTIVE COAL REFUSE PILE

The active coal refuse pile, designated as No. lle—UT~9—
0008, is located adjacent to and extending approximately 1,500
feet southwest of the mine offiée facilitieé. This pile is on
ground which gently slopes to the northeast. Areas of this pile,
at the time of this invéstigation, were also being used to stock-

pile. coal.

Coal refuse pile No. 1211-UT-9-0008 retains an intermittent
discharge flow from the wash plant and natural runoff from a very
small drainage area. This resulting pond is relatively small in

comparison to the overall size of the coal refuse pile. It is
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located on the west side of the pile and can be seeh on both
Plates 2 and 3. Maximum capacity of the pond is approximately
10.10 acre-feet. The pond itself has a maximum area of 2.45
acres. At capacity, the maximum water depth would be seven feet.
An emergency spillway has been constructed from the retention
area around the south perimeter of the coal refuse pile and out-
lets into a natural drainage which forms the eastern and south-

ern limits of the area.

During the field portion of this study, some small tension
cracks were observed near the crest of the active refuse pile
just above the pond. The locations of the cracks are shown on
Plate 3. These cracks are generally one and one-half to two
feet from the cgggt and show horizontal movement of about four
inches and vert;;gl movement of six to eight inches. The depth
of these cracks was not readily determinable but is estimated
to be in excess of four feet. The cause of these cracks is
thought to be a result of end dumping refuse over the crest
onto the pond area. The cracks represent an infinite slope
"failure" and do not represent a major slope stability problem.
No other signs of instability were observed. It is our under-

standing that instability of the slopes or spontaneous combus-

tion of the coal refuse have never occurred.

ERABAES & RMOORE
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CONSTRUCTION METHODS

PRIOR TO SEPTEMBER, 1976

Prior to September, 1976, refuse pile No. 1211-UT-9-0008

was constructed by (1) end-dumping wash plant and mine waste

- .materials on and/or over the crest of the previously placed

refuse, (2) allowing the placed material to dry sufficiently

so that it could be workea,”and (3) levellingbthe refuse. Gen-
erally, the lift thickness would be on the order of 5 to 10
feet; however, greater 1lift thicknesses were developed at times.
The compactive effort applied to the coal refuse would be that
imposed by the spreading dozer and hauling trucks. Those por-
tions of the active'refuse pile constructed in this manner are
shown on Plate 37 This method was élso used in the construction

of the abandoned refuse pile, designated as No. 1211-UT-9-0009.

CURRENT METHODS

On September 15, 1976, Plateau Mining Company was cited by
MESA* for failure to comply with Section 77.215(h) of Part 77,
Title 30 of the MESA régulations. This’regulation states that
"After Cctober 31, 1975, new refuse piles and additions to exist-
ing fefuse piles, shall be constructed in compacted lifts not
exceeding two feet in thickness and shall not have any slope
exceeding two horizontal to one vertical (approximately 27°%) ex-

cept that the District Manager may approve construction of a

*Mining Enforcement and Safety Administration

-
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refuse pile in compacted layers exceeding two feet in thickness
and with slopes exceeding 27° where engineering data substantiates
that a minimum factor of safety of 1.5 for the refuse pile will

be attained."

Since the MESA citation, sideslopes in the active coal
refuse pile have been flattened to approximately two horizontal
to one vertical. ‘In addition, the mine coal refuse has been
pléced in two foot compacted layers in an area east of the orig-
inal area Where the refuse was placed in 5 to ld foot thick
1ifts. This new area is shown on Plate 3 and is designated "com-
pacted two foot lift area.” Tt should be noted that prior to
placement of mine»coal refuse in the new area, the original

ground surface was stripped and prepared in accordance with

MESA guidelines.

Because of the wet nature of the mine refuse, the material
is end dumped and then allowed to dry for two to seven days be-

fore spreading and compaction.

SUBSURFACE COAL REFUSE AND NATURAL SOILS

The wash plant and mine waste materials used to construct
the refuse piles are composed of mudstone, shale and coal in
varying proportions. Gradationally, the refuse can be generally
classified as a well graded silty fine to coarse sand with fine
and coarse giavel and occasional cobbles. Correlations between

blow counts and relative density would tend to indicate the
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refuse is generally loose; However, these correlations were
derived basea upon sands and;gravels with much higher unit
weights than the coal refuse, and consisting of much harder ma-
terials. Based upon the unit weights obtained in conjuﬁctién
with this study, the coal refuse has generally been classified
as medium dense, except immediately beneath haul roads where the
coal refuse is dense for a vertical distance of two to three |
feet. The new method of construction with two fbot liffs,pro—
duces a more uniformly dense pile. It should be noted that al-
though the in-place gradations and densities of the coal refuse

varies both laterally and vertically, no zones or layers of very

loose coal refuse or coal refuse consisting of low strength

fine-grained materials were encountered.

The underlying natural_soils encountered in the borings and
test pits were very similar gradationally to the refuse, coh—
sisting of‘light brown to.brown silty fine to coarse sand with
fine and coarse gravel and occasional cobbles, with some small
roots. This natural soil is probably alluvial or colluvial in
origin and ié generally dense to very dense; Although bedrock
was not.definitély encountered in any of the borings or test
pits, it is anticipated to be at‘very shallow depths beneath

the surface at the refuse pile location.

A more detailed description of the materials encountered
is presented graphically on Plates A-1A and A-1B, Log of Bor-

ings, and Plate A-1C, Log of Test Pits.
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GROUND WATER

A static ground water table was not encountered in any of
the exploration borings or test pits. To monitor ground water
conditions, piezometers were installed in Borings 1, 2, and 3

following drilling operations.

It should be noted that some small layeré and zones of
nearly saturated coal refuse were encouﬁtered. These perched
zones are related to variations in the permeability of the coal
refuse material.' The primary source of water is the coal refuse

which is placed at the site in a very moist condition.
GEOLOGY

The site 1i¥s at the base of an erosional escarpment wﬁich.
forms the eastefn face of the Wasatch'Plateau, a subdivision of
the Colorado Plateau physiographic province. East of the Wasatch
Plateau is Castle Valley, a northeast-southwest trending relative-
ly flat area over 80 miles in length and 10 miles in width. The
San Rafael Swell lieé east of Castle Valley and is a great upfold

marked by rings of hogback hills and intervening valleys.

The Wasatch Plateau is characterized by a high, broad, flat
area which has been disected by numerous streams. The high
plateaus of Utah, which include the Wasatch Plateau, are thought
to be a transition zone that coﬁtains geologic structures common
to both the Colorado Plateau Province and the Basin and Range
Province to the west.

-10-
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The Plateau Mining Company site is located near the north-
eastern edge of what is known as the Wasatch Plateau coal field.
The plateau edge is a stéep cliff with a maximum relief of about
1,000 feet. Coal measures are éxposed in the canyon walls and
along the cliffs. Rock types.at the site are late Cretaceous in
age and are generally composed of gray fine to medium grained
sandstone, interbedded with subordinate gray and dark gray car-

bonaceous shale and coal seams.

SEISMICITY

The Wattis area is one of moderate seismic activity.. The

site is located within a "Zone 2 Area" as defined by the seismic

[—

'risk map of the United States in the Uniform Building Code (UBC),

1976 Edition. The "Zone 2 Area" is defined as follows: "Mod-
erate damage, which corresponds to Intensity VII on the MM*

scale.

DiSCUSSIONS AND RECOMMENDATIONS

GENERAL

" .Supporting data upon which our conclusions and recommenda-

tions are based are presented in the Appendices of this report.

Based upon the results of this study, it is our conclusion

that subsequent portions of the active coal refuse pile, No.

*Modified Mercallil

-11~
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1211-UT~9-0008, may be safely constructed in a manner similar to
that employed prior to September, 1976. This assumes ‘that (1)
the gradation of subsequént coal refuse will remain similar to

that obtained from the existing pile, (2) that the pile embank-

ment will remain, from a geotechnical standpoint, a non-water
retention system, (3) that 1lift thickness will be restricted to %
10 feet, and (4) the major slépes (over 20 feet high) wiil be
constructed no steeper than 1.75 horizontal to 1.0 verﬁical.
Under these restrictions, the factors of safety against a deep

seated massive failure under both static and dynamic loading

conditions will be in excess of 1.5.

Even though the factor of safety against a controlling deep
seated failure %ﬁrin excess of 1.5, the factor of safety against
non~controlling slow moving shallow "slough" type movements, in-
finite slope "failures" of the sideslope materials would be
lower. Failures of this type were observed at the crest of the

abandoned cocal refuse pile.

More detailed discussions pertaining to the characteristics‘
of the coal refuse pile, the projected failure mechanisms, sta-
bility analysis, and recommended future construction methods

are presented in the following sections.

EMBANKMENT CHARACTERISTICS

CLASSIFICATION

Although a small retention pond is located above the active

coal refuse pile, the pile should not be considered as a water

M ATES 3 PADOWmE
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bedrock around the coal refuse pile, and (4) a ground water

.program have not encountered ground water.

retention embénkment. This conclusion is based upon the facts
that (1) the area and volume of the retained water is very small
when compared to the width of the existing pile, (2) the width
of the coal refuse pile will increase in the future while the
size of the water retention area will remain fairly constant, !

(3) an coverflow spillway has been constructed in natural soil-

table was not encountered within the coal refuse pile. Of the
above,'the fact that a ground water table was not encountered

within the pile is most significant.

In order to monitor the ground water conditions within the
coal refuse pile, piezometers were installed in Borings 1, 2,
and 3 followiﬁgxgrilling operations. Readings taken by repre-

sentatives of Plateau Mining Company subsequent to our field

It is strongly recommended that the piezometers be main-
tained as the height of the coal refuse pile is incréased. In-
dications of a ground water table developing within the pile

could alter the recommendations presented herein. . i

* MATERIALS

The results of our field and laboratory studies showed
that the coal refuse materials are granular and non-cohesive.
The coal refuse material can generally be gradationally class-

ified as a silty fine to coarse sand with fine and coarse

-13-
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gravel and some cobbles., Although graditional variations occur
no zones or layers of low strength fine grained materials were

encountered.

Although a ground water table was not encountered, the in

situ coal refuse is moist.

Because of gradational variations the degree of saturation
varies; however, specific zones of saturated coal refuse were

not encountered.

STRENGTH

After review of the initial field data, it was decidgd to
perform strength tests upon samples of coal refuse which would
have gradations and density characteristics lower than the
average conditions encountered in those portions of the active
refuse pile constructed prior to September, 1976. This required
the gradational preparation and recompaction of samples as des-
cribed in Appendix A.- In addition, the prepared samples were
tested at saturated moisture conditions. By following these
procedures the determined strength data, which was ultimately

utilized in our analyses, was conservative when compared with

actual conditions.

The results of the strength tests are presented and dis-
cussed in detail in Appendix A.‘ It should be noted that the
results of the tests performed in conjunction with this study
compare extremely well with data obtained by the Bureau of Mines
for similar materials.

— ]_ 4 - W TR GVIBESS &3 INVIIERIRNE



FAILURE MECHANISM

Being a granular non-saturated system, the mechanism of
failure which would occur first would be a "infinite slope"
failure. This type of failure is best described as a.slow mov-~
ing shallow "slough" movement of the sideslope materials. The
distress noted at the crest of the abandoned coal refuse pile
is typical of an "infinite slope" failure. Because this type
of failure is slow moving and does not involve a large mass of
material, it should not be considered as the controlling sta-

bility mechanism.

The controlling failure mechanism would be a deep seated

failure which would involve a relatively. large mass of mater-

ial.

STABILITY ANALYSES

STATIC STABILITY

The factor of safety for an "infinite slope" failure is de-

tan ¢

fined as Tan B

where ¢ is the angle of friction of the coal re-
fuse material and B the slope angle. The determined factor of

safety for various slope angles are tabulated below:

Slope Angle Angle of Factor
B Slope Friction of Safety
35° 1.4h to 1.0v 35° 1.0
30° 1.75h to 1.0v 359 1.2
26° 2.0h to 1.0v 35° 1.4

-15-
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For a controlling deep seated circular failure, the factor
of safety of a coal refuse pile with a slope of 1.75 horizontal

to 1.0 vertical would be on the order of 2.

DYNAMIC STABILITY

In our dynamic analysis a design effective peak accelera-
tion of 0.12* was utilized. The probability that the design
effective peak acceleration will not be exceeded during a 50

vear period is estimated to be 90 pefcent.

Applying the design acceleration to an "infinite slope“
model as discussed by Newmark**, the foilowing factors of safety

were determined:

Slope Angle "Factor
B Slope . of Safety
35° 1.4h to 1.0v <1
30° 1.75h to 1.0v 1

26° ~ 2.0h to 1.0v 1.46

For a controlling deep seated circular failure, the factor
of safety of a coal refuse pile with a slope of 1.75 horizontal

to 1.0 vertical would be in excess of 1.5.

Because the coal refuse materials are not saturated, liqui-

faction will not be a problem.

*Donovan, N.C., Bolt, B.A. and Whitman, R.V, Development of Ex-
pectancy Maps and Risk Analysis, Preprint 2805, ASCE Annual
Convention and Exposition, Philadelphia,PA, Sept. 27-0ct.1,1976.

**Newmark, N.M., Effects of Earthquakes on Dams and Embankments,
Fifth Rankine Lecture, Geotechnique, Vol.XV, No. 2, June, 1965.
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CONCLUSIONS

The above analyseé show that subsequent portions of the
active coal refuse pile can be constructed safely with slopes
of 1.75 horizontal to 1.0 vertical or flatter in a manner simi-
lar to that utilized prior to September, 1976. The factors of
safety as presénted are somewhat conservative, having been de-

termined utilizing conservative strength data.

It should be noted that the strength data is applicable

for a ccal refuse pile no higher than approximately 150 feet.

At greater heights particle crushing could occur. The affect

‘of particle crushing has not been evaluated as part of this .

study.

CONSTRUCTION METHOD

Subsequent sections of the active pile should be construct-
ed in a manner similar to that employed prior to September, 1976

except that:
1) Maximum lift thickness should not exceed 10 feet.

2) Coal refuse should not be pushed over the oudtside

slope of the working 1lift.

o000

-17-
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The following plates and appendices are attached. and com-

plete this report:

Plate 1

Plate 2

Plate 3

Plate A~1A & A-1B
Plate A-1C

Plate A-2

LA

Plate A-3

Plate A-4A & A—-4B

KR et

Plate A-5

Plate A~6A & A-6B

Plate A-7 ==
Plate A-8
Appendix A

Appendix B

B i

WIG/RLO/pc
Attachments

Vicinity Map

Site Plan

Plot Plan

Log of Borings

Log of Test Pits

Soil Sampler Type D

Unified Soil Classification System
Gradation Curves

Method of Performing Compaction Tests
(Standard and Modified AASHTO Methods)

Compaction Test Data

Method of Performing Direct Shear and
Friction Tests

Method of Performing Unconfined Com-
pression and Triaxial Compression Tests

Field Exploration and Field and
Laboratory Testing

Technical Reference, Bureau of Mines
Report of Investigations 1974

Respectfully submitted,

IS

William J. Gordon

Associate ‘
Professional Engineer No. 3457
State of Utah
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Robert L. Owen
Staff Engineer
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APPENDIX A

FIELD EXPLORATIONS AND FIELD AND LABORATORY TESTING

FIELD STUDIES

GENERAL

The field portion of this study included a general recon-
naissance of the site area, the drilling of six exploration
borings, the excavation of five test pits, the installation of

piezometers, the performance of a series of in-place density

‘tests, and a partial topographic survey of the active refuse

pile (No. 1211-UT-9-0008). The field studies, with the excep-
tion of the survey, were supervised by an experienced soils en-
gineer from our staff. The partial survey was performed by

representatives of Plateau Mining Company.

SITE RECONNAISSANCE

Prior to and during our field exploration program, a general

site reconnaissance was performed. The reconnaissance was per-
formed to aid in evaluating the geology of the site and the per-

formance and construction of the existing refuse piles. The

data obtained in conjunction with the reconnaissance was utilized

to help in selecting the number, locations, and depths of the

test pits and borings extended.
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FIELD EXPLORATIONS

The subsurface soil, refuse bile, and ground watér condi-
tions were investigéted by drilling six exploration borings, ex-—
cavating five test pits, and installing three piezometers. The
locations of the borings, testApits, and piezometers are pre-

sented on Plate 3, Plot Plan.

The borings were drilled with a truck-mounted rotary drill-
ing rig and extended to depths ranging from 3.0 to 38.0 feet.
The test pits were excavated with a tractor-mounted backhoe and
extended to depths from 2.0 to 10.0 feet. A piezometer consist-
ing of slotted two inch diameter PVC pipe was installed in
Borings 1, 2, and 3 following drilling for ﬁhe purpose of moni-

toring ground water conditions.

Undisturbed samples of the coal refuse and underlying nat-
ural soils were obtained from the exploration borings by utiliz-
ing a Dames & Méore sampler as illustrated on Plate A-2, Soil
Sampler Type D. From the test pits disturbed bulk samples were
obtained. The coal refuse and soils were classified by visual
and textural examination in the field and a complete log was
maintained of each boriné and test pit. These classifications
were supplemented by subsequent inspection and testing in our
laboratory. Graphical representation of the coal refuse and
natural soils encountered in thé exploration borings and test
pits are shown on Plates A—lA and A-1B, Log of Borings and

Plate A-1C, Log of Test Pits. The nomenclature utilized in
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describing the soil types appears on Plate A-3, Unified Soil

Classification System.

FIELD TESTING

In order to determine the in situ moisture and density of
the mine refuse, five in-place density tests were performed
during the test pit excavation operations. The tests were per-

formed in accordance with the ASTM* 1556 designation.

Results of the tests are presented to the left of the test

pit logs on Plate A-1C.
SURVEYING

In order to accurately define the existing geometry of the

active refuse biie, as well as locate and give elevations of
borings and test pits associated with this study, representatives
of Plateau Miniﬁg Company performed a ground survey. This survey
formed the basis for the development of the map presented as

Plate 3, Plot Plan.

LABORATORY TESTING

_GENERAL

Laboratory tests were performed in order to develop appro-
priate data upon which to base our recommendations. The labora-

tory testing program included the following:

*American Society for Testing and Materials

A-3
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1. Moisture and Density Tests
2. An Atterberg Limits Test

3. Gradation Tests

4. Compaction Tests
5. Direct Shear Tests
6. Triaxial Compression Tests

7. Specific Gravity Tests

MOISTURE AND DENSITY TESTS

Moisture and density determinations were performed on var-
ious representative relatively undisturbed samples of the coal
refuse material in order to help correlate other test data and

to aid in classification.

The results of .the moisture and density tests are presented

to the left of the borings logs on Plates A-1A through A-1C.

ATTERBERG LIMITS TEST

An Atterbefg Limits test was performed to classify the fine-
grained fraction of the coal refuse. The test showed the fine-

grained fraction to be non-plastic.

GRADATION TESTS

Gradation tests were performed for the purposes of classify-
ing the coal refuse as well as correlating other-test data. In
addition, the data were utilized for the selection of represen-
tative samples of the coal refuse for Direct Shear and Triaxial

A~4
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Compression testing. The results of the various gradation tests
performed in conjunction with thié study are presented on Plates
A-4A and A-4B, Gradation Curves. The results of gradation tests
performed upon mine refuse from other piles in the United States

(see Appendix B) are also presented on Plate A-4A.

COMPACTION TESTS

Twce compaction tests were performed upon mine refuse mater-

ials as part of the testing program.

The first test was performed upon a representative "grab

sample" of recently placed mine refuse in accordance with the

AASHTO T-180, Method C, criteria, as described on Plate A;S,

Method of Performing Compaction Tests. The results of this test

are presented on Plate BA-6A, Compaction Test Data. The original
gradation of the "grab sample” is shown on the lower portion of

Plate A-4B.

The second test was performed upon a sample of mine waste

"which was gradétionally prepared to limit the maximum particle

size to three~eighths of an inch and to have approximately 30
percent by weight passing the No. 200 sieve. The éompéction
test‘was performed in accordance with the AASHTC T-180, Method C,
criteria, except £hat the maximum particle size was three-eighths
of an inch. The results of this test are presented on Plate
A-6B, Compaction Test Data. The gradation of this sample,

Sample A, prior to performing the compaction test, is also

ERaapas s & paoddyee




presented on the lower portion of Plate A-4B. Following the

compaction test, the percentage of material passing the No. 200

sieve was measured to be 29 percent.

DIRECT SHEAR TESTS

Strength tests were performed upon recompacted samples of

Sample A material.

Sample A material was gradationally prepared

to represent a refuse pile material which would have lower than

average strength characteristics. The samples were recompacted

to a dry density of 70 pounds per cubic foot at moisture contents

slightly above optimum. This density represents a lower average

density of the in situ refuse material that was placed under -un-

controlled conditions. The tests were performed at approximate

on Plate A-7, Method of Performing Direct Shear and Friction Tests.

e content in accordance with the method described

The tests were run at a strain rate of 0.005 inches per minute

in order to approximate drained conditions.

The results of the direct shear tests are tabulated below:

Sample
Identification

Sample A -
Coal Refuse

Initial Test , - Peak
Dry Moisture Normal Shearing
Density Content Pressure Strength
in PCF in % in PSF in PSF

70 26.2 2,000 1,600

70 - 24.6 4,000 2,800

70 24,1 6,000 4,150

- BA-6
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When plotted the data indicates a ¢' (effective friction

angle) of 33° and a c¢' (effective cohesion) of 200 psf. The

'range of ¢' and ¢' values obtained by the Bureau of Mines (see

Appendix B) for similar materials ranged from 31° to 36° and

-0 to 490 psf, respectively.

TRIAXTAL COMPRESSION TESTS

In order to further define the strength characteristics of
the Sample A, coal refuse, a multi-phése consclidated undrained
(CU) triaxial compression test was performed. A general deécrip—
tion of the procedures followed in performing the test are des-
cribed on Plate A-8, Method of Performing Upconfined Comp;ession
and Triaxial Comp;ession Test. Ddring the course of this test,

pore pressures were recorded.
The results of the tests are presented below:

Initial Effective

Initial Saturated Friction Effective
, Dry Moisture ~ Angle Cohesion
Sample Density Content (¢') . (c')
Identification in PCF in % in Degrees in PSF
Sample A -
Coal Refuse 70 26.1 35 0

The range of ¢' and c' values obtained by the Bureau of
Mines (see Appendix B) for similar materials ranged from 31°

to 37° and 29 to 1,555 psf, respectively.
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SPECIFIC GRAVITY TESTS

Specific gravity tests were performed in order to provide
data utilized in determining the degree of saturation of the

coal refuse. g

The results of the specific gravity tests are presented

below:

Boring No. Depth ‘Specific Gravity
4 6.5 feet 1.63
Fresh Coal
Refuse Surface , 1.46
A-8
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2 QFC MEDIUM DENSE -0 . ELEVATION 7567.1*
uw o -
0 it o ) \ SM COAL REFUSE(MUDSTONE, SHALE AND
. i Al = A GM COAL) — BLACK SILTY FINE TO COARSE
- w dne = il SAND WITH FINE AND COARSE GRAVEL
= 1} T { VG AND OCCASIONAL COBBLE SIZED
g =9 - a2 PARTICLES — DENSE
- g} M o BROWN SILTY FINE TO COARSE SAND WITH,
S I FINE AND COARSE GRAVEL AND COBBLES
1w o
L o 15.2%-78 m N (NATURAL SOIL)~DENSE
: : TEST PIT COMPLETED AT 2.0° ON 11-3-76
6 —rereememereermrcmee e} SIDES OF TEST PIT STAND :
1M VERTICAL TEST PIT 5
i :
| (et . ELEVATION  7350.2¢
. 8 - ! 3}
FH i
: l W R . e N SM-{ COAL REFUSE (MUDSTONE, SHALE, AND
EY \ TEST PIT COMPLETED AT 9.0' ON 11—-3—76 i oM COAL ) ~ BLAGK SILTY FINE TO COARSE
5 Hhi SAND WITH FINE AND COARSE GRAVEL AND
w \ OCCASIONAL COBBLE SIZED PARTICLES—
b .
z e DENSE
> E 1
. E 3
4 158% 90 -+ i TEST PiT COMPLETED AT 4,0" ON 11—3~76

izcxsol

i

|

LOG OF TEST PITS

{

« RRRER

DAMES 2 MOORR

AR
|

=
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0 . RS
DRIVING OR PUSHING 4~ U

MECHAMSM‘-_‘4 e

COUPLING

WATER OUTLETS

HEAD .
\ .

NOTCHES FOK

ENGAGING
FISHING TOOL

HEAD EXTENSION —
(OPTIONAL } M

BARREL ’
— |
f

BIT

SOIL SAMPLER

CHEGK VALVE
NEOPRENE SEAT

I T SPAGE TO REGEIVE

DISTURBED SOIL

] CORE-RETAINER

RINGS
{2 712" 0.0. BY 1" LONG}

BARREL

BARREL COUPLING

SAMPLING TUBE
COUPLING

SPLIT FERRULE
LOCKING RING

THIN-WALLED
SAMPLING TUBE

{6" AND 12" TUBES
INTERCHANGEABLE)

SAMPLE 15 EXTRUDED
INTO GORE RETAINER
RINGS IMNEDIATELY UPON
COMPLETION OF SAMPLING
OPERAYION.

ALTERNATE ATTAGHMENTS

TYPE D

DAMES B8 MOOS

Pm—

L et

iy ghe

. |
e ———— T O TN s

£l
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MAJOR  DIVISIONS

GRAPH \LETTER
SYMBOLYSYMBOL

' TYPICAL DESCRIPTIONS

WELL ~LMADLD GRAVELS, HeAVLL-

ARAVEL : GW SAND - TRTURES, t1TTLE Ok
AND CLEAN GRAVELS NG FANtS
GRAVLLLY (LFTTLE OR NO
SCILS FIRES) POURLY-LRADLD LHAVELS,GRAVEL -
. GP SANL MEXTURESL, LITILE OR
%gATBED NU FINES
A
SOILS
GM SILTY GRAVELS, GHRAVLL-SAND-
MORE THAN 50 . SILT MIXTUREL
R % | GRAVELS wITH FINES
TION RETAINED (APPRECEABLE AMOUNT
v arsrar OF FINES
ON" NOW4 STEVE ) CLAYLY GRAVELS, GRAVEL-SAND-
GC CLAY MIATURLS
S — -
s WELL-GRADED SANDS, GHEVELLY
SAND w GANUS, LITTLE DR NO FINLS
AND .CLEAN 'SAND (tiyTec
SANDY OR-NO FINLS)
SCILS SP POORLY-ULRADED SANDS, LMAVELLY
MORE THAN 50% . SANDS, LITTLE Ok NC FINLS
OF MATERIAL 15
L R YHAN NO. "
200 si1eve si2e ahtilells
S H SM SILTY SANDS, SAND-SELT MIXTURES
Mome Twan 0% | SaNDS WiTH Fings  HETHUA
OF COARSE FRAC- | (APPRECIABLE AMOUNT o
TION PA3SING OF FINES)
NO. 4 SIEVE .
sC CLAYLY SANDS, SAND-CLAY MIXIUKLS,

INORGANIC S1LTS ANL VEXY FIki
SANDS, RGCK FLOUK, SIuTY OR
CLAYEY FINL SAMDS GK CLAYEY
SILTS wiTn SUIGHT PLASTICITY

INURGANEC CLAYS OF LUW TU MEDIUNM |
PLASTICETY, GRAVECLY CLAYS,
SAKDY CLAYS, SILTY CLAYS, LLAN
CLAYS

LUHLANIC S5 AND ORGANIC
SILTY CLaYs CF L PLauTioily

FINE SILTS
it At LEQUID LiMIT
Ggé:tso CLAgj LESS Tran 50
MORE THAN 50% o
GF MAYERIAL 1S Skhg LIQUID LIMET
CLAYS GREATER THAN 5U

SMA\,L{R THAN NO.
SILVE SI1ZE

PRURGANTC STLTL, MIGauiGus ur
DIATOCYALLGLUL NG LAaND UR
SEILTY S01L5

[T ————

ENURGANTC CLAYL OF HiGH
PLASTICITY, FAT CLAYS

ORGANIC CLAYS OF MELEUM TO HEGH
PLASTICITY, LRGASLE SILTS

HIGHLY CRGWNIC 56ILS

PT

PLAT, HUMUS, “HaMP SOILS
WITH HIGH OKuLaNIC CONTENTS

NOTE: DUAL SYMBOLS ARE USED TU INDICATL BOKRLLKLINL HUBL CLASSIFICATIONG,

SOIL CLASSIFICATION CHART

UNIFIED SOIL CLASSIFICATION SYsSTEM

DAMES 8 MOORE

PLATE A-3
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U.S. STANDARD SIEVE SIZE
100 3 123 3/6° 84 HI0  H20 #40HEOHIOO ¥200
=T
: §i s : ?
- 90,
: SN IR li
. 80 AEIZRN il
I e AN -
o, . NV
S .
> 60 3 A w r
. @ - MINTH
o 1! ]
lél 50 =] N 1
w %0 1 . _
[ i 3 1S N h
Z S0 N ~
uy - N
0'&) 30 [ BN ; )
w H N
a 20 l [ \
f T TN N
! : T =
° j R 5 2 st 1 ]
[ HTH 1 e A e
1000 Ko 0.0t 0.001

10 1.0 [+X]
GRAIN SiZE N MILLIMETERS

V| AND
[ oo oo rmefoomse memom T ERE 1 S R O 1

LOCATION DEPTH CLASSIFICATION

TYPICAL COAL REFUSE GRADATION CURVES
(SEE APPENDIX B )

REFERENCE: BUSH, RICHARD A., BACKER, RONALDR.; AND ATLEINS, LYNN A, (_!974) " PHYSICAL
PROPERTY DATA ON COAL WASTE EMBANKMENT MATERIALS" , UNITED STATES
DEPARTMENT OF THE INTERIOR, BUREAU OF MINES, REPORT OF INVESTIGATIONS 7964,

PLATE . OF

R U.S. STANDARD SIEVE SIZE
OO 5 3 -172"3/4" 3/8" #4  #10 H20 #HA0 HEQHIO0 #200
e B ]
90| | }
[ N | H
AR M gt K
o AN I o L
© H ] L
w Y 1
L& X = 3 | — A
-tl\; 7 0 4 !
i
nh & so l |
¥ z T SN A
< I NN N\
o - 40 1 .
& i Y
N & I N |
«© !
g '\\{ Q 25 1 I
i3 o ; :
58 i o -
] x o I i |3
N 000 100 0 1L.O o.l C.0t 000
FE GRAIN SIZE IN MILLIMETERS
: HAVE AND.
| COBBLES WW—ME—L—I——MW——! SLT OR CLAY J
LOCATION | DEPTH CLASSIFICATION SYMBOL]"
" - o 1 B
B-1,B-2, [8.051.5 oy oy (COAL REFUSE ~COMPOSITE SAMPLE)
: B~3, B—4. |19.5110' . :
: TESTPIT 1 1.0 SM-GM (COAL REFUSE) ——— i
g TESTPIT 1 5.0' SM~GM (COAL REFUSE) —— . |
i
g -

GRADATION CURVES

DAMES & MOORE

P~

- P ATE A -4aA



DATL

NEVISIATE
%
v.[ T
LA

Koo

el nstododoctotfommmd S S di Db dbbcbestlncl BT 8 ¥
hEoKkeD By L0 pare L

(O S

L

406 .10 (4.54)

PERCENT FINER BY WEIGHT

U.S. STANDARD SIEVE SIZE

Y00 3 Y2 3AT 380 #4 40 #5200 #A0 HE0 HIOO #200
ST !'
A I 1
90| T
NE NI H
3 H It |
% NI : !
70 NN !
60 L
¢ \I s,
) Y
50 "
] \\ |
i
40 i say N
! S D
30 i TR IR
f ‘ l N
20 t ! i
i 1
10
H HIRNT
[} I : AN )
1000 0o 0 B 1.0 . LA 0.0 0004
GRAIN  SIZE ' IN MILLIMETERS
T GRAVEL T N | 3 -
I coesLES I cgnﬁg—l—k FINE  [COARSEL M§DISUT;M_-D] FINE 1 SLT OR CLAY l
LOCATION | DEPTH . CLASSIFICATION SYMBOL
TESTPIT2 | 1.0 SM-GM (COAL. REFUSE )
TESTPITI | 5.0 SM-GM (COAL REFUSE ) ————
TESTPITS 4.0t SM-GM {(COAL REFUSE) ——
U.S. STANDARD SIEVE SiZE
100 3 1-172"3/4" 3/8" #4  #10  H20 $#40 #60#I00 #200
I ]
1
- ] ;
- 80 I,
; N :
5 ST |
E AUTRERIN
E 60 '\ \\
& 50 “. =
Z ! M
(T8
40 T N
E | i N
L) i SIHEN
o 3 1 M TR N
& 20 LEE S
} H I
)
H | 1 11T
10
i Hll
o H [ ‘ {1l 1 ]
1000 0o i0 1O o 0.01 0.008
i GRAIN SIZE IN MILLIMETERS - '
GRAV AND
[__cosees  Fommie I e —Joosmser mepunt T—Fme——1- suroran ]
LOCATION | DEPTH CLASSIFICATION SYMBOL
TESTPIT 3 4.0' | SM (COAL REFUSE WITH MATERIAL RETAINED ON 3 8" SIEVE | —
REMOVED) .
SAMPLE A SM (COAL REFUSE, GRADATIONALLY PREPARED) —
"GRAB SMPLZ
SEE PLOT  |SURF. | SM-GM (FRESH COAL REFUSE) —
PLAN :

GRADATION CURVES

DAMES 8 MOORE

PLATE A-4B
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IT HAS BEEN ESTABIISHED THAT
WHEN COMPACTING EFFORT 1S HELD
CONSTANT, THE DENSITY OF A
ROLLED EARTH FILL INCREASES
WITH ADDED MOISTURE UNTIL A
MAXIMUM DRY DENSITY IS OBTAINED
AT A MOISTURE CONTENT TERMED
THE *“OPTIMUM MOISTURE CON-
TENT,” AFTER WHICH THE DRY

DENSITY "DECREASES. THE COM- @
PACTION CURVE SHOWING THE RE-
LATIONSHIP BETWEEN DENSITY AND
MOISTURE CONTENT FOR A SPECIFIC
COMPACTING EFFORT IS DETER-
MINED BY EXPERIMENTAL METHODS.
TWO COMMONLY USED METHODS ARE
DESCRIBED IN . THE FOLLOWING
PARAGRAPHS.

FOR THE *“STANDARD A.A.S.H.0.”
(AS.T.M. DG698-58T & A.AS.H.O.
T99-57) METHOD OF COMPACTION A "k"
PORTION OF THE SOIL SAMPLE
PASSING THE NO. 4 SIEVE IS COM-
PACTED AT A SPECIFIC MOISTURE

IN A STANDARD COMPACTION CY-
LINDER HAVING A VOLUME OF 1/30
CUBIC FOOT, USING TWENTY-FIVE

SOME APPARATUS FOR PERFORMING COMPACTION TESTS

Shows, from left to right, 5-1/2 pound rammer (sleeve
controlling 12" height of drop removed), 1/30 cubic-

-‘, . 3
12-INCH BLOWS OF ‘A STANDARD 5-1/2 foot cylinder with removable collar and base plate,
POUND RAMMER TO COMPACT EACH and 10 pound rammer within sleeve.
LAYER. )

IN THE “MODIFIED A.A.S.H.0.”” (A.S.T.M. D-1557-58T & A.A.S.H.O. T 180-57) METHOD OF COMPACTION
A PORTION OF THE SOIL SAMPLE PASSING THE NO. 4 SIEVE IS COMPACTED AT A SPECIFIC MOISTURE
CONTENT IN FIVE EQUAL LAYERS IN A STANDARD COMPACTION CYLINDER HAVING A VOLUME OF
"1/30 CUBIC FOOT, USING TWENTY-FIVE 18-INCH BLOWS OF A 10-POUND RAMMER TO COMPACT EACH
LAYER. SEVERAL VARIATIONS OF THESE COMPACTION TESTING METHODS ARE OFTEN USED AND
THESE ARE DESCRIBED IN A.A.S.H.O. & A.S.T.M. SPECIFICATIONS.

FOR BOTH METHODS, THE WET DENSITY OF THE COMPACTED SAMPLE IS DETERMINED BY WEIGHING
THE KNOWN VOLUME OF SOIL; THE MOISTURE CONTENT, BY MEASURING THE LOSS OF WEIGHT OF A
PORTION OF THE SAMPLE WHEN OVEN DRIED; AND THE DRY DENSITY, BY COMPUTING IT FROM THE
WET DENSITY AND MOISTURE CONTENT. A SERIES OF SUCH COMPACTIONS IS PERFORMED AT IN-
CREASING MOISTURE CONTENTS UNTIL A SUFFICIENT NUMBER OF POINTS DEFINING THE MOISTURE-
DENSITY RELATIONSHIP HAVE BEEN OBTAINED TO PERMIT THE PLOTTING OF THE COMPACTION
CURVE. THE MAXIMUM DRY DENSITY AND OPTIMUM MOISTURE CONTENT FOR THE PARTICULAR COM-
PACTING EFFORT ARE DETERMINED FROM THE COMPACTION CURVE.

METHOD OF PERFORMING COMPACTION
TESTS (STANDARD AND MODIFIED
AASH.O. METHODS)

DAMES 8 MOORKE
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 {
e,

958, 1 AREV, 4-57)

IN LBS./CU. FT

DRY DENSITY

- 50

SAMPLE NO. BULK pEpPTH_SURF. ELEVATION__ 7359.0°
sojL_ COAL REFUSE -

LOCATION_"GRAB SMAPLE"—- SEE PLOT PLAN

OPTIMUM MOISTURE CONTENT 11.5 PERCENT
MAXIMUM DRY DENSITY___ 86.5

METHOD OF COMPACTION_AASHTO T — 180 METHOD C

MOISTURE CONTENT IN % OF DRY WEIGHT

IIOO S 10 15 . 20 ‘ 25

100

90

80

70

60

COMPACTION TEST DATA

DAMES 8 MIOORE
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BY.
DATE
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DATE
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A
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7
/

crmen - TR

R

SAMPLE NO._ A DEPTH_.______ ELEVATION

SoiL_COAL REFUSE (GRADATIONALLY PREPARED )

LOCATION__SAMPLE A

OPTIMUM MOISTURE CONTENT 15 PERCENT

MAXIMUM DRY DENSITY__79.6

METHOD OF COMPACTION__AASHTO T—180 METHOD C (EXCEPT
' 3/8" MAXIMUM )

MOISTURE CONTENT IN % OF DRY WEIGHT

%) ) 10 15 20 25
o -

100

90

IN LBS./CU. FT.

DRY DENSITY

70

60

COMPACTION TEST DATA

DAMES 8 MOORE
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DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE
THE SHE ARING ‘STRENG1HS OF SOILS. FRICTION TESTS
ARE PERFORMED TO DETERMINE THE FRICTIONAL RE-
SISTANCES BETWEEN SOILS AND VARIOUS OTHER MATE-
RIALS SUCH AS WOOD, STEEL, OR CONCRETE. THE TESTS
ARE PERFORMED IN THE LABORATORY TO SIMULATE

ANTICIPATED FIELD CONDITIONS.

EACH SAMPLE IS TESTED WITHIN THREE - BRASS RINGS,

DIRECT SHEAR TESTING
& RECORDING APPARATUS

TWO AND ONE-HALF INCHES IN DIAMETER AND ONEF INCH
IN LENGTH. UNDISTURBED SAMPLES OF IN-PLACE SOILS
ARE “TESTED IN RINGS TAKEN FROM THE ‘SAMPLING
DEVICE IN WHICH THE SAMPLES WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN CON-

STRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED.

DirectT SHEAR TESTS

A THREE-INCH LENGTH OF THE SAMPLE IS TESTED IN DIRECT DOUBLE SHEAR. A CONSTANT PRES-
SURE, APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WHICH THE TEST IS BEING PER-
FORMED, 1S APPLIEF-NORMAL TO THE ENDS OF THE SAMPLE THROUGH POROUS STONES. A SHEARING
FAILURE OF T}_lE SAMPLE IS CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR

TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMENT OF THE OUTER RINGS IS PREVENTED.

THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO ITHE CENTER RING EITHER A
CONSTANT RATE OF LOAD,. A CONSTANT RATE OF bEFLECTION, OR INCREMENTS OF LOAD OR DE-
FLECTION. IN EACH CASE, THE SHEARING LOAD _ANDF"I'HE DEFLECTIONS IN BOTH THE AXIAL AND
TRANSVERSE' DIRECTIONS ARE RECORDED AND PLOTTED. THE SHEARING STRENGTH OF THE SOIL

IS DETERMINED FROM THE RESULTING LOAD-DEFLECTION CURVES.

FricTioN TESTS

IN ORDER TO DETERMINE THE FRICTIONAL RESISTANCE BETWEEN SOIL AND THE SURFACESOF VARIOUS
MATERIALS, THE CENTER RING OF SOIL IN THE DIRECT SHEAR ’fEST IS REPLACED BY A DISK OF THE
MATEFRIAL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME MANNER AS THE DIRECT

SHEAR TEST BY FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES.

. METHOD OF PERFORMING
DIRECT SHEAR AND FRICTION TESTS

DAMES 8 MOORE

PLATE A-7
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THE SHEARING STRENGTHS OF SOILS ARE DETERMINED
FROM THE RESULTS OF UNCONFINED COMPRESSION AND
TRIAXIAL COMPRESSION TESTS. IN TRIAXIAL COMPRES-
SION TESTS THE TEST METHOD AND THE MAGNITUDE OF
THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE
ANTICIPATED FIELD CONDITIONS.

UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION
TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED
SAMPLES OF SOIL. APPROXIMATELY SIX INCHES IN LENGTH
AND TWO AND ONE-HALF INCHES IN DIAMETER. THE TESTS
ARE RUN EITHER STRAIN-CONTROLLED OR STRESS-
CONTROLLED. IN A STRAIN-CONTROLLED TEST THE
SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC-
TION AND THE RESULTING STRESSES ARE RECORDED. IN
A STRESS-CONTROLLED TEST THE SAMPLE IS SUBJ ECTED
TO EQUAL INCREMENTS OF LOAD WITH EACH INCREMENT
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION
WITH RESPECT TO STRAIN 1S ACHIEVED.

TRIAXIAL COMPRESSION TEST URIT

YiELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED
FROM THE STRESS-STRAIN PLOT FOR EACH SAMPLE AND :
THE PRINCIPAL STRESSES ARE EVALUATED. THE PRINCIPAL STRESSES ARE PLOTTED ON A MOHR’S
CIRCLE DIAGRAM TO DETERMINE THE SHEARING STRENGTH OF THE SOIL TYPE BEING TESTED.

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ONLY ON SAMPLES WITH SUFFICIENT COHE-
SION SO THAT THE SOIL WILL STAND AS AN UNSUPPORTED CYLINDER. - THESE TESTS MAY BE RUN AT
NATURAL MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED SOILs.

IN A TRIAXIAL COMPRESSION TEST THE SAMPLE IS ENCASED IN A RUBBER MEMBRANE, PLACED IN A
TEST CHAMBER, AND SUBJECTED TO A CONFINING PRESSURE THROUGHOUT THE DURATION OF THE
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR
SPECIAL TESTS I'T MAY BE VARIED IN RELATION TO THE ME ASURED STRESSES. TRIAXIAL COMPRES-
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED

UNCONSOLIDATED-UNDRAINED: THE CONFINING PRESSURE 1S IMPOSED ON THE SAMPLE
AT THE START OF THE TEST. NO DRAINAGE IS PERMITTED AND TUE STRESSES WHICH
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAR STRESSES AND PORE
WATER PRESSURLES.

CONSOLIDATED-UNDRAINED:  THE SAMPLE IS ALLOWED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURING
CONSOLIDATION. NO DRAINAGE I1$ PERMITTED DURING THE TEST AND THE STRESSES
WHICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-
FORMING A DRAINED, OR SLOW, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED
AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE
1S PERMITTED AND THE TEST IS PERFORMED AT A SLOW ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE WATER PRESSURES. THE RESULTING STRESSES WHICIH ARE MEAS-
URED REPRESENT ONLY THE INTERGRANULAR STRESSES. THESE TESTS ARE USUALLY
PERFORMED ON SAMPLES OF GENERALLY NON-COHESIVE SOILS, ALTHOUGH THE TEST
PROCEDURE 1S APPLICABLE TO COHESIVE SOILS IF A SUFFICIENTLY SLOW THEST RATE
IS USED. ' '
AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST 1S TO PER-
FORM AN UNDRAINED TEST IN WHICH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORE WATER
PRESSURES. THE DIFFERENCES BETWEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES
MEASURED ARE THE INTERGRANULAR STRESSES.

METHODS OF PERFORMING
UNCONFINED COMPRESSION AND
TRIAXIAL COMPRESSION TESTS

DAMES 8 MOORE

J—

5'5

PLATE A-8
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APPENDIX B

TECHNICAL REFERENCE
BUREAU OF MINES
REPORT OF INVESTIGATIONS

1974%*

PURPOSE AND SCOPE OF REPORT

The purpose of the referenced report was to define represen=-
tative physical property data on typical coal refuse embankment
materials. An extensive field sampling and laboratory testing

program'was carried out which resulted in a basis for establish-—

DISCUSSION OF RESULTS

The gradation curves for the coarse refuse materials tested
show that the refuse materials are mostly well graded, although
a considerable difference in the range of sizes Was noted. The
variety of preparation plants would account for this range in
gradation. Typical gradation curves are shown on Plate A-4A,

Gradation Curves.

Specific gravity values also varied considerably from site
to site reflecting the variation of coal content and rock types

in the various dumps and individual samples.

*Busch, Richard A., Backer, Ronald R., and Atkins, Lynn A. (1974},
"Physical Property Data on Coal Waste Embankment Materials,™
United States Department of the Interior, Bureau of Mines,

Report of Investigations 7964.

B~-1
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A large variation in field densities was found. Methods of
deposition, moisture contents, and proximity to haul roads were

cited as variables effecting density.

Much time and effort was expended to establish reliable

values for shear strength. Both direct-shear and triaxial com-

pression tests were run with extremely good correlation between
the two. The values of ¢' (effective friction éngle) and c'
(effective cohesion) were found to not chénge appreciably when

tested in a saturated condition versus field conditions.

Typical results of direct shear and triaxial compression
test obtained by the Bureau of Mines are presented with the
direct shear and triaxial test data obtained in conjunction -

with this study in Appendix A.
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w7 ' : . . ’ )
- C@E’WMEB&WEAL TESTING & ENGINEERING CO.
GENCRAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS €0501 - AREA CODE 312 726-8434
RN DIVISION MANAGER . ' A\ - PLEASE ADDRESS AL CORRESPONDENCE TO:
D W. TAYLOR, JR. ' AP 133 SOUTH MAIN, HELPER, UTAH 84526
' N e OFFICE TEL. (801) 472-3537
=, \“Q RN PR T (801)
?  PRICE RIVER COAL CO, : o ~ Jan, 25, 1980

P.O. Box 628
Helper, Utah 84526

.Sarﬁp!e ide_ntiﬁcation -

by Price River Cozal Co.
Refuse Pile

_Kind of sampla 71211‘-U'.[f—_-9~70027

reported to us ’ Coal'-‘
$3mﬁ§ﬁma§ﬂr Caséie éété Prep. Fiant—Refuse Pile : !. v;“ 4 ;
&mmmfd@ﬁﬁyv.Prlce Rlver Coal Co.

Déte samp!ec'irl »1 16 80 .

Date ,re'ceived 1-16~80.

.Analysis report no. 57_332'9
TOXICITY~ Following procedure as outlined in the Federal Register,
o Part IV. Dec. 18, 1978 = . . o o

- Arsenic- 0,011 mg/l
Selenium- less than or
Mercury- less than or
Cadmium~  less than‘or
Lead~- . less than or
" Cromium-  less than or
"~ Silver-  less than or

~Barium~ 0.8 mg/1

il

to 0.002 mg/1

to 0.04 micrograms/l

to 0.004 mg/1 :
to 0.06 mg/1 e e
to 0.01 mg/1 ' :
to 0.01 mg/1

it

il

L It

ACIDITY~  Sample prepared 1: 1'coa1~water extraction follovlng pro-
" cedures of the U,S. Dept. of. Agr1culture~dandboook 60.
Acidity determined as dlrected in Standard Nethods 14th
Edltlon.'

Acidity; 0

Respectfully submitted,

I8/ COMMERCIAL TESTING & ENGINEERING CO.
B/ap JWlalr
V-
/éid'”’ rlzyg
Jriginal Copy Watermarked . . - 'Maa‘fager, Helper Laboratory

>r Your Protection’

\/ &
Charter Membar
BILLINGS, MT - BIAPINGHAM, AL « CHAKLESTON, WV » CLARKSBURG, WV » CLEVELAND, OH - DENVER, €O » GOLDEN, CO + HELPER, UT « HENDERSON, KY » JASHER, AL « BMDDLESADRO, KY

MOBILE, AL « NEVY BETHLENEM, FA » NEW ORLEANS, LA - NORFOLK, VA » + PALISADE, €O » PIKEVILLE, KY « SALINA, UT +'SO. HOLLAND, I - YOLEDO, 0 » VANCOUVER, B.C. CAN.





