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UNC PLATEAU MINING

Subsidiary of United Nuclear Corporation
AUNC RESOURCES Company

Mr. Ron Daniels
State of Utah

PO. Drawer PMC Telephone 801/637-2875

. Price, Utah 84501

May 14, 1980

DE@

MAYl 5 1980 U

DIVISION OF
Oli., GAS & MINING

Division of 0il1, Gas & Mining

1588 West North Temple
Salt Lake City UT 84116

Dear Mr. Danie]s:

Re: Addendum to

Refuse Pile Extension.Site
ID No. 1211-UT-9€008 D
Star Point #1 & #2 Mines

Enclosed you will find five copies of the above Addendum
to Refuse Pile Extension Site. You will also find seven
copies of the addendum and seven copies of original request,
which we understand you will forward to the OSM office in

Denver.

We have addressed the areas of concern in the original
request, by preparing the Addendum. We would _appreciate
your prompt attention in reviewing and approving this

request.
this matter.

I am sure you understand the urgency concern1ng

If you require further information, please feel free to

contact us.

MD:ajc
cc: S. W. Rigby

Sincerely, A

Mike Dmitrich
Pub]ic Affairs
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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 Pr%ce River Coal Company analysis, which
represents a'similar analysis of rejects from the wasatch_Coal Field.

. _ y _
This analysis is attached as Appendix No. 3. o ANV = l¥“%‘“‘\DJQ
' —Q’/\',(X‘(‘a‘\(,‘,o‘ 7 éc\/,
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TOP SOIL

To prevent suitable topsoil trom‘being~wasted or contaminated by spoil
or other waste materials; UNC Plateau Mining Company will remove top-
soil from the designated area. The topsoil will be stockpiled and

protected from water erosion and contamination which might lessen its

—————

capacity to support vegetation.. Mo wo K

Topsoil will be collected from refuse bi]edextension site prior to
excavation or other surface disturbahce operations within the affected

area. Soils are of a very fine sandy loam, dark brown when moist;

~ moderate coarse granular structure; soft very friable, slightly sticky, /’M\ o E}

\

s11ght1y plastic; common very f1ne roots; common very fine and fine f) t”{f{j
A
pores; moderately calcareous, carbonates are disseminated; strongly PP PR

) &\/\‘\\. ‘¢ 7
alkaline (pH8.6). In a representative profi]e the surface layer is ,//4
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brown very fine sandy Toam about 3 inches thick.

Present vegetation is dominantly big Sagebrush, Western Wheatgrass,

Blue Grama, and Needle and Thread. This 1s used for rangeTand

and wildlife habitat. k,‘f

In general, the topsoil to be removed in these areas consists of 1 to o
‘ u\.bﬁ_——

4 inches of A horizon quality material and 6 to 12 inches of B horizon So o e
: . ) qc a Da\/C/

quality material. The C horizon material will not be removed since it Ujvﬂwevt;
&o&o&?

is not sufficiently capable of supporting diverse vegetation. Additional
soils information is presented in UNC Plateau Mining Company's Under-

ground Mine Permit App11cat1on 30 CFR Part 782, 783, 784, Appendix No. 14.
prendiza . 1%.
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- The equipment used for topsoil removal will consist of‘bu11dozers,

~front-end loaders, and dump trucks. UNC Plateau Mining Company will

have present at the time of topsoil remova] adequate supervisory
personne] to instruct the equipment operators in the proper techniques
of topsoil removal and to ensure that required hor1zons are removed

d stored. Voo N At evantae.  whal Ao tewrove '%%efffm\s/
and stored. ) e

Topso11 will be stored within the des1gnated area wh1ch will not be

rgg;lnely disturbed. During stockp111ng operations, unnecessary
compaction will be prevented by Timiting theiequipment traffic over

the stockpiles. o
, &_>'V0\\)~A,_—°~f

NSV

There will be two topsoil stockp11es cover1ng an area of approx1mate1y

0.25 surface acre. The stockpiles will be estab]1shed in the draws

on the south s1de of the site. The-stockp11ed topsoil will not be

removed or otherwise disturbed until required for tne}redistribution _
operat1on on a prepared regraded d1sturbed area.. (See Proposed

Topso11 Locations, Map No. 5)



C.

STABILITY ANALYSIS OF REFUSE PILE

~ The stability analysis of refuse pile is contained in the Dames &

Moore report. This reportldetails 1ift thickness, slope requirements,
and constituients of refuse material. This report is attached as

Appendix No. 1,

R e




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 sedimentationvponds, prepared by Vaughn

Hansen Associates, are presented in Underground Mine Permit Application

-

| oy PR PRI >
30 CFR Part 782, 783, 784, ek x4, e C s aoet e

The design details of the Wattis South Sedimentation Pond are attached -

tb‘this;addendum'as Appendix No. 2.
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REFUSE PILE CONSTRUCTION

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

designated 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

—~
1

" 5 -
. / » : > N\
from this area. \g‘o~¢~\ owJisade NN e



INSPECTION REQUIREMENTS : o 7 -
LY

UNC Plateau Mining Company will have qggljfigg_gggggnnej inspect the fill

for stability at least quarterly. Inspéction will also be done during
the critical construction periods, i.e., removal of all organic mater1a1

and topso11 placement of underdrainage systems, installation of surface

g

dra1n gv?ystems, p]aceTEEE*Epgwpompag;?;; bf f111 mater1a1, and
w“;r\evegeta’cwn. UNC Plateau M1n1ng Company will provide the Regulatory
Authority a certified report within 2 weeks after 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 reduce erdsion, and to pfevent deepening or enlargement of stream
channels. These discharge structures will be designed according to
standard engineering-design procedures. Q\\aM\As'f

-
A cross section view of a ;xpigalwdischarge chanﬁe] 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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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 CORP.

Dames & Moore Job No. 10051-001-06
Salt Lake City, Utah



HOUSTON
LOUS ANGELES
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NEW YORK
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LONDON TOKYS
MADRID TORONTO
VAMGOUVER, #,C.

WONOLULY

WHITE PLATNG

SUITE 200, 250 EAST BROADWAY « SALT LAKE CiTY, UTAW 8411}~ (801} 353-8754
CABLE " DAMEMORE TWXL 910-925-56822

January 17, 1977

Plateau Mining Company
Post Office Box 539
Price, Utah 84501

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 purpose and scope of our studies were planned in dis-
cussions between Mr. Tom Bailey and Mr. Mark Robinson of 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 gquestions with regard to the enclosed
report, please contact us.

Yours very truly,

DAMES & %iij;fff’

Willia . Gordon
Associate
. o Professional Engineer No. 3457
E WJIG/RLO/pc , State of Utah
l Attachments
g cc: Earnal Shaw
fl Mark Robinson
Dan. Price

SRS RBRETAY,.
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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

T T T N T

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 1is shown with respect to surrounding roads, Price,
Utah, and major topographic features on Plate 1, Vicinity Map.

A more detailled map of the site showing the location of the ac~
tive coal refusé& pile and an abandoned coal refusé pile are

shown on Plate 2, Site Plan. Presented on Plate 3, Plot Plan,

il T T e .

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 abandoned refuse pile, No. 1211-UT-9~0009. The location

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

SUMMARY

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

el

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

Il
p
R
i
1

1211-UT-9~0008, may be safely constructed in a manner similar

i r i*. sy

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 exisﬁing pile, (2) that the piie
embankment will remain, from a geotechnical standpoint, a non-
water retention system, (3) that lift 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
cohditions will be in excess 6f 1.5. Even though the factor of
safety against a controlling deep seated failure is in excess of
1.5 the factor of safety against non~controlling slow moving
shallow "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.

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. William Gordon of Dames & Moore. A de-—
tailed outiine of the purpose 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 té 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.

f o &5
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In accomplishing these purposes, the scope as outlinéd 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 vicinity map.

A site plan ‘showing the location and general
configuration of the coal refuse piles with

respect to other gite facilities.

A plot plan showing the active coal refuse pile
and the locations of the exploration borings

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

A detailed description and discussion of the

surface and subsurface conditions encountered.

A detailed discussion of the prévious and present

coal refuse pile construction methods.

e . ISR R S B I T RS
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9. 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

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. 1211~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




portion of the coal refuse pile was observed. The cut was dry
and appeared to have undergone some secondary cemehtation. 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 féet back
from the slope crest. The slbpe of the coal refuse pile at this
location is approximately 1.4 horizontal to 1.0 vertical and over
lOO‘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. 1211-UT-9-
0008, is located adjacent to and extending approximately 1,500
feet southwest of the mine offiée facilities. 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




located on the west side of the pile and can be seen 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 C{igt and show horizontal movement of about four
inches and vert;gél 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 cresﬁ
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.




e

Ten et S ST

e =

R T £ e e - 3

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 worked, and (3) levelling the refuse. Gen-
erally, the 1lift thickness would be bn 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 also 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 réguiations. This regulation states that
"After October 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 havé 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

- 7 - B T
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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 piie have been flattened to approximately two horiéonfal
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 refdse was placed in 5 to 10 foot thick
lifts. This new area is shown on Plate 3 and‘is designated "com-
pacted two foot lift area." It should be noted that prior to
placement of mine coal’refuse in the new area, the original
ground surface was stripped and prepared in accordaﬁce 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
élassified as a well graded silty fine to coarse sand with fine
and coarse gravel and occasional cobbles. Correlations between

blow counts and relative density would tend to indicate the

R B NS T RSO s




refuse 1is generally loose. However, these correlations were
derived based 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 conjunction

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 foot lifts pro-
duces a more uniformly dense pile. It should be noted that al—‘

though the in-place gradations and densities of the coal refuse

‘wvaries 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 td the refuse, con-
sisting of light brown to brown silty fine to coarse sand with
fine and coarse gravel and occasicial CObblés, 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 encouﬁtered 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.

SR AL PR




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 lavers and zones of
nearly saturated coal refuse were encountered. 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 condltlonagﬁﬁﬂéi )

-
T 1%

GEOLOGY

The site 1liés at the base of an erosional escarpment which
forms the eastern 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 lies 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 iﬁclude the Wasatch Plateau, are thought
to be a transition zone that coﬁtains geologic siructures common
to both the Colorado Plateau Province and the Basin and Range
Province to the west.

~10~

EDFAMAER S VS R s




T f,mi, L - - A

(s
l

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 exposed 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 Mercalli

-1
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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 subsequent 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 1ift thickness will be restricted to
10 feet, and (4) the major slépes (over 20 feet high) will be
constructed no steeper than 1.75 horizohtal to 1.0 vertical.
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 is in 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 coal 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

ERAN RS A e s
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retention embankment. 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 overflow spillway has been constructed in natural soil-
bedrock around the coal refusé pile, and (4) a ground water
table Qas 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

.program have not encountered ground water.

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

could alter the recommendations presented herein,
MATERTIALS

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
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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 isg 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.
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FATILURE 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 avslow nov-
ing shallow "slough” movement of the sideslope matérials. 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 1is de-

tan ¢
tan B

fined as 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 35° 1.2
26° 2.0h to 1.0v 359 1.4
15w




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 ﬁyhamic 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

year period is estimated to be 90 pefcent.

Applying the design acceleration to an "infinite siope"
model as discussed by Newmark**, the following 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, ligqui-

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. 27-0Oct.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 analyses 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 presented are somewhat conservative, having been de-

termined utilizing conservative strength data.

It should be noted that the strength data is applicable

_for a coal 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 1ift thickness should not exceed 10 feet.

2) Coal refuse should not be pushed over the outside

slope of the working 1lift.

o0o
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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
Plate A~1C
Plate A-2
Plate A~-3
Plate A-4A

Plate A~5

Plate A~GA

Plate A7

Plate A~8

Appendix A

Appendix B

WIG/RLO/pc
Attachments

& A-1B

& A--4B

& A-6B

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 subnitted,

William J. Gordon

Assoclate ‘
Professional Engineer No. 3457
State of Utah

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 éile, and ground water condi-
tions were investigated by drilling six exploration borings, ex-
cavating five test pits, and installing three piezometers. The
locations of the borings, test pits, 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 the 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 & Moore sampler as illustrated on Plate A~2, Soil
Sampler Type D. From the test pits disturbed bulk samples were
obtained. The coal réfuse and soils were classified by visual
and textural examination in the field and a complete log was
maintained of each boring 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~1A and A-1B, Log of Borings and

Plate A-1C, Log of Test Pits. The nomenclature utilized in




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

Nepees

active refuse pile, as well as locate and give elevations of

borings and test pits associated with this study, representatives
of Plateau Mining Company performed a ground survey. This survey
formed the basis for the development of the map présented 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
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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 LIMITSVTEST

An Atterbetg 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. 1In
addition, the data were utilized for the selection of represen-—

tative samples of the coal refuse for Direct Shear and Triaxial

A4
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Compression testing. The results of the various gradation tests
performed in conjunction with this‘study are presented on Plates
A=-4A and A-4B, Gradétion Curves. - The résults 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

Two 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

AARSHTO T-180, Method C, criteria, as described on Plate A;S,
Method of Perfogging Compaction Tests. The results of this test
are presented on Plate A-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
testuwas performed in accordance with the AASHTO T-180, Method C,
criteria, except that 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




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 placéd under -un-
controlled conditions. The tests were performed at approximate
saturated moistupe contént in accordance with ﬁhe method described
on Plate A-7, Method of Performing Direct Shear and Frictionﬂrésts.
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:

Initial Test Peak
Dry Moisture Normal Shearing
Sample Density Content Pressure Strength
Identification in PCF in % in PSF in PSF
Sample A - : ‘ C
Coal Refuse 70 : 26.2 2,000 1,600
" 70 24.6 4,000 ‘ 2,800
" 70 24,1 6,000 4,150
A-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 c¢' values obtained by the Bureau of Mines (see

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

0 to 490 psf,

TRIAXIAL

respectively.

COMPRESSION TESTS

In orderx
the Sample A,

{CU) “triaxial

to further define the strength characteristics of
coal refuse, a multi-phase consolidated undrained

compression test was performed. A general descrip-

tion of the procedures followed in performing the test are des-

cribed on Plate A~8, Method of Performing Unconfined Compression

and Triaxial Compression Test., During the course of this test,

pore pressures were recorded.

The regults of the tests are presented below:

Initial Effective
Initial Saturated Friction Effective
, Dry Moisture Angle Cohesion
Sample Density Content (o') . (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°

té 370 and - 29 to 1,555 psf, respectively.




SPECIFIC GRAVITY TESTS

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

coal refuse.

The results of the specific gravity tests are presented

. below:
d

Boring No. Depth Specific Gravity
& 4 6.5 feet 1.63
‘ Fresh Coal
i Refuse Surface 1.46
i
H
§
¥
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| COUPLING
§PLIT FERRULE
u wi LOCKING RING
o 4 b
THIN-WALLED
SAMPLING TUBE
{6 AND 12" TURES
INTERCHANGEABLE )
BT — l
o NOYE!
Wi SAMPLE 1S EXTRUDED
o INTO CORE RETAIMER
P RINGS IMMEDIATELY UPON
e COMPLETION OF SAMPLING l
OPERATION.
|
!
i
I o
Lad
Y
%
w
» X
o O
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MAJOR - DIVISIONS

GRAPH WLETTER
SYMBOL L SYMBOL

FYPICAL  DESCRIPTIONS

1

WELL -LHADUD GREVELS, Leavit-

ARAVEL GW GAND a1ATURES, viTILE ON
AUD CLLAN GRAVELS Mo FINLD
GRAVLLLY (LITTLE OR NO
STILD FINES) POURLY~GRADLD GRAVELS , HRAVEL =
N GP SANL MIXTURES, LITILE OR
g{fﬁf;;\:@n NG FINES
! 1% - i
SOILS
GM SIUTY GRAVELS, GRAVLL-GAND~
MORE - THAN ; 50 - - STLT MIXTURES
R T 2k | GRAVELS WITH FINES
T1oN RETAINED | (APPRECIABLE AMOUNT
SIEVE OF FINES
ON ROL4 STEVE “) CLAYEY GRAVILS, GRAVEL~SAND-
GC CLAY MIXTURLS
WELL ~GRADED SAADS, GR2VELLY
S'\Nr) SW GANUG, LEITTLE DR NGO FiNth
AND CLEAN SAND (LiyTee . o
SANDY OR NO FINES)
o
S0iLS sp POURLY - GKALLD SANDS, ukAVELLY
MORE - THAN 50% SanNDL, LITTLE Ok NG FINES
OF MATERTAL 1S
LARGER YHAN NO.
400 StEvE St2e .
SM SILTY SANDS, SAND-SILT MIXTURES
MORE THAN 50% SANDS “HITH FINCS
OF "COARZE FRAC- | (APPRECIABLE AMOUNTE . .
THON PAGS ING OF FINES)
NO, 4 STEVE
°© &t SC CLAYEY SANDS, SAND~CLAY MIKTURLY
INORGANIZ 51016 AND VERY F L
SANDS, ROCK Fuluk, %1c1Y GR
ML CLAYEY FINE Sa5NDS OW CLAYLEY
SILTS wiTr SLEGHT ALTICHETY
f“\‘w{' ()“_T") INORGANIC . CLAYSL GF Liw TU MEDIUM
A LNET . LIQUID LIMIT 3 . AVEL
GRAINED AND Lté“' v o cL su‘sn&sn; ci( veLLY c_u.fws.
S01LS CLAYS LESS Tran -50 SANDY CLAYS, SILTY CLAYS, LEAN
: S CLAYS
URGANIC LI0LT5 AND OkoanNto
oL WILTY CURYS GF o0d ZULALTILETY
o —
ERORGANTC SHLTL, “io.u: LU us
MH LUATCACLUGS | ING LanD UR
SELTY SOILS
S0% . .
MORE THAN 50,,' SILTS - .
OF MATLRLAL 1S AN LIQUID LIMET INORGANIC CLEYL. UF HiGnm
%_wx LER THAN NO. CLAYS GREATER vran 5U CH PLASTICITY, FAT CLAYS
00 svive, size
ORGANTIC CLAYSL OF Miiiiuv TO HIGH
OH PLASTICITY, wRLA' LTS
s as 3 . PLAT, RUMUS, SWAMP SGILS
= L & . . f
HIGHLY CREANIC S0ILS PT WETH RMIGH OKGANIC CONTERTS

Lrgen
BT

NOTET DUAL SYMBOULS AREL USED TG

SOIL  CLASSIFICATION

IRDICATE

LORLENLING HOUTL CLASHIFICATIONS.

CHART

FIED SOIL CLASSIFICATION SYSTEM
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U.S. STANDARD SIEVE SIZE :
6o 3 2'3/8" 3/8" 84 #1020 #AOHEOHIOO #200
TR [ l
0 X (\ Ao T ;; | % i X
H
SRIRRNIIN IR ! !
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'; ! AN N 3
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8 20 i :
; g R ]
i | N aiin .
'° 5 {1 TR P
o I ! Ty ;
1000 100 10 1.0 o4 0.01 o000
GRAIN SIZE IN MILLIMETERS
GRAVEL | -~ SAND T
{___cosmes T (o7 T I AT SILT OR CLAY ]
LOCATION DEPTH CLASSIFICATION
TYPICAL COAL REFUSE GRADATION CURVES
(SEE APPENDIX B )
REFERENCE: BUSH, RICHARD A., BACKER, RONALD R., ANDATLEINS, LYNN A,, (1974) " PHYSICAL
P PROPERTY DATA ON COAL WASTE EMBANKMENT MATERIALS® , UNITED STATES ;
<z DEPARTMENT OF THE INTERIOR, BUREAU OF MINES, REPORT OF INVESTIGATIONS 7984,
b
v
<
e
B B &
U.S. STANDARD SIEVE SIZE
0o 312" 36" 38" #A IO HR0 #40 HEOHI00 %200
NN Tl
00 RN AR |
TN HERARH f T
o AR HEARS AN ‘
- T 1 i Ll i
X 1 \ 1 H
& ) 1 N
A '§1 70 1 | ¥ [ T T
< 1 AR
Wy % I ] *I,\ i %L :
@ ? i
44 & o ! AU Qi
£ E | IR | B { N
U ! i .
Q
L [ : TR
iy | i NN
3 g ® | j { i T
N ul iy
w & 20 } { § e
i 1
g HEN 5 - | L
o a 0 H { ! 1 f
L 1l ! : TR RN !
’ % o i | HIRERIN
W 1000 10 10 1.0 feX) 001 G001
53 GRAIN SIZE IN MILLIMETERS
[ coames Pt — Lo 'iEFW?E%%«@”WE'_‘-{ SLT OR CLAY ] '
LOCATION | DEPTH CLASSIFICATION SYMBOL
B-1, B2, 8.0% 3.5 g4 oM (COAL REFUSE ~COMPOSITE SAMPLE)
’ B~3, B~4. 1195710
TEST PIT 1 1.0 SM-GM (COAL REFUSE) e n
TEST PIT 1 5.0 SM~GM ([COAL REFUSE) [

- GRADATION CURVES

EREARAIES B AR




U.S..STANDARD "SIEVE ‘SIZE .
oo 3 2'3/4% 3787 A 10 H20 #40 #B60 #I100 #200
kS { l
20 | hN { 1
| Y SCRul! i i
f i hENE IR ! |
= 80 E ; ;\ : ]; ‘l { :
[} H N N
o7 . S } 4 ]
= N !
> 60 N | J
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000 W00 L] 1.0 [+ 2} oo 000
GRAIN SIZE "IN MMLLIMETERS
T CREVEL T SAND 1 )
) CoBsLES I CoRRSE | FNE T EORRSE ] HEGM. L FINE, | SLT OR CLAY i
Q
LOCATION .| DEPTH CLASSIFICATION ] SYMBOL
TESTPIT 2 10" SM=~GM - (COAL, REFUSE ) . P —
TEST PIT3 5.0' SM=-GM {COAL REFUSE ) - o
TESTPITS 4.0t SM~GM “{(COAL REFUSE) — e
I
5
£
U.S. STANDARD SIEVE SIZE
o0 32U sa" 380 wa R0 HR0 #40 B0 HI00 #200
| : { AT |
| TR ;
i S0 1 3 i i | i
3 T K i 1
B0 ! + i+ 1 i
Lo ! . i 1 i ! |
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5 20 1y 1 i 1 I ] =
5 S j AREANY gl |
1
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o i | | i gl
1000 100 o] i.Q Qi 0.0¢ o0
GRAIN: SIZE IN MILLIMETERS
T GRAVEL, I SAND, H
[ comaues T IO TSN T MR AT P AT | SLY OR CLAY
LOCATION. .| DEPTH CLASSIFICATION SYMBOL
| TEST PIT 3 4.0' | SM(COAL REFUSE WITH MATERIAL RETAINED ON'3 8" SIEVE
REMOVED)
SAMPLE A SM (COAL REFUSE, GRADATIONALLY PREPARED) ——
"GRAB SMP LY
SEE PLOT . |'SURF, | SM~GM (FRESH COAL REFUSE) JUN
PLAN
BT S & DT FRnE
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IT HAS BEEN ESTABIISHED THAT
WHEN COMPACTING EFFORT 15 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 Y“STANDARD A.A.S.H.0.”
(ASTM, DG698-58T &  A.AS.H.O.
T99-57) METHOD OF COMPACTION A
PORTION OF THE SOIL SAMPLE
PASSING THE NO. 4 SIEVE IS COM-
PACTED AT A SPECIFIC MOISTURE
CONTENT IN THREE. }"QUAL LAYERS
IN A STANDARD COMPACTION CY-
LINDER HAVING A VOLUME OF 1/30

SOME APPARATUS FOR PERFORMING COMPACTION TESTS

- . . - Shows, from left to right, 5-1/2 pound rammer (sleeve
QUBI? FOOT, U%}NG TWENTY-FIVE controlling 12" height of drop removed), 1/30 cubics
12-INCH BLOWS OF A STANDARD 5-1/2 foot cylinder with removahble 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 CYILINDER 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 (@T&M@&mm AND MODIFIED
ALASH.O METHODS)
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DRY DENSITY

SAMPLE NO.. BULK pppTH SURF. ELEVATION_  7359.0'
SOIL 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

S ! 15 )
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SAMPLE NO._ A DEPTH__ . ELEVATION__ .
5OjL COAL REFUSE (GRADATIONALLY PREPARED )
LOCATION__SAMPLE A
OPTIMUM MOISTURE CONTENT 15 PERCENT ‘
A MAXIMUM DRY DENSITY__79.6 l
™ METHOD OF COMPACTION _AASHTO T—180 METHOD C (EXCEPT
3 3/ 81" MAXIMUM ) '
~N
u
5 MOISTURE GONTENT IN % OF DRY WEIGHT
0 5 ) 15 20 25 I
{ o 110 ;
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Z W 100 I
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o
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DIRECT SHEAR*TESTS ARE kPI‘iRFORMED TO DETERMINE
THE SHILARING :STRENGTHS 'OF SOILS. -FRICTION TESTS
ARE PERFORHFD TODETERMINE  THE FRICTIONAL RE-
SI\Y*‘\NC} BETWEEN SOILS -AND “VARIOUS 'OTHER MATI-
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
& RECORDIHG APPARATUS

TWO AND ONE-HALF INCHES-IN DIAMETER AND ONE.INCH
IN' LENGTH, UNDISTURBED SAMPLES OF IN-PLACE SOILS
ARE CTESTED JIN SRINGS TAKEN  FROM ~THE “SAMPLING
DEVICE IN-WHICH THE SAMPLES WERE OBTAI\JF E LOO@I? SAMPLES OF SOILS TO BE USED IN -CON-

STRUCTING EARTH FILLS ARE: COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TFQTED

DirRECT SHeAR TESTS

ACTHREE-INCH LENGTH OP THE SAMPLE IS TESTED IN. DIRECT DOUBLE SHEAR. A CONSTANT PRES-
SURE, APPROPRIATE TO THE CONDITIONS OF THI: PROBLEM FOR WHICH THE TEST IS BEING PER~
FORMED; IS APPLIFDNORMAL TO THE ENDS-OF THE SAMPLE THROUGH POROUS STONES. A SHEARING
FAILURE OF THE SAMPLE IS CAUSED -BY.MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR

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

THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO THE CENTER RING EITHER A
CONSTANT RATE -OF LkOAD, A CONSTANT RATE OF f)EFLECTION, OR'INCREMENTS OF -LOAD OR DE-
I;'I_ECTION. IN ‘EACH CASE, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND
TRANSVERSE: DIRECTIONS ARE RECORDED AND PLOTTED. THE SHEARING STRENGTH OF THE SOIL

ISDETERMINED FROM THE RESULTING LOAD-DEFLECTION CURVES.

FricrioN TESTS

INORDER TODETERMINE THE FRICTIONAL RESISTANCE BETWEEN SOILAND THE SURFACESOF VARIOUS
MATERIALS, THE CENTER RING OF SOIL IN THE DIRECT SHEAR TEST IS REPLACED BY A'DISK.OF THE
MATERIAL 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 A&Nm FRICTION TESTS

EPAAVEIES 5 QORI

PLATE “A-7
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THE SHEARING STRENGTHS OF SOILS ARE DETERMINED : ‘

FROM THE RESULTS OF UNCONFINED COMPRESSION AND E
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. k

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 SUBJECTED
TO EQUAL INCREMENTS OF LOAD WITH EACH INCREMENT
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION
WITH RESPECT TO STRAIN IS ACHIEVED.

TRIAX1AL COMPRESSION TEST UNIT

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 1T MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. "TRIAXIAL COMPRES-
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED
SAMPLES. THE TESTS ARL PERFORMED IN ONE OF THE FOLLOWING WAYS:

I]N(I()T\'.\%()_Hl)f\‘l'lil)—UNDR/\INi{D: THE CONEFINING PRESSURE TS IMPOSED ON THE SAMPLE
AT THE START OF THE TEST. NO DRAINAGE IS PERMITTED AND THE STRESSES WHICH
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAR STRESSES AND PORE
WATER PRESSURLES.

CONSOLIDATED-UNDRAINED: THE SAMPLE 1S ALLOYED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TRST. THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURING
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
WHICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

D_iiAXNl".ll: 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 THI TEST, DRAINAGE
IS PERMITTED AND THE TEST IS PERFORMED AT A SLOY ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE WATER PRESSURES, THE RESULTING STRESSES WHICH ARE MEAS-
VRED REPRESENT ONLY THE INTERGRANULAR STRESSES.. THESE TESTS ARE USUALLY
PERFORMED ON SAMPLES OF GENERALLY NON-COHESIVE SOILS, ALTHOUGH THE TEST
PROCEDURE IS APPLICABLE TO COHESIVE SOILS IF A SUFFICIENTLY SLOW TEST RATE
IS USED,

AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER-
FORM AN UNDRAINED TEST IN WHICH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORLE 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 CONPRESSION TESTS

ErABIES & IO

PLATE A~ ‘8



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-

ing guideline parameters for use in design.

DISCUSSION OF RESULTS

The gradation curves for the coarse refuse materials tested
show that thé 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
gradétion. Typical gradatioh 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




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 andftriaxial com~
pression tests were run with extremely good correlation between
the two. The values of ¢' (effective friction angle) and c'
(effective cohesion) were found to not change 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 studyifh Appendix A.
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GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS E0801 - AREA CODE 312 726-8424

@@%MWMQWW%”H&ﬂﬁw&mxﬁmﬁwﬁ”mmWM%@@

RN DIVISION MANAGER
DW. TAYLOR, JR.

PLEASE ADDRESS ALL CORRESPONDENCE TO:
139 SOUTH MAIN, HELPER, UTAH 84526
'  OFFICE TEL. (801}4723537

PRICE RIVER COAL CO, | f o  Jan. pg 1980
P.0O. RBox 628 ; ’ ol ; R
Helper, Utah 84526

T

e,
A

=5

Sample identification s oot
i Price River Ccal,Co;ifV
- ‘ ; g - - ERIRICEE Refuse Pile i
_Kind of sampla - e L - e GEue IZIIfU‘i“’f‘-Qi—’—»QQZ'}’
‘reported to us Coal T A ; :

0

ampte taken at ’Castle Gate Prep. Plant Pe;use Pile

*, :
o
s
o
)
e
jov]
o
D
5
o
NS

_Prlce River Coal Co.
Date samp?ed/; ‘ 1 16_.80

Dete received 1.1 6~80 -

Analysis report no.  57..33 29 |
.kTOXICITY~ Follbwfgg’proCedure as cdtlined'in the Federal Register;‘
- " Part IV. Dec. 18, 1978 IO T

Arsenic~ 0,011 mg/1 L
Selenium- less than or = to O, 002 mg/ 1
Mercury- .less than or = to 0,04 mlcrograms/}

- Cadmium~ less thanor = to 0,004 mg/1 [ T
Lead- ' less than or = to 0,06 mg/1 eite
Cromium~ less than or = to 0,01 mg/1 i
Silver-  less than or = to 0.0l mg/1

~Barium- 0.8 mg/1 8

nun

It

CACIDITY -~ Sample prepared 1:1 coal-water extrabtiou; following pro~: g
" cedures of the U.S. Dept. of Agriculture-Handboook 60,
Acidity determlned as directed in Standard Methods 14th
Edltlon,

Acidity~ O

. Respectfully submitted, ;
. . COMMERCIAL TESTING & ENGINEERING CO.
IB/co ~ Jack Bldwr

5""’ j "?‘{"/ 'J / ,./‘Zm{

yriginz! Copy Watermarked . . . Ma ‘”ger Hel por Labomtory
e Your Protection’

Charter Member
CO = HELPER, UT » HENDERSON, KY + JASPER, AL » MIDDLESSDRD, KY
HA, UT = 50, HOLLAND, IL « YOLEDO, O » VANCOUVER, B.C. CAN.

EILLINGS, MIT « BIRIAINGHA W, AL - CHARLESTON, WV - CLARKSBURG, WV » CLEVELAND, OH » DENVER, CO » GOLOEN,
MOBILE, AL - NEw BETHLEHEM, PA « NEW ORLEANS, LA - NORFOLK, VA « PALISADE, CO « PIKEVILLE, KY « SALI



LOCATION:

PRECIPITATION:

AREA:

CN:

POND

TIME

PEAK

e

10 year-24 hour 2.

EPSIRE, TN ) e /
[oT i & CE R R s G
y

Disturbed Aresa N5 016

acres

Undisturbed Arez o

acres

i A . s
Pond Area % A %@ﬁﬁ&mwﬁf§{§

acres

O s
Disturbed 76

Undisturbed L0

SLZE:

Discharge Disturbed Ares

inch; 25 year-6 hour

L e STRHE LD e T
; e

Je &

inch

Discharge Undisturbed Ares

acre=feel

Direct Precipitation

acre~feet

Sediment Storage

acre-feet

Total Storage

acre-feet

OF CONCENTRATION:

hours

FLOW:

Farmer Fletcher

cfs

SCS

cfs

acre~feet



CULVERT PROGRAM FORMATS
FOROER R KX R OR K XK #

wre nave:_Praresu

WATERSHED: [etuse

CURVE NUMBER:

TIME OF CONCENTRATION: (hour):

ARFA (square mile): 2077

DURATTON OF STORM (hour): (o

RATNFALL DEPTH (inch): /¢

DISTRIBUTION TYPE (1=SCS, 2=Farmer-Fletcher):

/

PEAK DISCHARGE:

qp= cfs Culvert Sizing:

Q= inches

FORM II

inches




FORM ITI

TIME OF CONCENTRATTION DETERMINATION
MINE:
PERMIT:
STRUCTURE :
DATE:
CURVE
STRUCTURE | NUMBER S 1(et) H(ft) v(%2)| L{hrs)| Tc(hrs)

KENT'S FORMULA

Te = L/0.6, hours

i

L watershed lag, hours

L= 108 (g 4 1907
1900 yo's
1 = length of the longest stream channel (%)
s = (1000/CN) - 10, inches
¥y = average watershed slope in;percent

Reference: Kent, K. M. 1973. A method of Estimating Volume and Rate
' of Runoff in Small Watersheds. U.S.D:A., SCS-TP-149
(Revised April 1973). ca. 80 pp.



%, | L p
LOCATION: P?”Wﬂ : i LomDay

5 /M‘ }

J e

inch; 25 year-6 hour /:2} inch

Disturbed Ares »’ﬁg,jﬁ acres

Undisturbed Ares o acres

Pond Area @ . ﬁ ] acres

CN: Disturbed %%}

Undisturbed = 4

POND SIZE:

o
Discharge Disturbed Area .0 Bio acre-feet

Discharge Undisturbed Area O acre-feet

Direct Precipitation 0.0 acre~feet

Sediment Storage R o Bt

A

Total Storage Py acre-feet

TIME OF CONCENTRATION: hours

PEAK FILOW:

Farmer Flebcher cfs

5C8




LOCATION

PRECIPITATION:

10 year-24 hour ol | inch; 25 year-6 hour = /.4 inch
ARFA: 7

Digsturbed Area E{,’,‘:f‘f“;z acres

Undisturbed Area D, acres

Pond Area NS acres

CN:  Disturbed %2@

Undisturbed = 49

POND SIZE:
Discharge Disturbed Aresa o O Bl acre-feet
Discharge Undisturbed Ares O acre~feetl
Direct Precipitation O.oMk5 acre-~feet
Sediment Storage B N acre~feet
Total Storage / RS acre-feet /-5
TIME OF CONCENTRATION: hours
PEAK FLOW:
Farmer Fletcher cfs
SCB cfs

NOE e s e

S5 1 Sva Yoot Ao s





